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TRANSACTIONS

THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS

VOLUME 388 —1916

OLUME 38 of Transactions contains the permanent record of
the Society’s activities for the year 1916. As in the previous
volumes, the space is devoted mainly to the papers and dis-

cussion given at the Spring and Annual Meetings. These have been
secured both through the efforts of the Committee on Meetings and
its several sub-committees, and through the local Sections of the
Society. In consequence, the papers cover a broad field and are rep-
resentative of mechanical engineering development in widely sepa-
rated parts of the country.

In the Council Report which follows on page 4 will be found a
brief review of the affairs of the Society for the period covered. The
reports of the Standing Committees outlined in the report of the
Council were given in full in THE JoURNAL for December, 1916. A list
of the meetings of the local Sections is included and it is noteworthy
that over 100 were held, emphasizing the importance which this de-
velopment is assuming and the increasing service which the Society
is thus able to render to the membership. Accounts of these local
meetings have appeared in THE JoURNAL throughout the year.

DAVID SCHENCK JACOBUS

David Schenck Jacobus, distinguished as one of the foremost
American mechanical engineers and educators, was born in Ridge-
field, N. J., in 1862. He was educated in a private school, then in
Stevens High School, Hoboken, N. J., where he won by competitive
examination a free scholarship in Stevens Institute of Technology.
He was graduated from the Institute with the degree of Mechanical
Engineer in 1884. '

1
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Upon ‘his graduation he was appointed instructor, then assistant
professer of experimental mechanics, being closely associated with
Prof. J. E. Denton. In 1897 he was called to the chair of experi-
‘thental mechanics and engineering physics, in which he continued
until 1906. From 1900 to 1906 he was also in e¢harge of the Carnegie
Laboratory of Engineering, built and equipped with funds donated
by Andrew Carnegie for carrying out a course of instruction to supple-
ment class-room work by practical experiments made by the students.

At Stevens Institute Dr. Jacobus devised original apparatus
for illustrating physical laws and for testing various mechanical
devices, and developed a course of experimental mechanics especially
fitted for a mechanical-engineering school.

While at the Institute Dr. Jacobus performed a large amount
of expert work, involving investigations and reports upon mechanical
devices and processes for the production of power, and efficiency tests
on steam motors, turbines and other power-plant apparatus. He was
early in the field of refrigeration, making tests of machines and writing
articles on the subject. He also made early experiments on acetylene-
gas generators and on fire-sprinkler systems.

Since 1906 he has been actively associated with the Babcock and
Wilcox Company at the head of its engineering department in the
position of advisory engineer. This made it necessary for him to give
up practically all his work at Stevens Institute, although it was
arranged that he should continue on the faculty under the title of
special lecturer in experimental engineering and should deliver lec-
tures on steam-engineering subjects. At the same time, as an evidence
of esteem, the Institute conferred upon him the honorary degree of
Doctor of Engineering and he was made a trustee.

Dr. Jacobus is an authority on steam-engineering, and he has
written numerous scientific papers on steam-engineering subjects,
many of which have been included in the transactions of the engineer-
ing societies and many published in engineering periodicals.

He was elected to membership in The American Society of Me-
chanical Engineers in 1889; he was a Manager of the Society from
1900 to 1903, and was Vice-President from 1903 to 1905. He has
served on a number of committees of the Society, among which was
the committee which framed the present constitution. He was
a member of the committee appointed to standardisze a system for
testing steam engines which presented its final report in December,
1902. In 1903 he was appointed chairman of a committee to suggest
a standard tonnage basis for refrigeration; this committee reported
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in 1904 and was reappointed. He has served on the Committee on
Power Tests, which originally organised by electing him as chairman;
owing to pressure of business duties he resigned the chairmanship, but
he has nevertheless taken an active part in the preparation of the
report. In 1914 he was appointed a member of an advisory commit-
tee which was formed to assist the Boiler Code Committee, and
on the combining of the Boiler Code Committee and advisory com-
mittee into a single Boiler Code Committee he was made one of the
members. He was elected President of the Society in December,
1915.

He is a member of the American Institute of Mining Engineers, the
American Institute of Electrical Engineers, and the Society of Naval
Architects and Marine Engineers, and a fellow of the American
Association for the Advancement of Science. He was President of
the American Society of Refrigerating Engineers in 1906-1907. He
is a member of the American Mathematical Society, the Society for
the Promotion of Engineering Education, the American Society for
Testing Materials, and The Franklin Institute of the State of Penn-
sylvania.



ANNUAL REPORT OF THE COUNCIL

COVERING THE PERIOD FROM DECEMBER 7, 1915, THE BEGINNING
OF THE THIRTY-SIXTH ANNUAL MEETING, TILL DECEM-
BER 5, 1916, THE BEGINNING OF THE THIRTY-
SEVENTH ANNUAL MEETING

The Council has held eight monthly meetings and two special meet-
ings, and the Executive Committee of the Council has met five times
between meetings of the Council to act upon matters requiring
immediate action. In the main the running account of the activities
of the Society is reported under the heads of the respective com-
mittees. The reports of Standing Committees are published in THE
JOURNAL, December, 1916.

The Council registers with deep regret the deaths of E. D. Leavitt
and John E. Sweet, both Honorary Members and Past-Presidents of
the Society. Special commemorative resolutions were passed by the
Council.

Encouraged by Mr. Holley, Professor Thurston and Mr. Bailey,
Professor Sweet corresponded with and visited several leading engi-
neers with reference to the formation of a mechanical engineers’ society.
The response led Professor Sweet to plan the organization, and he
called the first meeting on January 18, 1880. A memorial service to
Professor Sweet will be held at the Annual Meeting, December,
1916.

Dr. Ambrose Swasey was this year elected an Honorary Member.
His letter of acceptance is here recorded:

Cleveland, Ohio,

) July 11, 1916.
Proressor D. 8. JacoBus, President,

The American Society of Mechanical Engineers, New York.
Dear Professor Jacobus:

I am pleased to receive your favor of the 5th advising me of
the action of the Council in electing me an honorary member of the
Society. This is a great honor, and I appreciate it more than I
have words to exprees. I regard it one of the gratifying experiences
of my life to have been a member of the Society from the time of its
organization, but to be placed on the honor roll is indeed a mark of
great distinction.

Very truly yours,
(Signed) AMBROBE SwaASEY.
4
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While this year has been one of increased internal activities in the
affairs of the Society proportionate to the growth in membership
and increased inter-society codperation in matters affecting the
Engineering Profession as such, the most significant development of
the year has been the Society’s participation in movements for
national service. In common with the other national engineering
societies, our Society has been called upon by the Government to per-
form work for the public welfare, and, in turn, we as engineers have
received recognition in legislation directly and permanently establish-
ing our profession as an arm of the Government.

Before reviewing the conspicuous and important phases of the
activities during 1916 of the membership, committees, sections and
student branches, and enumerating the actions taken in joint society
matters, this report first refers to the relations the Society has main-
tained in its service to the nation.

INDUSTRIAL CENSUS

Last year national recognition was accorded the Engineering Pro-
fession in the invitation extended to the engineering societies by the
Secretary of the Navy of the United States to nominate the mem-
bers of a Naval Consulting Board. This Society’s representatives
on the Board are Spencer Miller, Member of the Council, and W. L.
R. Emmet. .

In January, 1916, the engineers received a second recognition in
the following letter from the President of the United States:

Tae Warre House
W ABHINGTON

January 13, 1916.
De. D. 8. Jacosus,
President of The American Society of Mechanical Engineers.
My dear Sir:

The work which The American Society of Mechanical En-
gineers has done through its members on the Naval Consulting
Board is a patriotic service which is deeply appreciated. It has
been 8o valuable that I am tempted to ask that you will request
your Society to enlarge its usefulness to the Government still
further by nominating for the approval of the Secretary of the
Navy a representative from its membership for each state of the
Union to act in oconjunction with representatives from the American
Society of Civil Engineers, the American Institute of Electrical
Engineers, the American Chemical Society, and the American In-
stitute of Miming Engineers, for the purpose of assisting the Naval
Coansulting Board in the work of oollecting data for use in organising
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manufacturing resources of the country for the public service in case
of emergency. I am sure that I may count upon your cordial
codperation. With sincere regard,

Cordially yours,
Wooprow WILSON.

In transmitting this letter to the membership of the Society,
President Jacobus wrote:

The task to which we are committed is a vital one. We are
to harness the resources of this country for a truly national service.
We are to bring home to hundreds of thousands of our American
people — business men and workmen alike — a better conception of
the obligation and of the privileges of American citisenship. The
burden laid upon each of us as an individual is not a great one. A

few dollars of expense, a few hours or even a few days of time, are
slight tribute to a cause which cannot but result in strengthening
the reputation of American engineers and in furthering our national
preparedness. The value of our completed work will be incalcu-
lable. Through the performance of this task, of which this invent-
ory is the first essential step, we shall have served such notice of
our industrial preparedness to all the nations of the world that we
shall bave written for this country, to which we all owe so much,
the greatest possible insurance for peace. Although the Naval
' Consulting Board represents nominally a naval activity, the War
\ Department is thoroughly in touch with this work which is of even
. more importance to that department than to the Navy. No other
such national opportunity for patriotic service has been acoorded

the technical men of this country.

To conduct the work of compiling this inventory, a Committee
on Industrial Preparedness, a sub-committee of the Naval Consult-
ing Board, was constituted, with Howard E. Coffin, Mem.Am.Soc.
M.E.,, as Chairman. )

To assist this committee in its work, State Directors were ap-
pointed, one in each State for each of the national societies men-
tioned in President Wilson’s letter, and they in turn have been
generously assisted by “field aides” composed of other members of
the societies who in many cases personally visited the different
plants in order to secure the required information. The names of
the State Directors representing our Society follow.

AraBama. F. H. Crockard, Birmingham.— V. P., Tenn. Coal,
Iron & R. R. Co.

Auasxa, George A. Diamond, Nome, — Mgr., Scheid & Co.

AmoczA. A. G. McGregor, Warren. — Calumet & Aris. Mining
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ArxaNsas. B, N. Wilson, Fayetteville. — Prof. Mech. Eng.,
Univ. of Ark.

CanvorNia. QG. W. Dickie, S8an Francisco.

CoLorapo. T. B. Stearns, Denver.

Connecricur. H. B. Sargent, New Haven. — V. P., Sargent & Co.

Deraware. R. W. Smith, Wilmington. — V. P., Hilles & Jones
Co.

Districr or CorLumsra. Dr. W. 8. Stratton, Washington. —
Director, Bureau of Standards,

Frorma. R. E. Chandler, Gainesville. — Prof. Mech. Eng., Univ.
of Fla.

GeoRa1A. Oscar ‘Elsas, Atlanta. — Pres., Fulton Bag & Cotton
Mills,

Ipaso. Geo. F. Waddell, Squirrell, Fremont County.

Ivuois. Dr. W. F. M. Goss, Urbana. — Dean, Coll. Eng., Univ.
of Il

InpiaNaA. Geo. O. Rockwood, Indianapolis. — Pres.,, Rockwood
Mig. Co.

Iowa. 8. M. Woodward, Iowa City. — Prof. Mech., State Univ.
of Iowa.

Kansas. A. A. Potter, Manhattan. — Dean, Div. of Engineering,
Kansas State Agric. College.

Kxntucky. W.S8. Speed, Louisville. — Pres., Louisville Cement Co.

LoumiaNa. A. M. Lockett, New Orleans. — Pres., A. M. Lockett
Co., Ltd.

Mains. P. M. Hammett.

MaryraNp. C. C. Thomas, Baltimore. — Prof. M. E., Johns
Hopkins Univ.

Massacroserts. Ira N. Hollis, Worcester. — Pres.,, Worcester
Poly. Inst. ’

MicHigaN. Alex Dow, Detroit. — Pres. & G. M., The Detroit
Edison Co.

Minnzsora. J. J. Flather, Minneapolis. — Prof. Mech. Eng.,
Univ. Minn.

Miasamsrerl.  R. C. Carpenter, Agricultural College. — Prof. Mech.

Eng.

Missourt. E, Flad. 8t. Louis.

MonTaNa. C. V. Nordberg, Butte. — Nordberg Mfg. Co.

NzBrAsxA. Wm. R. McKeen, Omaha. — Pres.,, McKeen Motor
Car Co.

Nxvapa. James G. Scrugham, Reno. — Dean Eng. College, Univ.
of Nev.

Nxw Haursams. Thomas W. Fry, Claremont. — Secy., Sullivan
Mechy. Co.

Nzw Jerszy. H. L. Gantt, Montclair.

Nzw Mzxico. L. J. Charles, Elephant Butte. —C. E,, U. S.
Reclamation Service.

New Yorx. W. H. Marshall, New York City. — Pres., American
Looomotive Co.
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NorTE CAROLINA. Wm. 8. Lee, Charlotte. — V. P. & Ch. Engr.,,
Southern Power Co. .

NorTH Daxkora. Calvin H. Crouch, University. — Dean Coll.
Mech. & Elec. Eng., Univ. of N. D.

Onro. Frank A. Scott, Cleveland. — V. P., The Warner & Swasey
Co.

OkraHOMA. J. P. Fisher, Bartlesville, Okla.

OrmGON. Bert C. Ball Portland. — Pres. & Mgr., Willamette
Iron & Steel Works.

PENNSYLVANIA. Julian Kennedy, Pittsburgh.

RuoDE IsLaNp. Henry D. Sharpe, Providence. — Treas., Brown &
Sharpe Mfg. Co.

Sourn CarouiNa. J. L. Coker, Jr., Hartsville. — V. P., Carolina
Fiber Co.

Sours Daxora. M. W. Davidson, Vermillion. — Prof. M. E,,
Univ. of 8. Dak.

TeNNEssEE. N. Sanders, Chattanooga. — Newell Sanders Plow
Co.

Tuxas. W. B. Tuttle, San Antonio. — V. P., S8an Antonio Trac-
tion Co. and San Antonio Gas & Elec. Co.

Urar. Wm. Wraith, Salt Lake City. — G. M., Internat. Smelting
Co.

VERMONT. James Hartness, Springfield. — Pres., Jones & Lamson
Mach. Co.

VirgiNia. W. D. Mount, Saltville. — G. M., Mathieson Alkali
Works.

WasHINGTON. James V. Paterson, Seattle. — Pres., Seattle Constr.
& Dry Dock Co.

Weser VirGINIA. Chas. E. Ward, Charleston. — Pres., Charles
Ward Eng. Works.

WisconsiN. L. E. Strothman, Milwaukee. — Dept. Mgr., Allis-
Chalmers Mfg. Co.

WryomiNg. E. G. Hoefer, Laramie. — Head Dept. M. & E. Engrg.,
Univ. of Wyoming.

The Council records its appreciation of the work of the Society’s
representatives in this splendid movement, which has now been
carried through with complete success.

ENGINEER RESERVE CORPS AND NATIONAL COUNCIL OF DEFENSE

In response to an invitation from General Wood, Commander
of the Department of the East, a joint committee was chosen by
five national engineering societies to facilitate the carrying out of
the organization of a Civilian Engineer Reserve Corps as a part
of the military forces of the United States. This committee
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organized with a joint executive committee of: Wm. Barclay Parsons,
representing the American Society of Civil Engineers, Chairman, H.
S. Drinker, representing the American Institute of Mining Engineers,
Wm. H. Wiley, representing The American Society of Mechanical
Engineers, B. J. Arnold, representing the American Institute of Elec-
trical Engineers, Ralph D. Mershon, representing the American In-
stitute of Consulting Engineers. The committee made its first report
in December 1915, and in July 1916 Chief of Engineers, Lieut-Col. E.
Eveleth Winslow of the Army Engineer Corps, in writing to all the
engineer officers throughout the country, said, “Congress has now
provided a means by which the civilian engineers can more than
fully prepare themselves for that highest duty of citizens — the
defense of our country.” The bill became effective on July 1, 1916,
thus directly and permanently establishing the Engineering Profes-
sion as an arm of the Government. Public recognition of the en-
gineer is now an accomplished fact.

As a sequel to the work of the Naval Consulting Board, a bill
has been passed by Congress providing for a National Council of
Defense, consisting of five Cabinet officers and not more than seven
civilians.!

STANDING, ANNUAL AND SPECIAL COMMITTEES
STANDING COMMITTEES

The President made early appointments on the Standing Com-
mittees, on which one member’s term expires each year and a new mem-
ber is appointed for five years. The appointments were: Finance
Commilttee, George M. Forrest; Meetings Commitiee, D. S. Kimball;
Publication Committee, Charles 1. Earll (reappointment); Membership
Commitlee, Fred J. Miller; Library Committee, Walter M. McFarland
(reappointment); House Committee, Maxwell M. Upson; Research
Committee, C. C. Thomas; Public Relations Commiltee (not ap-
pointed) ; Standardization Committee, Henry Hess (1), John H. Barr (2),
Chas. Day (3), Carl Schwartz (4) and Wm. F. Kiesel, Jr. (5). Messrs.
Barr and Day later resigned on account of urgent other work and
appointments were made of H. L. Gantt (2), H. G. Stott (3); Con-

! The President later made the following appointments: Medicine, Franklin
H. Martin; Labor, S8amuel Gompers; Transportation, Daniel Willard; Science
and Research, Hollis Godfrey; Raw Materials, Bernard Baruch; Munitions,
Howard E. Coffin; Supplies, Julius Rosenwald.
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stitution and By-Laws, Jesse M. Smith, Geo. M. Basford, 1. N. Hollis,
F. R. Hutton, J. E. Sague.

Statements covering the work and plans of the Standing Com-
mittees follow, and the annual reports of these committees are in-
cluded as an appendix’to this Council Report.

Financs Commitiee. Last year, when a serious business depression
in this country seemed imminent, precautionary measures were taken
to conserve the interests of the Society in every proper way. This
conservation was carried out a little more than later proved necessary,
although not more than seemed wise at the beginning of the year,
with the result that we saved $24,000 to go into the surplus. Thisis
made available to increase our working capital, a necessity by
virtue of the Society’s rapid growth.

All the gifts of money to the Society are intact and invested, and
initiation fees have been used during the last few years to retire the
certificates of indebtedness issued to pay off our share in the land of
the Engineering Societies Building. Our sister societies were each
able to pay off, by subscription, their individual share — $180,000 —
of the purchase price of this land, but with our subscriptions amount-
ing to only about two-thirds of the gifts received by these societies,
we have been able to finance the problem on another basis; yet we

- were the first to pay off the mortgage on the land, by means of

certificates issued to the membership. Our certificates were retired
on July 1, 1916.

In the future instead of putting the whole sum from initiation fees
into reserve, it is proposed to put one-half into reserve and one-half
into the general income of the Society.

Meetings Committee. The culmination of the work of this com-
mittee is represented in the Thirty-sixth Annual Meeting held in
New York in December, 1915, and the spring meeting held in New
Orleans in April, 1916. Too much praise cannot be accorded to the
menfbers of the committee for the great amount of time and work
they have given to reviewing manuseripts of the papers presented and
arranging the programs of these meetings.

The committee has received valuable assistance in its work from
its sub-committees on Air Machinery, Cement Manufacture, Fire
Protection, Gas Power, Hoisting and Conveying, Industrial Build-
ings, Machine Shop Practice, Protection of Industrial Workers, Rail-
roads, and Textiles. An account of the work of these sub-committees
is given later.
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THE ANNUAL MEETING

The Thirty-sixth Annual Meeting was held in New York City,
December 7-10, 1915, inclusive. There was a record attendance of
1437, of which 819 were members. Membeks were present from
every section of the country, and fourteen local Sections of the Society
were officially represented by delegates, two of whom were from Cali-
fornia. Enthusiasm was manifested in various ways; there was a
series of conferences of representatives of the Sections, at which
“Extend the Local Sections” was distinctly emphasized; at the
Council meetings the sentiment expressed was equally enthusiastic;
the spirit of democratization was dominant, and the membership was
encouraged to participate in the affairs of the Society to a greater
extent.

The papers presented were representative of the mechanical engi-
neering work of the country as a whole, having been selected through
intimate acquaintance with the subjects to be discussed and on the
mature judgment of the expert engineers who constitute the different
sub-committees.

At this particular meeting, seven papers were contributed by
Sections and thirteen, including reports, by sub-committees.

In the matter of entertainment for the visiting members, an inno-
vation was introduced in the way of a smoker held in the rooms of the
Society, The rooms were filled to their utmost capacity, indicating
the popularity of such a form of entertainment and the appreciation
of the opportunity for members to ““get together.”

On Thursday evening there was a dinner and dance at the Hotel
Astor, which was attended by 300 members and guests. On the third
and fourth days of the meeting, excursions were made to various points
of engineering interest.

The entertainment features for the ladies were the reception and
tea and a special luncheon tendered by a member of one of the ladies’

The committee was ably assisted at the meeting by the House
Committee, which conducted the President’s Reception, and by the
New York Local Committee, which had charge of the other social
events,

College Reunions. Friday night of the Annual Meeting has come
to be regarded as college alumni reunion night. At the meeting of
1915 ten such reunions were held and the members of the Society
Were invited to all.
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at the Annual Meeting in December, 1916: Standardization of
Machine Tools, by Carl G. Barth, and A Proposed Plan of Activities
for the Machine Shop Practice Committee. Around these papers
the committee hopes to build a comprehensive discussion on the
standardization of machine tools.

Protection of Industrial Workers. The Sub-commiftee on Pro-
tection of Industrial ‘Workers conducted one session at the annual
meeting of the Society in December, 1915. The papers presented
were: Standardization of Safety Principles, by Carl M. Hansen;
Modern Movement for Safety from Standpoint of Manufacturer, by
Melville W. Mix; The Attitude of the Employer towards Accident
Prevention and Workmen’s Compensation, by W. H. Cameron; and
Industrial Safety and Principles of Management, by W. P. Barba.

The committee has held two meetings during the year 1916.

The result of the request to the Bureau of Standards, the Con-
ference Board on Safety and Sanitation, and the National Safety
Council, was the appointment of a representative from each of these
organigations,

The committee has conducted a great deal of correspondence with
a view to formulating for consideration sets of machinery-safeguarding
codes. One code on Cranes has been secured and will be presented
at the Annual Meeting, December, 1916; this code was prepared
under the supervision of Dr. John Price Jackson, member of the
committee.

Other Codes are now in preparation, the plan of the committee
being to present a set of Codes as formulated, and the purpose
is to so draft them that they will be recognized by the various
states and so contribute to uniformity in legislation and state
regulations.

This committee is constituted as follows: John H. Barr, Chair-
man; Melville W. Mix, John P. Jackson, John W. Upp, William A.
Viall, M. W. Alexander, C. M. Hansen, G. R. Olshausen.

Railroads. Edwin B. Katte, Chairman; Geo. M. Basford,
Frank H. Clark, C. E. Eveleth, W. F. M. Goss, A. L. Humphrey,
Wmn. F. Kiesel, Jr., Geo. W. Rink, Norman W. Storer, H. H. Vaughan.

The Sub-committee on Railroads has confined its activities
this year to the preparation of a program for the Railway Seesion
to be held at the Annual Meeting, December, 1916. The oom-
mittee has also under consideration arrangements for a special
railroad meeting to be held in February or March, 1917.

Publication Commilttee. The publications of the year have been
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The Journal, which has been issued monthly, the annual volume of
Transactions, the Year Book, the sixth annual volume of Condensed
Catalogues, and the Power Test Code (reprinted from Vol. 36 of
Transactions). :

Features in The Journal have been papers and discussions, in
whole or in comprehensive abstract, presented at general meetings;
papers and discussions presented at meetings of the sections, corre-
spondence departments which were started last year for short original
articles and for discussions, and which have developed very success-
fully; a Society affairs section which has now also become a pre-
tentious department, and an engineering survey section, reviewing
the world’s technical press. Plans are under way for the further
development of The Journal to include such features as will, it is
hoped, make this publication a professional necessity to every me-
chanical engineer.

Volume 36 of Transactions, issued during the summer, was the
largest ever published by the Society and contained nearly 1600
pages. The volume contained papers and discussions presented at
the spring meeting in Buffalo, June, 1915, the special meeting in San
Francisco in connection with the International Engineering Congress,
1015, and the Annual Meeting in New York, December, 1915. It
sl included the Power Test Code, an account of the memorial service
t Frederick W. Taylor, Past-President of the Society, held at the
Annua] Meeting in 1915, and other features.

Membership Commatice. In an appendix to this report is given a
detailed summary of the applications considered by the Membership
Committee. There were 1879 candidates for membership, 1143 of
whom were recommended for acceptance.

The committee has also considered applications from former mem-
bers desiring reinstatement; these applications are received in the
same way as an original application, decisions and recommendations
of the committee being presented to the Council. Sixteen reinstate-
ments have been made.

The Committee also passes on cases in which a member having been
connected with the Society for 30 years, or having reached the age of
Seventy and paid dues for 25 years or over, finds it necessary to resign.
Such men the Council desires to retain in the membership, and pro-
Vision has been made to remit dues and keep these names on the
ctive rolls of the Society.

The accompanying table shows the changes in membership during
the fiscal year 1915-1916:
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MEMBERSHIP, 1015-1916!

Losses Additions
s Net  Oct.
Grade Gain 1, 1916

3

&=
_ Honorary members ... 2 12 13
Members.............. 145 251 4585
Associates............. 26 20 408
Associate members [] 237 685
Juniors................ 187 160 1583
Total................. T244

De-
crease

Affiliate students ..... 919 78 841

1 The data here given cover the Society's fisoal year, October 1, 1915 to September 80, 1916. The
data in the forthooming Year Book will cover the calendar year of 1916.
? Loss.

Library Commitlee. There has been little required of the Library
Committee of the Society as such, the work of the administration of
the library of the United Engineering Society, of which our library is
a part, being conducted under the direction of the Library Board.
On this Board our Library Committee forms the representation of the
mechanical engineers.

The principal matter of interest to the Board this year has been
the consideration of the plans for receiving the library of the American
Society of Civil Engineers. With this library added to that of the
original Founder Societies, the largest and most complete engineering
library in the world will be at the service of every engineer in what-
ever branch of the profession.

House Commitlee. The House Committee has considered the
alterations required in the rooms of the Society to take care of the
supporting columns passing up through the rooms to carry the load
of the three stories being added to the building for additional library
accommodations and headquarters for the American Society of Civil
Engirieers, and felt this is the opportune time to make some desirable
changes in the decoration of the Council and reception rooms, the
Secretary’s office and the reception hall. They have also advantage-
ously placed the insurance of the property of the Society after ex-
haustive investigation; have most painstakingly looked after all other
interests of the Society’s rooms and property, and arranged the de-
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tails of the President’s reception at the annual meetings. A more
detailed report is given in the appendix to this record.

Research Committee. The work of the Research Committee has
consisted in lining up into definite duties and plans for sub-committee
work. The committee has now several sub-committees including
Bearing' Metals, C. H. Bierbaum, Chairman, H. Diedrichs and John
A. Capp; Clinkering of Coal, Lionel S. Marks, Chairman, F. C.
Hubley, A. V. Bleininger, O. W. Palmenberg, S. W. Parr; Flow
Meters, R. J. S. Pigott, Chatrman, Leo Loeb, F. G. Hechler, G. S.

Coffin, Chas. C. Lee, Sidney Fisher; Fuel Oils, Raymond H. Dan- -
forth, Chairman, Lee E. Barrows, Andrew M. Hunt; Lubrication,

Albert Kingsbury, Chairman, A. E. Flowers, Mayo D. Hersey, George

B. Upton; Cutting Action of Machine Tools, Leon P. Alford, Chasr-

man, A. L. DeLeeuw, E. E. Barney; Materials of Electrical Engi-

neering, R. D. Mershon; Safety Valves, Philip G. Darling, Henry

D. Gordon, Frederick L. Pryor, Frederick M. Whyte; Worm Gear-

ing, Fred A. Halsey, Chairman, L D. Burlingame, Wilfred Lewis,

Walter Rautenstrauch.

The Sub-committees on Materials of Electrical Engineering,
Safety Valves, and Worm Gearing are not active at the present time,
but their work will be resumed probably within the next year.

Sub-Commilttees of the Research Commitlee. In the general report
of the Research Committee is presented a synopsis of the plans and
work accomplished by the sub-committees of the Research Com-
mittee.

Public Relations Committee. The Council has under careful con-
sideration the entire field of the Society’s activities in their relation to
the public, so that no active work has been taken by the Committee
this year. C 55 of the Constitution of the Society has been in-
terpreted as follows: That the Society may not take part in partisan
politics, but should cooperate in every way with the public in the
promotion of the arts and sciences connected with engineering. This
matter is being carefully considered both in connection with the
activities of the Society as a whole and with those of its Sections.

Congtitution and By-Laws. The Committee on Constitution and
By-Laws acts in an advisory relation to the Council in consideration
of suggested and necessary amendments to the Constitution, By-
Laws and Rules. Where advisable to amend in the opinion of the
Council, this Committee is asked to prepare and present a suggested
draft or revision, in order that harmony may be preserved in relating
to existing laws.
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Standardization Committee. This committee became a standing
committee of the Society by amendment to the Constitution in the
spring of 1915. The action was the result of a report prepared by Mr.
Henry Hess, and approved by the Council in December, 1913. The
purport of the report is that the Committee shall standardize the
method of making and arriving at standards rather than create
standards themselves. The committee shall work along the lines of
unifying the activities of the Society, proposing national and inter-
national codperation between organisations, proposing governmental
codperation with organizations, and establishing an exchange of
standardizsation knowledge.

The committee will codperate by representation on a proposed
Joint Committee composed of three representatives each from the
national engineering societies, to consider and report back to their
respective societies suggested means of bring about codperation in
American engineering standards.

NOMINATING COMMITTEE

The Nominating Committee this year was appointed by the
President in a way to secure the greatest possible democracy in select-
ing nominees for executive offices. The Sections of the Society were
divided into five geographical groups and one member of the com-
mittee was chosen from each group.

The committee consisted of Walter B. Snow, Chairman, repre-
senting the Boston, New Haven and Worcester Sections; H. M.
Montgomery, representing the Chicago, Milwaukee and Minnesota
Sections; E. H. Ohle, representing the Atlanta, Birmingham, St.
Louis and Cincinnati Sections; J. T. Whittlesey, representing the
San Francisco and Los Angeles Sections, and D. Robert Yarnall,
representing the New York, Philadelphia and Buffalo Sections.

The report of the committee Chairman follows:

To THE SECRETARY:

Dear Sir: Acting for the Nominating Committee, which you
advised upon February 24, 1916, of their appointment by the Presi-
dent, I have the honor to submit the following report.

As the result of several meetings at New Orleans in April, and
subsequent personal interviews on the part of individual members,
the following names of nominees for the various elective offices next
falling vacant under the Constitution, together with the written
consent of each nominee, are herewith presented:

Por President, for one year:
Ira N. Horus, Worcester, Mass.
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For Vice-Presidents, for two years:
Crarwzs H. Bensaman, Lafayette, Ind.
ArTHUR M. GrEENE, JR., Troy, N. Y.
CuarLEs T. PLUNKETT, Adams, Mass,

For Managers, for three years:
RoBerT H. FerNALD, Philadelphis, Pa.
WriLiam B. GrEGoRrY, New Orleans, La.
C. R. WevmovUTH, Berkeley, Cal.

For Treasurer:
Winuiax H. WiLsy, New York, N. Y.
Respeotfully submitted,
For THE COMMITTEE,
(Signed) WavTeER B. Snxow, Chairman.
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The President appointed as Tellers of Elections for 1916: Robert

H. Kirk, Chairman; Erwin 8. Cooley, Harry A. Hey.

SPECIAL COMMITTRES

Committee on A.S.M.E. Junior Prizes. Seven papers were sub-
mitted for competition for the 1916 prize for the best paper by a
Junior Member, and after careful consideration, the committee

awarded the prize to:
L. B. McMillan for his paper entitled The Heat Insulating
Properties of Commercial Steam-Pipe Coverings.

Honorable mention was awarded to:
Victor J. Asbe for his paper on Power Plant Efficiency, Herbert
B. Reynolds for his paper on the Flow of Air and Steam through
Orifices.

Commitiee on A.S.M.E. Student Prizes. Prizes have this
been awarded to:

Boynton M. Green, Leland Stanford University, for his paper gn
Bearing Lubrication.

Howard E. Stevens, Rensselaer Polytechnic Institute, for his
paper on An Investigation of the Dynamic Pressure on Submerged
Flat Plates. '

M. Adam, Louisiana State University, for his paper on The
Adaptability of the Internal Combustion Engine to Sugar Factories
and Estates.

Honorable Mention has been awarded to:
M. Boyd Gordon, University of Cincinnati, for his paper on
A New Type of Unaflow Engine.
8. C. Williams, Stevens Institute of Technology, for his paper on
Photostatic Reproduction.

year

Charles P. Miller, Pennsylvania State College, for his paper on .

Investigation of Properties of Low and Medium Carbon Steels,
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Biographies Commilttee. A Biographies Committee is to be ap-
pointed to supervise the preparation and editing of biographies of
noted engineers.

Boiler Code Committee. By reappointment by the Council, the
Boiler Code Committee is constituted as follows: John A. Stevens,
Chairman, C. W. Obert, Secretary, Wm. H. Boehm, Rolla C. Carpenter,
Frank H. Clark, Francis W. Dean, Thomas E. Durban, Carl Fer-
rari, Elbert Curtiss Fisher, Chas. E. Gorton, Arthur M. Greene, Jr.,
Richard Hammond, A. L. Humphrey, Chas. L. Huston, D. 8. Jacobus,
S. F. Jeter, Wm. F. Kiesel, Jr., W. F. MacGregor, Edward F. Miller,
M. F. Moore, Irving E. Moultrop, Richard D. Reed, Henry G.
Stott, H. H. Vaughan.

As the Am.Soc.M.E. Boiler Code comes into use more and
more throughout the country, questions are put to the Society
regarding the meaning or application of particular rules embodied
in it. The procedure in the Committee in handling these questions
- is that all inquiries be in written form, copies are sent to each mem-
ber of the Committee, the interpretation is then prepared by the
Committee and passed upon at a regular meeting of the Committee,
and in turn submitted to the Council; when approved by the Council
the reply is sent to the inquirer and is also published in THE JOURNAL.

Monthly meetings of the Committee have been held during 1916,
at which 112 inquiries have been considered and interpretations given.

A public hearing will be held in December of this year.

Increasing recognition of the value of the Code is indicated by
its use in technical schools as a text or reference book. It is now
used as a reference book at Stevens Institute of Technology; at
Sheffield Scientific School of Yale University; and in the course in
boiler design at the Rensselaer Polytechnic Institute. It is re-
ported that the Code is also in use at Virginia Polytechnic Institute,
Georgia School of Technology, University of Texas, and The Tulane
University of Louisiana.

The U. S. Government now specifies that boilers in use at the
Canal Zone are to be in accordance with the Code. It is operative
as a legal construction code in the States of Wisconsin, Indiana,
Ohio, Pennsylvania and California. The Code has also been adopted
as a standard by the Industrial Commissions of Pennsylvania and
California, and by fifteen of the leading boiler insurance companies.

Committee on Filter Standardization. This committee, George
W. Fuller, Chairman; Jas. C. Boyd, Arthur M. Crane, Philip N.
Engel, Martin F. Newman, Wm. Schwanhausser, was appointed
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to make recommendations for rating the capacity of mechanical
filters. The committee records with regret the death in. 1915 of Mr.
J.C. W. Greth, one of the members of the original committee and
who gave a great deal of assistance in the collection of data on the
practical state of the art and assisted greatly in his judicially ex-
pressed opinion as to the basis of the committee’s report.

The committee has made a very wide canvass to secure all in-
formation and data available, and has based its recommendations
on normal practice.

Increase of Membership Committee. This committes, with its
sub-committees in various parts of the country, has been effectively
at work, and the chairman reports: “This activity is in a very
healthful condition, and, generally speaking, our members are inter-
ested in the welfare of the Society, have the activity of this committee
in mind, and are doing what they can to help. It is a work which
requires constant agitation and publicity, and having once started
it is desirable to keep pushing it all the time. The special cam-
paign among the college alumni should be continued, and from time
to time the membership of the Society should be circularized in a
dignified way as has been done in the past. A judicious use of the
circular ‘Society Service’ will be quite helpful.”

The general committee and its sub-committees are:

Increase of Membership. Irving E. Moultrop, Chairman; Fred.
H. Colvin, James V. V. Colwell, Robert M. Dixon, Wm. R. Dunn,
Leigh A. Hunt, John P. Ilsley, Edwin B. Katte, Richard B. Sheridan.

Chairmen of Sub-Commsillees on Increase of Membership: Atlanta,
Park A. Dallis; Boston, A. L. Williston; Buffalo, W. H. Carrier;
Chicago, Philip N. Engel; Cincinnati, John T. Faig; Cleveland,
Arthur G. McKee; Los Angeles, O. J. Root; Michigan, H. H.
Eseelstyn; Milwaukee, Fred. H. Dorner; Minnesota, Max Tolts;
New Haven, E. H. Lockwood; New York, J. A. Kinkead; Philadel-
phia, T. C. McBride; Rochester, Lucien Buck; St. Louis, John
Hunter; San Francisco, Wynn Meredith; Seattle, Robert M. Dyer;
Tennessee, E. C. Patterson; Troy, Albert E. Cluett; Worcester,
Edgar H. Reed.

Joint Commitiee on Standards for Graphic Presentation. A prelimi-
nary report of the Committee published for the purpose of inviting
suggestions has had a kindly reception. A large number of suggestions
have been received. In order to properly arrange suggestions for
the future work of the Joint Committee on Standards for Graphic
Presentation a volunteer committee has been holding frequent meet-
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ings for the past six months, This committee is composed of men
whose work requires them to handle a large amount of statistical
material where graphic presentation is particularly advantageous.

When the volunteer committee has completed its recommenda-
tions regarding the suggestions which have thus far been made for
standardigation, the recommendations will be acted upon by the Joint
Committee on Standards for Graphic Presentation. The work of the
volunteer committee should vastly reduce the amount of time re-
quired for the meetings of the Joint Committee on Standards for
Graphic Presentation, which is composed of nineteen men repre-
senting nineteen different associations of national scope.

A number of important journals are using the suggestions of the
preliminary report for preparing the illustrations used in their current
publications. The experience to date shows advantageous results
from this standardisation work. Within the last year there has been
& noticeably large increase in the volume of graphic presentation
printed in technical publications, standard magazines, and even daily
papers.

Committee on Power Tests. In 1909 this committee of the So-
ciety started work on the formulation of new codes for the testing
of power-plant apparatus. A preliminary report, published in De-
cember, 1912, was widely discussed both orally and in writing, and
in the light of the suggestions attending this discussion an extensive
revision was made. The revised report was presented to the Council
and aceepted. It is included in Volume 37 of Transactions.

As originally constituted, the committee consisted of D. S.
Jacobus, Chairman, Edward T. Adams, George H. Barrus, L. P.
Breckenridge, Wm. Kent, Charles E. Lucke, Edward F. Miller,
Arthur West, and Albert C. Wood. Dr. Lucke resigned early in
1912 and the vacancy was not filled. Owing to pressure of business
duties, Dr. Jacobus resigned the chairmanship in December 1911,
but the committee laid his resignation on the table and appointed
Mr. Barrus vice-chairman to serve as chairman in place of Dr.
Jacobus. Prof. R. H. Fernald and James W. Parker have been
added to the Committee this year, by appointment by the Council.

The Council has directed that this Committee hold, from time to
time, meetings in the nature of public hearings of interested users,
as is done in the case of the Boiler Code.

Commitiee on Refrigeration. The work done by this committee
to date is in the form of a preliminary report published in Vol. 26
of Transactions. Dr. Jacobus, chairman of the committee, is8 now
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working along the lines of a suggested joint report with the similar
committee of the American Society of Refrigerating Engineers.

Committee on Sections. Elliott H. Whitlock, Chairman; W. F.
M. Goss, Louis C. Marburg, Walter Rautenstrauch, D. Robert
Yarnall. The spirit of coSperation among engineers has influenced
to a remarkable degree the activities of the Sections this year.
Local problems of affiliation of Sections with other societies have
been successfully worked outf, and in practically all of the sixteen
centers of established Sections joint meetings have now become the
custom.

It is very gratxfymg to note that in this matter of bringing the
local societies together, our Sections have in many cases taken the
initiative.

Meetings in Atlanta have been held in conjunction with the
affiiliated technical societies in that city. Codperation among the
engineering societies of Boston has been followed from the inception
of the Section six years ago. In Buffalo the Section has co6perated
with the Buffalo Engineering Society. The meetings in Cincinnati
have generally been joint meetings with the Engineers’ Club, as also
in Milwaukee and St. Louis. A recent meeting of the Los Angeles
Section was held with all the technical societies in that city, the
meeting being under the auspices of our Section. The Minnesota
Section has held meetings in three cities, St. Paul, Minneapolis and
Duluth. In Philadelphia joint meetings have been held with the
Engineers’ Club and The Franklin Institute. The meetings in
Providence have been those of the Providence Association of Me-
chanical Engineers, now the Providence Engineering Society, affili-
ated with our Society. In New York there has been codperation
with other organizations and a number of joint meetings have been
held, also in New Haven.

Over one hundred meetings have been held by the Sections during
the year and all have been reported in The Journal. Nineteen of
the papers presented locally have been published in The Journal
in full and fourteen others will be published in due course. Eight
papers originally presented at Section meetings during the season
were subsequently delivered at general meetings and appear in
Vol. 37 of Transactions.

This plan is a definite purpose of the Committee- on Meetings,
approved by the Council, to enhance the dignity of the Bection
meetings and develop the interest. On account of the neoeasa.nly
crowded programs of the general meetings of the Society, for which
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there is no relief in sight, it is obvious that a more extended discus-
sion can be obtained by presentation of papers before Section
meetings.

The same codperative spirit which has brought the Sections
into close contact with other local organizations is now manifest in
the relations between the Sections themselves and the Sections and
the Society proper.

The first Conference of Sections was held at the 1915 Spring
Meeting, and was such a success that a second Conference was
arranged at the Annual Meeting in New York, December, 1915.
A representative from each of the fourteen Sections then established
was present, and also delegates from the Providence Engineering
Society and from several industrial centers where members of the
Society were interested in the formation of Sections. Three busi-
ness meetings were held and the delegates had opportunity to dis-
cuss matters with the officers and members of the Council.

The Nominating Committee for officers of the Society was this
year nominated by the Sections at the request of President Jacobus.

Two fine examples of codperation between the Sections and the
parent organization were the receptions accorded the Society at
San Francisco and Birmingham, the former on the occasion of the
September, 1915, meeting of the Society and the latter when the
officers and members were en route to the Spring Meeting in New
Orleans.

The plan for having all the Sections elect their officers at a uni-
form time and by a uniform method, either by vote at an open
meeting or by letter ballot, has now been consummated, and the
officers for all the Sections for the ensuing year assumed their duties
on July 1, 1916.

There has been evidenced a necessity for a Code which would
tend to put the activities of all the Sections upon a more uniform
basis, and the Committee on Sections has been engaged in formu-
lating such a Code. The Committee is hopeful of securing the
codperation of all the national engineering societies in putting their
respective Sections upon the same general basis.

New Sections have been established during the year at Detroit
and Indianapolis, and Sections are under contemplation at Balti-
more, Erie, Kansas City, Meriden and Rochester.

During the year the President has visited Sections at Philadel-
phla, Chicago, Milwaukee, Detroit, St. Paul and Buffalo, to consult
the members upon matters of import to the Society, and has also
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attended meetings for the purpose of considering Sections at Erie,
Indianapolis and Baltimore. The Secretary has accompanied him
on some occasions and has also attended meetings of the New Haven,
Philadelphia, Providence, Buffalo, Boston and Birmingham Sections.

Particular mention should be made of the self-sacrificing and
effective work of the Chairman of the Sections Committee, E. H.
Whitlock, who has been untiring in his interest and whose efforts
have accomplished so much in bringing into definite shape the sec-
tions organigation.

Commitiee on Standard Flanges and Pipe Fitlings. During the
year the Manufacturers’ Standards Committee, representing the
principal companies manufacturing pipes and fittings, requested the
codperation of the Society’s Flange Committee in the standardiza-
tion of flanges for hydraulic work; later our Committee was asked
to include flanged fittings for ammonia apparatus and also steel
fittings and, by request of the American Railway Master Mechanics’
Association, pipe unions, which has been granted.

The title of the committee was changed to the more comprehen-
sive one of Committee on Standards for Flanges and Pipe Fittings.
This committee is constituted as follows: Henry G. Stott, Chairman,
Arthur R. Baylis, Stanley G. Flagg, Jr.,, E. M. Herr, Arthur M.
Houser, Julian Kennedy, E. A. Stillman, W. M. White, A. S. Vogt.

The work of this committee to date has included investigations
of the strength of the various sizes and weights of rolled-steel piping
obtainable in the market; thickness of pipe walls for cast steel and
semi-steel pipé and fittings; proportions for flanges, bolting and
fittings for hydraulic pressures of 800, 1200 and 3000 lb. working
pressure per square inch,

A 50-pound schedule has also been considered which proposes a
slight reduction in diameters of bolts, thicknesses of flanges and
wall metal from sizes 12 in. to 100 in. inclusive. The diameters of
flanges and bolt circles as well as the number of bolts remain the
same as called for in the 125-pound standard. This proposed
50-pound standard, however, is identical with the 125-pound stand-
ard for all sizes 10 in. and below. Other topics under discussion
are pipe unions, threads, etc.

All the above data have been placed in the hands of each member
of the committee with a view toward a final agreement.

Committee on Tolerances in Screw Thread Fits. Soon after its organ-
ization, this committee held a number of meetings and outlined a
general plan of procedure, including the securing of data on present
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practice. To carry out these various lines of investigation sub-
committees were appointed, one having responsibility for the three
main divisions of the work — present practice of satisfactory limits
for commercial work, requirements for higher-grade work where
conditions are more exacting, and for lower-grade work of rough
character; investigation of methods of measuring taps, screws, nuts,
ete., and to establish a nomenclature.

These sub-committees have been at work and a great amount of
material has been collected on which much time has been spent in an
endeavor to find some practical basis for the proposed standards.

The committee is attempting to reconcile conflicting positions,
standing as it were between the manufacturer and the user, and to
reconcile the interests of both. The committee has also been in com-
munication with the British Engineering Standards Committee,
whose standards for limits and tolerances as first given required
changes, indicating the difficulty of the problem. The committee is
constituted as follows: Luther D. Burlingame, Chairman; Ellwood
Burdsall, Frederic G. Coburn, Fred H. Colvin, A. A. Fuller, James
Hartness, W. R. Porter, Frank O. Wells, Walter F. Worthington,
Chas. D. Young.

Committee on Student Branches. The Society has now affiliated
with it forty Student Branches, which are independent organizations
of students in the following educational institutions:

Armour Institute of Technology.................. Chicago, Ill

Bucknell College.......coo0viereneininininnn.. Lewisburg, Pa

Carnegie Institute of Technology............... Pittsburgh, Pa.
Case School of Applied Science. ............... Cleveland, Ohio
Colorado State Agricultural College.......... Fort Collins, Colo.
Columbia University...................cov... New York, N. Y.
Cornell University......ccooveeeeeeeeneennenns Ithaca, N. Y.
Georgia School of Technology.................... Atlanta, Ga.
Kansas State Agricultural College. ............ Manhattan, Kan.
Lehigh University........coo0o0vevvneinne.. So. Bethlehem, Pa.
Leland Stanford Jr. University. ....... Stanford University, Cal.
Louisiana State University.................. Baton Rouge, La.
Massachusetts Institute of Technology....... Cambridge, Mass.
New York University....................... New York, N. Y.
Ohio State University........................ Columbus, Ohio
Pennsylvania State College.................. State College, Pa.
Polytechnio Institute of Brooklyn.............. Brooklyn, N. Y.
Purdue University.......cooovvviieeieinennn. Lafayette, Ind.
Rensselaer Polytechnic Institute................... Troy, N. Y.
State University of Iowa....................... Iowa City, Ia.

State University of Kentueky.................. Lexington, Ky.
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Stevens Institute of Technology................ Hoboken, N. J.
Syracuse University.......................... Syracuse, N. Y.
Throop College of Technology.................. Pasadena, Cal.
University of Arkansas...................... Fayetteville, Ark.
University of California........................ Berkeley, Cal.
University of Cincinnati...................... Cincinnati, Obio
University of Colorado......................... Boulder, Colo.
University of Illinois. ..........................0. Urbana, Ill.
University of Kansas. ........................ Lawrence, Kan.
University of Maine...................ccoevvvnnnnn Orono, Me.
University of Michigan..................... Ann Arbor, Mich.
University of Minnesota................... Minneapolis, Minn.
University of Missouri........................ Columbia, Mo.
University of Nebraska......................... Lincoln, Neb.
University of Wisconsin........................ Madison, Wis.
Virginia Polytechnic Institute................. Blacksburg, Va.
Washington University........................ St. Louis, Mo.
Woroester Polytechnic Institute.............. Woroester, Mass.
Yale University......cocvvvveeeneannn.... New Haven, Conn

Johns Hopkins University has recently held an organization meet-
ing with the idea of establishing a Student Branch.

Institutions in which the entrance requirements are equivalent
to those established by the Carnegie Foundation are eligible for
Student Branches. Bodies of students in the engineering depart-
ments of such colleges are invited to apply to the Secretary of the
Society for information regarding the form of petition to the Council
for a Student Branch.

For the first time in the history of the Society a joint meeting of
Student Branches was held at the headquarters of the Society on
Friday evening, April 14, 1916. Five Student Branches located at
the following institutions participated:

Columbia University

New York University
Pennsylvania State College
Polytechnic Institute of Brooklyn
Stevens Institute of Technology

More than 250 undergraduates and members of the faculties of the
various colleges were in attendance.

‘The object of the meeting was to bring the students of the different
engineering schools into closer touch with the parent Society and at
the same time foster the habit of forming new acquaintanceships and
friends among those in the Engineering Profession. In turn this de-
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velops the cobperation which is of paramount importance to the
continued progress of the profession.

It is planned to make this joint meeting of the Student Branches
located in the Metropolitan District an annual affaiv, and further
that whenever possible the branches in other sections of the country
arrange to hold oecasional joint meetings.

Employment Work. The employment work carried on through
the medium of the Secretary’s office and of THE JoCRXAL has been
continued this vear, and the work has increased in volume 30 that the
department has now become quite a pretentions one.

An indication of the magnitude of the work of this department
may be obtained from the fact that an average of thirty positions
available and forty men available are published in TEx JoTrNAL each
month. This represents only a small part of the work of the depart-
ment, as many positions available are filled and men available recom-
mended to positions before THE JOURNAL goes to press each month.
Upwards of 700 positions available have been registered since the
first of the year, and the Society has received 117 letters of thanks
from men who have secured positions through the department.

COOPERATION WITH OTHER ORGANIZATIONS

WORK OF JOINT COMMITTEES, ETC., ON WHICH THE SOCIETY IS
REPRESENTED

American Association for the Advancement of Science. The repre-
sentatives of the Society on the council of the Association are W. B.
Jackson and, by appointment this year, D. S. Jacobus. This repre-
sentation is honorary and advisory, but has taken a more active form
this year in the plans of the Association for its meeting to be held in
New York in December.

Classification of Technical Literature. The Joint Committee on
Classification of Technical Literature has held several meetings during
the year. The Society is represented on this committee by Fred. R.
Low, Chairman; William W. Bird, L. P. Breckenridge, Alfred E.
Forstall, Edwin J. Prindle. Mr. Low is also Chairman of the joint
committee.

The committee has reached an agreement on a tentative outline
schedule of the divisions of technical literature, and the development
of the parts of this schedule has been assigned to certain of the socie-
ties represented on the committee.
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‘Through the courtesy of the Library Board of the United Engineer-
ing Society, an assistant has been assigned to the duties of secretary
of this committee and will devote full time to the work.

Some of the schedules for divisional subjects are now near com-

pletion, and it is hoped to have them ready for submission to the
committee in a short time.

Joint Conference Commitlee of National Engineering Societies.
This committee was formed in 1912 for the purpose of considering
matters pertaining to the Engineering Profession in general, in dis-
tinction to those concerning one branch of it and not extending be-
yond the scope of the corresponding organization.

The committee consisted formerly of two members from each of
the constituent societies, but has now been increased by one additional
member from each society. The representatives of our Society are
Charles Whiting Baker, Chairman, A. M. Greene, Jr., and D. S.
Jacobus,

Itisplanned that the reorganized committee hold regular meetings
each month, and that the scope of the joint conference committee be
enlarged 80 as to recommend action on all general or public matters
relating to the welfare of the Engineering Profession and in which
joint action seems desirable. .

Under instructions of our Council, recorded actions of the joint
conference committee are reported by our representatives for appro-
val at the meeting next following of our Council.

_ Conference Commilttee on Electrical Engineering Standards. An
Important matter considered in this committee (Henry G. Stott,
Chairman, Albert F. Ganz, and Carl Schwartz) was the proposal to
form & joint standards committee, with representation from all the
national engineering societies, to act as a senate and give final ap-
proval to any standards proposed by the constituent societies.

_Engincer Reserve Corps. Shortly after appointment the Com-
mittee on Engineer Reserve Corps held two meetings. The com-
mittee logt by death John A. Hill, who was acting-secretary, and
James M. Dodge, member of the committee. The committee as now
congtituted is: William H. Wiley, Chairman; W. F. M. Goss, H. A.
Giles, Alex, C. Humphreys, Wilfred Lewis.

The work of the members of the committee has been advisory to
the chairman, who in turn is the representative of the Society on the
Executive Committee of the Joint Committee on Engineer Reserve
Corps. This joint committee is composed of committees from the
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national engineering societies, and the Executive Committee is con-
stituted of the chairmen of these committees.

The Executive Committee has made two.trips to Washington to
confer with the heads of departments of the Government, and two to
Governor’s Island to meet General Leonard Wood; they have also
attended some ten or fifteen meetings.

The culmination of the joint committee’s work is now reached, as
the Engineer Reserve Corps was legally established by a provision in
the National Defense Act, which became law on July 1, 1916.

The Engineering Foundation. The Society’s representatives on
The Engineering Foundation are W. F. M. Goss and E. Gybbon
Spilsbury.

The Foundation has made radical changes in its policy of such a
nature as will, it is felt, greatly increase its usefulness.

The facilities of the organisation and of the office of the Founda-
tion have been placed at the service of the National Research Counecil
and accepted. The Foundation will thus take up actively the details
of the work planned by the Research Council, which will place the
Foundation, and in turn the United Engineering Society, behind
the great national movement represented in the Research Council.

* This new work requiring the entire time of a secretary, which Dr.
F. R. Hutton, who has acted as temporary secretary of the Founda-
tion since its inception, did not care to give, he resigned in September,
1916, and Dr. Cary T. Hutchinson has been engaged as Secretary of
the Foundation.

John Fritz Medal Board of Award. The Society is represented on
the Board by four appointees, the term of one of which expires at the
annual meeting of the Board in January of each year. Dr. F. R.
Hutton was reappointed this year for a second term of office; the
Society’s other representatives are John R. Freeman, Ambrose
Swasey and Dr. John A. Brashear.

The award of the John Fritz Medal has this year been made to
Dr. Elihu Thomson, of Swampscott, Mass., for * achievements in
electrical inventions, in electrical engineering and in industrial de-
velopment, and in scientific research.”

Commilttee on Metric System. Representatives on the Joint Con-
ference Committee on the Metric System, proposed by the American
Institute of Electrical Engineers, were appointed to confer upon the
advisability of adopting the Metric System as a working standard in

engineering,.
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The Committee on Metric System of this Society is composed of
Luther D. Burlingame, Chairman, E. M. Herr, F. A. Halsey, J. Sel-
lers Baneroft, and A. L. De Leeuw. Two members of this committee
are to be chosen later to represent the Society on the Joint Conference
Committee.

Uniled Engineering Society. The Trustees of the United Engi-
neering Society representing our Society are John R. Freeman, E.
Gybbon Spilsbury, and Henry G. Stott, the two latter being the new
appointees this year. The Trustees this year invited the American
Society of Civil Engineers to join the Founder Societies in the owner-
ship and administration of the property of the United Engineering
Society, in the occupancy of the Engineering Societies Building, and
in the administration of the Library. By letter ballot of the mem-
bership of the Civil Engineers, it was voted to accept the offer. The
work of alteration to the building to accommodate the new Founder
Society, including adding three stories to provide quarters for it and
take care of the enlarged library, was immediately begun and is now
well under way.

The hope of Mr. Andrew Carnegie, the donor of the building, that
it should become the headquarters of the engineering profession in
America, is thus on the point of realization.

NEW JOINT COMMITTEE WORK THIS YEAR

Joint Conference Commitiee of the National Academy and the
National Engineering Societies. A Joint Conference Committee of
the National Academy of Sciences and the national engineering so-
cieties has been created to develop ways and means for a closer co-
Operstion between the Academy and these organigations. Mr. Gano
Dunn was temporary chairman of the committee.

At a meeting on September 19, the Joint Conference Committee
organized with J. J. Carty, Past-President of the A.I.LE.E., as per-
manent chairman, and Calvin W. Rice as permanent secretary. At
this meeting it was announced that the Academy had this year created
a section of engineering and would elect engineers to the Academy.

Dr. Ira N. Hollis is the representative of the Society on this com-
mittee,

National Research Council. At its annual meeting in April, 1916,
the National Academy of Sciences volunteered to the President of the
United States to organize the scientific resources of the educational
and research institutions of the country in the interest of national
preparedness. This offer was immediately accepted, and President



32 SOCIETY AFFAIRS

Wilson in turn invited the President of the National Academy of
Sciences to appoint a National Research Council. This council was
chosen mainly, if not entirely, from members of the National Academy
of Sciences and of the national engineering societies. :
The purpose of the council is to bring into codperation existing
governmental, educational, industrial, and other research organiza-
tions, with the object of encouraging the investigation of natural
phenomena, the increased use of scientific research in the develop-
ment of American industries, the employment of scientific methods in
strengthening the national defense, and such other applications of
science as will promote the national security and welfare.
The following members of this Society received appointment on
-the National Research Council: Dr. John A. Brashear, Honorary
Member of the Society, Mr. Gano Dunn, President, The J. G. White
Engineering Corporation; Dr. W. F. M. Goss, Dean of Engineering,
University of Illinois; Dr. S. W. Stratton, Director, Bureau of
Standards; Mr. Ambrose Swasey, Honorary Member of the Society.
The Engineering Foundation of the United Engineering Society
passed resolutions commending the purposes of the National Re-
search Council and offered the organization the use of an office in the
Engineering Societies Building, and the services of Dr. Cary T.
Hutchinson, secretary of the Foundation. This offer was accepted,
and Dr. Hutchinson was appointed secretary of the council.

Lectures on Military Engineering. Early in the year a course of
military engineering lectures was organized under the auspices of
the officers of the national engineering societies by officers of the
U. 8. Army provided by Major General Wood, Commander of the
Department of the East, and the course was given in New .York
City in the Engineering Societies Building and the building of the
American Society of Civil Engineers.

The success of the lectures exceeded the most sanguine expec-
tations. Over 3000 men attended. -

The movement spread beyond the metropolis. On March 29 in
Detroit a course of five weekly lectures for engineers was com-
menced by Col. M. M. Patrick and Major P. S. Bond, Corps of
Engineers, U. S. A. In Chicago eleven weekly events, including
excursions to a citizen’s training camp established near Indianapo-

lis, were inaugurated on April 20; correspondence courses and prac-
tical work in field engineering and maneuvers by members of the
training camp were organized during the summer.
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Courses of lectures were also given in Pittsburgh, Buffalo and
Los Angeles.

In all cases the work was carried out under the direction of com-
mittees on Military Engineering Lectures, and the activities of
these committees and similar committees included organization of
and participation in “preparedness” parades.

Codperation with the Architects. The American Institute of
Architects requested and received the codperation of the Council in
8 protest against the proposed power plant in the park area of Wash-
ington, D. C.

The Institute has also suggested that a clearing house be formed
for codperation in matters of mutual interest to engineers and archi-
tects, This suggestion has been referred to the Joint Conference
Committee of the National Engineering Societies.

Pan-American Engineering Commiliee. A permanent committee
has been constituted to foster greater engineering and scientific
intercourse between South and Central America and the United
States and to promote the welfare of the Engineering Profession in
these countries.

The committee is composed of five representatives from each of
the four national engineering societies. The appointees of our So-
ciety are W. H. Bixby, C. T. Plunkett, S. W. Stratton, Ambrose
Swasey and C. C. Thomas.

Conference Commitiee on Electric Power. The purpose of this
committee is to codperate with the Sub-committee on Cost of Elec-
tric Power of the Committee on Standards of the American Insti-
tute of Electrical Engineers. The representatives of the Society on
this committee are D. C. Jackson, A. H. Kruesi, R. J. S. Pigott,
Jobn A, Stevens and B. F. Wood. H. G. Stott, Mem.Am.Soc.M.E.,
is chairman of the joint committee.

Jokn Ericsson Memorial. Early in the year a bill was presented
before Congress to erect a monument in Washington to the memory
of Captain John Ericsson. A hearing of this bill was held in Wash-
ington on March 13, at which Erik Oberg, C. A. V. Carlsson, Gustave
Fagt, H. A. Gillis, O. Ohlson, C. von Philp and A. H. Raynal, repre-
senting the Society, were present. Our thanks are due these gentle-
men for their efforts to attend this hearing and for their effective
service,
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It is of interest to note that Captain Ericsson was a member of
the Society, joining in 1881. At the time of his election the dis-
tinction of honorary membership was offered to him but he refused
it, desiring, as he put it, “to come into the rank and file.”

Joseph A. Holmes Memorial. The Joseph A. Holmes Safety
Association, formed to perpetuate the memory and work of the first
director of the U. S. Bureau of Mines, who died in July, 1915, was for-
mally established by old associates on March 3, 1916.

The association will meet once each year in Washington, when
awards and medals will be publicly announced, with honorariums
to those who perfect the most efficient devices in the mining, quarry-
ing and metallurgical industries.

Dr. John A. Brashear, Honorary Member and Past-President, is
our representative on the committee of awards. He is also a member
of the Executive Committee of the Association. General Wm. H.
Bixby, Mem.Am.Soc.M.E., has represented Dr, Brashear and the
Society at the conferences.

Massachusetts Institute of Technology. On June 12 to 14 the
Institute celebrated its semi-centennial and dedicated its new build-
ings in Cambridge. On invitation, the Society was represented by
the President, Dr. Jacobus.

Rutgers College. The 100th anniversary of the founding of Rut-
gers College was celebrated on October 13 to 15, and at the invita-
tion of the college the Society was represented by Spencer Miller,
member of the Council.

Engineering Codperation. Two conferences on engineering codp-
eration were held this year by representatives of various societies,
under the auspices of a committee self-constituted with Dr. Fred-
erick H. Newell, Mem.Am.Soc.M.E., Chairman, and C. E. Drayer,
Secretary. Over thirty technical and engineering societies, clubs
and like organizations were present at the second conference, which
was held in Chicago.

H. C. Gardner was the delegate of this Society at the second
conference, at which discussion upon the plan of attaining the object
in mind centered upon whether a separate organigation should be
formed or how best the activities of the existing societies could be
correlated. The representative of our Society argued for the de-
velopment of engineering codperation through existing organizations.
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MEETINGS JANUARY—JUNE
MEETINGS OF SECTIONS

The spirit of codperation among engineers influenced to a remark-
able degree the activities at the Section meetings during 1916. Local
problems of affiliation of Sections with other societies were success-
fully worked out, and in practically all of the centers of established
Sections joint meetings have now become the custom.

Meetings in Atlanta were held in conjunction with the affiliated
technical societies in that city. Codperation among the engineering
societies of Boston has been followed from the inception of the
Section six years ago. In Buffalo the Section codperated with the
Buffdlo Engineering Society. The meetings in Cincinnati were
genenally joint meetings with the Engineers’ Club, as also in Mil-
Watkee and St. Louis. One meeting of the Los Angeles Section was
beld with all the technical societies in that city, the meeting being
under the auspices of our Section. The Minnesota Section held
meetings in three cities, St. Paul, Minneapolis and Duluth. In
Philadelphia joint meetings were held with the Engineers’ Club and
The Franklin Institute. The meetings in Providence were those of
the Providence Association of Mechanical Engineers, now the Provi-
dence Engineering Society, affiliated with our Society. In New York
there was codperation with other organizations and a number of joint
meetings were held, also in New Haven.

BUFFALO, JANUARY 5

Subject: Iron in Antiquity and Today, Dr. John A. Mathews,
Mem.Am.8oc.M.E.

NEW YORK, JANUARY 11

Paper: Standardization of Power Plant Operating Costs, Walter
N. Polakov, Mem.Am.Soc.M.E. Published in this volume.
35
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BOSTON, JANUARY 14

Address: Naval Lessons of the Great War for America, Dr. Ira N.
Hollis, Mem.Am.Soc.M.E.

CHICAGO, JANUARY 14

Paper: High Temperature Insulation, P. A. Boeck, mechanical
engineer, Kieselguhr Company of America, Chicago, Ill. Published
in TnE JOURNAL, August, 1916.

. LOS ANGELES, JANUARY 18

Subject: Patents, F. W. Harris, Mem.Am.Soc.M.E. Preceded
by a report by W. W. Smith on the Conference of Sections at the
Annual Meeting.

ST. LOUIS, JANUARY 19

Joint meeting of the St. Louis Engineering Societies. Subject:
Certain Phases of Scientific Management of Machine Shops, Carl G.
Barth, Mem.Am.Soc.M.E.

BUFFALO, JANUARY 20

Subject: Electric Railway Signalling, Henry M. Sperry, General
Electric Railway Company.

MINNESOTA, JANUARY 20

Banquet at St. Paul. Charles W. Tubby, Mem.Am.Soc.M.E.,
Chairman, Minnesota Section, gave a history of the Section;
Prof. Wm. H. Kavanaugh, Mem.Am.Soc.M.E., spoke on engineering
education; and C. L. Pillsbury, Mem.Am.Soc.M.E., spoke of the
value of engineering societies.

CINCINNATI, JANUARY 21

Joint meeting with the Engineers’ Club of Cincinnati. The
Committee on Concrete presented a report of its investigations.

BIRMINGHAM, JANUARY 26

Dinner meeting. General discussion relative to the affairs of the
Section.
PROVIDENCE, JANUARY 26
Meeting of the Providence Association of Mechanical Engineers,
Franklin H. Wentworth, secretary of the National Fire Protection
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Asssocdiation, spoke on the work of the Underwriters’ Laboratories in
the direction of fire protection. Illustrated by moving pictures.

BUFFALO, FEBRUARY 2

Yllustrated Address: Public Service Problems, Morris L. Cooke,
Mem.Am.Soc.M.E.

PHILADELPHIA, FEBRUARY 3

Joint meeting with The Franklin Institute. Paper: The De-
velopment of the Pumping Engine, Prof. Arthur M. Greene, Jr.,
Manager, Am.Soc.M.E.

ST. LOUIS, FEBRUARY 6

Joint meeting of the St. Louis Engineering Societies. F. W.
Doolittle, consulting engineer, New York, N. Y., spoke on the
Cleveland Street Railway situation. Illustrated.

BIRMINGHAM, FEBRUARY 7

Appointment of Executive Committee, Committee on Program
and Papers, and Membership Committee. Major General Leonard
Wood spoke on Préparedness and the Military Training Camp at
Chattanooga.

BOSTON, FEBRUARY 8

Seventh annual joint Engineers’ Dinner, under the auspices of the
Boston Society of Civil Engineers, the Boston Section of the American
Institute of Electrical Engineers, and the Boston Section of the
Society. Speakers: Samuel W. McCall, Governor of Massachu-
setts, Col. W. E. Craighill, of the Corps of Engineers, U. 8. A., William
Barclay Parsons, consulting engineer, New York, N. Y., John R.
Freeman and Dr. John A. Brashear, Past-Presidents, Am.Soc.M.E.,
and Calvin W. Rice, Secretary, Am.Soc.M.E.

NEW YORK, FEBRUARY 8

Paper: Ways of Presenting Data for Executive Purposes, T.
Russell Robinson, statistical engineer, W. S. Barstow and Company,
Inc., New York, N. Y.

ST. LOUIS, FEBRUARY 9

Joint meeting of the Engineers’ Club of St. Louis with the local
societies. Address: Recent Practice on Concrete Roads, J. B.
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Marcellus, engineer of the Association of the American Portland
Cement Manufacturers. Illustrated.

MILWAUKEE, FEBRUARY 10
Joint meeting of the local engineering societies, under the auspices
of the Milwaukee Section of the American Institute of Electrical
Engineers. Paper: The Design and Application of Electromagnets
for Industrial Purposes, Arthur Simon, Mem.Am.Soc. M E. Illus-
trated by moving pictures.

MINNESOTA, FEBRUARY 10
Illustrated lecture given at Minneapolis: The Practical Chemistry
and Modern Manufacture of Portland Cement, George P. Diekmann,
chief chemist of the Northwestern States Portland Cement Company,
Mason City, Ia. Published in THE JourNAL, May, 1916.

BOSTON, FEBRUARY 16
Joint meeting under the auspices of the Boston Society of Civil
Engineers. Paper: The Spillways of the Panama Canal, Edward
C. Sherman. Illustrated.

BUFFALO, FEBRUARY 16
Lecture: Uses of Modern Worm Gearing, Cornelius T. Myers.,

Mem.Am.Soc.M.E,
WORCESTER, FEBRUARY 16

Address: What Constitutes a Well-Rounded Fleet? Dr. Ira N.
Hollis, Mem.Am.Soc.M.E.

PROVIDENCE, FEBRUARY 23

Meeting of the Providence Association of Mechanical Engineers.
Address: The Handling of Steam Coal from the Mine to the Con-
sumer, Prof. James A. Hall, Mem.Am.Soc.M.E.

CINCINNATI, FEBRUARY 24

Joint meeting with the Engineers’ Club of Cincinnati. Illustrated
lecture: A Rapid Transit System and Interurban Facilities for the
City of Cincinnati, Morse W. Rew, assistant engineer of the Board
of Rapid Transit Commissioners.

BUFFALO, MARCH 1

Paper: The Problems of a Consulting Engineer, T. Kennard
Thomson, Mem.Am.Soc.M.E.
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ST. LOUIS, MARCH 1
Subject: The Collection and Disposal of City Refuse, Hiram
Phillips.
BIRMINGHAM, MARCH 2
Business meeting at which new Constitution and By-Laws were
adopted.
NEW HAVEN, MARCH 8

Informal meeting followed by noon-day luncheon.

MINNESOTA, MARCH 9

Held at the offices of the St. Paul Gas Light Company, St. Paul.
Paper: Uniflow Engine, Herman F. Mueller, Mem.Am.Soc.M.E.

BOSTON, MARCH 14

Paper: Steam Safety Valves, George H. Clark, instructor in
mechanical engineering, Massachusetts Institute of Technology.
Published in this volume.

NEW YORK, MARCH 14

Joint meeting with the New York Section of the Illuminating
Engineering Society to discuss the Code of Lighting for Factories,
Mills and Other Work, prepared by committees of the latter society.

BUFFALO, MARCH 15

Illustrated Address: History of Pumping Stations, Prof. Arthur
M. Greene, Jr., Manager, Am.Soc.M.E.

CINCINNATI, MARCH 16

Joint meeting with Engineers’ Club of Cincinnati. Papers:
The Sales Engineer in His Relation to Production and Machine
Design, Arthur J. Baker, Mem.Am.Soc.M.E., published in TrHE
JourNAL, November, 1916; Recent Developments in the Recovery
of Casing-head Gasoline, Paul Diserens, Jun.Am.Soc.M.E.; Why
is an Engineer? W. G. Franz, Mem.Am.Soc.M.E.; Probable Future
Requirements in Machine Tools, A. M. Sosa.

CHICAGO, MARCH 17

Paper: Heavy-Oil Engines, S. B. Daugherty, Mem.Am.Soc.M.E.
Published in THE JOURNAL, October, 1916.
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PROVIDENCE, MARCH 22

Meeting of the Providence Association of Mechanical Engineers.
Address: Vacuum Steam Heating, J. W. Hook, Assoc-Mem.Am.
Soc.M.E.

. LOS ANGELES, MARCH 28

Paper: Motor Trucks and Their Use in Southern California,
W. H. Clapp, Mem.Am.Soc.M.E. Published in THE JOURNAL,
October, 1916. .

BUFFALO, MARCH 29

Stereopticon Lecture: The Engineering Arm of Our Army, Major
L. V. Frazier of the United States Corps of Engineers.

NEW YORK, MARCH 29

Dinner and Dance. Speakers: Fred. R. Low, Mem.Am.Soc.M.E.,
Spencer Miller, Manager, Am.Soc.M.E., member of the Naval Con-
sulting Board, and Calvin W. Rice, Secretary, Am.Soc.M.E.

BOSTON, APRIL 5
Subject: The Shoe Industry, Joseph J. Gillespic. Illustrated.

NEW HAVEN, APRIL 5

Spring meeting, held jointly with the Civil, Electrical and Mining
Engineers of New Haven. Paper at afternoon session: The Water
Powers of New England, H. 1. Harriman, civil engineer, of Boston,
Mass., illustrated. Followed by a general discussion and by a brief
talk by Calvin W. Rice, Secretary, Am.Soc.M.E., upon the work
that the Society is doing in codperating with the other national
engineering societies toward the welfare of the country.

Following this session, a dinner was served in the hall of the Yale
Dining Club. At the evening session, Samuel Insull, president of
the Commonwealth Edison Company of Chicago, presented a paper
on The Progress of Economic Power Generation and Distribution.
Published in THE JourNAL, November, 1916.

8T. LOUIS, APRIL 5
Subject: Engineering Geology, Professor McCort of Washington
University.
PHILADELPHIA, APRIL 10

Joint meeting with the Philadelphia Section of the American
Institute of Electrical Engineers. General Subject: Some Prime
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Movers Now Under Development. Papers: The Uniflow Engine,
Allan D. Skinner, Mem.Am.Soc.M.E.; Future Possibilities of the
Large Steam Turbine Generator in Electric Generating Service,
W. C. Eglin, Mem.Am.Soc.M.E.; The Diesel Engine, L. B. Harris
of the Southwark Foundry and Machine Company.

BUFFALO, APRIL 12

Subject: Bringing a Shop up to Date, Fred G. Kent, works
manager of the Lodge and Shipley Company, Cincinnati, O.

8T. LOUIS, APRIL 12
Subject: Railroad Signals, B. H. Mann, Missouri Pacific R. R.

MINNESOTA, APRIL 14

Joint meeting with the American Institute of Electrical Engineers
and the American Society of Civil Engineers at Minneapolis. Illus-
trated talk by A. L. Rohrer, Mem.Am.Soc.M.E., on the Electrifi-
cation of the Butte, Anaconda and Pacific Railway. George H. Hill,
assistant engineer of the railway traffic department of the Geperal
Electric Company, also spoke on the Electrification of the Chicago,
Milwaukee and St. Paul Railroad. M. E. Simpson, mechanical
superintendent of the Minneapolis Steel Machinery Company, spoke
on the Manufacture of High Explosive Projectiles, and Edwin
Rollman, Captain, Cadet Corps, University of Minnesota, on the
Method of Firing Projectiles. Both of these talks were illustrated.

NEW YORK, APRIL 20

Joint meeting with the Society of Automobile Engineers. Topic:
The Four-Cylinder vs. the Multi-Cylinder Motor. Papers: In-
ternal Combustion Motors; The Four-Cylinder Motor of Today and
Future Possibilities, Finley R. Porter, Mem.Am.Soc.M.E.; Auto-
mobile Applications of Four-Cylinder Motors, F. E. Watts.

CINCINNATI, APRIL 21

Meeting under the auspices of the Engineers Club of Clincinnati.
Paper: Prehistoric Engineering in Southwestern Ohio, Fred W.
Hinkle.

PHILADELPHIA, APRIL 23

Informal dinner followed by an illustrated talk on Society Affairs
by Dr. D. 8. Jacobus, President, Am.Soc.M.E.
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BUFFALO, APRIL 26

Subject: National Preparedness. Speakers: Elmer A. Sperry,
Mem.Am.So0.M.E., on the work of the Naval Consulting Board,
and Calvin W. Rice, Secretary, Am.Soc.M.E., on Industrial Mobili-
sation.

PROVIDENCE, MAY 3 )

First annual dinner of the Providence Engineering Society,
reorganised from the Providence Association of Mechanical Engineers.
Henry A. Wise Wood spoke on Preparedness. Additional speakers
were: President W. H. P. Faunce of Brown University, Mayor
Gainer of Providence, Arthur H. Annan, Mem.Am.Soc.M.E., Luther
D. Burlingame, Mem.Am.Soc.M.E.,, Calvin W. Rice, Secretary,
Am.Soe.M.E,, Prof. Hardy Cross and Dr. Charles F. Scott, Mem.
Am.Soc.M.E.

LOS ANGELES, MAY 4

Luncheon Meeting. Subject: Industrial Preparedness. W. W.
Snith, chairman of the Section, made a brief address. and a letter
was read from Howard E. Coffin, Mem.Am.Soc.M.E., chairman of
the Committee on Production, Organization, Manufacture and
Standandisation of the Naval Consulting Board.

NEW YORK, MAY 9
Paper: Report upon Efficiency Tests of a 30,000-kw. Cross-
Compound Steam Turbine, Henry G. Stott, Mem.Am Soc M.E., and
W. S Finlay. Jr.. Mem AmSocM.E.  Published in this volume.

BIRMINGHAM, MAY 12
Redbection of officers of the Section, followed by a general discus-
s conceraing letters received from the State Committee of the
Naval Consulting Board and from Thomas E. Durtan, Mem Am.
S \MLE.. chairman of the Uniform Rodler Law Soaciety.

CHICAGA. MAY 13
Papes:  The Use o Pownderad Coal as a Foel. Jovend Harrington,
Mezn A S MLE.  astratad.  Puhlishad » Tws Jorsxai. Qeto-
e, Y&
CINCEXNATL, MAY 1S
DMestrand Addrext: Ensmeerme ™ Arnhgaix. Prof. Jobn M.
Borndass. Prodesor o Latia. University of Cinammt.
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ST. LOUIS, MAY 20
Dinner Meeting. Speaker: W. A. Layman, president of the
Wagner Electric Company, on Mobilization of American Industries
for National Protection, followed by brief talks on the same subject.

BOSTON, MAY 23

Paper: Steam-Flow Measurement, Ervin G. Bailey, Mem.Am.
Soc.M.E. Published in TrE JourNAL, October, 1916.

PHILADELPHIA, MAY 23
Paper: Efficiency of Propulsive Machinery and Late Develop-
ments in Naval Engineering, Lieut-Commander H. C. Dinger,
U. 8. N,, published in this volume.

CHICAGO, MAY 24

Special meeting. Illustrated address by Dr. D. S. Jacobus,
President, Am.Soc.M.E., on Society Affairs.

PROVIDENCE, MAY 24

Meeting of the Providence Engineering Society. Illustrated
address on The Fiskeville Weir, by William Pickersgill, designing
engineer of the Providence Water Supply Board, followed by Prof.
A. E. Watson of Brown University on The New Wireless Installation
at Brown University.

BIRMINGHAM, MAY 30

Subject: From Ore to Finished Product; pictures shown by the
National Tube Company, followed by an informal meeting.

LOS ANGELES, JUNE 1

Joint meeting of the technical societies in Los Angeles. Subject:
Industrial Preparedness. Speakers: Rev. George N. Davidson;
Earle Remington, president of the Aero Club of Los Angeles; Capt.
Charles T. Leeds, U. S. A. (retired); Major George B. Pillsbury,
U. 8. A,, in charge of fortifications, San Pedro; George W. Dickie,
Vice-President, Am.Soc.M.E., and Willis H. Booth, Vice-President
of the Security National Bank.

CINCINNATI, JUNE 15
Joint meeting with the Engineers’ Club of Cincinnati. Subject:
Preparedness. Speaker, Major P. S. Bond, Corps of Engineers,
U. S. A. Illustrated.
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PROVIDENCE, JUNB 28

Providence Engineering Society. Illustrated lecture: The Scitu-
ate Water Supply, by F. E. Winsor, chief engineer of the Providence
Water Supply. Other speakers on same subject were G. T. Seabury,
engineer of the Water Supply Board, and F. E. Waterman, also
engineer of the Board.

NEW HAVEN, JUNE 29

Illustrated Address: The Diesel Motor, F. J. G. Reuter, Assoc-
Mem., Am.Soc.M.E.

THE SPRING MEETING
NEW ORLEANS, LA., APRIL 11 TO 14

The Spring Meeting of the Society, held for the first time in New
Orleans, La., convened April 11 to 14, with headquarters at the
Hotel Grunewald. There was a good attendance, the registration
totaling 485, of which 114 were members. Ninety-two of those in
attendance were from out of the city.

On the Monday preceding the convention, the Birmingham
Section provided a unique entertainment for those journeying to the
convention by way of that city. The program at Birmingham in-
cluded inspection trips to manufacturing plants in the vicinity, and a
barbecue dinner was served at Bayview, on the shore of an artificial
lake used for water supply. An informal dinner was held in the
evening, at which several addresses were made. R. E. Brakeman
was Chairman and Paul Wright was Secretary of the Committee
which had this program in charge.

On the afternoon of the day of arrival at New Orleans trips were
made to the French quarter of the city, and in the evening an in-
formal reception and dance was held in the ballroom of the Hotel
Grunewald.

At the first session on Wednesday morning, addresses of welcome
were made by Chairman W. B. Gregory of the Local Committee
of Arrangements, by A. M. Shaw, past-president of the Louisiana
Engineering Society, and by Hon. Martin Behrman, Mayor of the
City of New Orleans. Dr. D. S. Jacobus, President, Am.Soc.M.E.,
responded, following which a session on Organizing for Industrial
Preparedness was held. Mr. Spencer Miller, Manager, Am.Soc.
M.E., and Representative of the Society on the U. S. Naval Con-
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sulting Board, read a paper on this’subject, and discussion of it con-
tinued throughout the morning. In the evening, after an address by
Commissioner W. B. Thompson, more time was given to the con-
sideration of the subject. The Society was honored by receiving a
communication from the President of the United States, congratu-
lating the engineers on the movement for national preparedness being
undertaken by them, and heartily commending it. The Secretary of
the Navy also sent a letter expressing his appreciation of the service
which the Society is rendering to the country.

On Wednesday afternoon an inspection trip was made to the
harbor of the Port of New Orleans formed by the Mississippi River.
During the trip a landing was made at the recently constructed
public cotton warehouses. Many interesting facts about the harbor
and the warehouses were brought out in the lecture by Commissioner
Thompson, given in the evening, on The Debt of New Orleans to
the Engineer.

The Thursday morning session was devoted to engineering
subjects of local interest, with papers on multiple evaporators,
low-lift pumping plants and the mechanical equipment in the Port
of New Orleans.

On Thursday afternoon the members and guests were taken in
automobiles to the Country Club, from whence they proceeded to
the Newcomb School of Art, a department of Newcomb College, the
women’s college of Tulane University.

Two simultaneous sessions, at which six papers were presented,
were held on Friday morning. On Friday afternoon a party was
taken to the New Orleans Lake Shore Land Company’s project to
inspect the reclamation work in process there. Some of the visitors
remained in New Orleans until Saturday and continued their trips
about the city.

The local membership of the Society, the Association of Local
Members of the American Society of Civil Engineers, and the Louisi-
ana Engineering Society were the hosts at the Spring meeting and
the arrangements were perfectly worked out through their local
committee, W. B. Gregory, Chairman, A. L. Black, Treasurer, and
H. L Hutson, Secretary. The chairmen of the several local sub-
committees were George H. Davis, Finance Committee, H. F. Rugan,
C?mmittee on Hotels, A. M. Lockett, General Entertainment Com-
mittee and Committee for Entertainment for Ladies, R. T. Burwell,
Reception Committee, E. L. Jahncke, Committee on Printing and
Publicity.
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PROGRAM
Tuesday Morning, April 11
Registration of members and guests at headquarters.
' Tuesday Afternoon
Inspection trips to points of interest in the city.
. Tuesday Evening
Informal reception and dance. .
Wednesday Morning, April 12
Busingss MEETING
Committee reports, discussion, new business.

PROFESSIONAL SESSION

ORGANIZING FOR INDUSTRIAL PREPAREDNESS, Spencer Miller.
Wednesday Afternoon
Trip to inspect harbor of the Port of New Orleans.
Wednesday Evening :
Lecture by Commissioner W. B. Thompson on The Debt of New Orleans
the Engineer.
Thursday Morning, April 18
PROFESSIONAL SESSION

Caracrry aND EcoNnoMy oF MuLTIPLE EvaPORATORS, E. W. Kerr.

Tae EvoLuTioN oF Low-LIFT PUMPING PLANTS IN THE GuULF CoastT CoUN-
TRY, William B. Gregory.

MzcrANICAL EQUIPMENT USED IN THE POoRT oF NEW ORLEANS, William

von Phul.
Thursday Afternoon
Trip to Country Club and tea at Newoomb College Art Pottery.
Thursday Evening

Reception and dance.
Friday Morning, April 14
SIMULTANEOUS SESSIONS
ON MEASUREMENT OF FLOW OF FLUIDS

E8TABLISHING A STANDARD OF MEASUREMENT FOR NATURAL GaAS IN Laree
QuanTITIES, Francis P. Fisher.
DEVIATION oF NATURAL Gas rrRoM BoyLE's Law, Robert F. Earhart and

Samuel 8. Wyer.
Some EXPERIMENTS ON WATER FLow THROUGH P1PE ORIFICES, Horace Judd.

MISCELLANEOUS SESSION
DynNamic Barance, N. W. Akimoff.
TaE MEASUREMENT OF V18COSITY AND A NEW FoRrM OF ViscosIMETER, H. C,
Hayes and G. W. Lewis.
- ON THE TrRANsSMIssION OF HEAT IN BoILERs, E. R. Hedrick and E. A. Fessen-
den.
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ORGANIZING FOR INDUSTRIAL
PREPAREDNESS

By SpeEncEr MiLLEr! Nxw York, N. Y.
Member of the Council of the Society

The President of the United States, Woodrow Wilson, speaking
from his intimate contact with foreign affairs, recently said, ‘ There
may come a time when I cannot preserve both the honor and the
peace of the United States.” He also urged that we should be
‘“very adequately prepared, not for war but for defense.”

Both Ex-Presidents Taft and Roosevelt have declared for the
immediate and adequate preparedness of our army and navy. .

Our highly trained army and navy experts, whose life work
entitles them to speak with authority, have been most earnest for
far more effective military defenses.

The public press reflecting largely public opinion is overwhelm-
ingly in favor of adequate preparedness.

With so formidable an array of authoritative opinion engineers
patriotically, quietly and earnestly ask the question, “What may
we do to serve our country?” ,

Engineers are for peace with honor and will make personal
sacrifices to insure it.

THE UNITED STATES NAVAL CONSULTING BOARD

It was a proud day for the engineers and scientists when Secre-
tary Daniels of the U. S. Navy Department invited Thomas A.
Edison, our own Society and ten other engineering and scientific
societies to form a civilian advisory board of twenty-three members
to aid in mobilizing the engineering and industrial world for prepar-
edness. This invitation was eagerly accepted and the U. S. Naval
Consulting Board is now fully organized with Mr. Edison as Chair-
man. Ten members of our Society are members of this board; two

! Member U. S. Naval Consulting Board.

Presented at the Spring Meeting, New Orleans, La., April 1916, of TaE
AMERICAN SocteTY or MECHANICAL ENGINEERS.
47
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representing it officially.! This board serves without monetary com-
pensation, even paying its own expenses.

The Naval Consulting Board has resolved itself into committees,
one of which, headed by Howard E. Coffin, member of this Society,
is the Committee on Production, Organization, Manufacture and
Standardization. This committee formulated a plan for aiding in
organizing the industries for preparedness. This plan, laid before
the President of the United States, prompted him to invite the five
leading engineering societies, whose combined membership is about
35,000, to effect such an organization. This he did by writing
identical letters to each of the following societies:

The American Society of Mechanical Engineers

The American Society of Civil Engineers

The American Institute of Electrical Engineers

The American Institute of Mining Engineers

The American Chemical Society

THE PRESIDENT’S CALL

The President’s letter to our Society, dated White House, Jan-
uary 13, 1916, reads as follows:

The work which The American Society of Mechanical Engineers has done,
through its members on the Naval Consulting Board, is a public service which
is deeply appreciated. It has been so valuable that I am tempted to ask that
you will request the society to enlarge its usefulness to the Government still
further by nominating, for the approval of the Secretary of the Navy, a repre-
sentative from its membership for each state in the Union to act in conjunction
with representatives from the American Institute of Mining Engineers, the
American Society of Civil Engineers, the American Institute of Electrical En-
gineers and the American Chemical Society, for the purpose of assisting the
Naval Consulting Board in the work of collecting data for use in organizing the
manufacturing resources of the country for the public service in case of emer-

gency. . .
I am sure that I may count upon your cordial codperation.

(Signed) Woobprow WriLsoN
This letter appeared everywhere in the public press and was
received with a glow of patriotism in the hearts of engineers gener-
ally.
THE PRESIDENT'S INVITATION ACCEPTED
‘ Each society named has accepted the President’s invitation.
Each has selected one director from every state of the Union, for the
approval of the Secretary of the Navy. The five directors in each
state will constitute a Committee of State Directors for Industrial
! W. L. R. Emmet and the author.
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Preparedness. These State Directors will report to the Naval Con-
sulting Board through the Committee of which Mr. Coffin is chair-
man, .

AN INDUSTRIAL INVENTORY

The immediate work of these State Directors will be to obtain an
sccurate inventory of all the facts necessary to be known to the army
and navy of the resources of our nation to supply munitions of war
in case of need.

To obtain this census the State Directors will be assisted by the
members of each of the five representative societies residing within
the state. In many states there are more members than industries
in which the army and navy may be interested. This indicates
that this census will be rapidly completed.

ITS IMPORTANCE

The importance of such a census can scarcely be overstated.
It has been estimated that for every million of soldiers and sailors
at the front at least three million of workers will be needed to main-
tain them efficiently with the necessary implements and supplies
of warfare,

Major General Leonard Wood, U. S. A., estimates that a serious
war would require at least 2,000,000 men. Under such circumstances
6,000,000 men would be required for producing munitions of war.

SOME STATISTICS ABOUT WARS IN THE UNITED STATES

Warof the Revolution. 1775-1783 Number of troops. ... 309,791

Warof 1812. . . .. ... 1812-1815 Number of troops
. (Incl. Navy)....... 576,622

Civil War, ... ...... 1861-1865 Number of troops
(Incl. Navy)....... 2,778,302

Cost of Civil War to date, including pensions

) $16,000,000,000
Present estimated wealth of the U. S........... $200,000,000,000
Present estimated population of the U.S........ 100,000,000
Present estimated wealth per capita............ 2,000
Public debt (less cash in treasury)............. 1,027,000,000
Public debt percapita........................ 10
Appropriation in 1915, navy (about)........... $145,000,000
Appropriation in 1915, army and forts (about) . . 108,000,000
Cost of navy percapita. ..................... 145

Cost of army per capita. . ..............c...... 1.08
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David Starr Jordan, the eminent pacifist, recently said, “In all
ages war costs all that it can.”

Benjamin Franklin observed, “War is not paid for in war time,
the bill comes later.”

The Civil War cost about sixteen billion dollars, or about as much
as the whole estimated wealth of the nation at that time.

Have we any right to assume that a war with one or more first-
class powers finding us unprepared would cost less than one-quarter
of our national wealth, namely fifty billions of dollars?

Such a cost represents one-quarter of the wealth of each of our
hundred million population on an average, to say nothing of lives
lost and personal property destroyed.

To insure this country against successful invasion, a much greater
navy is generally demanded. In fact, a navy superior to that of any
nation save only England. Some declare even that our navy should
exceed that of England on the ground that we may have to fight two
great nations at once.

Today our navy costs about $1.50 per capita per annum, average.
Even though our navy be doubled, we would only pay $3.00 per
capita, average.

Our per capita wealth is about $2000. Is $3 per year a heavy
tax on $2000 worth of property if such a tax would provide a navy
adequate to defend us against successful invasion?

MUNITIONS OF WAR

The term munitions of war covers the whole field of army and
navy requirements: guns and ammunition, rifles and uniforms, food
and blankets, tents and cooking equipment, automobiles and aero-
planes, battleships and submarines, coal and oil, medical supplies
and hospital equipment, even mules and horses. Thus it will be
apparent that this volunteer army of engineer census takers must
needs visit woolen mills as well as machine shops, boot and shoe
factories as well as foundries, coal mines as well as ship yards.

INDUSTRIAL INVENTORY

A detailed printed form has been prepared for taking the in-
dustrial inventory. It will be ¢ a strictly confidential, non-partisan,
non-political and wholly patriotic inventory of our country’s manu-
facturing and producing resources. The information given upon
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this form will be used by the United States Naval Consulting Board
in aiding in effecting an industrial organization necessary to the plans
for national defense. The information contained in these blanks is
not to be used in any way to affect the business of the concern re-
porting, or for comparison with any other report of any kind pre-
viously filed by it. The value of this patriotic work can best be
insured by making this report complete in every detail. We must
deal with the problems of an adequate national defense as we deal
with the problems of our everyday business life. We must face facts
—not theories. We must do now, in time of peace, quietly, effi-
ciently and thoroughly, those things which all know must be done to
achieve true industrial preparedness, and which if postponed until
an outbreak of hostilities must result in tremendous losses in lives
and money. ”
The form properly filled out will give:

1 The pames, ages and citizenship of the officers and directors,
or owners, the valuations of the plant, representatives abroad, and
banking connections.

2 Location and description of plant, its possibilities for expan-
!i&t:l, its fire protection, and telegraph and telephone facilities of the
plant,

3 Mechanical equipment, character, quantities and sources of
raw materials, character and volume of products, proportion shipped
abroad, whether munitions of war have ever been produced, the
quantities and ultimate possible capacity.

4 Character of labor —union or open shop — total employees
and citizenship — if women are employed and the possibilities for

employment of women.

5 Transportation facilities — rail and water.

6 Under the heading “ Possible future arrangements’’ appears the
following which is quoted in full.

POSSIBLE FUTURE ARRANGEMENTS

! Would consider bidding upon regular U. 8. Army and Navy contracts in
time of PEBBY. . .. .uie ittt ittt it eeeieaeaaaan
2 Would consider accepting regular U. 8. Army and Navy contracts in time
Lo Y o
3 Would consider accepting “ Minimum educational order” (see Clause A
L
4 Would consider accepting payment in accordance Clause B? .............
5§ Would consider constructing jigs and tools in accordance Clause C?. ......
(If not applicable to this plant, write word * None ")
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6 Would consider enrolling skilled labor in “Industrial Reserve” (see

7 Would consider agreements to limit profits in time of war in accordance
with governmental regulations (on basis of cost plus a reasonable profit)?

.....................................................................

L S :

Clause A Minimum order for annual production will be accepted with
the understanding that such order will be restricted to that product for which
the manufacturer’s equipment is best fitted. Also, that such order shall be
for only such a quantity of product as will insure familiarity with the work
upon the part of the manufacturer’s organisation. The manufacturer agrees
that this minimum annual educational order shall be put through the factory
in regular course and in such manner that foremen and thoee holding positions
of responsibility shall become familiar with the peculiarities incident to the
manufacture of these goods. In time of war the manufacturer will be ex-
pected to concentrate upon this same product and it is essential, therefore,
that his entire organization, including purchasing, manufacturing, inspection,
shipping, engineering, cost keeping and administrative departments, be made
familiar with the work. Minimum orders will not be of sufficient quantities
to interfere with manufacturer’s regular production.

Clause B Payments for “ Minimum annual orders” covered in Clause A
shall be made upon the basis of the actual cost of production, inclusive of all
special tools, jigs, etc., plus a reasonable profit.

Clause C The manufacturer will agree to make and preserve one set of
special jigs, tools, gages or fittings necessary for the production of these
goods, and corrected drawings shall be kept on file in the engineering depart-
ment of the plant covering such special jigs, tools, gages or fittings. In short,
the engineering or designing department shall maintain at all times corrected
drawings from which the shop may, upon short notice, construct the necessary
equipment for quantity production.

Clause D In war as now waged the industrial force has become quite as
important as the fighting army. Skilled mechanics in all lines of production
work must be kept from enlistment in the regular Army and must be retained
in the factories, mills and mines for the production of munitions. It is essen-
tial, therefore, that the names of these skilled workmen be listed and that the
men themselves be enrolled in the Industrial Reserve. A button or other
distinguishing mark will be supplied by the government in the event of war to
skilled workmen enrolled in the Industrial Reserve, and such enrollment will
be considered to carry with it honors equal to enroliment in the fighting army.
A government card will be issued to each man enlisted.

7 A summary by classes of tools, types of machines, etc., and
their capacity.
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THE FACTS COLLATED

Wath the facts in this census properly collated we shall learn
where the nation is weak and where strong. Not only will the
goverrammnent be instantly enabled to determine where munitions can
be obtizained, but how rapidly. We shall also know from thisinventory:

1 "Whether America is independent of foreign countries for raw
or maxa wfactured war material, and if not, wherein we are lacking and
to wh=at degree.

2 In what kind of munitions we have ample manufacturing
facilithes and wherein we must provide means for making up the
deficiexcy.

3  "Whether it be prudent for the government to build new

arsenals and other works in the central part of the United States.

TOOLS, GAGES, JIGS AND TEMPLATES

This inventory will probably show that maixy shops well equipped
to manufacture ammunition will not employ the skilled machinist
to make the required tools, jigs, gages and templates. Possibly
then it will transpire that the most efficient plan would be for a
government factory to make standard gages, jigs and templates and

loan or sell them to certain shops for use in the manufacture of
shells, rifles, ete.

MACHINE TOOLS

This work of industrial preparedness should serve to inspire our
machine-tool builders to perfect and improve their product and per-
baps to standardize their machine tools to the end that those who
must needs purchase them would find an adequate and immediate
supply available in case of emergency.

STANDARD BOOKS ON MANUFACTURE OF AMMUNITION

The various engineering societies contain in their membership
men who could prepare most valuable papers on the subject of
ammimition manufacture. For the present there may be many
secret .processes which for the time being may not be forthcoming
in the way of books and papers, which, however, might be prepared
in advance and held until the hour of need, when through patriotic
motives they could naturally be published for the benefit of the
nation at large. The old saying that “Necessity is the mother of
invention” is now applicable to the nations at war and it is reason-
able to assume that they have discovered superior methods, processes
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and tools for the rapid and economical manufacture of shells, ete.
The best method of overtaking such a lead would be by a combina-
tion of talent and experience such as might be brought about by a
congress of ammunition manufacturers, assembled for the purpose
of exchanging experiences, etc. The best way for the manufacture
of each element should then be arrived at and the widest publicity
should be given to descriptions of such methods.

FUELS FOR INTERNAL-COMBUSTION ENGINES

Wholly aside from the needs of war, there is a growing demand
for liquid fuels for automobile and aeroplane motors. An inter-
esting and profitable inquiry might be directed towards securing
other fuels than gasoline, such as alcohol from sawdust and other
wood wastes, sugar-house waste and cornstalks. Here the chem-
ist will find ample fields for investigation.

GOOD ROADS AND BRIDGES

These State Directors will be an influence in every state by urging
the military value of good roads especially along and near tidewater,
and they should not forget that the bridges should be made strong
enough for heavy automobile trucks and extra heavy cannon.

SETTING AN EXAMPLE FOR BETTER CITIZENSHIP

Such an army of engineer census takers actively at work can-
not fail to breed a better spirit of citizenship. Working without
compensation they will set an example of patriotism which is bound
to be felt. This spirit of patriotism will be transmitted to the work-
ingman producing war supplies. These workers are surely a part: of
the defensive force of the country and should receive adetjuate recog-
nition as such.

Ex-Senator Elihu Root recently said, “Eternal vigilance is the
price of liberty. The principles of American liberty today stand in
need of a renewed devotion on the part of the American people.
..................... I want to see in my country the spirit that
beat in the breasts of the men at Concord Bridge — who were just
and God-fearing people but who were ready to fight for their liberty,
and if the hundred million people of America have the spirit and it
is made manifest, they won’t have to fight.”
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DISCUSSION!

CrArLEs WHITING BAKER, who presented the paper in the absence
of the author, discussed briefly the history of the last half-century
in connection with the movement for preparedness. He cited as an
example of the interest manifested by engineers in preparedness
the courses of lectures on military engineering given in various cities
throughout the country in the early months of 1916.

Regarding the industrial census, he thought that there were so
many other important things regarding which the advice of engineers
was needed, that there was no reason why they should undertake the
detail work which the Government itself, when shown, should under-
take by its own paid agents. The best service that a Board of
Engineers could do for the country would be to take care of the big
things, and let the little things be done by somebody else. ¢

Frang B. GILBRETH thought that the problem of preparedness
was not one of merely preparing for war; it was also one of preparing
for efficient living at any time. It was a problem of national elimina-
tion of unnecessary waste, of adequate general and individual effort
toward utilization and conservation of our great resources. Just as
in education it was psychologically sound to develop general abilities
to a certain extent in order that special abilities might later reach
their greatest height, so in preparedness it was most efficient to
develop general preparedness in order that special preparedness for
an emergency might be most quickly and satisfactorily developed.

Efficient preparedness meant the preparedness of every man,
woman, and child in the country, beginning at the earliest age
available. It was not enough that the equipments and tools of the
sudden need be made available. The methods of handling them
must he taught in such a manner that the workers might gain not
?nly & knowledge of the machine that made the machines, but an
idea of motion economy and of personal effectiveness.

What should shock us was not what might happen to us in a war,
but what was happening right now, while we had general peace.
National waste, lack of general and specific education, lack of easy
means for obtaining the fullest education in the vocation for the
worker in that vocation, lack of correlation!

! This discussion which is here published in abstracted form will be found in
full in Taw JournaL for JUNE, 1916,



56 ORGANIZING FOR INDUSTRIAL PREPAREDNESS

ErnesT H. PEABODY, in a written discussion, called attention to
the awakening, in this country, to new conditions which make in-
vagion by a foreign power possible, and indorsed the author’s ques-
tion, “ What May We Do to Serve Our Country?” He thought,
however, that the author answered this question with a complacency
which might lead others to believe that the work done by the Naval
Consulting Board and the engineering societies was entirely suffi-
cient, whereas the contrary was the case, and it was a mistake to
presuppose that the enormous work of organizing for industrial pre-
paredness could be effectively projected and completed, with the
dispatch which the circumstances made imperative, by the engineer-
ing fraternity of this country as represented by the engineering
societies working in the odd moments snatched from the task of
making a living, without compensation, and paying its own expenses.

While it was a satisfaction to all to know that the important
movement of industrial preparedness had been initiated, and was
being pursued to good purpose by the engineers of the country act-
ing in their private capacity, there was not time to carry out the
work to completion in this way. Only the Government could do
this work, and the whole question of preparedness should be made
a Government policy, it being the duty of the engineering societies
to stimulate public opinion for the purpose of inducing the Govern-
ment at Washington to establish the necessary department.

Besides the industrial census, there should be a census of men,
and every man in the country should be listed in it.” The Govern-
ment should find out how each man could best serve the country in
case of hostilities, — whether in active service with the colors or in
the equally important field of supplies; and the men should not only
be selected, but each should be assigned to his job and should be
preparing to take up the work when the call came.

OBERLIN SMiTH said that in his opinion military and naval
preparation, and the enormous expenditures involved, should go on
with the utmost speed and to such an extent that there would be no
danger of any nation attacking us. Preparedness was simply a
matter of insurance.

Our tools for munitions and other military supplies should be
standardized much more than they had been, so that if ever the time
should come when our Government had to set all its industries to
work, and do it by government consent and under government pro-
tection and supervision, the matter would be easy for all concerned,
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and there could be almost immediate production. Many little
machine shops all over the country might have proper gages and
standards supplied by a bureau of the Government. Then parts
could be made by the thousands and assembled in a few holirs.

The Naval Consulting Board was a decided step forward, and
he did not see why the army should not have a similar board and the
government personnel be brought together into one Commission
to handle all matters pertaining to munitions under the general
direction of experienced generals and admirals.

One very important class of machine tools not mentioned in the
paper was the presses with which brass cartridge cases were made.
These presses were almost exactly the same as had been made for
yeans for all sorts of drawing work, and would be necessary if a great
many munitions were needed for our own Government. Many of
them doubtless would be found in existence when needed and could
be drawn upon. '

Joun H. BARR, in a written discussion, stated that the uniform
standard vital in producing guns and ammunition required a corre-
sponding uniformity in the quality of the gages and tools for pro-
ducing these. Such gages and tools should be constructed in specially
equipped government tool factories controlled by a highly expert
staff and manned by workmen of corresponding skill. This would
develop a large corps of mechanics skilled not only in the making of
these tools but very familiar with their use and the requirements to
be met by their output. They would be a source from which to draw
inspectors and instructors for duty in the private shops.

James A. CAMPBELL pointed out that members employing me-
chanics in large numbers could get signed statements from those
willing in time of war to take positions in shell factories or wherever
machinists, etc., would be required. These mechanics, he wrote,
could be classified so that firms requiring men could see from the lists
the experience and class of men available.

' F.0. HoaGLAND wrote that the shortage of arms and ammunition
In this country, in case of immediate need, was very apparent. As
8 precaution he believed that orders for arms and ammunition of
sufficient size to keep a small unit plant at work constantly should
be placed with several manufacturers without delay, in order to
maintain equipment in good repair and to have a number of trained
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workmen to form a nucleus for building up an organuatlon in case
of need.

It took about twelve months to prepare the special equipment
necessary for the production of, say, 100 military rifles per working
day, and about half that time to prepare for 100,000 cartridges per
day, even when a factory had at the start a fair organization for
similar work; and a good many months additional might be spent
before manufacturing difficulties were overcome and a product
turned out that would pass inspection.

H. V. HaigHT suggested that in letting ‘“minimum annual order
contracts” in time of peace, (1) the Government should be the
general contractor and let only sub-contracts. (2) Shops should be
encouraged to make their own equipment, which might include even
machine tools. In this way the equipment could be rapidly increased
in time of war. (3) A provision that manufacturers should visit each
other’s plants should be incorporated in government contracts. (4)
The cost-plus-a-fixed-sum basis of payment was open to very grave
objections in time of war, the most serious of which was that it would
not give adequate incentive for low costs or large production.

Frank O. WeLLs and CHARLES E. SMART expressed their belief
that the government should own all of the drawings, books of instruc-
tions, gages, jigs and fixtures, in fact all the special equipment neces-
sary to produce munitions of war, and that these should be kept in the
vaults in all the arsenals and navy yards ready to be distributed to
the various plants at short notice. Operations and methods of han-
dling the work, they wrote, should be standardized, and the present
arsenals used more as experimental stations from which the private
plants could get their instructions and information. There should
be a number of private plants which should be given small yearly
orders for parts which they were best adapted to produce, so as to
keep their organizations familiarized with the product.

JouN YounaER wrote calling attention to the tremendous im-
portance of good roads in time of war. He believed the organigation
of our transport demanded the attention of our engineering bodies
just as much as did the mobilization of our industrial resources. The
standardisation of our road systems, the standardization of the
controls on our locomotives and motor trucks, so that men could
change from one to another with all confidence, the education and
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disciplining of numbers of men to the principles of transportation,
wereall matters that could only be handled by engineering executives.

BeanarD M. FINE suggested in a written communication that the
Society appoint a Sub-Committee on Ordnance Manufacturing, which
should secure and present papers not only on modified standards but
on methods of supervision, jigs, design, etc., and anything that would
facilitate manufacture in time of need, and should even go so far as to
organize a volunteer force of trained engineers to act as supervisors
and inspectors.

Avrrep L. P. DENNis! outlined in writing a plan providing for
the formation of a Council for National Defense, whose membership
should include experts in special fields as well as military and naval
officers,

ArtHUR G. McKEE thought that the biggest problem now con-
fronting us and one that would have to be solved in case of war, or a
threatened war, was the establishment of an organization which
could coérdinate, systematize, and regulate the manufacture of the
different items entering into the schedule of preparation.

Harry E. HArris thought it not only necessary to enlist the
engineers and manufacturers, but also the loyal support of every
skilled workman. It was the duty of employers who were patrioti-
cally inclined to reach their men by individual talks, thus obtaining
their views and learning of their willingness to enlist as members of
the Industrial Reserve if called upon. As an example of what might
be done, he gave an account of a meeting of the workmen of the
company with which he was connected.

D. RoBERT YARNALL said that he would like to see a committee
appointed to codperate with other institutions engaged in the study
of and the elimination of the causes of war. Industrial preparedness
and the preparation of an industrial inventory might be desirable steps,
but along with them he would like to see the Society enter into this
even greater constructive work.

Henry A. Wise Woob ? wrote in advocacy of the development of
the shipbuilding facilities of the nation and of the merchant marine

! Professor of History, University of Wisconsin, Madison, Wis.
"1 25 Madison Ave., New York City.
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as important elements in Industrial Preparedness. Our naval pre-
paredness, he said, should include the upbuilding of such a merchant
marine, not only that we might have it for use in war, but that in
times of peace we might gather into our own hands our own overseas

carriage of goods.

HaroLp V. CoEs thought that the Government should construct
in its own factory the necessary jigs, templates, gages, and fixtures
required and adaptable to special or standard machine-tool equip-
ment, and rent, loan, or sell them to manufacturers equipped to
manufacture shells, rifles and other war material.

H. L. GANTT said that it had become perfectly clear that the
principles underlying industrial and military efficiency were the same,
and that if a nation was to be efficient in a military sense it must first
be efficient industrially.

In the present European war, when the supreme test came Germany
was found to be a nation of people who, in general, knew what to do
and how to do it; while the industries of England were, in too many
cases, controlled by people who understood only their commercial
side.

We, following the footsteps of England, had regarded financial
strength as the most important strength; but in the new world which
was being ushered in by the great struggle now taking place the
engineer was destined to be the supreme power, for it was becoming
increasingly clear that, in the future, the man who owned things would
not be as important a factor in the world as the man who could do
things.

WwM. B. Jackson thought that the sooner the idea that the
Government should own its own manufacturing establishments was
rooted out the better. Were the United States to be attacked by
a formidable foe, it would require not only the most intense activity
of any reasonable development that the Government might have in
the line of manufacture of munitions and supplies, but also the most
intensive activity of every private manufacturing establishment that
could be pressed into the service.

Frep E. RoGErs wrote that he believed comprehensive plans
should be prepared for the manufacture of shrapnel, high-explosive
shells, cartridge cases, rifles, field guns and all the varied equipment
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o war. Every step of the operations should be laid down, specifying
in each instance the tool and the machine on which the work should
be done and the limits of accuracy required, including an estimate of
the possible production. It would be a great undertaking, but how
much better it would be to spend a few million dollars working out
plans to provide means for industrial mobilization and rapid produc-
tion than to run the risk of a complete smash-up in time of stress.

K. A. JutBE thought that the author’s suggestion for a central
plant wherein tools and gages could be manufactured and sent out
to different plants was one to which engineers should give careful
consideration. No manufacturing, he wrote, could be started until
goges had first been made. The manufacture of the gages should,
however, be carried out in one plant laid out for that particular
purpose and under the supervision of one head, as it would be neces-
sary that all gages bear the same relative characteristics.

The proposition of toolmaking under central supervision, however,
both as regarded small tools, jigs and fixtures, was an entirely different
one. Jigs and fixtures were largely made by individual concerns to
suit their own particular machine tools for rapid interchangeable
production. As practically no two tool-manufacturing plants had
the same facilities, it was practically impossible to standardize tools
for making the jigs and fixtures, and the latter would be of no value
unless they were interchangeable under the majority of conditions

Percy E. BARBOUR! commented on the prodigious waste of the
less common and semi-rare metals in the war. Brass for cartridge
cases must necessarily be composed of the best brands of copper and
zinc because their drawing was the severest test to which such metal
could be put. But specifying high-grade materials for everything
required in military work was wholly unnecessary.

For example, the British had used a brass plug for closing the
opening in the nose of the fuse temporarily between the time when a
Shf!“ was completed ready for shipment and the time of its fusing
prior to the action in which it was required. Study, however, had
shown that wood plugs could be used to equal advantage and at an
enormous saving. Similarly, Russian specifications had required
that all projectiles be nickel plated.

As an effective means of reducing these wastes he thought speci-

! Managing Editor, Engineering and Mining Journal, New York City.



62 ORGANIZING FOR INDUSTRIAL PREPAREDNESS

fications should be referred to the U. S. Naval Consulting Board,
representing the engineering societies, whose specialists would
scrutinige them and suggest substitutes and improvements.

L. P. Avroro wrote that from the experience of the allied nations
in purchasing machine tools it seemed justifiable to lay down principles
for the standardization and procurement of machine tools in organis-
ing for American industrial preparedness. The first of these were:

1 Organize at once, in skeleton form, an industrial committee
to control the standardization, design and preparation
of machine tools for the production of American muni-
tions.

2 Through joint action of this committee, The American
Society of Mechanical Engineers, and the National
Machine Tool Builders’ Association, standardize the
details of regular machine tools and design whatever
additional special machine tools may be necessary for
the rapid and economical production of American muni-
tions.

3 Immediately on the outbreak of war, prohibit the exporta-
tion of any machine tools from the United States, and
also their importation except under license and control of
the committee mentioned under 1.

4 Order all machines abroad through this committee or its
representatives in the capitals of Europe, and entrust
these men with the responsibility of securing the desired -
deliveries and quality.

Order no machine tools abroad except to standardized
American designs, either for the complete machine or the
essential details as the committee may determine.

As to the standardization of machine tools, he believed that the
Society should initiate and prosecute the work.

[S4]

CuesTER B. HAMILTON, JR., wrote strongly advising that one or
more efficient and up-to-date sample plants be maintained by the
government for each of the principal classes of munitions and be
worked actively under an approximation to war conditions. The
gise should be the minimum economical unit for the machinery
involved. At the start he and other Canadian munition manufac-
turers had no idea at just what speeds the different operations could
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or should be performed, and it took months of work to find out. He
also emphasized the importance of providing in advance the skeleton

of an inspection organigation.

HarriNGTON EMERSON told of methods successfully employed in
recruiting workers for a certain new munitions plant located in a
non-manufacturing section of the South, drawing the conclusion
therefrom that there was abundant opportunity to find in America
the raw material to produce efficient workmen prov1ded the search
was undertaken in the right way.

Raver E. FLANDERS said that in Canada the munition manu-
facturers at first had great difficulty in getting enough gages, the
rapidity of wear proving much more severe than expected. Another
difficulty lay in the lack of coordination in the furnishing of materials
and supplies.

Canadian experience indicated the impracticability of standardizing
methods, at least so far as the making of shells was concerned. The
demand was so tremendous that the problem could not be approached
from the ideal standpoint. Every imaginable kind of tool had to be
used. For instance, the finishing of the inside of a shell might be
done on the engine lathe, the hand turret lathe, the automatic lathe,
the drill press, or on special machines made for the purpose. It
would be folly to confine the doing of this work to any one machine
and leave the resources of the other machines untouched. He was
inclined to think that too much haste in the matter of standardizing
too closely the processes of shell making would greatly cut down their
rate of production.

C. 8. WiLL1AMSON, JR., said that although nitric acid was abso-
lutely indispensable in the manufacture of modern explosives, we
Devertheless depended on nitrates imported from Chile for our supply.
To produce nitric acid from the atmosphere required cheap electric
Power. As regarded water power for this purpose, in Alabama alone
there was 1,000,000 h.p. capable of development. He also enumer-
ated the resources of the South in the way of fuels, naval stores, etc.

Avorpu L. DB LEEUW recommended that in addition to the census
of factories, materials, machines, men, executives, etc., there should
also be taken a census or list tabulating the conditions that prevented
the speedy and easy manufacture of those materials and products
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which were wanted; citing for illustration defects generally found in
Government specifications in the matter of allowances and limitations.

Major W. Gorr CaprLEs! said that the nation would need the
codperation of every one, from the manufacturer, the engineer and
the chemist clear through to the laborers in the mills, because wars
now were fought not by armies but by nations. The proposed in-
dustrial census was a needed step in the right direction, for it would
show us some of our weaknesses and give us a better idea how to
remedy our defects.

Frep J. MILLER wrote that in 1913 only three nations spent more
money for army purposes than the United States. Yet we were told
by people who should know that our army was a negligible factor.
Engineers had always paid far more attention to efficient organiza-
tion than had any others, and it seemed to him that they might render
their best possible service by suggesting such improvements in or-
ganization as would result in getting more for the money and effort
expended than was at present secured. '

Eumer H. NEFF believed that the United States Government
needed a manufacturing department headed by a secretary who
should be a cabinet officer. With a Secretary for Manufacture and
civilian experts (not army or navy officers) of the quality that private
firms would employ for similar work, placed in charge of the great
manufacturing plants which the Government owned, a long step
towards efficiency, economy, and preparedness would have been
taken. He strongly urged the immediate operation of the rifle plants
at Springfield and Rock Island, for it was an easy matter to obtain
men to defend the country, but very difficult to provide rifles and
ammunition in quantities needed in case of war, without great delay.

J. H. BroraY? wrote that he believed it would take years of
pounding away at the facts to enlighten people on this great under-
taking of Industrial Preparedness. An educational campaign seemed
absolutely necessary, and the newspapers were the best channels
through which to reach the people. To utilize the industrial re-
sources of this country to the very best advantage, there must be a
complete unification of all who participitated. This could never be

1 Queen and Crescent Bldg., New Orleans, La.
t Cleveland Automatic Machine Co., Cleveland, O.
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acoomplished by the aid of a few individuals without the assistance
of the Government.

CommanpER H. T. WRIGHT! said that in the South instead of
getting materials it was rather a question of securing men educated
in the trades who were able to step into the shops and perform the
work necessary to the preparation of war materials. The South had
been very lax in its training of men for trades, and it would take a
long time to build up that force of workingmen who must be the
backbone of any industrial preparedness no matter how many raw
materials were available or how many machine shops were lying idle.

Lewis A. RiLey, 2D, called attention to the possibilities of obtain-
ing an independent nitrate supply from the bituminous fuel resources
of this country. The catalytic oxidation of coal-gas ammonia to
nitric acid was being commercially operated in Germany, and there
was available a process of treating bituminous fuel known as the
by-product producer gas system, by which 70 per cent of the avail-
able nitrogen in the fuel could be converted into ammonia in such a
way that the products of the plant would consist of a useful fuel gas,
ammonia, and tar only. Such plants would produce not less than
four times the amount of valuable ammonia per ton of fuel that
could be recovered from a corresponding by-product coke plant.

Wiuiam KENT wrote suggesting the establishment of a General
Industrial Staff to perform the same service for the manufacturing
and transportation industries of the country that the Agricultural
Department did for the farmers. He thought information should
be gathered from which to prepare a card index of every engineer in
the United States who was available for service in the Army or Navy
or in any department of industry that could in case of need supply
munitions, clothing, motor cars, aeroplanes or anything else that
might be required by the Government. We should also have a Board
of Inspection to review the specifications for every part of our muni-
tions and make requirements which were reasonable and capable of
being met by the available tools and manufacturing methods.

Geo. R. HENDERSON wrote that there were many members
acting in a consulting capacity whose technical services would
probably be of greater advantage to the Government than would

1 U. 8. Naval 8tation, New Orleans, La.
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their digging trenches or shouldering rifles, and he believed that they
should be listed, with their professional records, so that the very best
use might be made of their services in the navy yards, arsenals and
other plants where mechanical skill was of the highest importance.

THE AUTHOR said that the discussion brought out proved a state-
ment frequently made, viz.: * The discussion is likely to be the most
valuable part of a paper;’ and he wished to express his thanks to
those who in giving their facts and suggestions have added real and
enduring value to his brief paper.



No. 15333
CAPACITY AND ECONOMY OF MULTIPLE
EVAPORATORS

By E. W. Kxrr, BatoN Rougr, La.
Member of the Society

During the last few years, the author has carried on a large
number of investigations of both the capacity and economy of
multiple evaporators and vacuum pans. This work has been done
in the laboratory on a small apparatus, and in sugar factories on
apparatus of commercial size and under regular operating conditions.
The results of much of the laboratory work were given in a former
paper before this Society,! and the object of the present paper is to
give results of experiments made since the first paper was written,
together with certain general observations.

2 The process of evaporating in sugar factory work consists of
two distinct parts: First, the juice with a density of 12 deg. to 18 deg.
Brix*is concentrated by evaporating off part of-its water to approxi-
mately 55 deg. Brix in a multiple evaporator. Second, the syrup
produced is then taken to a vacuum pan working single-effect, and
where further water is removed by evaporation under ¢onditions
suitable for crystallizing the sugar, the final density being in the
neighborhood of 95 deg. Brix.

3 This paper will consider the first part of the process, namely,
the evaporation in multiple effect. Fig. 1 shows diagrammatically
the general arrangement of a quadruple effect. Steam is admitted
to the first body and is condensed, and the latent heat is transmitted
in succession through the heating surface of the four bodies, the
::diling temperature in each body being lower than in the preceding

y.

! Tests upon the Transmission of Heat in Vacuum Evaporators, Trans.
AmS8ocM.E,, vol. 35, p. 731.

! The Brix saccharometer or hydrometer indicates directly the percentage of
sugar dissolved.

Presented at the Spring Meeting, New Orleans, La., April, 1916, of THE
AMERICAN SocIETY OF MECHANICAL ENGINEERS,
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4 The thin juice enters the first body, where a portion of the
water ic removed. The juice then passes in succession to the other
bodies, in each of which a portion of the water is evaporated, and
leaves the last body at a density which is hand-regulated by means
of valves in the liquor lines entering the different bodies. The juice
entering each body, except the first, is hotter than the boiling tem-
perature in that body, consequently some heat is delivered by the
liquid as well as the steam. Whether heat enters the first body in
the liquid or not depends upon the temperature of the entering

juice.

Vapor Vapor
—
fcmp’._ﬂl beg : Temp ’95
’
Stearn “
Joke
&emp.205°F Jvice
8rix.R orix M4 Brix 18 brix 26 Temp H2°F.

Fra. 1 QuapruprLE Errect ¥OR SUGAR JUICES. TEMPERATURES AND DEN-
sITIES OBTAINED FROM TEST

CAPACITY

5 The capacity of evaporators depends on two general factors:
Coefficient of heat transmission and temperature fall.

6 The factors affecting the coefficient of heat transmission,
discussed in the first paper,! may be enumerated as

1 a Steam distribution; b Steam velocity

2 Density of heating steam

3 Quality of heating steam (whether superheated or not)

4 DPresence of air or other incondensable gases in the steam,
which may be expressed mathematically by the ratio
P,+ P ]

5 Presence of condensation on the heating surface
6 Cleanliness of heating surface (steam side)
7 Material, thickness and molecular structure of tubes

! Tests upon the Transmission of Heat in Vacuum Evaporators, Trans.
AmSoc.M.E,, vol. 35, p. 731.
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8 Cleanliness of heating surface (liquor side)
9 Velocity of liquor circulation
7 The temperature fall depends on the following factors;
10 Pressure of steam supplied to first body
11 Vacuum in last body
12 Hydrostatic head (height of boiling)
13 -Presence of air or other incondensable gases in the steam
(see item 4 above)
14 Density of liquor being boiled
15 Purity of liquor being boiled.

8 The heat transmitted from steam through a metal wall to a
liquid being boiled takes place in three steps: a From the steam to
the initial surface of the metal; b From the initial surface through
the metal wall to the cooler surface; ¢ From the cooler surface to the
liquid being boiled. Items 1 to 6 affect a; item 7 affects b; items 8
and 9 affect ¢, and items 10 to 15 affect temperature fall.

9 Although in many respects evaporators are similar to surface
condensers, there are certain fundamental differences. In surface
condensers the density of the heating steam varies between very
small limits, corresponding to vacuums of say 24 to 29 in., whereas
in evaporators the steam pressure varies from about 5 Ib. per sq. in.
gage in the first body to a vacuum of about 15 in. in the last body,
with corresponding variations in density. In surface condensers
air is the only incondensable gas, and it enters with the steam, also
by leakage through joints and metal pores; in evaporators, other in-
condensable gases, such as ammonia, sulphur fumes, etc., entering
with the juice, have to be contended with. Evaporator shells also
furnish larger areas in contact with the atmosphere per unit of
capacity than do surface condensers, thus increasing the danger of
air leakage. In surface condensers the danger of scale or other
fouling of tubes is confined mainly to the steam side, the high ve-
locity of the cooling water preventing any fouling on the other, even
with bad water; in evaporators, however, the larger part of the
fouling i8 on the liquor side. The tendency to fouling depends on
the condition of the juice as to density, materials used in clarifica-
tion, ete. In surface condensers the velocity of the cooling water is
produced by a pump or other mechanical means, whereas in evapo-
rators the circulation is produced by convection and steam currents.
In surface condensers the factors hydrostatic head, density of liquid
and purity of liquid do not enter, whereas they are important in
connection with evaporators.
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10 The effect of superheat in steam on the coefficient of heat
transmission is not very well known, the results of different experi-
menters being more or less contradictory. The author’s experi-
ments seem to show that superheat does not affect the coefficient of
heat transmission, and results by other recent experimenters sub-
stantiate this, Operators frequently state that greater capacity can
be obtained with exhaust steam than with live steam. Most evapo-
rators are arranged to use live steam in case the exhaust steam supply
is insufficient; boiler steam is throttled down to the necessary low
pressure, resulting in superheating the steam, and the importance
of the matter lies in this. Table 1 gives data obtained by the author
in experiments on a laboratory apparatus, where the amount of
superheat was varied by injecting a spray of water into the steam
supply pipe to the calandria. A curve plotted with coefficients of
heat transmission as ordinates and with degrees superheat as ab-
scissae is practically a horizontal straight line.

11 In another series of tests on the laboratory evaporator, ex-
haust steam from a steam turbine and live steam direct from the
boiler were used in alternate tests. The results corroborate the
conclusions derived from Table 1, that the coefficient.of heat trans-
mission is not less for throttled live steam (superheated) than for
exhaust (moist) steam. In all probability, the apparent reduction
in capacity noticed with the use of live steam is due to the live-steam
pipe being too small to supply steam to the evaporator at a pressure

_equal to that in the exhaust main.

12 The presence of air and other incondensable gases is doubt-
less one of the most fruitful causes of low heat transmission. It is
probable also that less is known about this factor than any other in-
volved. Air-free steam is practically .impossible, and, as stated,
the conditions in this respect are less favorable in evaporators than
in surface condensers.

13 As the result of a large number of experiments on surface
condensers, George A. Orrok states that the heat-transmission
coefficient varies according to the expression (P, + P)3 in which P,
represents the partial steam pressure and P, the total pressure of
steam and air combined. Experiments by the author on laboratory
evaporators seem to show that the exponent in the above expression
lies somewhere between 3 and 4.

! Tests upon the Transmission of Heat in Vacuum Evaporators, Trans.
Am.Soc.M.E,, vol. 35, p. 731.
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14 A considerable amount of experimenting on this subject has
been done recently by the author. Temperatures were measured at
different portions of a laboratory calandria (Fig. 2), on the basis

TABLE 1 EFFECT OF BUPERHEAT IN S8TEAM ON COEFFICIENT OF
HEAT TRANSMISSION

Data OstaiNeD IN Te8TS ON A LABORATORY EVAPORATOR

I
Ass. Pras- . Comrn-
| sURR N TEMPERA- CIENT OF
| TrMPERA- SUPERHEAT,
No. CatawdRIA, | sunn Fare Hzap TURE STRAM | oo Fang. Hur
In. Prex TrANBMIS-
Mencury BION
Calandria 4 (Without Downtake)
1 \ 30 16.78 16 I 216.5 4.5 529
2 » 16.7 8 ! a0 5.0 554
3 | 2.1 16.75 16 2%0.1 8.1 514
] | 30 16.7 16 227.1 15.1 508
5 30 16.78 16 239.5 27.6 543
[ ] l ............ 16.5 16 230.7 27.7 507
|
Calandria B (With Downtake)
1 F i
1 : 30.08 17.2 16 215.9 3.9 858
2 | 0 187 1 216.0 €0 | e
3 30.04 16.7 16 217.2 5.2 ‘ 933
4 30.0 16.5 16 225.1 13.1 844
5 ] 30.1 16.7 16 233.2 21.2 | 906
] | 30.0 16.78 16 243.7 31.7 l 696
Calandria B (With Downtake)
1 28.1 17.38 13 235 23.9 878
2 2.4 19.67 12 214 4.3 n?
3 20.15 18.73 12 315.1 36.9 823
4 38 18.46 12 213.5 4.8 395
1] 2.77 20.5 12 215.4 5.7 0926
[ 28.65 18.76 12 236.6 16.2 887
7 %5 17.7 12 45 .3 865
———

Calandrias A and B were used with the laboratory apparatus. See Figs. 3 and 4, Tests upon the
Transmission of Heat in Vacuum Evaporators, Trans. Am.S0e.M.E., vol. 35, p. 781.

that the greater the amount of air in any locality of the steam com-
partment, the lower the temperature there. Typical results are given
in Table 2. The thermometers were inserted through the shell at
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points indicated in the table, and were made to extend a few inches
into the steam compartment. The figures show very clearly that
there was considerable variation of temperature in different parts
of the calandria, and also a shifting of temperatures. It will be
noted that some temperatures were found higher than the saturation
temperature and some lower; the former were due to superheat and
the latter to the presence of air. These data seem to show that
there are air pockets, changing from place to place. Also, the last

F1a. 2 LocATiON oF THERMOMETERS

two sets of readings show practically the same temperatures at all
points and it is interesting to note that when these latter readings
were taken, the evaporator was boiling at a high rate, the velocity
of steam being much greater than with the previous observations.

15 The prevention of these air pockets i8 a matter for the con-
sideration of designers. It seems reasonable to expect that air
pockets will form in dead spaces, i.e.,, where there is little or no
movement of steam, and for this reason good distribution is very



73

E. W. KERR

“SURUSA J0j SA[WA UK} = g ;  "UIESP UOTWSUSPUCO UI GA[SA ‘UK = ¥ ¢
meuoN umoN | % ] 9281 0°z61 g16l | o161 9°061 9606 ¥ 261 ” £l
]
wmuoN umoN | % ] 0’161 0161 oter | o6t 0°061 0'%0¢ 061 "ol a
meuoy ureoyN | ¥ z 0'z81 0'z81 o'¥61 0°g81 0861 0°%0¢ L'¥81 e 1
musoN umoy | ¥ z 0°081 0°981 og81 - 03l 0°161 0502 v oc o
i
memoyN wefmamy | ¥ 21 X 0°081 0°081 081 o6t |ttt L 961 6
oomay | M 1 oo 96 0821 0oLl ool 1 g6l 6-z61 08 8
“oefuy Ty 0 1 0'¥81 0w o'ut 0°001 0201 0'goz 6°008 6ee L
“oeful v ° 1 0'¥61 o'l o'aut 0891 0801 0°50¢ 6°002 X4 9
‘osfuy are ON 0 1 0-0L1 ol 0'8e1 0201 0ozt 0°008 8861 0622 ]
cosfureoN | ¥ 1 2] 0°001 X 9oL 091 o0'sLt L¥81 9161 w6l ’
*oefuy 118 ON 0 1 001 0'sst 0081 out 06t _ 061 261 ne ]
*oefuy are o 0 s 0ozt 9°091 oW1 01 oW | osu Lot e t
*oetut Jre oN 0 73 S RRLLEEELLL 0°891 0°591 R oeet | oest 9L 261 v 1
_
“
T a 2 a v _ & supusep Ul | osepy
uedo wdo gor | uptewp | .
opvuey sy | gsumg | eng duey | weeg m | °N
geamp | yeamy (s'3W3) ! uwonwmieg | ‘seig ‘eqy

v awnIvesans]

g 'Ol EES ‘SELLINONRIEL 40 NOLYIOT O]

VIYANVIVO V 40 SNOILYOd INTYIAIIA NI STUNIVHAINAL § T19VL



74 MULTIPLE EVAPORATORS

important. High velocities produced by means of baffles, etc.,
should result in the prevention of air pockets. In practice some of
the air is removed by means of the condensation pumps which draw
from the bottom of the steam compartment, and some is vented
from the top through small openings connected either to the next
body or direct to the condenser. This statement applies particu-
larly to the more common types, — vertical juice-tube evaporators
and horizontal steam-tube evaporators. Other special types make
use of various devices, in some cases each tube having its individual
vent. In some types the vents can be controlled, while in others
they cannot. One of the great difficulties is the impossibility of re-
moving the incondensable gases without removing steam along with
them and reducing the economy. In addition to its insulating
effect, air in the steam reduces heat transmission by causing a tem-
perature fall lower than the apparent fall. This is because the tem-
perature of the heating steam is lower than the saturation temperature
corresponding to the pressure.

16 The loss in capacity due to the presence of condensation on
the heating tubes depends upon the type and design of evaporator.
The bottom portions of long vertical tubes will be affected more
than those of shorter ones. In vertical juice-tube evaporators, the
water, after reaching the lower tube sheet, must zigzag amongst the
tubes to reach the outlet. Tube sheets are inclined by some makers,
to facilitate the removal of condensation. Occasionally the tubes
themselves are inclined so that the condensation runs along the un-
derside of the tube in attenuated form to the bottom, the idea being
to reduce the amount of surface in contact with the water. The re-
moval of water is also facilitated by using multiple outlets, reducing
the distance the water has to travel along the bottom tube sheet.
In horizontal steam-tube evaporators, the condensation gravitates
to the lower side of the tube and is blown through by the steam.

17 As stated, the fouling of the heating surface on the steam
side is mainly due to oil in the exhaust steam coming from the en-
gines. An oil separator in the supply pipe to the evaporator aids
in overcoming this difficulty, and when steam turbines are used as
prime movers, the difficulty is avoided. In vertical juice-tube
evaporators there is little opportunity for cleaning the oil scale from
tubes as the latter are difficult of access. A very efficient means of
cleaning them is to fill the steam compartment with molasses during
the off-season; the acid in the molasses attacks the scale and re-
moves it. Steam-tube evaporators have the advantage that me-



E. W. KERR , 75

chanical cleaning by means of swabs is. possible. This can be done
with the tubes in place. Tubes in this type are usually removable,
however, and this facilitates cleaning,

18 Evaporator tubes are generally made of copper or brass,
more often the former. The thickness is usually about Yy in., rang-
ing from 14 to 18 B.W.G. Within this range of thickness the varia-
tion in the coefficient of heat transmission is practically negligible.
In standard evaporators the most common size is 2 in. diameter by
48in. long. Steam tubes are usually of smaller diameter and much
longer, a common size being § in. diameter by 12 ft. to 14 ft.
long,

19 The fouling of tubes on the liquor side presents a difficult
problem. The rapidity with which scale forms depends upon
several factors, such as method of clarification used, amount of lime
used, quantity of gums remaining in the juice after clarification,
velocity of juice circulation, etc. This scale collects on the inside
of juice tubes and on the outside of steam tubes. It can be removed
by filling the juice compartment with a solution of soda or hydro-
chloric acid and boiling; it is generally necessary to do this about
once s week. The juice scale is usually worse in the last bodies on
account of the increased density of the juice. Makers of some
special types of evaporators claim for them that the juice scale can
be removed by reversing the flow of vapors. The cool body is thus
made the hot body, and expansion of the metal of the tubes cracks the
sedle. A very convenient way to clean the tubes of standard hori-
sontal evaporators is to remove them and crack the scale by me-
chanical means.

2 Rapid juice circulation is also a factor in securing efficient
beat transmission. The heat transmitted through the tube walls
produces vapor bubbles which tend to collect on the surface of the
tube and in turn prevent heat transmission. A rapid circulation
brushes these bubbles away and increases the number of contacts
between the cooler surface and the liquid. As stated, circulation is
produced in evaporators by convection and steam currents, except
in & few special types. In vertical juice-tube evaporators, the
velocity varies with the proportions of the tubes, that is, with the
ratio of the heating surface per tube divided by the carrying area
of the tube.

21 A matter of considerable importance is that of entraining
or priming. Vertical juice tubes, especially, are likely to spout if
they are forced too hard. This can be overcome, however, by the
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use of baffles in the vapor space and by means of separators in the
vapor pipes. The circulation in horizontal evaporators is less rapid
and not so well defined as in vertical evaporators having usually a
central downtake or circulation tube.

22 Important among the factors affecting temperature fall are
initial steam pressure and vacuum in last body. The former is
limited, 5 Ib. gage being an average, with 10 lb. the maximum. If
sugar juice is boiled at a temperature above 220 to 230 deg. fahr.
there is danger of injuring the sugar. High pressure also reduces
the capacity of the mill and other engines due to the high back pres-
sure. The vacuum in the last body is generally about 26 in. With
10 Ib. initial steam pressure this would give a total temperature fall
of 114 deg., and a pressure of 5 lIb. would give a total fall of 102 deg.
which must be divided among the several bodies of a multiple effect.
This means greater temperature fall and capacity per unit of heating
surface in a triple than in a quadruple, and still more in a double.
Simple calculations will show that a decrease of pressure at the
condenser end will increase the total temperature fall much more
than will an equal increase of initial pressure. Some have contended
that high vacuum is desirable and it is not uncommon to specify a
vacuum of 27 in. for evaporator installments. It is doubtful,
however, if a vacuum higher than 26 in. is desirable, especially in
submerged-tube evaporators which operate with considerable hydro-
static head.

23 Hydrostatic head (submergence of the heating surface) de-
creases heat transmission by increasing the temperature at which
the liquor boils. This makes the temperature fall less than that
obtained by subtracting the temperature corresponding to the
vapor pressure from the temperature of the steam in the calandria
(apparent temperature fall). This loss varies in the different bodies
inversely with the absolute pressure of boiling, that is, with a given
height of boiling the loss will be greatest in the last body and pro-
portionately less in preceding bodies. Fig. 3 shows the theoretical
loss due to hydrostatic head for the three bodies of a triple effect
with apparent temperature falls of 20 deg, 30 deg. and 50 deg, re-
spectively in the first, second and third bodies, with heads varying
from O to 48 in. Developments in evaporator design have been
largely affected by this question. The loss due to hydrostatic head
is greatest in vertical submerged-tube evaporators, and is less in
horizontal steam-tube evaporators, while film evaporators avoid it
entirely. In view of the large loss due to this cause when the
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absolute pressure is very low, film evaporators can make better
we of high vacuum in the last body than can submerged-tube
evaporators.

%4 High density of the liquor being boiled causes reduced heat
transmission by making the actual temperature fall lower than the
apparent fall. This loss is still greater with sugar solutions of low
puity. For example, in a sugar solution with a density of 70 deg. Brix
and a purity of 100 per cent, the boiling temperature is about 12.5 deg.

Theoretical Temperature Fall Deg. fahy:

Hydrostatic Head , Inches

Fie.3 TreorkTicAL Loss IN “TEMPERATURE FaALL” DUE To HYDROBTATIC
Heap IN ™8R THRER BopIES OF A TRIPLE ErFFxcr

above the saturation temperature of steam, whereas with the same
density and a purity of 60 per cent the temperature of boiling is ap-
proximately 18.5 deg. above the saturation temperature of steam.

TESTS OF EVAPORATORS IN SUGAR FA'(‘!TORIES

25 The object of these tests was to gather data regarding the
capacity and economy of different types under regular operating
conditions. Observations were made of practically all factors which
might affect the results. A typical log included observations of the
pressure or vacuum in the steam or vapor space of each body;
temperature and density of juice entering and leaving; weight of
juice entering or leaving; weight of condensed steam from the first
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body, ete. This form of log was used in tests where data regarding
both capacity and economy were sought. It was not possible to
weigh the condensed steam from the first body in all cases, so that

Fia. 4 ONE BopYy oF VERTICAL SUBMERGED-TUBE EvVAPORATOR WITH BELT
Steam DisTriBUuTION. (T'YPE A)

only capacity data were obtained in many of the tests. In the logs
for such tests the weight of the condensed steam from the first body
was omitted.
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26 The weight of juice was determined by measuring the volume
in factory tanks and then calculating the weight from the densities.
The condensation from the first body (steam supplied) was determined
by weighing or by a venturi meter, the former in most of the tests.

F1a. 5a ELEvaTION OF HORIZONTAL EvAPORATOR (TYPR B)

The instruments for measuring pressures, vacuums, temperatures,
etc., were calibrated.
EVAPORATORS TESTED

27 The evaporators tested included double, triple and quad-
ruple effects, also the following types:
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Vertical submerged tube (so-called Standard, Fig. 4).
Horizontal steam tube (Fig. 5).

Horigontal film (Fig. 6).

Vertical film (Fig. 7).

Standard type with special baffle steam distribution,
running under vacuum (Fig. 8).

Hgow>

o

Fig. 50 PrAN ViEw or EvaroraToRr, Fia. 5a

F Same as E but with atmospheric pressure in last body,
no vacuum apparatus being used.

G Vertical steam tubes with special means for venting each
tube (Double Tube, Fig. 9).

28 Types A and B (Figs. 4 and 5) are so familiar that it is not
neceesary to describe them. It may be well to state, however, that
the majority of the sugar-house evaporators used in practice belong
to one or the other of these two general types. ‘

29 In type C, Fig. 6, the horizontal tubes are expanded at one
end into a thick tube plate, and at the other are closed except for a
small vent which releases the incondensable gases into the vapor
space. The water of condensation leaves the tube at the end where
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the steam enters.. Juice is supplied by centrifugal pumps to a dis-
tributor above the tubes and falls in a film from one tube to another.
The piping is such that the juice may be recirculated over the tubes
until the desired concentration in each body is obtained.

30 In the vertical film type D, Fig. 7, the juice level is near the
bottom of the tubes, the latter being approximately 20 ft. long. A

Circvlating
Pump

F1a. 6 ONE Bopy or TypE C EvAPORATOR

rapid current of steam rising through the tubes sweeps juice along
with it. The pressure of the steam on the interior of the tube keeps
this juice as a film (often referred to as climbing film) on the tube
surface. The juice thus projected upward, on issuing from the tops
of the tubes, enters a special separator which separates it from the
vapor. The juice and vapor then pass from body to body in the
usual manner.

CONDITIONS OF OPERATION

31 In order to interpret the results of the tests, it is important
to note some of the details of conditions of operation. The most
important of these are:
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1 Method of removing condensation .
2 Method of venting the incondensable gases
3 Condition of the heating surface.

57
an

Fic. 7 ONE Bopy or TypE D EvAPORATOR

32 Referring to Fig. 1, the removal of condensation from the
steam compartments may be effected by:
a Pumps from each body
b Siphoning the condensation from body to body, 8 pump
being used to remove it from the last body

e
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¢ Barometric leg pipe; this method can be used only in
case the evaporator is high enough to give a column of
water sufficient to balance the vacuum in the space being
drained.
33 ‘The venting of incondensable gases may be effected by:
a Small pipes tapped through the shell just under the top
tube sheet

F16. 8 Srzam DisTRIBUTION (TYyrEe E AND F EvAPORATORS)

b Small pipes tapped into the top tube sheet and located
near the downtake, Usually two or four of these tubes
are used, which are connected together inside of -the
vapor space with a single pipe brought through the shell
and a valve placed on the outside for control

¢ In horizontal evaporators the steam chest opposite the
steam entrance is vented

d Special methods depending on the type of evaporator.
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84 In all of the above the vented gases may be taken direct to
the oondenser or to the next body, though so far as heat trans-

B 4

Fia. 9 DouBLE-TuBe EvaroraTor (TYPR G)

See also Fig. 6, Tests upon the Transmission of Heat in Vacuum Evapora-
tors, Trans. Am.8oc.M.E,, vol. 35, p. 731.-

mission is concerned, it is doubtless better to vent direct to the
condenser. Usually valves are placed in vent lines in order that
control may be exercised. In some cases the venting is continuous
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and in other cases intermittent, depending upon the ideas of the
operator. In types C and G special means of venting are used which
have been explained above. Data regarding the methods of venting
are given in the tables. '

E e

3 3
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Time, Hours

Fia. 10 GrarricaL Loa or TypicaL EvAPoRATOR TrsT

RESULTS OF TESTS

35 Fig. 10 is a graphical log of a typical test. Tables 3 and 4
give the more important data from the tests on multiple evaporators.
36 The percentage evaporation by weight was calculated by
means of the formula X = (—B%b—) X 100, in which B is the Brix of

the juice leaving, b the Brix of the juice entering, X the per cent
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TABLE ¢ RELATIVE TEMPERATURE FALL AND COEFFICIENT OF HEAT
TRANSMISSION

Data yrou Tasrs ox S8vaar-Houss Evaroratons

Ruiamive TaMPRRATURE

l;r.mp, FawL Coxrricrany or Hear Transuission No. of
all 1st
No.| Body, - D"-B‘
Deg.
Fabr, | I8t d 3d 4th 1st d d 4th | Aver- [Cleaned
Body | Body | Body | Body | Body | Body | Body | Body age
1] 17.4 1.0 [ 0.67 | 0.87 | 4.41 3156 | 4% | 372 | 62 172 6
2, 4.8 1.0 | 18 | 331 |.... 556 163 m ... 200 3
3| 33.4 1.0 | 0.27 | 1.62 | ...... 174 063 m .. 184 3
4| 173 1.0 | 1.22 | 3381 ... “r | 38 UL N u7 0
5| 14.0 1.0 | 1.85 | 3.08 . m 170 u ... 174 0
6| 4.4 1.0 | 830 1161 | ...... 1185 126 | 107 |...... 108 7
7| 2.1 1.0 | 174 | ... ceeees 181 m | o 138 | ......
8| 14.0 1.0 | 428 | ... ..l 501 11 T O 182 12
9| 336 1.0 | 160 |......|...... 148 90 |..ooi|ieies m 0
10/ 320 | 1.0 | L7 | .. ] . 200 OO I 70 6
1| 38.7 1.0 | 098 [......|...... 134 7Y S IO I 137 3
12 305 1.0 | 115 | .o | ounes 28 | 203 | ......|...... 214 ]
13| 20.4 1.0 | ted | ... ... 380 | 24 | ... 289 3
14, 189 1.0 | 060 | 1.85 | 287 | 230 | 270 97 7 130 6
15 21.1 1.0 | 052 | 1.22 | 2.5 | 331 508 | 203 9 | 202 | 3.5
161 19.2 1.0 | 066 | 1.88 | 2.24 192 | 3 115 13 164 7
17| 17.9 1.0 | 095 | 1.26 | 2456 | 220 | 202 161 87 146 0
18 5.7 1.0 | 3.71 | 3.57 | 742 | 809 [ 218 | 260 124 226 0
19| 86 1.0 | 1.23 | 5.26 482 | 360 87 ... . ...
20| 23.2 1.0 | 074 | 1.98 [......| 460 | 882 100 |...... 287 1
21| 2.9 1.0 | 062 | 2.14 [...... 303 | 30 197 ... 291 1
22| 23.4 1.0 | 261 | ... ] 320 106 | ...l ... 164 10
23| 15.0 1.0 | 0.80 | 0. 293 | 545 | 648 | 600 | 207 | 34 °
24| 14.0 1.0 | 085 | 1.07 | 2.53 | 610 | 593 | 852 ' 286 | 449 0
35| 118 10 | 1.02 | 1.27 | 462 | 680 | o644 | 505 143 334 (]
2 | 10.7 10 | 118 | 1.20 | 263 | 446 | 43 | 405 | 207 | 320 ]
27| 18 10 | 1.14 | 1.10 | 276 | 464 | 408 | 448 193 325 3
28 | 16.2 1.0 | 111 | 1.4 | 3.60 | 444 | 405 | 426 | 200 | 328 2
20| 18.0 1.0 | 067 | 101 | 217 | 397 | 605 | 378 | 24 353 (]
3| 16.1 1.0 | 1.50 | 414 | ... 402 | 287 107 | ... 192 | ...
3| 168 1.0 [ 164 | 343 . ...... 366 | 260 132 ... 208 | ......
32| 12.2 1.0 | 1.84 | 548 | ...... 416 | 206 m ... 190 1
3| 198 1.0 [ 075 | 2.00 j...... 317 | 3% 182 |...... 17} 1
H| 50 1.0 | 3.20 | 638 |...... 769 | 219 130 | ...... 217 2
B| 76 1o | 118 | 40 L 623 | 558 | 149 | ... 284 7
| 790 | 10 [ 1e ... |...... e | 3 | . 509 ]
37| 111 1.0 | 1.32 | ...... e 596 o ... [ e 498 1.8
38| 80 1.0 | 113 | 1.88 ] 5.38 | 682 | 871 365 138 203 3
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water evaporated in terms of the weight of the juice. In determin-
ing the percentage evaporation by volume, the formula X = 100 —
100 (gb/GB) was used, g being the specific gravity of the juice enter-
ing, and @ the specific gravity of the juice leaving. In most cases
the volume of the juice leaving was measured in factory tanks, the
weight of juice entering and the weight of water evaporated being
calculated by the use of the first formula above.

37 It is customary to make evaporator guarantees on a basis
of 75 per cent evaporation by volume. As the initial and final
densities of the juice are seldom such as to give exactly 75 per cent
evaporition, it is necessary to determine the ‘equivalent volume
of juice in gallons per 24 hr.” by calculation. There seems to be no
standard unit for rating evaporators. Sometimes an evaporator is
guaranteed to handle a stated number of gallons of juice per 24 hr.
with 75 per cent evaporation, nothing being stated as to the tem-
perature of the juice; in other cases the temperature of the juice is
specified. Probably the best standard rating would be ““equivalent
gllons of juice handled per 24 hr. with 75 per cent evaporation.”
Primarily a multiple evaporator is supposed to evaporate and not
beat; actually, however, the juice may enter the first body at a
temperature lower or higher than that of boiling.

38 The following example shows the method used in calcu-
lating “equivalent juice treated thh 75 per cent evaporation” (see
Table 3).

Boiling temperature, first body, deg. fahr. . ............. 194.07
Temperature juice entering first body................... 172.71
Temperaturerise..................... e 21.36
Specific heat juice entering. . .......................... 0.889
B.t.u. per hour, first body, for heating 41,832 X 21.36 X

0.889. ...ttt i e e 794,349
Latent heat at 194.07deg.. ..................co0vennn, 981.35

794,349

Equivalent evaporation, lb., 98135 ~ 809.4
Total per 24 hr,lb............ ..., 19,425.6
Actually evaporated per 24 hr., lb...................... 605,174 .4
Equivalent, had all heat been expended in evaporating, Ib. 624,600.0
Equivalent gallons at 194 deg.......................... 73,456.3
Equivalent juice at 75 per cent evaporation, 73,456 + 0.75 =  97,941.0
Rated capacity, gallons per 24 hr...................... 100,000
Per cent rated capacity actually developed.......... R 97.9

39 The term thermal efficiency (Table 3, last column) is used to
indicate the heat efficiency of the evaporator as a whole. It may be
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determined by dividing the actual weight of water evaporated per
pound of steam supplied by the theoretical weight of water that
would be evaporated per pound of steam supplied were there no
heat losses.

40 In order toillustrate the method used in calculating efficiency,
the following example is worked out for a double effect. The general
data used in working out the heat balance on which the efficiency
determination is based are:

Total juicefed, Ib........... ..., .. 94,706.9
Total steam condensed, Ib.......................... 36,302.0
Brix of juiceentering..................... .. ..., 12.2
Specificheat ... .........coi i 0.919
Temperature juice entering. . ....................... 186.06
Calandria, first body
Steam pressure, lb. abs........................... 15.46
Steam temperature...................c.oo0uin.... 214.56
Total heat above 82deg.......................... 1,151.33
Juice side, first body
Vapor pressure, in. mere. abs.. . .................. 25.65
Vapor temperature. ..............coooviiniiina.. 204
Total heat above 82deg.......................... 1,147.3
Latent heat above 32deg......................... 975.18
Juice side, second body
Vapor pressure, in. merc. abs...................... 7.94
Latent heat above 32 deg........ e e 1,006.2
The heat balance was calculated as follows:
First Body
B.t.u. entering in steam, 36,302 X 1,151.33 = 41,795,581.6
B.t.u. entering in juice, 94,706.9 X 154.06 X 0.919 = 408,710.8
Total. .ottt e 55,204,292.4
B.t.u. leaving in condensation, 36,302 X 182.56 = 6,627,293.1
B.t.u. in juice in body, 94,706.9 X 0.919 X 172.32 =  14,997,981.6
Sum. . ... i ctc et iaae e, 21,675,274.7
B.t.u. leaving in vapors (55,204,292.4 —21,625,274.7) = 33,579,017.7
Vapor leaving, 1b., 33,579,017 +- 975.18 = 34,433.7
. Juice to second body, Ib., 94,706.9 —34,433.7 = 60,273.2
Brix of juice entering second body, %;(2122 = 19.17
Specific heat at 19.17 Brix........................ 0.874
Second Body
B.t.u. entering in vapors, 34,433.7 X 1,147.4 = 39,510,260 4
B.t.u. entering in juice, 60,273.2 X 172.32 X 0.874 =  9,077,606.8
Total. ...oovvenieinoiieeinnns PN 48,587,867 .2

! The values for specific heat of sugar solutions with varying density were
taken from Kopp’s tables.
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B.t.u. leaving in condensation, 34,433.7 X 172.32 = 5,933,615.2

B.t.u. in juice in body, 60,273.2 X 120 X 0.874 = 6,321,453.2
B.t.u. leaving in VAPOr8. ... .oovveirineiiiiiiin s 36,332,798.8
Vapors leaving, 1b., 36,332,798.8 + 1006.2 = 36,108.9
Juice leaving second body, Ib........................ 24,164.3
Brix leaving seoond body, 22 o-2 X 10-17 47.8
,164.

Total water evaporated, lb., theoretical, 34,433.8 4

36,108.9 = 70,542.7
Per cent of total evaporation, in first body........... 48.8
Per cent of total evaporation, in second body......... 51.2

®TYPEA, X TYPE B, e IYPEC, OTYPED.
900

800
700
600
500
400
300
200
100

Coefficient of Heat Transmission

0
87 6 54 3 2 1 0 10 20
l‘ - Pressure.Pounds Gage - - - -'l‘ -Vacuum, Inches of Mercury: - - - - - -l

EVAPORATORS

Total water evaporated (theoretical) per Ib. of steam

70,542.6 + 36,302 = . . .....c00iiiiiiiian 1.9432
Total water evaporated (actual) per lb. of steam...... 1.9108
Thermal efficiency 3-ge° 100= 08.33

HEAT BALANCE OF DOUBLE EFFECT

Heat entering in steam, B.tu....................... 41,795,581.6
Heat enteringin juice. . ............coviiiiinen... 13,408,710.8
B 55,204,292 .4
Heat leaving in condensation, first body............. 6,627,203.1
Heat leaving in condensation, second body........... 5,933,615.2
Heat leaving in vapors, second body................. 36,332,798.8
Heat leaving in syrup, second body.................. 6,321,453.2

Total. . oevreeeennianennnnnns e 55,215,164.3

91

CoEerrICIENTS OF HEAT TRANSMISSION, ALL TEsTS ON SucAr-House
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41 The coefficient of heat transmission, the B.t.u. transmitted
per square foot of heating surface per hour per degree difference in
temperature, is obtained for each body by dividing the heat in B.t.u.
transmitted during the test by the number of hours, by the number
of square feet of heating surface and by the apparent temperature
fall in that body. The coefficients of heat transmission obtained in
the tests are given in Table 4 for each body, also the average for all
bodies. As the apparent temperature fall was used, the coefficients
are termed apparend.

g

Coefficient of Heat Transmission

* --Pressure,Pounds Gage - ------ Nacwum, Inches of Mercury - == - -

F16. 12 CoerriciEnTs oF HEAT TRANSMISSION, LABORATORY TESTS

42 The coefficients for all tests are plotted against pressure
of steam in Fig. 11. The variation is shown to be very wide, the
principal value of this plot being to fix limits. Similarly Fig. 12 gives
the results of the laboratory tests given in the former paper. It will
be noted that the coefficients for the laboratory tests are higher than
those from the full-size factory evaporators. This is doubtless due
to the fact that the heating surface in the laboratory apparatus was
always clean, and that there was a better distribution of steam with
the smaller calandria. Some of the tests were made with the ap-
paratus operating under conditions so poor that to consider the data
from them in comparing types would be unfair. In nearly all cases
the tests were made without special preparation, the time since
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cleaning, etc., varying considerably. It is interesting to note that
the coefficients obtained are higher than with ordinary surface con-
densers and equally as high as with modern types of high-vacuum
surface condensers.

43 In order to afford at least an approximate comparison of
the types tested, the curves of Figs. 13 to 18 inclusive have been
plotted. In making up these curves a considerable number of the
tests given in Table 3 have been omitted, only those operating under
average or above average conditions being included.

TABLE § COEFFICIENT OF HEAT TRANSMISSION
(Acruar)

1st 2 ad «th
Tyve Body Body Body Body
A 410 340 2658 145
B 0 20 - 20 138
c 080 030 52 0
D 430 395 320 180

r 685 400 | ...oeiiin | eiiiienen
@ 082 871 365 138

44 Table 5 gives the coefficients for each body for quadruples
of the different types taken from these curves. Table 6 gives the
average, maximum and minimum coefficients for each type taken
from the same tests. It will be noted that the highest actual co-
efficients were obtained from type F (atmospheric double effect).
These high coefficients were doubtless due to the high steam pressure
and the corresponding high density of the steam. As apparent
temperature fall was used in determining the coefficients, they not
only indicate the relative heat-transmitting ability of the heating
surface in the different types, but include also the effect of peculiari-
ties due to type, such as hydrostatic head, method of removing con-
densation, method of venting, etc. It will be noted that the film
evaporators (types C and D) gave coefficients considerably higher
than did the submerged-tube types. '

45 Comparing types A and B it will be noted that the latter has
some advantage, the average actual coefficient for type B being some
8 per cent greater than the average for type A. The tests of type E
show an average coefficient of 248, which is some 25 per cent greater
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than the average for type A. Comparing types C and D, the aver-
age coefficient for the former is 392, which is some 47 per cent greater
than that of the latter. Type C requires centrifugal circulating

Coefficient of Heat Transmission

Fia. 13

Coefficient of Heat Tansmission

-8883

Fia. 14

88338

100
81T 665 4 8210 5 10 15
l‘ ~Pressure, Pounds Gage - --+-- Vacuum,Tnches of Mercurg----'l

CoerriciENTs oF Hear TrANsmissioN, TypicaL Tests, TYPE A.
TesTs 1, 2, 3, 4, 5, 12, 13

gd88

876 543210 0 2"0
ls-Pressure.Fbunds Gage.: - + - -Vacuum, Inches of Mercury: - - »

Coerrictents oF HeaT TransmissioN, Typicar Tests, Tyrs B.
Tests 14, 15, 16, 20, 21

pumps for handling the juice, something not required by other types.
Tests of motors driving these pumps showed 0.1 h.p. per 1000 gal.
of juice treated per 24 hr. This should be kept in mind in com-
paring this type with others. Only one test was made upon type
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G and this under conditions which could hardly be called favorable,
the amount of juice supplied being far below its rated capacity and
the juice head greater than would have been used bad it been oper-
ated with an amount of juice nearer its normal capacity.
48 It will be noted that with type A only four evaporators out
of a total of eleven gave coefficients above 200. In these four the
conditions of operation were fair as regards cleanliness, drainage and
venting. The number of days since cleaning is given for each test,
though this can hardly be relied upon to give an accurate idea of the
condition of the heating surface, for the reason that all of the evapo-
rators had not been cleaned with equal thoroughness. In practice,
the time consumed in boiling out, also the strength of the soda and
acid, vary greatly. In some cases the thoroughness of cleaning is

TABLE 6 COEFFICIENT OF HEAT TRANSMISSION
(Acruat)

Relative Relative
| No. of Tests . !
. . Y Coeflicient Coefficient
Type Average | Max M I in (Actual) (© tod)

Average | g ndard = 100/Standard = 100

A l 197 289 172 7 100 100
B 213 291 130 5 108 74
c 392 “o 334 3 199 160
D 268 383 190 [} 135 119
B M8 284 190 3 126 180
4 503 509 498 3 285 181
G k2 T I o 1 149 139

not sufficient to prevent a progressive fouling of the heating surface
toward the end of the season. .

47 1t will be noted that practically all of the tests on type A
were made with very low steam pressure in the first body, usually
near atmospheric pressure, and in some cases less than atmospheric
pressure. With most of the other types the pressure was higher,
which puts type A at a disadvantage in making comparisons with
the average coefficients given. According to laboratory tests, the
coefficient of heat transmission varies according to the expression
U = 225 4 17,500 D, where D = density of heating steam in
pounds per cubic foot. This formula was used in calculating the
corrected coefficients given in the last column of Table 6. These
corrected coefficients may perhaps give a better means of comparing
types than the actual coefficients, especially as regards types A and
B. However, too much dependence should not be placed on these
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corrected coefficients, as the correction formula was determined from
laboratory experiments.

388

Coefficient of Heat Transmission

8

6 5 4 3 2 1 10
l‘-MN.Mr&GGQO""""\hcum Inches of Mercury- - --4

Fi1a. 15 CoerricieNts or HmAT TransMissioN, TyricaL Tests, Tyee C.

Tesms 23, 24, 25
200
§ 00
§ o
s 600
* 500
3 4
+ 300
§ 200
§ 100
1 54 210 2
'(- Pressure,Pounds Gage - - - - -}« Vacuum, Inches of Mercury: - - - -- »|
F1a. 16 CoEerriciENTs oF HEAT TrANsMissioN, TyricaL Tmsrs, Type D.
Tests 27 TO 32

48 Considering the four tests giving the highest coefficients for
types A and B, the rating is:

(Actual)
Type A.......... 100
TypeB.......... 106

(Corrected for difference in initial steam pressures)
TypeA.......... 100
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49 The fairest comparison of types C and D will be obtained
by using only tests 23 to 25 and 27 to 29, which were made on evapo-

388

3 3

Coefficient of Heat Transmission

w9 8T 5432
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Fia. 17 Corrrnicients or HEaT TraANsmisaioN, TyricaL Tests, Tyers F.
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_5900 —
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E'roo
3600
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Fia. 18 Coerrricients or Hmar TransmassioN, Tyricar Trsts, Tyer G.
TesTs 38

rators at the same factory and where the operating conditions were

equally favorable.
(Actual) *
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. 50 The evaporators of type B were of two classes, namely,
a with small tubes (4 in. and § in.) and b with larger tubes (1% in.).
Tests 15 and 16 with small tubes, and tests 20 and 21 with large
tubes, were made under conditions that should afford a fair com-
parison. The ratings are:

(Actual)
Small tubes....... 100
Large tubes. ...... 142
(Corrected for difference in initial steam pressures)
Small tubes....... 100
Large tubes....... 111
§
£
!
E I
.8
9
R .
08 765 4 32 10 10 20

Iw- Pressure,Pounds Gage: ---4‘- --Vacuum,Inches of Mercury.- - - -—)I

Fia. 19 CowmparisoN oF Hear-TransmissioN Comrricients, Tyres A, B, C
AND D EVAPORATORS

RATE oF EvAPORATION PER SQUARE Foor or HEATING
SurrAcE PEr Hour

51 So far all comparisons have been made in terms of the
coefficient of heat transmission. The unit “pounds of water evapo-
rated per square foot of heating surface per hour” is convenient for
rating evaporators, and.is fairly satisfactory provided the steam
pressure and the vacuum do not vary greatly. Table 7 gives aver-
ages of water evaporated per square foot of heating surface per
hour for each type tested. The actual values do not furnish a fair
comparison on account of the widely varying steam pressure and
vacuum. An attempt has been made to determine the equivalent
evaporation that would have resulted had all tests been made with
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a steam pressure of °5 lb. gage in the first body and a vacuum of
26 in. in the last body. This equivalent value is termed corrected
water evaporated per square foot of heating surface per hour. The
method of calculating the corrected value is as follows:

52 For example, in test 27, the total temperature fall for the
conditions of the test was 87 deg. and for the corrected conditions
102.5 deg. was assumed. The actual average coefficient for the
conditions of the test was 325, and for the correcied conditions 343.
The corrected rate sought is :

8.75 X 102.5 X 343

8T %3z 107

TABLE 7 WATER EVAPORATED PER SQUARE FOOT OF HEATING BURFACE
PER HOUR

Frou T8 rLOTTED IN FiGs. 13 10 18 INGLUMIVE

Acruar Equrv. 10 75 Par Cxnr Corexcrap §-Ls. Gaas AND
Evar, 361N, Vac.
Maximum | Minimum | Average | Maximum | Minimum | Average

Y P I 8.6 | ..oiiiiii | ceiiiennn 6.18
8.31 5.07 6.56 10.8 8.15 9.2
11.64 7.20 9.42 19.4 13.6 16.7
7.89 4.82 5.80 5.61 3.87 4.56
11.18 11.18 11.18 12.61 10.68 11.49
9.20 7.90 8.76 11.42 9.56 11.08
8.75 7.7 8.21 10.87 9.45 10.06
7.38 6.62 . 9.6 7.45 9.21
6.33 4.85 5.46 10.63 27.68 16.93
6.74 5.43 6.085 17.8 17.0 17.4
.................... 6.092 9.67

53 It is not claimed that these corrected values can be absolutely
accurate, but rather an approximation to the results that would be
obtained with the conditions assumed.

THERMAL EFFICIENCY
54 In thirteen of the evaporator tests recorded in Table 3, the

condensed steam from the first body was weighed. Partial data
regarding steam consumed for these tests are given in the same
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table, Table 8 gives more complete data relating to steam con-
sumption in these tests.

55 The factors which affect the weight of steam required to
evaporate a given weight of water are: number of bodies; radiation
losses; losses due to vents; method of handling condensation; tem-
perature of juice entering.

56 One pound of steam entering the first body of a multiple
evaporator causes the evaporation of approximately 1 lb. of water
in each body; that is, 1 Ib. of steam evaporates approximately 2 Ib.
of water in a double effect; 3 Ib. in a triple effect; and 4 lb. in a
quadruple effect. This relation does not hold exactly, for reasons
which will be discussed later.

57 The loss due to radiation varies directly as the difference
between the temperatures inside the evaporator and the atmosphere
outside. This temperature difference is of course greater with
atmospheric evaporators than with vacuum evaporators. It is also
greater in the first body of a vacuum evaporator than in succeeding
bodies. The radiation loss also varies directly as the ratio of radiat-
ing surface to water evaporated. This ratio will be less with large
evaporators than with small ones, and is affected by type also.
Reference to Table 8 will show something regarding the value of
this ratio for the evaporators tested. Naturally the radiation loss is
affected by the kind and amount of insulating covering used. The
loss due to radiation in the first bodies of an evaporator is multiplied;
for example, the loss from the first body of a quadruple is multiplied
by 4; that from the second body is multiplied by 3, etc. In view of
this, it is evident that the total radiation loss from a quadruple will
be greater than that from a triple, etc., other conditions being the
same. A theoretical calculation will show that this loss should be
relatively small. A rough calculation based on an average coefficient
of radiation of about 2.8 B.t.u. per square foot of radiating surface
per hour per degree fahrenheit difference shows the following losses
in percentage of the heat delivered in the steam to the first body:

Ut o, Tieteuie
Double............ 1.06 0.26 0.46
Triple............. 4.2 1.05 2.07
Quadruple......... 9.8 2.7 5.0

Theee figures are for a 10-ft. standard effect including the vapor
pipes, with steam at 5 lb. gage and a vacuum of 27 in.
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58.° .Pﬂmarnly, vent pipes are for the purpose of removing in-
cbpdehsa'ble gases only. If this were carried out the vent losses
.would be small, in fact they are probably small in general practice,

: R even though some steam is vented with the gases. This loss, like
+™ the radiation loss, is multiplied for all bodies except the last. The

vents may be connected to the next body or to the condenser direct.
The former is probably more economical, though the latter is better
as far as heat transmission is concerned. This loss is apt to be
greatest in the early bodies, especially if the vent openings are too
large. In order to reduce losses due to venting, it is important to
design evaporators so that effective separation of gases from steam
may be brought about. Attention has already been called to the
fact that this has been attempted in types C, E, F and G.

59 Of the three general methods of handling the condensed
steam from evaporators, b (see footnote, Table 3) evidently should
be most economical for the reason that all of the condensation leaves
the last body at the lowest possible temperature, the saving due to
this arrangement being multiplied in all except the last body. It is
common practice to use the condensation from the first body for
boiler feed, though theoretically it would pay to run this water
from body to body along with that from later bodies.

60 Primarily, evaporators are designed to vaporize water,
though, in fact, some heating is generally done in the first body be-
cause the temperature of the juice entering is lower than that of
boiling. It is evident that the amount of heating done in this
manner will affect the weight of water evaporated per pound of steam
supplied to the first body. It should be remembered also that the
steam supplied for heating in this manner does not work multiple
as does that used for evaporation.

61 Table 8 gives the results of the tests as regards economy.
It also includes information regarding the main test conditions which
affect economy. A unit commonly used for measuring economy is
“pounds of water cvaporated per pound of steam supplied to the
first body.” This unit does not furnish a fair means of comparing
the economy of different evaporators, however, for the reason that
it does not account for variation in conditions. Thermal efficiency
is more accurate, and the method of calculating this item has already
been given. It will be noted that it varies from a minimum of 85.06
to 98.3, the average being 94 per cent. The table shows that the
efficiency of type C was higher than type D, although the water
evaporated per pound of steam supplied was greater in the latter
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than in the former. This apparent contradiction is due to two
things: (1) the temperature of the juice entering the first body in
the tests on type D was higher than in those on type C, more
steam being required for heating in type C; (2) the condensation in
type D was taken from body to body, beginning with the second,
whereas it was drained away separately from each body of type C.
The low efficiencies obtained in the tests on type B quadruple, tests
14 and 15, are probably due to the small size, whereas both the C
and D quadruples were of large size. Attention is called to the data
in Table 8 regarding the ratio of radiating surface to water evapo-
rated in the different types.

62 Test 17 on a type B quadruple evaporator gave an efficiency
of 90.48 per cent. This is relatively low for an evaporator of this
sise and is doubtless due to the fact that it was not insulated. The
low efficiencies obtained in tests 30 and 31 on a type D triple are
doubtless due also to the fact that it was not insulated. These tests
were made soon after the apparatus had been installed and before
the covering had been applied. An inspection of this table will
show the effect of high rates of evaporation in increasing heat effi-
ciency; in fact, some of the irregularity in the results can only be
explained in this way.

DISCUSSION

_ M.B.DE Pass! (written). The process of sugar making is di-
vided, we might say, into four parts:
1 Extracting, by crushing process, of juice from the cane
2 Clarification by defecation and sometimes filtration
3 Evaporation (the subject under consideration)
4 Granulation and drying.

.The capacity and economy of any of the stages depend very ma-
terially on the efficiency of the preceding stage. '

In some climates during the crushing stage a larger volume of
.water must impregnate the crushed cane to dissolve the sugar that
i 0ot in golution. ‘This reduces the density of the juice and increases
the volume of water that must needs be evaporated from it.
) One factor, the paper tells us, is the fouling of the heating surface
in effects which is caused by foreign substance that has not been
eliminated during the clarification stages—in fact some of it is in-
Jected during this stage; hence the amount of water added in crush-

'Joubert & Goslin Mch. & Fdy. Co., New Orleans, La.
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ing and the nature of the juice clarified entering into the effects
largely determines the size and style that is to be adopted and should
govern the manufacturer’s guarantee.

There are two factors governing the capacity and economy of
multiple effects which are not referred to in the paper. A very im-
portant one is the size of the vapor pipes and save-alls which regulate
the velocity and vapor tension and fix the boiling point in each effect.
Faulty vapor pipes cause entrainment and loss in capacity.

As the efficiency of a multiple effect depends very largely on the
vacuum in the last body, and this in turn on the completeness of
the condensation, attention to the design of the condenser is im-
portant. Owing to the low boiling point in the last vessel, the ve-
locity of the vapors is greater and there is therefore a greater chance
of entrainment. Syrup thus carried off into the condenser is never
reclaimed, which is not the case in the other vessels where the sweet
water may be trapped and re-evaporated or used in the first stage
of extraction for saturation. So not only is a good condenser re-
quired on the last pan but also & good save-all that will completely
strain the syrup from the vapor before it enters into the condenser.
The writer has seen a “save-all”’ that reclaimed from 200 to 300 gal. of
syrup in 24 hr. which would have been lost if permitted to pass into

the condenser with the vapors and out into the hot well.
' The standard type of vertical-tube submerged calandria is the
most popular of all multiple evaporators. The vapor velocity is
controlled, entrainment is prevented, perfect condensation is accom-
plished, air pockets are done away with and the condensed waters
are properly drained from the calandrias.

In dealing with the problem of heat transmission, various means
are advocated by different manufacturers. Some use baffle plates
and different arrangements to control the direction of the steam,
some leave out tubes, and others both. The trouble to overcome in
large bodies is that some parts get more heat than others, causing
unequal boiling and dead spaces in the calandrias.

In the earlier apparatus steam was admitted around a circular
steam jacket on the outside of the calandria, and the drains were
also on the outside directly under the steam entrance. The oon-
sequence was that all the ebullition or boiling took place on the peri-
phery of the calandria, where the heat remained and a dead space
formed in the center. This ebullition at the periphery was mistaken
for circulation by someone who conceived the idea that if there were
a central downtake to aid the circulation of the liquid from the
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center to the periphery, it would aid the evaporation; and on ex-
periment the scheme apparently proved a success and the liquid
actually appeared to work down through the downtakes and up
through the tubes from center to circumference. The fact of the
matter, however, was that the downtake filled the void and dead
space in the center of the calandria, and it was still found that there
were air and gas pockets in the center of the calandria which retarded
evaporation. Something accordingly had to be done to relieve this
and make the vapor, or steam, find its way to the center, which
brought about the use of baffle plates, or deflectors, so arranged as
to admit the vapor at one side and deflect it around in two direc-
tions to the other side, and thence to the center, as shown in Fig. 8
of the paper.

This was tried years ago at the American Sugar Refining Co.’s
Plant, New Orleans, where one of its standard triple evaporators was
equipped with deflecting plates, exactly as in_Fig. 8. The plates
deflected when the steam was first turned on, but after the entire
calandria was filled the pressure became equal and the plates of no
further use. In connection with these plates, however, the drain,
g8 and air pipes were connected as near to the center of the ca-
landria as possible, where a partial vacuum was formed, causing the
removal of the pocket, or dead space, and the steam to be drawn to
.t:]e center, thus utilizing heating surface that had previously been
idle.

large 16-ft.-diameter effects, built last year in Cuba, without
the plates, but with the drains to sweet-water pump, and with gas
and air pipes all connected in the center of the calandria, have proved
by good results that plates are not necessary.

Professor Kerr has quoted tests on most, if not all, of the various
types of evaporators now on the market. It is hard to form a com-
parative conclusion, since conditions alter and govern each test, as
proved by the fact that the same man on the same type of machine
obtaing different results at different centrals. The rating of any
evaporator is computed by the number of pounds of water evapo-
ration per square foot of heating surface as a basis. A multiple of
four, or a quadruple effect, is now conceded to be the most economical
and is being adopted by most large houses. The following list
shows how the tests of different experts vary in a quadruple effect:

Hausbrand..................... 5.2 Ib. per sq. ft.
Kerr.............. ............. 5.5 Ib. per sq. ft.
Jones& Scard................... 6.0 1b. per sq. ft.
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Wallis & Taylor................... 7.5 1b. per sq. ft.
Hind........................ :..8.0 1b. per sq. ft.
Deerr............ oot 9.0 Ib. per sq. ft.

We are indebted to the Louisiana State University for the interest
it is taking, through Professor Kerr, in carrying out such tests as
described in the paper, which are of s0 much value and interest to
all concerned.

GEORGE A. ORrrOK (written). Professor Kerr has undérta.ken
the investigation of one of the most complicated problems in the
heat-transmission field, and the results show the difficulties en-

g3

Coefficient of Heat Transmission .
g

--Pressure,Pounds Gage - - ------ “Yacwm, Inches of Mercury .- - - - -

I'té. 20 CoMPARISON OF AUTHOR'’S AND PARR’S FORMULZE ror CoEFFI-
ciENT OF HEAT TRANSMISSION

countered. Theoretically, the case is that of the transfer of latent
heat, introducing two changes of state, in consequence of which both
upper and lower temperatures are constant and fixed by the pres-
sures employed. The question is complicated by the presence of both
air and water films on the gas side, with approximately similar con-
ditions on the liquid side of the tube walls. Moreover, there is
lack of control of film thickness because the circulation is negative
or self-induced, and an increase of certain film thickness (i.e., gas on
the water side and water on the gas side) with an increase of circula-
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tion. When we add to this the scale and oil troubles on the gas
side of the tube and the gumming of the surface from impure juice
on the liquid side, it seems remarkable that so consistent results
should have been obtained. The author has plotted in Fig. 12 the
results of all his laboratory tests given in his former paper. I have
plotted (Fig. 20) across these points the line U = 225 + 17,500 d
which he has given as best representing them. I have also plotted
a line U = 1200 V'pd, Parr’s! formula, in which the coefficient
was oblained from the author’s figures. These two lines cross at
approximately 700 B.t.u. and 8 in. of vacuum. It would appear
that variations as wide as 800 to 1370 B.t.u. at about 3 lb. per sq.
in. pressure and 400 to 1070 B.t.u. at 10 in. of vacuum could hardly
be expressed by either curve, and therefore the use of either as a
correction formula would be inadmissible. It is curious that all the
performance curves in the paper cut the X-axis to the left of 22 in.
of vacuum,

Cuagk D. LiserMuTH.? The fouling of the heating surface by
scaling is one of the most important of the practical considerations
of the sugar apparatus.

Although it has been known that pressures above the atmos-
phere could be used in the first body of the evaporator, the high
pressure has been brought into use only recently. At present in
Cuba there are many evaporators in which steam under pressure is
used in the first body. There being no sulphuration and little
liming, no difficulty is met with. These higher pressures are now
being used in Louisiana. More scale will be precipitated in the
first body due to the higher temperature, which may result in fouling
the first body and cutting down the steam supply. The author is
asked to investigate the effect of this condition in the first body with
the Louisiana juices of high salt content.

Last year a rather peculiar situation presented itself over the
State as & whole. The juices were of a higher purity than normal,
yet the boiling took a longer time. It was found, however, that
the proportion of salts was much higher than usual, resulting in a
high boiling point. This suggests the investigation of the relative
effects of dissociable salts and organic compounds upon the elevation
of the boiling point.

!On the Theory of Multiple Evaporators, P. H. Parr, The Engineer, London,

Feb. 18, 1916.
! Lauderdale P. O., La.
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W. H. P. CreiHTON.! The evaporation of sugar juices is an
extremely important problem to us in Louisiana. Ten cubic feet of
juice in the multiple effect will be evaporated to two cubic feet, and
. in the vacuum pan will be evaporated to one cubic foot. This
cubic foot is a half-and-half mixture of molasses and sugar, and the
apparatus must be designed to boil this mass. A 1000-ton house
will have about 900 tons of water to evaporate because maceration
water and milk of lime will be added to the juice to be evaporated.
To evaporate this water economically is a problem. There are tem-
perature limitations; too high a temperature will discolor the sugar,
while the low temperature is limited by the amount of vacuum ob-
tainable. The apparent range is about 103 deg. But this is only
apparent. The difference in mean temperatures in the first body
added to that in the second and in the third will not total 103 deg.,
because sugar solutions and water do not boil at the same tempera-
ture under the same pressure. Then there is the lgss due to hydro-
static head, the difference in juice height, which increases the pressure
on the juice at the bottom of an effect. Hence, in the triple effect,
2 or 3 deg. may be lost in the first body, 4 or 6 in the second, and 10
or 12 deg. in the third. These added together and increased by un-
known viscosity losses reduce the apparent temperature range ma-
terially. .

Personally, I am much interested in the evaporator in Fig. 8, as
it was due to a suggestion of mine that Mr. Weber designed it.
The entering steam was to sweep over tubes through a gradually
diminishing area to maintain its velocity and keep the air moving
with it to the very end where it was taken out by an air pump.
In the ordinary standard evaporator, there is no way of showing that
the air is being removed. There is violent evaporation in spots,
indicating inefficiency, as the heat transfer is confined practically
to such spots and they need high temperature differences to be
effective; whereas, if the air is removed and the steam sweeps through
a fixed channel, a less temperature difference will be necessary in the
evaporator. This is illustrated in Experiment 35, Table 3. Here
the pressure in the first effect is only 6 lb. per sq. in. absolute, and
in the last is 3 Ib. per sq. in. absolute, a total pressure difference of
only 3 Ib. per sq. in. This means that if the amount of steam ad-
mitted to the first effect had been large enough, the pressure would
have been greater and hence there would have been a greater capacity.

The author should say that capacity depends upon three factors:

11445 Henry Clay Ave., New Orleans, La.
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quantity of heat supplied to the first effect, coefficient of heat trans-
mission, and temperature fall. Scientific research in this field, con-
tidering each of the problems separately and as they affect the whole,
is going to be of great value to the manufacturer and should result

in the saving of an enormous amount of copper in the constructien of
evaporators.

E. H. Rousseau! I had the pleasure of making experiments
with A. L. Weber on a small experimental evaporator. Heat trans-
mission depends upon a difference in temperature. For an effective
temperature drop from one side of the tube to the other, there must
be & rapid replacement of the hot particles of juice by colder particles,
80 that the more rapidly cold juice can be brought to the heating
surface, the more rapid will be evaporation. Refer to evaporator
D for the juice side of the evaporator and to evaporator E for the
steaxn side. These I wish to combine in evaporator A, which is our
stamdard evaporator.

Viscosity increases with the concentration of a solutxon As
the viscosity increases, the size of bubbles formed in ebullition be-
comes greater in proportion to their weight and they are carried
slong more rapidly with the vapor currents formed. In the first
body of a quadruple-effect evaporator will be found conditions of
high temperature and low density of juice. This is favorable for
beat transmission. In the last body the conditions are low tempera-

ture and high density of juice. This is not favorable for heat trans-
mission, but as the viscosity of the juice is high, the upward velocity
of its bubbles is high and the temperature differences between the
sides of the tubes are great, equalizing the rate of evaporation in

the last with that of the first body.
In making these experiments there was used an evaporator with

8 steam belt 2 ft. in diameter and 3 ft. high, with 2-in., No. 17 gage,

standard copper tubes. Steam was under 10 lb. per sq. in. pressure
‘fld juice under atmospheric pressure. Steam distribution was as
gven in type E. With each new density the level of the juice was
varied from 0 to 36 in., and it was found that at 6 deg. Brix the
highest, rate of eva.poratlon was when the liquor was at § the height
of the tube. At 55 deg. Brix the highest rate was with the liquor
at | the height of the tube, showing that with equal conditions of
temperature the density and viscosity of the juice increasing give
better results with a low height of liquor.

! Dibert, Bancroft & Roass Co., New Orleans, La



110 MULTIPLE EVAPORATORS

In these tests steam was used. The air eliminator was closed;
the heat transmission was 250 B.t.u. Opening the air eliminator
and drawing out all of the air, the heat transmission was increased
to 1000 B.t.u., an increase of 400 per cent. Uniform steam pressure
can be maintained by high velocity of steam, by means of baffles, or
by removing some of the tubes at the entrance, allowing the steam
to enter the bulk of the heating surface, a pocket being provided
from which to draw the air. o

Leo Loes (written). Another application of the multiple-effect
evaporators is for producing fresh water for drinking or boiler-feed
purposes from water containing a large amount of soluble salts.
Compared with the sugar evaporators, the coil -pressures in the first
stages are generally higher, the heating surface is seldom, if ever,
totally submerged, and the removal of the concentrated brine is
governed by considerations of capacity and fouling of the heating
surface and shell in contact with the brine.

The usual installation on shipboard consists of duplicate sets of
three evaporators, so piped as to be operated in triple effect or single
effect, depending upon the immediate demand for fresh water.

Of the various factors mentioned in the paper as affecting the
capacity of evaporators, the most important in the design and oper-
ation of salt-water evaporators are:

5 Presence of condensation on the heating surface
8 Cleanliness of heating surface (liquor side)
14 Density of liquor being boiled.

Air and other incondensable gases have less effect in the salt-
water evaporator, where higher steam pressures are used than in
the sugar evaporators under vacuum, providing they are not per-
mitted to blank off a portion of the heating surface.

The great loss in capacity due to condensation on the heating
surface was clearly illustrated by recent tests on two horizontal-
tube evaporators. One consisted of 1}-in. brass-tube heating sur-
face arranged in eight horizontal rows and connected by return bends.
Thus the condensate traveled the entire length of the eight tubes
before being vented, with the result that the coefficients of heat
transmission were low, ranging from 115 to 323 B.t.u. per sq. ft. per
hr. per degree difference in temperature between steam at entrance
to coils and vapor in shell. When operating in single effect, the
temperature of condensate at the vent was from 32 to 176 deg.
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below the temperature of saturation of steam entering the coils,
and the evaporating capacity of the heating surface was from 7.7
t0 19.9 Ib. of vapor per sq. ft. with brine at 180 deg. fahr.

A modified design having nine rows was provided with a header,
so that the condensate from any tube could reach the vent by trayel-
ing through only one cooling coil. With the same steam and vapor
pressures a8 in the first type, the coefficients of heat transmission
were from 387 to 719 B.t.u. per sq. ft. per hr. per degree temperature
difference between steam at entrance to coils and vapor in shell.
The amount of .sub-cooling of brine never exceeded 90 deg., and the
evaporating capacity of the heating surface was from 17.2 to 81.4
Ib. of vapor per sq. ft. per hour with brine at 180 deg. fahr.

The reduction in capacity of the salt-water evaporator when the
concentration of the brine is increased from twice to three times that
of normal sea water is about 10 per cent, amounting to fully 15
per cent if the concentration be further increased to four times that
of sea water,

It would be interesting to know how Professor Kerr calculated
temperature difference. In salt-water evaporators the temperature
gradients on the two sides of the heating surface are complex. A
portion of the surface in contact with the heating medium destroys
the superheat which may result from throttling at the inlet valve,
a great portion of the area is effective condensing surface and the
final portion is water-cooling surface. On the brine side these
states are reversed, a part of the surface acting as feed-heating sur-
face, the major portion as evaporating surface and a small portion
at times a3 superheating surface. Under these circumstances it has
been the practice to consider temperature difference as indicated
above to be the difference between the saturation of steam to coils
and sturation temperature of the vapor in the evaporator body.

Tue AurmoRr. I wish to call attention to the preliminary state-
ment [ made when this paper was presented — that it should be
looked upon as a survey rather than as a research. The tests re-
corded were made on full-size sugar-house evaporators operating under
regular conditions, therefore there was little opportunity to control
conditions, as would be required for research work in the fullest sense.
A former paper! by the author giving the results of a series of ex-
periments on & laboratory evaporator is better entitled to consider-
ation as research work, and I would respectfully direct the attention

! Trans.Am.Soc.M.E., vol. 35, p. 731.
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of Mr. Creighton, who mentioned in his discussion the need of re-
search along these lines, to this paper. The tests recorded in the
present paper give data only on the subject of rates of heat trans-
mission, nothing having been said relative to the cost of heating
surface, the cost of operation, maintenance, etc. The proper se-
lection of an evaporator for a specific installation should of course
include a consideration of all of these points.

Mr. De Pass calls attention to the loss of sugar due to entrainment.
This bears on the present paper only indirectly because of the fact
that, in order to separate the entrained juice, save-alls must be in-
stalled and the friction of the vapors passing through them may
result in pressure losses which in turn reduce capacity by reducing
temperature fall. In elaborate tests made by the author on a labo-
ratory evaporator, data were obtained which seemed to show that
entrainment is principally affected by the height of boiling and by
the rate of boiling. In other words, the higher the boiling-and the
greater the rate of boiling, at least in the standard type, the greater
the amount of entrainment. Practice seems to show that it is diffi-
cult to design save-alls that are efficient as separators that do not offer
excessive friction.

Several references were made by those discussing the paper to
type E, which makes use of a set of baffle plates in the calandrias
to give a long and gradually narrowing steam path. This type was
originally developed in Europe many years ago, but was recently
introduced into this country by A. L. Weber. '

It will be seen in the paper that the average coefficient of heat
transmission for tests 33, 34 and 35 of type E was 248, whereas the
average for the standard evaporator, type A, was 197, which seems
to show that the higher steam velocity and possibly the-better re-
moval of incondensable gases due to the baffle plates have resulted
beneficially. It may be well to state that this is only one of a con-
siderable number of different arrangements of baffle plates that
have been used or suggested for distributing steam in calandrias.
The increase of steam velocity in such an arrangement will naturally
result in pressure drop, which must be overcome by means of a pump.
The power required to operate such a pump, however, is not so im-
portant in connection with an evaporator as in the case of a surface
condenser, for the reason that the exhaust steam from the evaporator
pump can be utilized.

Mr. Orrok calls attention to the fact that all the performance

“curves in the paper cut the X-axis to the left of 22 in. of vacuum.
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I will call his attention to the fact that the coefficients plotted were
apporent, that is, they were determined by dividing the heat trans-
mitted by the apparent temperature fall. In other words, the tem-
persture fall was obtained by subtracting the saturation temperature
of the steam corresponding to the pressure in a body, from the satu-
ration temperature corresponding to the pressure in the preceding
body. Due to the effect of hydrostatic head, viscosity of juice, the
presence of air in steam, etc., the actual temperature fall is less than
the apparent fall. As is well known, also, the difference between
actual and apparent fall is greater in the last bodies. Consequently
a curve representing actual temperature falls would be nearer hori-
zontal than those given in the paper. The above will answer Mr.
Loeb’s question regarding the method of determining temperature
fall.

The effect of juice scale, as Mr. Libermuth points out, also the
effect of juice viscosity — discussed by Mr. Rousseau, are important,
and while some work has been done along these lines by the author,
we hope to make experiments in the future that will enable us to form
more definite conclusions regarding these points than we now have.
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THE EVOLUTION OF LOW-LIFT PUMPING
PLANTS IN THE GULF COAST COUNTRY

By W. B. GREGoRrY, NEW ORLEANS, La.

. Member of the Society

It is the object of this pa;fer to show the part that pumping
machinery has had in the development of the city of New Orleans
and in the reclamation of the fertile wet prairie lands of Louisiana and
Texas; also to show the importance of pumping plants to the rice
industry of the Southwest. To this end the history of pumping in
this section will be briefly related and examples of typical pumping
plants will be given. '

2 Pumping plants used for drainage and those used for irrigation
may both be classed as low-lift, although generally irrigation pumps
elevate water through a greater lift.

3 Some parts of the world appear to have been left in a nearly
perfect condition in the process of evolution, which has been working
out, through countless sons, the destiny of this planet. Other
sections are not so fully finished and consequently require the co-
operation of man in the work of creation, in order to complete the
task. Fortunately it often happens that the spots where there is
most to do offer the best assurances of reward when the task is
completed.

4 Tredgold, in 1827, defined Engineering as “the art of directing
the great sources of power in nature for the use and convenience of
man.” The modern engineer who devotes his efforts to land rec-
lamation must deal with an ever improving art in which applied
science i8 generously mixed in the form of Mechanical, Electrical,
Civil and Hydraulic Engineering. In the same way that the low
lands of Holland, the Fens of England and similarly situated lands
in other parts of Europe are dependent on their dikes and pumps, so

Presented at the Spring Meeting, New Orleans, La., April, 1916, of THE
AMERICAN Sociery or MecHANICAL ENGINEERS.
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the reclaimed lands of Louisiana and Texas must depend on their levee:
and pumps. These lands in their natural state produce nothing mor
valuable than water grass, but when reclaimed they are classed witl
the most fertile and productive to be found in the world.

5 Since the time, ages ago, when an arm of the Gulf of Mexic
extended as far North as Cairo, Illinois, the mighty Mississippi ane
its tributaries have been building up the alluvial deposits of the delt:
through which it flows. Wells drilled at various points in the alluvia
country have shown that the depth of the deposits is more than 300«
ft. in some instances. The deposit is very fertile as it was formed fron
the best of surface soil from the various states above. Usually th
surface of the wet prairies, when first reclaimed, is covered with muc:
or humus, the decayed vegetation of hunMds of years, to'a dept
varying from a few inches to several feet. This material is rich i
nitrogen and is a valuable fertilizer. The Southern half of Louisian
contains much wet prairie land, the Eastern portion of which -
alluvial, while the Western part-and the wet lands of the coast of Texe
are the lower and poorly drained portions of the coastal plain, elevate
from the bed of the Gulf during some mighty upheaval in a geologic.
epoch long ago. This soil is usually a silt loam with an imperviow
clay subsoil. It has been found especially well adapted to the cult;
vation of rice.

6 As the alluvial soil was deposited by the rivers, the highes:
land is found near the banks and there is a gradual slope from th¢
rivers and bayous back to the swamp. Previous to the last decads
the only reclaimed agricultural lands in Louisiana were in the rear o
sugar plantations. The early planters cultivated the narrow strip o
land along the streams, which could be drained by gravity. The
width varied greatly, but usually the distance from the levees bac)
to the swamp was from half a mile to two miles. The cultivation o
sugar cane created a demand for more land and the demand was me
by continuing the plantations in the direction of the swamps an
removing the water by means of pumps from lands too low to drain b;
gravity.

7 About ten years ago a movement was started by Edwar
Wisner to reclaim the wet prairie lands lying at or near Gulf level
The work is now being carried out on an extensive scale. More tha
a quarter of a million acres of agricultural lands have been reclaimes
or are at present in the process of reclamation in the State of Louisiana

8 The work of land reclamation in this section has been of sucl
recent development that there is no adequate record of the magnitud
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of the pumping plants, such as was furnished by the special census of
1910 for irrigation.

9O In this section it was only natural and normal that pumps
ased successfully in drainage work would be employed in the irriga-
tion of rice when that industry developed. Often the lift for irrigation
did mnot exceed that in common use in drainage plants and especially
im welift irrigation pumping plants. Drainage by pumps was an
accomplished fact before the irrigation of rice assumed proportions
that made the industry of economic importance. Later on drainage

F1a. 1 Missmissirrl RiveR Laves IN LouisiaNa

recei ved a fresh impetus from the reclamation of the wet prairie lands
while the rice industry had attained maturity. The story of pumping
plants in this section at times must therefore deal with drainage and
at tirnes with irrigation.

10 New Orleans was founded by Bienville in 1718. Looking
back over nearly two centuries to the conditions that are known to
have existed at that time, one is forced to wonder if the founder of the
ity failed to see the difficulties involved in building a city in a sub-
tropical climate, on a narrow strip of land, along a river that was
liable to overflow any year, with a swamp in the rear; or whether he

bad a prophetic vision of the future engineering and sanitary achieve-
ments that were to improve conditions and make the spot selected a
desirable and beautiful habitation for man. At any rate, the de-
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velopment of modern pumping machinery has had much to do with
the improvement of conditions in this city.

11 As a matter of fact, we know that the site was chosen because
on one side Bayou St. John gave an opportunity for transportation,
with the small craft of that day, from the rear of the city into Lake
Pontchartrain, and out through the Rigolets to the Mississippi Coast;
while on the other side of the river, opposite the city, Bayou Bara-
taria offered transportation facilities to the South through a network
of bayous to the Gulf. By both these routes the city could be
approached without stemming the current of the river. One of the
first acts of the early colonists was to build a small levee in front of the
city. The height has beén raised from time to time because of in-
creased flood heights, due largely to the confining of the upper river
between levees instead of allowing it to overflow large areas.

12 In the city of New Orleans, a large portion of the surface is
at or near Gulf level and an artificial water level must be maintained
several feet below that of Lake Pontchartrain, which opens into the
Gulf and normally is at the same elevation. Levels along the Missis-
sippi are usually referred to “Cairo Datum,” abbreviated C.D., an
arbitrary system for reading elevations, 8o chosen that the elevations,
even at the Gulf, are positive quantities. Mean Gulf level, according
to the latest determination, is Elevation 20.43 C.D. In front of the
city, the extreme high water of 1912 gave a gage reading of 40.13
C.D. Water is held in drainage canals of the city at Elevation 5.00
C.D., during fair weather.

13 The city is not only protected from the Mississippi on the
river front by a levee, but is entirely surrounded by levees. There
is one near the shores of Lake Pontchartrain, while protection levees
extend from the river to the Lake both above and below the city to
guard against the possible danger due to crevasses in the levees of the
river above or below the city. All the run-off must therefore be
pumped and some of the water is elevated two or three times before
it is finally discharged into Lake Pontchartrain or through Bayou
Bienvenu into Lake Borgne. (Fig. 15.)

14 The drainage of agricultural lands is quite a different problem
from the drainage of a city. While it is undesirable to have ditches -
and canals overflow their banks on farm lands, because of the possible
injury to crops, flooding at rare intervals, provided the water may be
removed before serious losses result, may be justified as good en-
gineering; while in a city all floods are to be prevented in so far as
possible. In any case, the first cost of the works required to eliminate
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the danger, the interest on the investment, and the depreciation and
the upkeep are to be considered and balanced against the possible
damage £xom floods and the damage which is dependent on the average
period between the occurrence of unusual storms.

¥16. 2 DmBTRIBUTION Or MmAN ANNUAL RAINFALL IN RicE CoUNTRY OF
Louisiana, TEXAS AND ARKANSAS

15 The capacity of pumping plants varies with many factors,
among which may be mentioned: (a) rate and distribution of rainfall;
(b) general design of collecting ditches and canals, including their
storage capacity, cross-section, slope and arrangement; (¢) nature of
the territory drained. The run-off will be much greater for a city with
pavedstreets and closely built structures than for agricultural lands.

A_gain, the condition of agricultural lands or the kind of crop produced
will affect the run-off.
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RAINFALL IN LOUISIANA

16 The rainfall map of the United States shows that there is an
area extending from the North shore of Lake Pontchartrain, east
along the coast of the Gulf of Mexico, and far into Florida, where the
rainfall is 60 in. or more per annum. This amount of annual rainfall
is exceeded in the mountain region at the Western end of North
Carolina and in East Tennessee; also in the extreme Northwest
Pacific coast, in the States of Oregon and Washington. West of New
Orleans the rainfall decreases to 50 in. per annum near the Sabine
River, the boundary line between Louisiana and Texas, and falls to
30 in. in the Eastern half of Texas. (Fig. 2.)

17 Not only is the annual rainfall abundant in Louisiana, but
the rate at which precipitation takes place has an important bearing
on the capacity of the pumps that are required to remove the run-off
from the nearly level lands. A few examples of unusual storms will
make clear that the problem is one not shared by the other cities of
this country. On April 25, 1907, 7 in. of rain fell in 5 hours and
8.59 in. in 12 hours. On March 22 and 23, 1912, unusual rainfall
occurred. The records kept by the Sewerage and Water Board of
New Orleans showed the following rates of precipitation:

Sminutes. . ........ ... ... i 0.68 in
Sminutes. . ................. ... . 1.09in
10minutes. ................ .. ... ... ... il 1.38in
15minutes......................... ... .. ..., 1.69in
20minutes. . ............... ... 2.00 in
lhour......... ... ... . ... ... 2.481in
2hours.............. . 4.66 in.
2thours..... ... ... 5.07 in.
Total,2days. ............ccoovveiiiiiiinii.. 7.23in

18 The United States Wecather Bureau records at the New
Orleans station show that there have been 57 storms in the past 26
years, during which the precipitation in 24 hours exceeded 3 in.
These storms are classified as to their intensity as follows:

57 rains exceeding 3 in. in 24 hours.
25 rains exceeding 4 in. in 24 hours.
10 rains exceeding 5 in. in 24 hours.
5 rains exceeding 6 in. in 24 hours.
3 rains exceeding 7 in. in 24 hours.
3 rains exceeding 8 in. in 24 hours.
0 rains exceeding 9 in. in 24 hours.
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The maximum rainfall in 24 consecutive hours recorded at New
Orleans was 9.22 in. The storm occurred April 7 and 8, 1883.

19 While the normal rainfall for New Orleans is less than 60 in.,
the rainfall that sometimes occurs in an unusual season is well illus-
trated by the observations of the year 1912 when the rainfall amounted
to 81.50in., as reported by the U. 8. Weather Bureau. Fig. 3 shows
¢he normal rainfall by months at the end of 1912 and the rainfall for
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that year. It will be noted that the normal rainfall, which is typical
of that for a large portion of the State and especially for the reclaimed
lands to the south and southwest of New Orleans, is remarkably. well
distributed and that the growing season of June, July and August
receives the maximum rainfall.

DRAINAGE COEFFICIENT

20 Run-off is usually stated in terms of a drainage coefficient,
or the depth in inches of water, if spread over the entire area to be
drained, removed in 24 hours,

21 In England and Holland the annual rainfall is less than in the
Gulf Coast country of the United States and what is more important
in deciding the capacity of pumping plants for drainage, the intensity
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of rainfall is much less in unit time in the European countries, For
the Fens of Eastern England, with the annual rainfall 22 to 27 in.,
capacity in pumping plants equivalent to a drainage coefficient of 1 in.
has proved satisfactory, while in Western England where the annual
precipitation is approximately 50 in. the drainage coefficient is in-
creased to  in. In Holland, Haarlem Lake is drained by pumps
having a drainage capacity of 3 in.!

22 In the Upper Mississippi valley and along the Illinois River,
a drainage coefficient of 1 in. has been found satisfactory. In the
later plants, however, there has been a tendency towards greater
capacity and pumping plants recently installed have been designed
for a drainage coefficient of y% in.

23 In Louisiana, it is only in recent years that a drainage
coefficient has been worked out. The older pumping plants varied
widely in capacity according to the ideas of the parties installing the
machinery, In 1909 Drainage Investigations, U. 8. Department of
Agriculture started some work in Louisiana along the following
lines.? ‘(1) To study the soil, climate, and the natural condition
with special reference to the drainage problems encountered and the
value of the land for agricultural purposes when successfully drained.
(2) To collect such technical data and to examine such details of
present practice as will afford information of value to land owners and
especially to engineers interested in the reclamation of such lands.
(3) To disseminate in available form the results of the investigations
and to encourage land drainage by emphasizing the benefits to be
derived from bringing such lands under cultivation.”

24 This work, inaugurated by Arthur M. Shaw, Drainage
Engineer, and the writer, has been continued since 1909 by Chas. W.
Okey, Drainage Engineer, and much information of value has been
collected and made available.

25 The area of the individual drainage districts varies from a few
hundred acres in the smaller districts to several thousand acres in the
larger ones. The pumping capacity in 24 hours was found to vary
from less than 0.9 to 1.51 in. These figures represent average
practice in Louisiana and are being used as a guide in deciding the
capacity of drainage pumping plants for agricultural lands.

26 Mr. Okey sums up the records of rainfall and run-off from
four drainage districts of Louisiana, as follows: “In the year 1914

1 Engineering for Land Drainage, Elliott.

8 The Wet Lands of Southern Louisiana and Their Drainage, U.S. Dept. of
Agr., Bulletin 71, by Charles W. Okey.
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the results from the Poydras, Des Allemands, Jefferson, and Raceland
plants may be said to be typical. In addition, the results from the
last-named district for 1913 are also typical. An average of the
records for 1914 for each of the districts and including the records for
1913 from the Raceland district, gives the following results:

Rainfall. . ... ... e e 50.85 in
Runoff ... ... 22.59 in
Days per year on which operation oocurred. ................ 104
Number of times per year boilers were fired................. 97
Number of 24-hour days per year at full capacity............ 21.1

A verage number of hours run at full capacity per fire-up. ..... 5.2

27 “While the above rainfall is slightly below normal for this

section of the State, it is believed that the percentage of rainfall
appearing in run-off in the above average will not be far from normal.
With the mean annual rainfall of 56 in. and the same percentage, the
amount to be pumped would be 25 in. per year. Therefore a plant
with a 24-hour capacity of 1.25 in. in depth of water over the area
diined would have to operate an average of about 20 days of 24
hours each, per year. Where such factors as leaky levees enter
in, the amount of pumping would of course be greatly increased.
Where the capacity of the plant is much less than specified above,
the amount pumped would be somewhat less, due to evapora-
tion prior to pumping.”

COST OF OPERATING DRAINAGE PLANTS

~ B It must not be thought that the large rainfall and run-off
1mpote too great a burden in the cost of pumping water from the
reclaimed wet prairie lands. :
2 Information has been collected and compiled by C. W. Okey
inregard to the cost of operating several drainage pumping plants
f"" Periods varying from two to eight years and for a variety of types
in equipment. ‘The tabulated costs include fuel, labor, repairs and
incidentals, The figures indicate that the cost per acre per year will
range from $0.50 to $1.25, depending on the sort of machinery used,
the cost of fuel and the peculiarities of the season. For those using
stealn plants he finds the cost of fuel per acre-foot, lifted one foot,
les with Corliss engines than with slide-valve engines.

30 For average seasons, in each case, the depth of water to be
removed from land in drainage is less than the depth of water pumped
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onto the land in rice irrigation and the average lift in drainage is
much less than that in irrigation.

THE DRAINAGE WHEEL

31 The first pumps to be used in the Gulf Coast country for
artificial drainage were undoubtedly of the ‘“drainage wheel ”’ or
“scoop wheel” type. The latter term is misleading, for it would
seem to imply that the paddles were made in the form of scoops,
which is not the case. The paddles are usually straight boards,
inclined back at the periphery of the wheel. This type of pump has
long been used in Europe, and according to W. H. Wheeler! was used
by the Romans in the South of Spain nearly two thousand years
ago.

F16. 4 Smarr DraiNage WaEEL

32 Starling states that the windmill has been used in Holland
since 1308.2 It was greatly improved in 1573 when the discovery
was made that it was not necessary to turn the whole mill, but only
the top. The windmills furnished power to operate scoop wheels
and, at a later date, to drive screws made on the principle discovered
by Archimedes. In some cases in Holland where scoop wheels are
used, two or three successive lifts are necessary. As far as the writer

! The Drainage of Fens and Lowlands by Gravitation and Steam Power, 1888,
! Drainage Pumps of Holland, Trans. Am.Soc.C.E., vol. 26, 1893, p. 622.
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knows the screw of Archimedes has never been used in this country,
nor has the windmill been used to any extent as a source of power
for drainage or irrigation pumps. However, small drainage wheels
hsvgg been operated by horse or mule power, one of which is shown
in Fig. 4.

33 There are many of the steam-driven drainage wheels yet in
uwe in Louisiana. Some are of venerable age, while others date from
s comparatively recent period. Many of the old drainage wheels
of the sugar plantations worked between brick piers that were sub-
gtantially constructed. As one travels about through the lowlands
of Louisiana today the foundations and flumes of these old wheels are
frequently seen. Some of the later installations used foundations
of wood, resting on long piles. The cost of foundations and the
difficulty of holding them rigidly in most localities has increased the
cost of the drainage wheels to such an extent that they have been
practically eliminated from competition with other cheaper forms of
pumping plant.

34 Another point against the drainage wheel is the difficulty
involved in adjusting ite height. Once set, the depth to which the
water may be lowered is definitely fixed. As a rule these wheels
are expected to pump against a maximum head equal to one-fourth
the diameter. The large steam-driven wheels usually range from 28
to32ft. in diameter with a width of from 4 to 7 ft. The humus of the
reclaimed land in time disappears as the land is cultivated and the
level of the land seems to fall. The amount of shrinkage varies with
the conditions as the depth of humus is not uniform. As a result,
after a few years it has been found desirable to pump to a lower level,
and with 3 drainage wheel it requires either a lengthening of paddles
or the lowering of the foundations and power plant.

35 Even with the high cost of the drainage wheel and the diffi-
culty of lowering it as the land subsided, it has been a favorite with
many sugar planters because of its reliability and ease of operation.
Usually the engines to drive drainage wheels are of the old, long-
stroke type, of ample power even with low steam pressures. The
boilers in gome cases are those rejected from the sugar houses and only
capable of carrying a very moderate pressure. The attendant is often
8 dusky laborer with no great claim to skill.

TEST OF A DRAINAGE WHEEL

36 The writer made a test of a drainage wheel in 1905 used to
drain the sugar plantation of the South Side Planting Co., on the right
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bank of the Mississippi River, opposite New Orleans. The plantation
contained 1700 acres, 1600 of which were under cultivation in 1905.
Fig. 5 is from a photograph of this wheel.

37 Open ditches were used exclusively. The smaller ones were
brought together successively and terminated in a large canal leading
to the drainage wheel. The water drained away from the river. The
flow was obtained by deepening the ditches as they approached the

Fia. 5 DRrAINAGE WHEEL, SoutH SIDE PrANTING COoMPANY

pumping plant, as well as from the natural slope of the land. Here
the water was elevated and ‘then flowed back into the swamps. The
plantation was protected from backwater by means of a levee.

38 The general design of the wheel and method of bracing are
clearly shown in Fig. 6. It is a type of its class, but has some distinct
features in the double gearing and in the number of paddles. Care
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"88 exercised so to design the wheel that the water would not

be lifted unnecessarily. The backward flow through the pump

Wheels when at rest was prevented by the swinging door shown
in Fg. 6.

39  “The diameter of the wheel is 28 ft., and the width 6 ft. It is
driven by a simple non-condensing engme of the slide-valve type,
having & cylinder 16 in. in diameter and a stroke of 24 in. The steam
pressure> was 40 lb. or less and wood was ordinarily used as fuel.

Flo. 6 Dramvace WHEEL, SoutH SIDE PLANTING COMPANY

40 The test was made while pumping out the canal system and
wa8 Decessarily short, lasting only about an hour. A boiler test,
under such conditions, would have been worthless and was not
attempted,

41 The method of testing consisted in traversing the discharge
flume with a current meter and taking indicator cards and other
obeervations as quickly as possible after traverse was finished. By
this means the indicated horsepower was a little less than the mean
ocorresponding to the water measurement, but as the latter required
only about ten minutes, the error was not great. This method was
rendered necessary by lack of observers.
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42 The results given in Table 1 are very satisfactory, as they
show an efficiency of engine, transmission gears, and pump in every
case exceeding 38 per cent, and in two cases considerably above that
figure, while the actual lift of the pump varied from 2.4 ft. to 2.86 ft.
During the last observation the paddles dipped into the water to a
depth of approximately 1 ft., and the slip or backward flow was quite
large. The clearance on the sides of paddles was about # in.

TABLE 1 ENGINE AND PUMP TEST, SOUTH SIDE PLANTING COMPANY
DRAINAGE WHEEL

| i
8 | RavovLu- Ravoru- D Usarou
Pm:“ ' Ti0M8 PER ":;::D ions ree | Huao, | =0 I": ®! Warse |Emmcmecy
PouNDs *  MINUTE OF rOWER Mixursor | Famr P“'s“; Homss- | Pzn Czwr
EnainNe WazsL * rowan
40 61 13.43 b R N TR I
40 66 12.601 2.17 2.4 20.71 5.89 “.3
38 68 10.87 .U 2.8 17.20 5.41 - 52.2
36 67.5 8.80 2.22 2.7 11.23 3.4 38.8
w_ | e | ew | 2u |28 | s;m | 26 | B3
Moan 38.2 66.1 9. 2.22 2. 14, 4.27 43.4

43 These results are confirmed by a test made by W. M. White,
Mem.Am.Soc.M.E,, of a similar drainage wheel in New Orleans in
August, 1900. The wheel tested was used at that time in one of the
city drainage stations at London Avenue. Since the inauguration of
the new drainage system it has been taken down and removed.

44 The log of the test shows that between 50 and 60 cu. ft. of
water per sec. were pumped through a height varying from 4 to 5 ft.
The efficiency of engine, gearing and pump ranged from 45 to 50
per cent. The duty per 100 lb. of coal was approximately 13,000,000
ft-lb.; the water rate of the engine 50.5 lb. per i.h.p-hr. The engine
was of the type used in Mississippi River steamboats; diameter of
cylinder 18 in., length of stroke 54 in. During the test the engine
made about 35 r.p.m.

45 An installation of drainage machines of this type in Holland
is fully described and the results of tests given in another publication.!

46 A bulletin? of the University of Wisconsin gives the results of
researches in the hydraulic laboratory in testing a ‘“flash” wheel
8 ft. in diameter and 2 ft. in width. Efficiencies of wheel were found
to be more than 70 per cent in some instances.

1 Engineering News (1910), No. 20, p. 581.
t Bulletin of the University of Wisconsin, No. 598, 1914,
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EARLY DRAINAGE EQUIPMENT OF NEW ORLEANS

47 "The drainage wheel was used extensively in this city previous
to 1900. The drainage equipment of New Orleans before the in-
augurstion of the present system was described* by the Advisory
Board, the engineering members of which were B. M. Harrod,
Henry B. Richardson, and Rudolph Hering, Mem.Am.Soc.M.E.
The City Engineer was L. W. Brown. The following paragraphs

are quoted from the Report:

48 The existing system of drainage is composed, as stated in the body of the
report, of open canals receiving the water delivered from the higher portions of the
city by the small street gutters, and conveyed by these open canals to the draining
machines, which deliver the same into Lake Pontchartrain. These draining
machines are four in number, and are located in the bottom of the basin between
the river and the Metairie and Gentilly Ridges, excepting the London draining
machine, which is located on Gentilly Ridge.

49 The Dublin draining machine is located at the intersection of 14th and
Dublin streets, and has a maximum capacity to deliver 480 cu. ft. of water per sec.,
witha lift of 5 ft. ‘This machine is composed of two wheels, one being 34 ft. in
:immd 6 ft. face and the other being 34 ft. 4 in. diameter, with a face of 5 ft.

in.

% The Melpomene draining machine is located at the intersection of Clai-
borne and Melpomene streets, and has a maximum capacity to deliver 150 cu. ft.
of water per gec., with a lift of 5ft. This machine has only one wheel, which is 35
ft. in diameter, 4 ft. 6 in. face.

§1 The Bienville draining machine is located at the intersection of Hagan
Avene and Toulouse Street, and has a maximum capacity to deliver 240 cu. ft.
of water per sec., with a lift of 5ft. This machine consists of two draining wheels,
one being 28 ft. 6 in. in diameter, 4 ft. 4 in. face, and the other 34 ft. in diameter
and 7 ft. face.

8 The London draining machine is located at the intersection of London
Avene jnd Gentilly Ridge, and has a maximum capacity to deliver 300 ou. ft. of
water per sec., with a lift of 5 ft. This machine consists of two draining wheels,
eachof which is 35 ft. in diameter and 4 ft. 10 in. face.

83 There is located at the intersection of Bayou St. John and Orleans Streets
& omtrifugal pump delivering into the lake through the same tail race as the
Bieaville machine. This pump has a maximum capacity of 44 cu. ft. of water per
sec,, with  lift of 5 ft.

8 The draining machinery, with the exception of the Orleans pump, has
been in service for upwards of forty (40) years, and is consequently primitive and
Dot economical in ite operation.

8 Considering the matter from every point, our present situation as to

in conjunction with the topographical and hydrographical conditions,

renders the formulating of & thoroughly efficient and comprehensive system of
drainage for the city a unique and intricate problem, and, perhaps, is unparalleled

! Report on the Drainage of the City of New Orleans, 1895.
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in this country or Europe, and the solving of the problem renders absolutely
necessary a most careful and rigid investigation into all of the conditions bearing
on the subject.

56 The combined capacity of the drainage wheels was 1170
cu. ft. per sec. with a lift of 5 ft. The one centrifugal pump then in
use brought the total amount up to 1214 cubic feet per second. How-
ever, the accuracy of the capacity rating of these wheels is in doubt.
While a capacity of 300 cu. ft. per sec. with a lift of -5 ft. was claimed
for the two London Avenue machines or 150 cu. ft. per sec. for each,
the test made by W. M. White in 1900 gave between 50 and 60 cu.
ft. per sec. with a lift of approximately 5 ft. However, it is possible
that the machinery might have been speeded up and the capacity
considerably increased.

THE CENTRIFUGAL PUMP

57 So far as the writer has been able to learn, the first centrifugal
pumps manufactured in the State of Louisiana were made by John
Clark, a prominent foundryman, in the early fifties. It was similar
in design and construction to the Palmer pump which had been used
with varying success about that time in drainage work. The origin
of the Palmer pump is uncertain.

58 Both pumps were decidedly crude as there was very little
machine work done on them, and all joints were made with red lead
excepting that between the shells, which was composed of sal am-
moniac and cast-iron borings. The vertical suction extended through
the bed plate and great difficulty was experienced in making a satis-
factory joint with the suction pipe.

59 The centrifugal pump in some of its various forms has proved
to be a favorite for the work of irrigation and drainage where large
volumes of water must be elevated through only a few feet lift. In
Fig. 7 are diagrams of two of the early types of centrifugal pumps.

60 There are many reasons for the popularity of the centrifugal
pump, among which may be mentioned low first cost, reliability of
operation, and simplicity of construction. If properly designed for
the conditions under which it is to operate, it is efficient. Twenty-
five years ago efficiencies of 50 to 60 per cent were considered good
practice where the lift was moderate. Today many different centrif-
ugal pumps may be found in irrigation work that have shown
efficiencies of more than 80 per cent under carefully conducted tests.
Drainage pumps of the centrifugal or screw type or a combination of
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both have developed efficiencies on lifts less than 10 ft. that were
thought impossible a few years ago.

61 It has also been realized that the design of the pipes to
conduct the water from the suction basin to the pumps and from the
pumps to the discharge basin or flume is well worthy of careful
consideration. A few years ago it was a common practice to use
straight suction and discharge pipes having the same diameter

throughout. -In recent years examples of this kind of ignorance of the
fundamental laws of hydraulics have been uncommon in the Gulf
Coast country, although they are found in parts of the Mississippi

valley and occasionally descriptions of such plants find their way into
the technical press.

Palmer & Clark Pumr.y.

Ivens ovv

Fic. 7 Tyres or CENTRIFUGAL Pumps

82 In drainage installations where the lift is usually between 4 ft.
and 10 ft., the losses at the entrance of suction pipes and the kinetic
energy that may be thrown away at the end of the discharge pipe
together make up a large percentage of the energy required. The
entrance logs in feet of water is usually estimated at 0.93 of the
velocity head at the entrance. The discharge loss is equal to the ve-
locity head at the end of the discharge pipe. If the pipes are round
and the diameter is doubled at suction and discharge end the area is
m_“mplied by four, and if pumping a constant quantity of water there
vill be entrance and discharge velocities one-fourth as great as with

straight pipes. Losses vary as the square of the velocity so they will
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be reduced to one-sixteenth of the loss of a straight pipe, if the diam-
eter of the ends of suction and discharge pipe are gradually enlarged
to twice the diameter of the straight pipes, or if not round in cross-
section, the area is increased to four times that of the original pipe.

63 The centrifugal or screw pump as ordinarily constructed with
suction and discharge pipes may be placed at a level above the

1

Per Cent Gain Over Straight Pipe
s B ®

5]

F1g. 8 GAIN rrRoM EXPANDING SucTiON AND DiscBEARrGE Prrs

discharge so that it is easy to install and to repair. The suction
pipe and the discharge pipe, together with the pump, form a siphon.
Variations in level in suction and discharge sides do not affect the
pump and the lift is always equal to actual difference of level, while
the head the pump must develop is the lift plus the various friction
losses in the pump and piping.

64 The importance of the problem is illustrated by the accom-
panying curves, Fig. 8. It is assumed that the size of pump flange
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is that for a 2-ft. diameter of discharge and that the mean velocity in
a 2-ft. pipe is 10 ft. per sec. Up to 15 ft. actual lift, the length of
straight pipe is taken as 15 ft., while for lifts greater than 15 ft. the
length of straight pipe is equal to the actual lift. The following

table is a sample of the calculations from which the curves are con-
structed:

TABLE 2 CENTRIFUGAL-PUMP CALCULATIONS FOR 6-FT. LIFT

Gann
Loss v | Lossor | SR iqony Huo
K Hzap ar HzAD ar 8 70 38 Pao-
> or Pox Enrrancz | DmoaARGE er:.’ DUCED BY Pra
0.8 Ve/30, Va/20 | qinjgg, | FPOMP Fr. | cenr
|

Straight, 2ft. diam............ 1.4 1.88 0.4 8.33 (] 0
Espanded to2ft. 6in.......... 0.59 0.63 0.24 6.46 1.77 218
Espanded to3ft.0in.......... 0.28 0.31 0.4 5.88 2.40 29.1
Expanded to4ft. 0in.......... 0.00 0.10 0.4 5.43 2.%0 34.0

THE IVENS PUMP

65 In the late sixties the Ivens pump was invented by Edmund
M. Ivens of New Orleans, grandfather of E. M. Ivens, Junior Mem-
ber of this Society. It was mounted on a heavy wooden frame, and
was readily installed over the intake or suction water and discharged
through 4 flume bolted to the discharge.

% The pump was fitted with a surface valve to which was
connected a steam jet. The jet discharged through a check valve,
thus priming the pump. During the process of priming, the con-
necting valve on the lower side of jet was opened slightly and vacuum
established between valve and suction water. When in operation the
valve rode the suction column, thus permitting the full area of suction
opening, The pump was properly finished and on account of the
results obtained is prominently identified with the drainage work of
that period, in this section. Later on it was used extensively in rice
IMigation,

67 The Ivens pump was made in a variety of forms and sizes.
Vertical-shaft iron pumps had double suction openings. The smaller
8izes had a single suction pipe but cored passages around the outside
of the volute of the pump so that water entered the impeller from both
tides. In the largest size independent suction pipes were used. The
writer tested several Ivens pumps during the irrigating season of 1905

and the results from two different plants here follow.
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TEST OF ABBOTT-DUSON CANAL, FIRST RELIFT'

68 This test was made by the writer of the pumping plant form-
ing the first relift of the Abbott-Duson canal system. The plant is
located at Egan, La., about 24 miles east of the main pumping plant.

69 There are two Ivens pumps rated as 36-in., but the lift is so
small that the pumps each discharge through a rectangular opening
into a separate flume, having gradually expanding cross-sections. The
two flumes are brought together at a distance of about 50 ft. from
the pumps into a larger flume, which discharges into the canal beyond
the plant. Fig. 10 shows this installation.

70 The boiler equipment consists of three horizontal return-
tubular boilers, 72 in. in diameter by 18 ft. long, each containing
seventy-two 4-in. tubes. Crude petroleum is used as fuel.

Fic. 9 Ivens CeENTRIFuGAL Pump, HORIZONTAL SHAFT

71 The two pumps are driven through the medium of a rope
drive by a simple condensing Corliss engine, 24-in. diameter of cylinder
and 48-in. stroke. The flywheel is 16 ft. in diameter and has 18 rope
grooves. There are 1850 ft. of 1i-in. rope required for the drive.

72 Under ordinary conditions an open heater is used. A direct-
acting steam pump furnishes water to the heater, and a similar pump
takes the water from the heater and delivers it to the boilers. The
heater receives the exhaust from these two pumps and also from the
condenser pump. During the test the heater was not used, as the
water had to be measured. The piping was changed so that one of
the pumps furnished water to fill two calibrated barrels, so placed that

1 Bulletin 183, O.E.S., U.8. Dept. of Agri., 1907,
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they could;be emptied through a 2-in. valve into a lower barrel. . The
suction of the second pump was attached directly to the lower barrel,
and this pump was used to feed the boilers.

" 73 The measurements of the water discharged by the pumps
were made by the pitot tube. The discharge flume in which the
measurements were made was 18.75 ft. wide. The depth of water

¥FNa. 10 View or Pumr anp Frome, AsBorr-DusoN Firsr Rxuiyr

varied from about 1.5 ft. to a little over 1.6 ft. The cross-section was
drvided into 20 rectangles of equal size and the mean velocity ob-
vained at the center of each rectangle, or, in other words, the velocity
WaS obeerved at ten different stations across the flume and at two
dxfferent depths at each station.

74 The crude petroleum used for fuel during the test was meas-
ured in 4 calibrated barrel, the amount per hour being 712 Ib. The
flowing day fuel oil was measured for 1 hr. and 57 min., the feed-

waler heater being in use. It was found that the consumption of oil
per hour was 603 Ib. The temperature of water entering boiler was
2 deg. fahr. instead of 92 deg. fahr., as found when heater was not

ued. The theoretical gain by using the feedwater heater is about 11

Pt cent, while the actual difference in fuel used amounted to nearly

percent. The discrepancy is accounted for by the difference in the

amount, of water present in the fuel oil. For example, during the test
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on July 31 the amount of water in the fuel oil was sufficient to put out
the fires momentarily on two occasions, and to require careful over-
sight of the oil burners to prevent irregularities in the amount of com-
bustion and, consequently, in steam pressure. On the second day the
oil in the supply tank had become quite thoroughly separated from
the water, the latter having settled to the bottom, and the result was
that there was no trouble with the burners.

F1a. 11 Ivens Pump AT Acapia CaNAL RELIFT

75 During the test, indicator cards were taken at 15-min. intervals,
and observations were made of steam pressure, vacuum gage, revolu-
tions of engine and pump, and of head pumped against. At intervals
of a half-hour water measurements were taken in the flume, and the
temperature of water, oil and air was noted. The amount of water
and fuel oil used was also carefully noted.

76 The efficiency of engine, transmission and pump is excellent —
in fact, the best of any of the plants tested in 1905 in which centrifugal
pumps are used. This efficiency had an average value of 64.2 per
cent. If the efficiency of the rope drive is assumed to be 95 per cent
and the mechanical efficiency of the engine as 90 per cent, the effi-
ciency of the pump is found to be about 75 per cent.
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77 “The results of the tests are as follows:

BoiLer TesT No. 3, FIrsT RELIFT, ABBOTT-DUSON CANAL,
Jouy 31, 1906

Duration of test, 4 hours.
Total fuel oil, 2886 Ib.
Averxrage steam pressure by gage, 65.6 Ib. per sq. in.
Avexage temperature of feed water, 92 deg. fahr.
Factor o evaporation, 1.157.
Total weight of water fed to boiler, 28,629 Ib.
E-quiwalent water evaporated from and at 212 deg. fuhr., 33,112 Ib.
Boilexr horsepower, 240.
Avexrage temperature of fuel oil, 171 deg. fahr.
Average air temperature, 92 deg. fahr.
‘Water apparently evaporated per pound of oil, 9.92 Ib.
Equiwvalent evaporation from and at 212 deg. fahr. (not corrected for quahty
of steam), 11.47 1b.
Total feed water (including steam used by auxiliaries) per indicated horse-
power-hour, 312 bb,

TABLE 8 ENGINE AND PUMP TEST, ABBOTT-DUSON FIRST RELIFT
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Dunation of test, 4 hours.
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TEST OF ACADIA RELIFT!

78 The Acadia relift is located on the main Acadia Canal, about
a mile north of Iota, La., and was tested by the writer in August,
1905. The pump is nominally an Ivens 36-in. pump, similar to those
at the Abbott-Duson first relift, and having two suction pipes 24 in.
in diameter. (Fig. 11.)

79 The equipment of this plant includes two horizontal return-
tubular boilers 72 in. in diameter by 18 ft. in length, each containing
seventy-two 4-in. tubes. Fuel oil is used. The boilers are fed by
means of two direct-acting steam pumps. One pump takes water
from the canal and furnishes it to the open heater. Another pump
takes the water from the heater and pumps it into the boiler. Both
pumps and the engine exhaust into the heater.

80 The engine is a simple non-condensing Corliss, cylinder diam-
" eter 22 in., stroke 42 in. The pump is driven by rope drive. There
are 10 grooves in the engine flywheel and 958 ft. of 13-in. rope are
used. .
81 The discharge from the pump was measured in the flume
about 50 ft. from the pump. At this place the flume had a uniform
cross-section 9.27 ft. wide and about 1.8 ft. deep. A current meter was
used and the cross-section slowly traversed at three different depths
to obtain the mean velocity in all but two observations, when the
pitot tube was used. With the latter instrument the velocity was
observed at ten different stations across the flume and at three dif-
ferent depths in the first observation and at two different depths in
the second. ,

82 The arrangement of the plant is similar to that of the Ab-
bott-Duson first relift, except that there is only one engine and one
pump instead of one engine and two pumps, as in the plant referred
to. There was one engine and a rope drive in each case. Both the
engine and the rope drive were larger in the case where two pumps
were used, but the loss due to friction in the two cases probably was
not very different. The height through which the water was lifted
was a little greater with the two pumps than with the single pump of
the Acadia relift, and this probably had some effect on efficiency.

83 It was practically impossible to make a complete boiler test
because the necessary changes in the piping could not be made for
measuring the feed water. Fuel oil, however, was measured by
means of a calibrated barrel, and a partial boiler test of 4.45 hours’

1 Bulletin 183, O.E.S., U.S. Dept. of Agri., 1907.
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durstioxa was run, during which time the average steam pressure by

gige waas 794 lb. per sq. in and 1587 Ib. of fuel oil were consumed.
The da.tea of the engine and pump test are given in Table 4.

TABLE 4 ENGINE AND PUMP TEST, ACADIA RELIFT

— e
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Durma3on of test, 4 hours.

84  The Ivens pump was made in a special form for low lifts. A
woodem box was used for the body of the pump. Into the box the
impeller discharged its water through two or four expanding nozzles.
The ixxapeller, the vertical shaft and the parts surrounding the im-
peller, including the cast-iron noszles, were made of metal, while the
remainder was constructed of wood. Figs. 12 and 13 show some of-
the details of this pump, which was especially adapted to drainage
where low lifts prevail.

THE MENGE PUMP

85 The Menge centrifugal pump was brought out by the late
JoeePh Menge, to whom patents were issued in 1888 and 1891. S. L.
‘Menge, son of Joseph Menge, patented in 1910 an improvement in the

pumber and area of passages by which the water enters the pump.
8  As ordinarily constructed, the body of the pumpis of wood,
although concrete has occasionally been used. The shaft is vertical
and the impeller is submerged in the water to be pumped. The
openings in the bottom of the pump box were arranged to admit water
both above and below the impeller. A ball bearing at the top of the
shaft takes the weight of the moving parts. Aside from the shaft,
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impeller and bearings the pump is entirely of wood and can be easily
and cheaply erected. As the water pours over the top, the quantity
of water pumped is impressive.

87 The pump is made with impellers varying in size from 8 in.
diameter by 4 in. high to 60 in. diameter by 20 in. high, and in rated
capacities from 833 gal. per min. to 60,000 gal. per min. Either a belt
or rope drive is used to connect the pump with the source of power.
Sectional views of the Menge pump are shown in Fig. 14.

Fia. 12 IvEns QuabpruPLE DiscHARGE Pump, Box Type

88 A single impeller is used for low lifts, while for higher lifts two
or three impellers are arranged at intervals on the same shaft. The
pump was justly popular from the time of its inception because of its
cheapness and its ability to handle large quantities of water at good
efficiencies, especially at low lifts. In the drainage of sugar planta~
tions this pump found a particularly favorable field and it has been
used quite extensively in rice irrigation. )

89 A model pump exhibited at the Chicago Exposition in 1893
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attracted a great deal of attention and received a medal. The
wording of the award is given below: -

90 For oentrifugal pump is of very simple design and construction, adapted
especially to raising large volumes of water for irrigating, flooding rice fields, and
various other useful purposes.

91 The wheel is disposed horisontally on the lower end of & shaft below water
line and is supplied with double suctions, one from underneath center of wheel and
the other from top, so that the suctions balance and prevent downward pressure
on wheel. The top cover of the upper suction prevents the vertical column of
water from having any downward pressure on wheel.

92 The wheel is set in a large square wooden box, which serves as the dis-
charge pipe and the water is thrown out radially from the wheel where it has
ample room to ascend.

F1a. 13 DiaaraM or CasING AND IMPELLER, IVENs QUaDRUPLE PuMP

93 The weight or resistance of the ascending column is horisontal in all
directions against the outer side of the blades, the weight or force on one side
being counteracted by that on the other side without causing weight or friction on
wheel or bearings. The pump has neither suction nor discharge valves, and being
set below the water line is always primed.

94 The working parts, oconsisting of water wheel, shaft and pulley, are of
iron, the frame and walls of wood. The top bearing carries the weight of wheel
and can be adjusted so as to set the wheel midway between the suctions, In
operation it is a free wheel in a square box, between the top and bottom suction
ports, with free and continuous delivery of water from each and all of the blades of
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the wheel into.the box. The balance suction relieves the journals of strain and
friction that would otherwise be due to the force of suction. For omtnfugd lift
pump of good design and extreme simplicity of construction, which insures high

eﬂicumcy and economy of power.

95 The Menge pump is still extensively used in this territory
and several thousand are in operation in various parts of the United

States and in foreign countries.

96 The writer has made several efficiency tests of Menge pump
installations, both for drainage and irrigation. Where the pumps were
favorably located and the plants in good condition, the efficiencies
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were excellent. In a few cases where the pumps were set to lift the
water higher than was necessary, or the wooden box was not kept in

repair, the results were not so good.
97 The results given in Table 5 were obtained from a test of a

drainage plant made at Paradis, Louisiana, Sept. 16, 1909. If the
mechanical efficiency of the engine be assumed as 90 per cent and the
efficiency of transmission 95 per cent, the efficiency of the pump will
be approximately 55 per cent with a 5-ft. lift.
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98 The plant consisted of a 48-in. by 18-in. Menge pump run by
means of a rope drive from an Atlas steam engine, diameter of
cylinder 14 in., stroke 20 in. Various speeds of rotation were em-
ployed for the purpose of finding the best efficiency. The results were
excellent and have been confirmed by tests of other plants.

TABLE 5§ TEST OF MENGE PUMP, PARADIS, LA.
September 16, 1909
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80 871 | 1 l 221 ' o052 | 208 | 9380| 975 | 1317 342 8.0 | 36.2
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o3 | 100 | 79 | 377 | 073 | 355 | 15970 | 9.50 | 1340 3.00; 15.6 | 41.4
107 | 116 | 69 | 593 | 095 | 537 24160 | 9.40 ' 13.70 mol 26.1 4.0
97 | 104 | 70 | 417 | 076 | 37.9 . 17,00 [ 9.30 1345 | 415 178 | 2.7
81 88 | 84 | 220 | 043 | 152 6840 | 935 | 1310, 3.75( 6.4 | 29.1
B 120 | 68 | 658 | 0.03 [ 520, 23400, 9.00 13.so| 4.soi 28 2 | 2.8
100 \ 11 | 55 | 48.4 | 082 | 42.8 . 10,300 | 9.00 ‘ 13.55 | 4.55; 22.0 455
114 122 | 85 | 71.0 | 097 | 5.5 '25000! 880 | 138 ' 5.00, 31.4 | 42
110 | 122 | 50 | 65.3 | 0.06 | 5.5 24500 8.80 | 13.80| 5.00) 308 47.1
109 118 | 48 | e0.6 | 092 . 512 23000 875 i 1365 4.90' 284 | 46.8
116 ( 128 | 70 | 765 l 098 | 56.3 25,asoi 8.50 | 1s.soi 530 337 | 4
. f i

Duration of test, 3 hours 13 minutes.
THE STREAM PUMP

99 The E.L. Stream centrifugal pump was manufactured in 1891
by H. Dudley Coleman & Brother, of New Orleans. It was a side-in-
let pump, the main feature of which was the method of attaching the
suction elbow by a threaded nipple with a jamb ring. By this means
the suction could be pointed at any desired angle to meet the condi-
tion of a falling river, a8 the angle of the suction could be changed to
conform to the surface line of the batture without dismantling the
pump. .

RICE CULTIVATION

100 Louisiana has cultivated rice for many years. Directly after
the Civil War the abandoned sugar plantations were planted to rice
and this grain became one of the staple crops of the state. Forseveral
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years planters were allowed to place flumes in the levees for the pur-
pose of irrigating their rice fields. The flumes became a menace
during high water and several crevasses were directly due to leaks
around flumes in high water. This led to the passage of the law
prohibiting their use. Since that time siphons have been used over
the levees. In years of extreme low water, it is necessary to pump the
water from the river to shallow pools that supply the siphons. The
pumping plants are usually very crude.

101 “River rice”’ is harvested by means of sickles, as the soil is

too soft to permit the use of a self-binder. The crop i8 usually
planted and harvested early. The grain is of good quality and com-
mands a high price in the early market. The rice grown along the
river has been but a small part of the total crop of the state in recent
years.
102 By far the greater part of the rice crop is now raised on the
upland prairies. The increase in the amount of rice produced in the
Gulf States has been due chiefly to the utilization of these lands.
The water for irrigation must be pumped, the lift varying from a few
feet to 55 ft. or more.

IRRIGATION PUMPS FOR RICE

103 The rapid increase in the rice industry, beginning in the
early nineties, created a demand for pumping machinery in the prairie
country of Southwest Louisiana and many different types were
installed. Among the first of the larger pumping plants, erected
near Crowley, La., was one which consisted of two cast-iron vessels
into which steam at a moderate pressure was introduced alternately.
On condensing the steam by means of a spray of water, a vacuum was
formed and water entered through suction pipes, partially filling the
vacuum. The vessels were placed sufficiently high to allow the
water to flow from them to the land to be irrigated. Valves were
opened automatically to accomplish the various steps referred to
above.

104 The process of pumping was slow and the capacity small when
compared to plants of similar size but operating on more modern
systems. Worse than this, the pumps failed to act at a time when
water was most needed, because the water used for condensing had
become too warm, and consequently the vacuum formed was not
sufficient to raise the water to the height of the vessels. Mechanical
engineers will recognize this pump as very similar to the one used by
the Marquis of Worcester and described by him in 1663.
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105 Among the other freak designs for pumps in the early days
of rice irrigation by pumping, there was a pump that scooped up
water- at the periphery of a large wheel and discharged it near the
axis.  The water passages were spirals. The wheel was about 25 ft.
in dimxneter with a width of about 6 ft. It was driven by gearing in
amamamer similar to the drainage wheels. This type might, with pro-
priety”, be called a “scoop” wheel. At least one of these wheels was
wuilt for irrigation and another for drainage. The type has now dis-
appeared.

106 The Hollingworth Water Elevator was another curiosity. It
was built with a shallow inclined flume up which water was carried
by slats attached near their ends to sprocket chains. The head and
tail shafts were fitted with sprocket wheels, over which the chains
traveled. The outfit was carried by a wooden frame and means
were provided to raise or lower the upper end. The tail end was
submerged several feet in suction water and by the rapid motion of

the slats, the water was elevated and discharged over the upper

end. The head under which this pump worked was from 1 ft. to
10 or 12 ft.

CAPACITY OF PUMPING PLANTS FOR RICE IRRIGATION

107 1t was about 22 years ago that the first large irrigation pump
was installed to irrigate rice on the prairie lands of Southwest Louis-
isna, At that time there was little definite knowledge regarding the
capacity for a given acreage. The rainfall was fairly abundant and
usually well distributed, so much so that “Providence’’ rice had often
been successfully raised. However, the uncertainty of rain at the
most critical period of the growth of the crop and the small amount
of land favorably situated to receive the run-off of higher lands, soon
led to the installation of pumping plants. The judgment shown in
the selection of the capacity was, of course, widely variable.

108 Profiting by early mistakes and guided by the results of
éasurements made on canal systems and rice fields by the U. S.
Dept, of Agriculture, the capacity became standardized. On the
prairie lands where the soil and subsoil contains a large amount of
clay so that the seepage is practically nil, the amount should be from
T} to 8 gal. per min. for each acre irrigated, depending somewhat on
the character of the soil and the distance from pumping plant to the
field where the water is to be used. In some localities where the
nature of the soil is such that it will allow more seepage, as much as
10 gal. per min. should be provided for each acre irrigated, and in land
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having a loose subsoil where the seepage is large, the capacity needed
may be as much as 30 to 40 gal. Only in isolated cases covering
small areas are these large capacities required.

109 The total quantity of water to be pumped in a season into
the large canals varies from less than 2 acre-feet to 3 acre-feet per
acre of rice irrigated, with the average approximately 24 acre-feet per
acre. The actual plants with their canal systems vary in size from
that of the Neches Canal Co., near Beaumont, Texas, which irri-
gated 26,853 acres in 1914, down to the individual well plant that
irrigates only from one hundred to two hundred acres. About 1900
small well pumping plants have been installed in the rice country.
In Louisiana the favorite source of power is the steam engine. In
Texas, while steam is used to some extent, gasoline engines are
largely employed. In Arkansas both the gasoline and steam engine
are used.

110 The earlier well pumps were usually vertical shaft centrifugal
type, from 4 in. to 8 in. in diameter and placed in pits about 6 ft.
square, dug by hand to a depth of from 30 to 50 ft. Trouble was
experienced in keeping the shaft in line and this was overcome in a
measure by means of the “Munger Attachment,” an arrangement for
rigidly fastening the bearings to the discharge pipe.

111 Another design of a well pump for an open pit by Stamm,
Scheele & Co., of Rayne, La., had two discharge pipes on opposite
sides and the bearings for the shaft were rigidly supported between
the two pipes. The wood-lined pits gave considerable trouble and
in the early nineties the steel pit centrifugal pump appeared. This
is the only type of pump installed for wells at present.

STATISTICS ON RICE IRRIGATION

112 The Census of 1910 showed a total acreage of rice harvested
in the United States of 610,175. The acreage in the Gulf Coast
States was as follows:

Per Cent of
Acres Total in U. 8.
Arkansas...................... 27,419 ......... 4.5
Louisians. .................... 317,518 ......... 52.0
Texas.......ccivivienninennn. 237,586 ......... g_ 9
582,523 95.4

113 Since the census was taken, rice has been successfully raised
in California, where it is a rapidly growing industry. There has also
been an increase in the acreage in Arkansas, but Louisiana and Texas
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together continue to produce over 80 per cent of the rice grown in this

country.
"114 The rice crop of the United States for 1915, as reported

in the Monthly Crop Report of the U. S. Dept. of Agriculture for
December 30, 1915, was as follows:

Par CeNT
8taTm Acres or ToraL
North Carolina................. 200
South Carolina................. 3700 ......... 0.5
Georgi..........covveunennnnn 900 ......... 0.1
Florida...............coovennn 500
Missouri....................... 200
Alabama....................... 300
MisSiSBipDi. . . . .. oo 1,800 ......... 0.2
Texas..........oovvvenevnnnnn. 260,000 ......... 32.4
Louisiana..................... 401,000 ......... 50.0
Arkansas...................... 100,000 ......... 12.4
Californis. .................... 34,000 ......... 4.2
TotalinU.S.............. 802,600

The same publication gives the yield of rice in the United States for
1915 as 28,947,000 bushels and the farm value as $26,212,000.

115 The relative importance of pumping plants in the rice territory
of the Gulf States is well shown by the irrigation census of 1910, from
which the figures in Table 6 are taken. The census of 1910 showed
that the water used on 88.7 per cent of the acreage in Louisiana was
pumped, in Texas, 98.8 per cent and in Arkansas, 90.8 per cent. The
water that was not pumped was carried to the fields by gravity from

flowing wells, from lakes and streams and through siphons along the
lower Mississippi River, where the water during the irrigation season
is higher than the land behind the levees.

TABLE 6 IRRIGATION PUMPING PLANTS OF THE UNITED STATES

1
Caracrry or Pzr Cenr or
Srarz Nvuamz or g:: ACITY OF | Prant —Gav. | Warzr Poarzp
PLANTS ~t, H.P.
I rzR MIN. Frou Wawrs
ArKaneas...............cceu.. 316 12,440 436,402 87.9
Louisiana...................... 1,007 57,426 8,004,173 28.8
TOERS. . .ccvvvvnnnnniieannnnnnns 875 48,179 | 8,907,380 16.7
Ries Distriet, Total............ 1,807 118,045 9407985 | ..............
Total in United States. ........ 15,808 361,480 19,355,864 ‘ ..............
Total eseluding Rioe District... 13,906 243,435 9,947,909 } ..............




148 LOW-LIFT PUMPING PLANTS

NEW ORLEANS MODERN DRAINAGE BYSTEM

116 The drainage of New Orleans and the sanitary sewers be
to separate systems. Work was begun on the modern drainage syt
in 1896 and it went into operation in 1900. The reports of the D1
age Board and later of the Sewerage and Water Board give
details of the various installations. Table 7 is from the Tw
Fourth Semi-Annual Report of the Sewerage and Water B¢

Fig. 15 Mar or NEw ORLEANS SHOWING COMPLETED AND PROPOSE
DRAINAGE CONSTRUCTION

December 31, 1911. A map is also reproduced in Fig. 15 from
Semi-Annual Report, December 31, 1914, showing the compl
and proposed drainage construction.

117 According to a recent report by Geo. G. Earl, General Sup«
tendent of the Sewerage and Water Board, the capacity of pum
plants for drainage will eventually be equal to 7.33 in. of rwm
removed in 24 hours. The present capacity is about 3.5in. The.
drained amounts to 25,000 acres, or a little more than 39 square m
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It is believed that no otheI: city in the world has such enormous
volumes of drainage water to dispose of.

°
-]
£
T
”60 2
9 €
< %
5 £
')
£ 3
w T
£ 3
) 23
U -
L &
4 z
3

I 2 3 4 5 o 8 9'10 1N Rn
Head Across Station in Feet

Fra. 16 Tmsts or 12-rr. ScREW PUumMpP

118 The pumping capacity for the drainage of the city is being

i
by the installation of eleven 12-ft. screw pumps to be used in

F1a. 17 12-rr. ScrREw Pumps, DRAINAGE StaTION No. 1

Drinage Pumping Plants Nos. 1,2, 3, 5,6 and 7. The test of one of
the pumps reported in Engineering Record, Jan. 8, 1916, by Geo. G.
Eatl, and in Engineering News of Jan. 13, 1916, by Prof. W. H. P.
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Creighton, shows efficiencies above 70 per cent for lifts between 3.5
and 10.5 feet. The efficiency curve rose to nearly 80 per cent at ap-
proximately 7.5 ft. lift. (Fig. 16.) The quantity of water pumped
varied from 600 cu. ft. per sec. at a 3-ft. lift to 400 cu. ft. at a lift of
10.5 ft,

119 These pumps were built by the Nordberg Manufacturing
Co,, of Milwaukee, from designs by A. B. Wood, Mechanical and
Electrical Engineer of the Sewerage and Water Board. In Fig. 17
i8 a view of the large pumps in drainage station No. 1 of the New
Orleans system and in Fig. 18 a view showing the discharge from one
of these pumps.

Fic. 18 DiscrARGE FROM ONE ScrEw Pump AT StATION No. 1

120 Chamber wheel pumps made by the Connersville Blower
Company, or the P. H. & F. M. Roots Co., of Connersville, Indiana,
have been used in irrigation and drainage work in this section. One
of these is shown in Fig. 19.

The largest rice irrigation enterprise in all the Gulf Coast country,
that of the Neches Canal near Beaumont, Texas, uses Connersville
pumps at the first lift to elevate water from 30 to 35 ft. There are six
wits, having a total capacity of approximately 200,000 gal. per min.

121 The water is carried for about two miles through a canal,
having levees 150 ft. between crowns, where it is again elevated about
7.5 fi. by two Connersville units and one centrifugal pump built by
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TABLE 8 TEST OF MORRIS CENTRIFUGAL-PUMP UNIT, SECOND LIFT,
NECHES CANAL

July 18-16, 1909, Beaumont, Tex.
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TABLE 9 ROOTS ROTARY PUMP, WILLSWOOD PLANTATION

June 15, 1909
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Duration of t;t. 1 hour, 30 minutes.
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Morris Machine Works, Baldwinsville, New York. Table 8 gives
test data for the latter unit. The boiler pressure varied between 156
and 157 lb., and the vacuum between 26.1 and 26.2 in.

122 A test of the main pumping plant of the Neches Canal was
made in 1906 and reported in Vol. 28, Transactions of this Society
under the title, “ Tests of a Rotary Pump.” The test made showed
a remarkable efficiency for the pumps and the results were confirmed
by a test at the same plant made in August, 1915, when almost identi-
cal results were obtained. No adjustments of the pumps in the two

units tested has been necessary during the twelve years they have
been used.

Fia. 19 Roors 30-IN. BY 90-IN. Rorary Pump

123 The installations of rotary chamber wheel pumps for rice
irrigation have not been an unqualified success; there have been many
troubles with some of the plants, partly because of the lack of proper
talent in their operation. However, the writer has for years visited
pumping plants of this type in which trouble was conspicuous by its
abseence, largely because of the high-grade men in charge.

124 The intermittent acceleration and retardation of the water
pumped make it necessary to have air chambers near the pump.
Siphons have been used as on a centrifugal pump, but the latter pump

with its constant velocity of discharge has considerable advantage
over the former.
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125 Drainage pumps, when built in large units such as are
ordinarily required in drainage work, lift the water higher than is
necessary, and while they are efficient if credited with the higher
lift, they lose their efficiency on low lifts when actual difference of
levels is considered.

126 This point is well illustrated by the test, Table 9, made at
the drainage pumping plant of Willswood Plantation. This is an old
river-front plantation of 2400 acres, on the Southern Pacific Railway,
ten miles above New Orleans. About one third of this tract is
sloping and has good natural drainage, though practically all of the
water drains into the main canal system and is handled by the pumps.
An intermediate area, containing approximately one third of the
whole, has been in cultivation for a number of years, drainage origin-
ally being secured by means of a large wheel pump. About 19 years
ago, several hundred acres were added to the plantation by the con-
struction of a new levee farther back on the prairie. New canals
were dug, a new pumping plant installed and the old wheel pump
abandoned.

127 There are three pumping units on this plantation, steam
being furnished by two water-tube boilers and one horizontal return-
tubular boiler. The fuel used is crude oil. A feedwater heater is
used. Following is a description of the three units:

1 A 16-in. by 24-in. automatic non-condensing engine, con-
nected by rope drive to a rotary chamber wheel pump.
Maximum capacity of 40,000 gal. per min.

2 A similar engine, connected by rope drive and bevel gear
to a Menge pump. Size of impeller, 42 in. by 16 in.

3 A double vertical engine, direct-connected to a centrifugal
pump. Diameter of discharge pipe, 36 in.

128 Pumps 1 and 2 discharge into open flumes at an average
head on pump of about ten feet, which is about five feet greater than
is necessary. The bottom of the discharge flume was placed at the
elevation of the top of the back levee, which normally was about 4 ft.
higher than the water of the swamp behind the levee.

129 When the pump was credited with the head through which
the water was elevated at the pump, the average efficiency of engine,
transmission and pump was found to be 60 per cent. Assuming the
mechanical efficiency of the engine as 90 per cent and the efficiency
of transmission as 95 per cent, the pump efficiency is a little more than
70 per cent. :
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13€» It should be added that the pump had been installed about
ten yexzm18 before this test was made and had gone through a fire that
destroy7ed the building in which it was housed. The amount of
damagee to the pump is unknown but it is certain that it was not
impro~red by the experience.

TEST OF NECHES CANAL RELIFT PLANT

I3 The test was made August 10, 1906. The same methods
were exxrmployed and the same instruments used as in the test of the
Nechesss Main Pumping Plant above referred to.

132 The water measurements were made in the flume of Unit
No.2, wusing current meter and pitot tube. The average slip was
found € © be about 0.2 per cent. This slip was applied in computing
the diss«=harge from Unit No. 1, from the observed revolutions per
minute> _  The results are given in Table 10.

FUELS

133 Irrigation and drainage plants used wood or coal for fuel
previoRa s to the opening years of this century.

1% The Lucas oil well was brought in Jan. 10, 1901, at Spindle-
tp, i=&vr Beaumont, Texas. Soon after, oil was discovered at other
fields, xnany of which were in or near the rice irrigation country,
notably” Jennings, Welsh, Vinton and Sulphur in Louisiana, and Day-
ton, Sowar Lake, Saratoga, Batson and Humble in Texas.

135 At first the production of crude oil was far in excess of the
demanq of the refineries and crude oil sold for as low as ten cents a
barrel of 42 gal. at the fields. Later, as refineries were erected and
means worked out to handle the output, the price of crude oil steadily
?d““\eed to from 75 cents to $1.50 per barrel and even more in some

nftances, The cost at any particular plant in the Gulf Coast

country depends upon the transportation costs of delivery and the
time of purchasing. Many of the nearby pumping plants were
aupplied by pipe lines from the oil fields. The problem of pumping
both for irrigation and for drainage plants has been greatly simplified
by erude ol as a fuel.

136 During the year 1915 the petroleum production of the United

Siates 2 estimated by the U. S. Geological Survey was 267,400,000

Of this amount, Texas produced 26,000,000 barrels or 9.72

Per cent and Louisiana 18,500,000 barrels or 6.92 per cent.
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APPENDIX

TYPICAL DRAINAGE AND IRRIGATION PLANTS. DESCRIP-
TION OF EQUIPMENT AND RESULTS OF TESTS

THE JEFFERSON-PLAQUEMINES DRAINAGE DISTRICT

This district embraces about 38,000 acres of land located in the parishes of
Jefferson, Plaquemines and Orleans, on the right bank of the Mississippi. The
tract extends from a point nearly opposite the center of the city in a south-
easterly direction. The western boundaries are Harvey Canal and Bayou
Barataria. The land along the river has been in cultivation for many years,
but a large part forming the interior of the district was wet prairie. It is the
largest drainage district in the State where water is pumped.

TABLE 11 DATA UPON JEFFERSON-PLAQUEMINES PUMPS

76-1x. Pume
Difference Gallons per Duty in Millions
of Levels Minute of Foot-pounda per
1000 Lb. Dry Steam
1 168,000 35
3 156,000 78
H 135,000 90
7 130,000 90
10 11,000 [ ...
13 9000 | ............
48-in. Pump
3 47,500 60
H 45,000 80
7 42,000 75
8 40,000 70

When the pumping plant is completed the drainage coefficient will be 4 in.
removed in 24 hours. At present the equipment consists of two 76-in. pumpe,
each driven by a cross-compound engine, 164 and 35 by 36 in., and one 48-in.
pump driven by a cross-compound engine, 9 and 18 by 36 in. All the pumps
are of the horizontal-shaft centrifugal type, designed to operate against differ-
ences of leve! varying from 1 to 13 ft. The engines are operated condensing,
using surface condensers guaranteed for a vacuum, with water at 85 deg. fahr.,
of 26 in. of mercury. Three Heine boilers are used, one with 1380 sq. ft. and two

167
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with 2220 aq. ft. of heating surface each. The steam piping is extra heavy and the
whole plant gives the impression of excellent design and good materials and work-

Fia. 23 ONE UNIT OF JEFFERSON-PLAQUEMINES PLANT

manship. The engines were built by the Nordberg Manufacturing Company,
Milwaukee, and the pumps by the Southwark Foundry and Machine Company,

F1a. 24 76-IN. JEFFERSON-PLAQUEMINES PuMmp

Philadelphia. J. F. Coleman was the engineer for this project and the mechanical
engineering work was in charge of Walter Castanedo, Mem.Am.Soc.M.E. The
gyarantees for capacity and duty under given conditions are given in Table 11,
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This plant has not been tested because a great deal of vegetation is pumped, of
a nature that yvould interfere with pitot tube readings.

PUMPING PLANT AT CITRUS, LA,

The New Orleans Lake Shore Land Company has reclaimed an area of
6943 acres of wet prairie land, located on Lake Pontchartrain in Orleans Parish,
and therefore in the city of New Orleans. A large portion of the land has been
planted to citrus fruit and it is the intention of the company eventually to con-
vert the entire tract into orange groves.

Fia. 28 76-I1N. PoMp DISCHARGE, JEFFERSON-PLAQUEMINES STATION

The pumping plant first erected on this tract, near Little Woods, La., con-
tained a 48-in. Morris oentrifugal pump with double suction pipes 38 in. in
diameter. The pump is driven by a 16-in. by 36-in. Corliss engine direct-con-
nected. Steam is furnished by a Heine boiler. When first installed, in 1908,
the suction pipes were 105 ft. long and each contained a 90 degree elbow and was
enlarged to 60 in. at the end. The discharge pipe was 31 ft. long and not en-
larged. A test made by the writer in April, 1909, showed theé overall efficiency
of the engine, pump and piping to be 22 per cent, with a lift of 2.3 ft. Sinoe the
test was oonducted the suction pipes have been shortened and other changes
made. '
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F1a. 26 PuMPING PLANT, CrTRUS, LA., SHOWING D1scBARGE SipB FacING
LAKE PONTCHARTRAIN

This original plant has now been superseded for regular pumping by a new
plant erected in 1913 at Citrus, La., about 10} miles from the center of New

Fi1e. 27 PumpriNG PraNT, CrrruUs, LA., SHOWING SuctioN Prpes AND Sucrion
BasiN
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374 in. in each case. Two pitot tubes were used to determine mean velocity in
the suction pipes, the points of observation being so chosen that the arithmetical
mean of the velocities at ten different points in each suction pipe gave the mean
velocity of the water in that pipe. Traverses were made eimultaneously in the
two suction pipes at half-hour intervals.

' The test of June 15 was made at 112 r.p.m. for engine and pump, and continued
for four hours. During that time the fuel oil consumed was determined by the
fall of level in a tank, and from the readings, the quantity of oil used was accu-
rately computed. The horsepower developed varied but little, averaging
261.6 h.p., and delivery of the pump averaged 69,300 gal. per min. The total
head on pump, including velocity head, ranged from 9.99 to 10.23 ft., with an
average value of 10.12 ft. The corresponding efficiencies of the pump ranged
from 70.2 to 72.5 per cent, with an average efficiency of 71.6 per cent.

On June 16, observations were taken from engine and pump at variable
speeds, and friction cards were taken from the engine. Whereas on the 15th,
the average quantity of water pumped was 69,300 gal. per min. at a mean efficiency
for the pump of 71.6 per cent, on June 16, with exactly the same head on pump,
with a speed of 1084 r.p.m., the efficiency of the pump was 75 per cent, while the
quantity of water pumped was 60,300 gal. per min. During the latter test, the
speed was at one period increased to 116 r.p.m., at which the delivery was raised
to 72,700 gal. per min., with an accompanying efficiency of 73.6 per cent.

F1a. 30 48-IN. MoRrris Pump, NECHES RELIFT STATION

The efficiencies for the test of June 16 are plotted in Fig. 31.

In the curve showing variation of pump efficiencies with revolutions per
minute, it will be noted that the efficiency of pump rises to 73 per cent at 109
r.p.m. and then falls off for higher speeds.

From the curve showing the eficiency of pump and piping, on the basis of
useful work, it is evident that the most economical speed is from 102 to 107
r.p.m., at which revolutions the heads ranged from 9 to 9.6 ft. and the quantity
of water pumped from 40,000 to 57,000 gal. per min. The efficiency based on
useful work is of interest in operating the plant.

On June 15, with revolutions at 112 per min. and with an average head of
10 12, the efficiency of pump showed a marked improvement as the head in-
creased from 9.99 ft. to 10.23 ft. Now to find the probable head for 112
r.p.m. in the test of June 16, it will be necessary to interpolate between the
total head at 1081 r.p.m. and that at 1154 rp.m. (Fig. 31), which respeo-
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tively were 10.12 and 11.04 ft., giving 10.58 ft. It is reasonable to suppose
that the efficiency for this head would be about sufficient to make the results of
the first day's test agree with the second. If it had been impossible to uncouple
the engine and pump, a mechanical efficiency of 90 per cent would have been
Aasumed, as usual for engines under corresponding conditions, which would
have given an efficiency for the pump on June 15 of 74.7 per cent.

76
4

Cent

E#.'c:e,.cs_ P,
£8e3=x

£838%

v
N

Revolutions per Minute

Fra. 31 Erriciency Curves, Morais Pump, NECHES RELIFT STATION

TEST OF GRAND CANAL PUMPING PLANT!

Between the pumping eeasons of 1905 and 1906, extensive changes were
‘,“‘d° in the equipment of the pumping plant of the Grand Canal. There were
ietalled 5 new Atlas water-tube boiler, a tandem-compound Hamilton Corliss
egine, 20 by 40 by 42 in., with jet condenser having a pump 14 by 20 by 24 in.;
8d & 36.in, horisontal-shaft centrifugal pump made by the Lawrence Machine
Cmpany, Lawrence, Mass.

e new equipment was tested on September 21, 1906. It was not possible

Yrm 4 Jong test, sinoe the demand for water for irrigation is small at this season

84 the pumps had to be stopped when the canal was filled to the danger line.

Foel consumption during the test was extremely regular, however, the water

m of the boiler fairly constant, and all conditions favorable for accurate
s,

The fuel oil was measured in a calibrated barrel and its heat value, determined
by means of a Parr calorimeter, was found to be 17,834 B.t.u. per lb., the lowest
best valye the writer has ever found in an oil from the Jennings field. No water

'Bul. 183 O.E.8,, U.S. Dept. of Agri., 1907.
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was present in the oil. Boiler feed was measured by a 6-in. Cipolletti weir, so
arranged that the heater could be used during the test.

‘Water measurements of the pump discharge were made with a current meter,
in the flume which conducts the water from the discharge to the canal. The
ourrent meter was slowly moved across the flume at three different depths, the
direction of movement then reversed, and the path retraced in an opposite
direction. On account of the unusual width of flume (19.2 ft.) it was found neces-
sary to oorrect the current meter readings for the component of motion at right
angles to the axis of the flume in each case.

The average mechanical efficiency of engine, pump and rope drive was 69
per cent for observations where the proper speed was maintained. If the me-
chanieal efficiency of engine be assumed to be 92.5 per cent and efficiency of trans-
mission 95 per cent, the efficiency of pump would be 78.5 per cent. - .

The centrifugal pump and piping show remarkably high efficiency for a
pump of this type, due primarily to good design, although one other cause is worthy
of note. The double suction pipes enlarge from 24 in. near pump to 34 in. at a
. distance of about 4 ft. from the flange of pump; again at the lower end of the
suction pipes there is a conical frustum 9 ft. long, with a diameter of 42 in. at
intake. The vertical discharge pipes in each case are enlarged to 42 in. at a
short distance above the pumps, and just below where they enter the bottom
of the flume they are enlarged in the last 5 ft., changing the croes section from a
circular section 42 in. in diameter to a section 51 in. square at entrance to flume.
Enlargement of suction pipe reduces the velocity of the entering water and re-
duces the entrance loss, while the enlarged discharge pipe reduces the velocity of
the water discharged and consequently the “ velocity head” lost at entrance to
flume.

The results of the test are as follows:

Borer Teer, GRAND CANAL, SpPTEMBER 21, 1906 °

Duration of test, 3.717 hr.

Total fuel oil used, 2476 1b.

Average steam pressure by gage, 153.4 Ib.

Average temperature of feedwater, 188.5 deg. fahr.

Factor of evaporation, 1.074.

Total weight of water fed to boiler, 28,944 1b.

Equivalent water evaporated from and at 212 deg. fahr., 31,086 Ib.

Boiler horsepower, 242.2.

Water apparently evaporated per pound of oil, 11.69 lb.

Equivalent evaporation from and at 212 deg. fahr. (not ocorrected for
quality of steam), 12.56 Ib.

Total feedwater (including steam used by auxiliaries) per indicated horse-
power hour, 17.7 1h,

DRAINAGE PUMPING PLANT, DALCOUR, LA.

This pumping plant was installed in 1913 by the Fidelity Land Company,
Daloour, La., about 22 miles below New Orleans, to drain 650 acres of citrus
fruit land. It was designed and erected by A. M. Lockett & Co., Ltd., New
Orleans. At present one unit is in place and it is the intention to install a
duplicate unit later.
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A 24-in. Worthington drainage pump is used, driven through a friction
cutch by a 35-h.p. “ Ingeco” engine, using distillate. The following is quoted
from the specifications for the plant, to contain 2 units when complete:

Equipment is desired for pumping 18,500 gal. of water min. against a
difference of level in suction arl:d dgcharge basins of 5.5 ft. R‘%re outfit must be
le of pumping some water against a difference of level of 9 ft.
en pumping against lees than 5.5 ft. difference of level, the pump or
pumps should throw more water, but they must be so dudlged that they will
laot \ln?ouly overload the engine or engines, even with the difference of level re-
aced to sero.

Pumps, The pumpe shall be of the centrifugal or screw type. They shall
bed“eet-mnect«{. to the steam engine by means of a proper flange coupling, so
that engine 1::; be run without operating pump when coupling is disconnected.

’ Discharge Pipes. The suction and discharge pipes shall each be
eolarged at the ends where they dip into the water to four times the area at the
pump flanges, — the area to be that on a section at right angles to the axis of the
ppe.  Detail drawings of these pipes shall be submitted with each proposition.

Buction pipes be 8o designed and arranged that the water level may be
reduced to devation 12.0 C.D. without taking air. The discharge pipe must be
% and that it will be submerged when the water in outfall canal
:i.}‘-in mteilon 21.0 C.D. The suction and discharge pipes shall be constructed

-

]

RESULTS OF TEST

An acoeptance test was run on May 26, 1014. The fuel used was distillate
of 45 deg. Baumé at 86 deg. fahr., which reduced to 60 deg. fahr. is equivalent
to 42 deg. Baumé; fuel weighing 6.80 Ib. per gallon. The guarantee was to con-
sume not more than 3.56 gal. per hour of kerosene or No. 2 Solar oil, with pump
operating at a capacity of 9250 gal. per min. with difference of level of 5.5 ft.

It was impoesible to run long enough to pump the water down to a lift of
55 £t., but it was agreed that the results obtained at 5 ft. lift would govern if

utifaciory. On a 3-hour run with the pump operating at an average of 210
rpam, and an average lift of 4.56 ft., an average delivery of 10,190 gal. per
min. was obtained at a fuel consumption of 3.98 gal. per hour.

_On a Iater run, of about 2 hours, with the carburetor adjusted, the pumping
unit, operating at practically the same speed as before and under an average lift
of 51t, showed an average delivery of 9602 gal. per min., with a fuel consumption
of but 299 gal. per hour.

DRAINAGE PLANT, WHITELAKE LAND COMPANY, FLORENCE, LA.

. This pumping plant is a good example of a high-grade steam plant with
simple Corliss non-condensing engines and efficient pumps. There are two 54-in.
Worthington double-suction pumps which take suction from the principal drain-
age canal of the district and deliver it into a short outfall canal from which it
overflows into the surrounding marsh outside of the tract. It is the intention
Iater to dig this outfall canal to Whitelake, which will decrease the discharge
besd somewhat.

The pumps are direct-connected to two 16-in. by 86-in. Hamilton slow-
speed Corliss engines, the pump shaft being solid with the engine shaft, thus
doing away with flanged oouplings. Part of the exhaust is utilised in & 400-h.p.
Blake open foedwater heater which heats the feedwater to 210 deg.



174 LOW-LIFT PUMPING PLANTS

The steam generating equipment oonsists of two 72-in. by 18-ft. Erie City
return-tubular boilers rated at 160 h.p. each and designed for 126 Ib. working
pressure. The furnaces were arranged for oil burning by cutting down the
bridge wall level with the gates and covering the grates with a checkerwork of
fire brick. One Peabody burner is used under each boiler. Oil is fed to the
burners by a Lockett fuel oil pumping outfit which takes the oil from a 15,000~
gal. storage tank outside the building and heats and delivers the oil to the burners
at & uniform pressure.

Each pumping unit has a capacity of 65,000 gal. per min. against 5 ft. differ-
ence in level between suction and discharge canals. Each unit has a 40 per cent
overload capacity when pumping against 3-ft. head and is capable of pumping
against & 10-ft. head at a reduced discharge, if necessary.

One unit of the plant was tested on October 1, 1912, by C. W. Okey of the
U. 8. Department of Agriculture and B. 8. Nelson, Jun.Am.S8oc.M.E. Its
object was to find the actual operating efficiency at the time of the test. The
plant was in charge of the usual operating engineer during the test and was run
at a capacity which they had found suited the drainage needs at that time. The
test was run simultaneously on the pumping unit and on the boiler and lasted
six hours,

The quantity of discharge from the pump was obtained by a pitot tube in
each suction of the pump. These suctions are tapering and the area of the suc-
tion pipes at the point of application of the pitot tube was carefully measured.
The total head on the pump was obtained by mercury manometers attached to
petcocks placed close to the suction and discharge flanges of the pump. The
difference in elevation between the suction and discharge cocks was carefully
measured as well as the area of the suction and discharge pipes at those points
so that the proper correction for elevation and velocity head could be made in
eomputmg the total dynamic head. The static lift was gotten from the differ-
ence in elevation as shown on two gages which are installed in the suction and
discharge canals close to the intake and discharge of the pumps. After the test
the mechanical efficiency of the engine was obtained by breaking the vacuum
and draining the pump and taking cards from the engine when running at the
speed run during the test gave the friction load.

It was impossible to utilize the heater during the test as there was no way of
delivering hot water to the weighing barrel. The tank pump was therefore
piped to take water from the canal and deliver it into two barrels placed above
& third barrel from which the feed pump took suction. The total amount of oil
used during the test was recorded on a Worthington oil meter installed in the oil
line to burners and at.the end of the test this meter was calibrated by pumping
oil through it at the same rate and pressure used during the test into a barrel
placed on scales.

It will be notioed that the conditions were not the same as those for which
the pump was built, the static head being less than 5 ft. and the discharge being
considerably more than 65,000 gallons. This, no doubt, lowered the pump
efficiency but it shows that the efficiency of the pump is very good over a wide

Condensed logs of the engine and pump tests are given in Tables 13 and
14 on the following page.
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TABLE 13 TEST OF WHITE LAKE LAND CO.'S ENGINE AND PUMP UNIT NO. 3
Ooctober 1, 1912
1
‘ D 8Sraric Haap, FY. Ermncncy
i Impi- | cmAmeE ToraL | Uszrun
R.P.M.| carep ™ 100 Dynasmic| Warzr | Pump, I Pum
H.P. |GaL rs |Suction|Disch Huo, | HP. | Engine | WP | o
My, | Gage | Gage Pr. and | o ump
Piping |~ o0®
| % % |(»a
90 177.1 | 832 674 | 11.10 | 4.8 ote ' 517 57.3 § :
89 1714 | 45 660 | 1110 | 4.7 9.2 | 56.2 5.8 |& g
91 1784 | 8% 660 | 11.15 | 4.87 105.0 | 58.9 03 &g
90 181.6 | 835 660 | 11.14 | &.21 98.4 | 542 62.2 £
9 1.3 ! sm 6.85 | 11.156 | 5.04 102.4 | 50.8 6.4 |
o4 201.1 | 802 6.50 | 11.20 | 4.87 106.0 | 52.8 54.7 3 Eg
o 201.1 806 645 | 11156 | 4.87 1064 | 529 “s | g
91 196.6 | 8% 640 | 11.20 | 5.185 106.2 | 54.1 88.0 Bg‘g
" 1954 | &7 6.3 | 11.20 | 5.08 107.5 | 85.0 57.3 |3
92 197.3 | 83 6.3 | 11.20 | ........|...... I R I . ".5
3 188.0 | 862 625 | 11.20 | 65.00 107.6 | 57.2 58.9 .§ g
o 188.0 | 8% 625 | 1120 | 523 1089 | 553 58.4 3 =
90 ‘ 173.8 | s 635 | 11.15 | 5.87 101.6 | 58.8 64.5
m.n'l 186.2* | 860.77Y ...... cereeens 5.02! 102.70 | 55.6! i 5090 | es.7t

1 Mean value.

‘There are installed on each of these pumps a rate-of-flow meter which indie
cates the amount of water being pumped at any instant in thousands of gallons
per minute. After the main test, each pump was run at various speeds varying
from gpe slowest speed to the highest at which the pump will run and the indi-
cation on the flow meter noted from which figures a scale is made for each meter
correct for that particular pump.

These meters work on the principle used in the venturi meter. Usually the
enlarging discharge pipe is tapped at two points having quite different croes
sections. When water is flowing the difference in the velocity heads at the two
sections is read in feet of water.

TABLE 14 EFFICIENCIES AT VARIOUS CAPACITIES AND CONSTANT HEAD

I l Errnciency
| Sramic Dynamic Usgrov |— —— —
RP.M. | T¥ORATRD | Hyp, | Hmo, | 100 Ga 1 Waren |
H.P. | P Fr. rER MN. H.P. I Pump and |Pump, Eng.
! ! ! Engine |and Piping -
S I B —] - —| —
X Te | %
7 8.8 l ........ I OO UUUUUN I RRR U B
81 122.2 5.15 5.81 619 80.5 | 743 65.9
82 1327 | 4.8 5.94 696 8.3 | 6.5 | 643
8s 1565 | 4.9 5.08 767 9.0 63.8 62.2
# 188.4 4.98 . 5.08 812 101.5 57.0 55.3
28 226.9 I 4.98 5.08 | %00 : 1126 | 511 9.9
101 2490.7 5.10 5.55 951 ‘ 1226 | 833 49.1
1
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The steam generating equipment consists of two 72-in. by 18-ft. Erie City
return-tubular boilers rated at 150 h.p. each and designed for 126 Ib. working
pressure. The furnaces were arranged for oil burning by ocutting down the
bridge wall level with the gates and covering the grates with a checkerwork of
fire brick. One Peabody burner is used under each boiler. Oil is fed to the
burners by a Lockett fuel oil pumping outfit which takes the oil from a 15,000-
gal. storage tank outside the building and heats and delivers the oil to the burners
at & uniform pressure.

Each pumping unit has a capacity of 65,000 gal. per min. against 5 ft. differ-
ence in level between suction and discharge canals. Each unit has a 40 per cent
overload capacity when pumping against 3-ft. head and is eapable of pumping
against a 10-ft. head at a reduced discharge, if necessary.

One unit of the plant was tested on October 1, 1912, by C. W. Okey of the
U. 8. Department of Agriculture and B. 8. Nelson, Jun.Am.Soc.M.E. Its
object was to find the actual operating efficiency at the time of the test. The
plant was in charge of the usual operating engineer during the test and was run
at a capacity which they had found suited the drainage needs at that time. The
test was run simultaneously on the pumping unit and on the boiler and lasted
six hours.

The quantity of discharge from the pump was obtained by a pitot tube in
each suction of the pump. These suctions are tapering and the area of the suc-
tion pipes at the point of application of the pitot tube was carefully measured.
The total head on the pump was obtained by mercury manometers attached to
petcocks placed close to the suction and discharge flanges of the pump. The
difference in elevation between the suction and discharge cocks was carefully
measured as well as the area of the suction and discharge pipes at those points
80 that the proper correction for elevation and velocity head could be made in
computing the total dynamic head. The static lift was gotten from the differ-
ence in elevation as shown on two gages which are installed in the suction and
discharge canals close to the intake and discharge of the pumps. After the test
the mechanical efficiency of the engine was obtained by breaking the vacuum
and draining the pump and taking cards from the engine when running at the
speed run during the test gave the friction load.

It was impossible to utilize the heater during the test as there was no way of
delivering hot water to the weighing barrel. The tank pump was therefore
piped to take water from the canal and deliver it into two barrels placed above
a third barrel from which the feed pump took suction. The total amount of oil
used during the test was recorded on a Worthington oil meter installed in the oil
line to burners and at the end of the test this meter was calibrated by pumping
oil through it at the same rate and pressure used during the test into a barrel
placed on scales.

It will be notioced that the conditions were not the same as those for which
the pump was built, the static head being less than 5 ft. and the discharge being
considerably more than 65,000 gallons. This, no doubt, lowered the pump
efficiency but it shows that the efficiency of the pump is very good over a wide
range.

Condensed logs of the engine and pump tests are given in Tables 13 and
14 on the following page.
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-

These meters are of great benefit in large drainage and irrigation plants as
they furnish a means of keeping record of the amount of water pumped per
minute, and if the total length of time the pump is run is known, the total water
handled by the pump can be readily computed. The White Lake Land Co. in-
tends to keep records of the amount of water pumped which, together with the
area drained, should furnish valuable data for future drainage work. While
calibrating the flow meters advantage was taken of this opportunity to obtain
the efficiency of the pump at various capacities by taking a set of readings con-
sisting of discharge, total head, static head, speed and indicator cards.

A summary of the results of the boiler test follows:

ResuLts oF BoILER TesT

Duration of test, 6 hr. 4 min.

Average steam pressure, 120.0 1b,

Average feed temperature, 72.0 deg. fahr.

Total water evaporated, actual = 31,556 lb. per hr. = 5199

Total water evaporated, equivalent f and a 212 = 37,5660 per hr. = 6189
Factor evaporation, 1.19

Boiler h.p. developed, 179.3

Total fuel oil, Ib., = 2975 Ib., = 8.18 per min. = 490.8 per hr.

Ratio water evaporated and fuel oil, actual = 10.61 Ib.

Ratio water evaporated and fuel, f and a 212 = 12.63 Ib.
12.63 X 966

Efficiency of boiler, basis 18,600 B.t.u. per lb. = 18500 - 66.19%
Lb. oil per acre-inch, lifted 4.72 ft., with cold feed water = 2.568
Lb. oil per acre-inch, lifted 4.72 ft., at 210 deg. fahr. = 2.27
Lb. of water, actual, per i.h.p.-hr. = 27.9
Lb. of water, actual, per w.h.p.-hr. = 47.5
Lb. of oil per i.h.p.-hr. = 2.63; with feed at 210 deg. = 2.32
Lb. of oil per w.h.p.-hr. = 4.48; with feed at 210 deg. = 3.95
Cost of fuel at $1.00 per bbl. of 320 1b. per acre-inch lifted 1 foot = 0.15¢.

A

TEST OF DRAINAGE PUMPING PLANT, DISTRICT NO. 4,
RACELAND, LA.

This plant was installed about a year ago by the Louisiana Meadows Com-
pany, under the direction of their vice-president and engineer, A. T. Dusenbury.
It is used to drain 4466 acres of reclaimed wet prairie lands and the machinery
consists of two units, duplicates in every way, except that the pumps are driven
respectively by right-hand and left-hand engines.

The pumps are 48-m. Worthington drainage pumps designed for high speed
and a flat power curve. The pump impellers are a combination of the screw
propeller and the ordinary centrifugal pump impeller. Each pump has double
suction pipes attached to 48-in. elbows and both suction and discharge pipes are
enlarged at their outer ends. Wooden flap valves are used to cover the discharge
ends while the pumps are being primed.
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in the quantities of water measured in the two pipes as the right-hand pipe in-
variably carried more water. Without doubt, this condition had some effect on
the efficiency of the pump and consequently reduced the over-all efficiency. Un-
equal depths of water below the suction pipes also had something to do with the
formation of the eddy as well as the fact that a higher velocity is found in the
suction canal normally near its center line.

‘The condition of the intake was known to be bad but it was not convenient
for the owners to remedy defects at this time as they expect to have a dredge in
the district at a later date to do the work at a lower cost than by hand labor.

‘The results are stated in pounds of oil per hour per useful water horsepower
and per acre-foot of water elevated one foot. The economy of the plant can
best be realized by a comparison with the steam pumping plant of the White
Lake Land Co. near Gueydan, La., previously deseribed. The equipment con-
sists of high-grade simple non-condensing Corliss engines and Worthington
volute pumps. When pumping against a head of approximately § ft. the fuel
consumption of the steam plant was to that of the internal combustion engine
plant as 4.28 to 1 for equal output of work.

Rxsours or Tests

The test which extended over a period of nearly 6 hours, was run with a
varying difference of levels in the canals, the lift increasing from 3.55 ft. at the be-
ginning of the run to 4.96 ft. at the close. The speed of the pump was held uni-
form at 195 r.p.m., but the total water pumped varied with the change in actual
lift, ranging from 60,050 gal. per min. at the lower lift (3.56 ft.) to 54,700 gal.
per min. at the higher lift (4.96 ft.). The corresponding useful water horsepower
waried from 63.8 h.p. at the lower lift to 68.5 h.p. at the higher lift, the consump-
tion of fuel per useful water horsepower being 1.132 lb. in the former case and
0.887 Ib. in the latter. The fuel consumption per acre-foot of water elevated
one foot was 1.55 Ib. of oil in the case of the lower lift and 1.21 Ib. of oil for the
higher lift.

ONISHI PUMPING PLANT, MACKAY, TEX.

On September 11, 1907, a test was made of the pumping plant of R. Onishi,
constructed in that year on the Colorado River about 8 miles below Wharton,
Tex. This plant waters 1200 acres of rice during the irrigating season, but has
a capacity for 2000 acres. It was designed and installed by A. M. Lockett & Co.,
Ltd., and is an example of the application of machinery to special conditions at
medium cost and with fair efficiency.

There is a great variation in stage on the banks of the river where the plant
is located and in order to place the pump low enough to avoid an excessive suc-
tion head at low stage, and to protect the pump from overflow in case of high
water, a circular reinforced concrete pit 22 ft. in diameter and 20 ft. deep was
built, into which the pump and engine were placed on a foundation at the bot-
tom. The suction pipe extends through the side of the pit and is 148 ft. long
and 28 in. in diameter, except near the pump where it is reduced to 24 in. in
diameter. The discharge is through a 24-in. vertical pipe, coming up from the
pump within the pit and by means of a 90-deg. turn with a 5-ft. radius, ending in
the flume where the area was increased to about twice the area of the pipe. A
rectangular flap valve is provided in the flume to allow priming of the pump and
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to prevent the backward flow of water through the pump, as the discharge open-
ing was under water.

The engine is a vertical, cross-compound Buckeye engine, 13 and 22 by
16-in., dnectconneotedtothepump,whnd:nu%m Worthington volute single-
suction centrifugal pump. The engine is provided with a governor which at
ordinary speeds is inoperative, but which will prevent it from running away in
case the pump loses its priming. The boiler is & Baboock & Wilcox water-
tubular cross-drum boiler with 1550 sq. ft. of heating surface. The floor of the
boiler room is a little above the level of the river bank.

A barometric condenser is used. The condensing water is taken in at the
flume and after passing through the condenser is conducted by a pipe to the
river. The end of the pipe is submerged and the difference of level between flume
and river is 5o great that the water siphons over without the aid of 8 pump. A
steam ejector is used to prime the condenser and start the water flowing. The
boiler feed and oil pumps exhaust into an open heater. The fuel is crude oil,
which cost $1.45 per barrel of 42 gal. at the plant.

‘While it was desirable that a complete boiler test be made, this was found
impossible without cutting out the heater and pumping cold water into the
boiler. For this reason it was omitted as it was thought important to measure
the fuel used and the output of useful work from the pump, under ordinary con-
ditions of running.

The test lasted for 6 hours, and is summarised below:

SuMmArY or RxsuLts or Tesr oN ONmsar PrLaNT

Mean revolutions per minute for engine and pump............. 271.7
Mean indicated horsepower.........c....ooiiiiiiiiiai, .. 230.4
Actual lift, ft......... ... i 37.23
Head 0N PUMP. . ..oovieiiei i eeiiianeetanetaeoarsonnas 39.43
Discharge, cu. ft. persec...........ccooivvieriiiiieiineeonnss 32.5
Useful water horsepower...............covvviiiiiirinnnenans 137.2
‘Water horsepower, basis of head on pump.................... 145.6
Efficiency of engine, pump and pipe, peroent................. 69.5
Efficiency of engine and pump, percent.............cc.coueun. 63.0
Efficiency of pump (estimated), percent...................... 70.0
Steam pressure, lb. per sq. in. at boiler....................... 141.4
Temperature of feed water, deg. fahr......................... 172.4
Temperature of injection water, deg. fahr.................... 79.7
Temperature of discharge from oondenaer, deg fahr............ 100.3
Mean vacuum, in. of METCUry..........coc.tveinunnns v 23.2
Fuel oil per hour, barrels consumed................. ceeeiieas 1.21
Fuel ail per hour, barrels guaranteed................co0uu.nn 1.37
Fuel oil per minute, Ib..........ccooiviiiiiiiiiiiinnnennn, 6.46
Fuel oil per ih.p.-hour,pounds. ...........ccovivineinennt. 1.68
Fuel ail per useful water h.p.-hour,Ib................ovannnt 2.82
Fuel oil per pump horsepower-hour, Ib.. ..........c.o0eevvtn 2.66
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MOORE'S BLUFF PUMPING PLANT

This plant is located on the West bank of the Trinity River, about ei
miles from Dayton, Tex. Although it contains no novel equipment, it is worl
of comment as indicating what may be oconsidered good practice in the des
of a plant for rice irrigation. The only feature which may be considered out
the ordinary is the high lift, it being designed to deliver 36,000 gal. per
against a maximum lift of 57 ft. measured between levels. The pumping pl
was built by A. M. Lockett & Co., Ltd.

In the design of this plant it was realized that on account of the high lLif
was necessary to secure high economy in fuel, but it was also kept in mind t
in an irrigation plant reliability and freedom from accident were of prime impe
ance. It was therefore decided to install no special equipment, such as sug
heaters and economizers, and to select main units of a type that would
eoconomical without adding to the amount of equipment to be cared for.

The equipment consists of 8 Worthington centrifugal pump, direct-conneci
to a cross-compound, condensing four-valve Hamilton engine, 18 and 36 by 30 i
with no flywheel other than the pump impeller. There are three Stirling boik
of 214 rated h.p. each, two set in one battery and the other with a separs
setting. The condenser is of the jet type. The feed water is heated by & Webs!
open heater, from which the exhaust from all the auxiliaries is led. Fuel oil
used.
The pump has double suction pipes 28 in. in diameter at the flanges and «
larging to 36 in. At the intake end the diameter is again increased to § ft. ‘1
horizontal discharge pipe is enlarged at the pump from 36 in. to 48 in. diamet
About 9 ft. from the pump there is an elbow from which the pipe is carried u
hill at an angle of approximately 45 deg., and at the top of the hill it again |
comes horizontal, enlarging as it enters the flume. The area at the discha
end is about 12 sq. ft.

A four-hour test was run on the plant July 17, 1910, after it had been in op
ation under practically constant conditions for several hours. The object of 1
test was to determine the amount of fuel oil used per day, but incidentally !
efficiencies of the pump and piping were obtained. Two boilers only were w
during the test.

The quantity of water pumped was determined by means of a Price curn
meter of the tail type, used in the flume connecting the discharge pipe with f
main canal. The width of the flume is 8.61 ft. and the depth increased fr
3.84 to 4.03 ft. as the canal filled up. The height through which the water v
elevated was measured by means of two gages set in the suction intake and ¢
charge canal respectively. To determine the head the suction pipes were dril
near the flange for $ in. air valves to which a mercury column was oconneoted
rubber tubes.

A Worthington meter was used to measure the fuel oil, after calibrati
The amount of fuel oil used to operate the electric light plant was computed fr
the known load and the water rate of the engine, upon which point the previ
test also furnished some information. No attempt was made to measure 1
feed water.

The following tabulation gives a summary of results:
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Rxsuums or Test, MooRrE's BLuFr PLANT

Average ihp........coiiiiiiiiii i 793.44
Average revolutions per minute........................... 173.40
Average water pumped, cu. ft. persec..................... 88.28
Average water pumped, gal. permin....................... 39,707.00
Actual lift, level tolevel, ft............................... 56.88
Useful water horsepower....................cooviiunn... 557.60
Efficiency engine, pump and piping, percent............... 70.20
Efficiency pump and piping (basis eng. eff. = 92 per cent)... 76.30
Headonpump, ft.......ccovveiiiiiiiiiiiiiiiii e, 57.51
Efficiency, engine and pump, percent..................... 72.30
Efficiency, pump.......coovt it 78.50
Pounds of fuel oil, usedin 4 hours........................ 4,375.00
Barrels of 320 pounds, usedin 4 hours..................... 13.671
Barrels of 320 pounds, used in 24 hours.............. ... ... 82.026
Barrels of 320 pounds, used for electric lighting............. 0.85
Btu.perpoundofoil................. ...l 19,347.00
Total barrels of 320 Ib.,, used in 24 hours. . ................ 82.876
Pounds of fuel oil per i.h.p.-hr. (basis day run)............. 1.378
Pounds of fuel oil per useful water h.p.-hour............... 1.96

The showing made is exceptionally good. The oil used per i.h.p-hour
(1.378) is the lowest the writer has found in a long experience in testing pumping
plants of this class used for irrigation. The pounds of fuel oil per useful water
horsepower-hour (1.96) is the lowest the writer has found in any pumping plant

of its size and capacity, regardless of the type of pump.

THE GARWOOD IRRIGATION PLANT, GARWOOD, TEX.

_ The Garwood Irrigation Plant is equipped with a 36-in. Worthington pump,
dﬂ_'ln by a Hamilton high-speed cross-compound condensing engine, 18 by 36 by
3_“"- Water is pumped from the Colorado River and as there is considerable
diference of level at the pumping, the pump and engine were placed in a con-
aete pit in order to keep a reasonable suction lift at low watdr. The pit is
Mﬁwgh to prevent flooding in time of high water.

On August 15, 1913, a preliminary test was made by the writer, during which
the plant was operated in practically the same manner as had been customary
during the irrigation season. The boiler furnished steam for the oil pump, for
Momising the oil, for the boiler-feed pump and for the service pump. The last-
tamed pump was run at a high rate of speed to prevent losing its priming and the
spply tank was consequently overflowing continuously. As this pump is very
m':“ul of steam, it added considerably to the load on the boiler and to the fuel

The quantity of water pumped was measured by means of two pitot tubes in
flnmcﬁon pipes. Piezometer openings in the piping near the pump were used
in reading “head on pump” by means of mercury manometers. Gages were
established in the river and in the flume, and from the readings of these gages
the lift was determined.
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On August 16, the engine was slowed down slightly, so that the amount
water pumped would, at the lift then existing, give approximately the saxr—w
useful work, as 40,000 gal. per min., elevated through 40 ft. When the props
speed had been approximately determined, the test was started at 11 a.m. amn
continued for four hours. During this test the steam service pump was not rumi
but water was supplied to the service tank by means of the “bulldozer,” rua
by the small gasoline engine. Table 13 gives the condensed log of these test:
The efficiency of the pump varied between 80.7 and 92.2 per cent, or 86.5 pe
cent on an average.

TABLE 15 TEST OF GARWOOD IRRIGATION CO.'S PUMPING PLANT

August 15, 1913
— T -
| | X ] Emczxcy
Warsm | I
RPI Ium— Pomrep, ; Fr. Hnooni “‘L,'::: | Engine, ! Engine | Pump.
i HP Cu. Fr. ‘ Lo Puwr, . H.P H.P. | Pump | and (Eng.
ren Sec. Fr ] ! and ' Pump | 92.6%)
, \ i Piping l
; |
! [ % l % %
1506 606.8 i ........ ar o Cn | e [T I [Toreron
M0.0 657.8| 983 | 419 | ... i ........ Feveenen i e [ eerrreen | eeenens
1500 7125 1084 ' 23 | ... VPR | | ................
49.2° 6701 1032 424 | ... TIPSR e Deeeee | eeenen,
140.8 ; 678.4| 1024 - 424 ... [ D T I

(Mean  683.1 101.5 42. lll 439.4

August 16, 1913
- r | _ ‘ _
146.8 o| 80.9 ' 420 l ........ . as50 | smwo | 4 | a3 87.0
uul mzl B0 430 | ... 356.5 3%.5 723 5.0 81.1
464 4892 | 7 | 420 ' ........ 355.0 368.0 2.5 75.2 81.2
16.8 | 504.7 81.6 | 420 ' ... 388.0 403.0 ‘ 76.9 .7 86.1
468 ' 521.8) 845 430 ... ... I 402.0 465 | 0 ' M8 86.3
M70 8319 905 420 ... . 430.5 “60 . 807 . 87 9.5
1468 5395 871 : 420 ... 414.0 429.0 %7 | ™6 86.1
46.8. 5145  89.0 . 420 ... ;4230 + 485 823 . 83 92.2
146.6 ° 5184 853 ' 420 ........ " 406.0 4905 78.8 81.7 88.3
(Mean  B511.4 832 430 ' 4351 : 3958 409.9 75.1 80.1 86.5)
' |

The writer has had experience with a yeat many pumping plants having
equipment somewhat similar to this one, and in which boiler tests have been
made. From the probable water rate of the plant, the boiler horsepower has been
computed for the two days. On the preliminary test, when doing work in ex-
cess of guarantee by more than 20 per cent and using steam wastefully in the
service pump, the boiler was possibly furnishing an exoess of capacity above its
rating of from 30 to 35 per cent. During the second test the boiler was running
at practically normal rating.

When it is remembered that boilers using fuel oil will operate continuously
on overloads in excess of 50 per cent and even more, it will be seen that the plant
may be crowded with ease if water is wanted in quantity and quickly, while for
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ordinary running, the boiler capacity is mare than ample. There was no way to
meagure the steam used by the engine even if a boiler test could be made, as the
steam used by auxiliaries could not be separated from that used by the engine. -
The pump made the best record of any centrifugal pump ever tested by the
writer. The lift was high and conditions favorable to a high efficiency. By
way of comparison the following results are given:

Pounps or Fom. On.
Naun or Prant rzr UszruL Warsr
H. P-Hour

Neches Canal, First, Lift, Beaumont, Tex................. 2.09
Jennings Canal, Jennings, La.....................ouuee. 2.16
Sabine Canal, Vinton, La...............ccciiiiiiinnenns 2.29
Pierce Estate Canal, Wharton, Tex................c..u.... 2.84
Moores Bluff.................. ittt 1.96
GArWOOd. . ...ttt e e errenaeaas 1.82

From these figures it will be seen that the Moore's Bluff plant, which is the
best of the list with the exception of the Garwood plant, uses more than 7 per
cent more cil than the latter to do the same amount of useful work. The last
two plants have shown the feasibility of pumping water to greater elevations
than was thought commercially possible a few years ago. A properly designed
steam driven pumping plant may be operated against a lift of 65 ft. at a cost
that makes rice irrigation an attractive proposition, especially if the canal reaches
a reasonably large acreage.

SummARY oFr RpsuLts, GARWOOD IRRIGATION PLANT

1913
Aug. 15 Aug. 16
Duration of test, hours......................... 2 4
Mean Bop..cooviveiniiniiinninennrennnennennns 683.1 511.4
Waoarthington centrifugal pump 36 in. disk. nos....
Amount of water pumped, cu. ft. per sec.......... 101.5 83.18
Amount of water pumped, gal. per min........... 46,126 37,456
Difference of level between suction and discharge, ft. 42.14 42.00
Headon pump, ft............covvvvvnnnnnn... 43.94 43.51
Temperature of water pumped................... 85
Useful water horsepower........................ 488.0 395.5
Pump horsepower..............ocoiiiiiiin... 510.0 409.9
Efficiency, engine pump and piping, per cent...... 71.4 76.1
Efficiency, engine and pump, per cent............ 74.7 80.1
Efficiency, pump (eng. 92.5 per cent)............ 80.7 86.6
Quality of steam............................... 99%,
Total fueloil burned........................... 2273 2875
Barrels of fuel oil (320 Ib.) per 24 hours. ......... 85.3 53.9
Bcrr&olfueloil(aﬂ)lb.)pet%hounwmise
40,000 gal. per min. 40ft.................... - 54.8
Pounds of fuel oil per h.p.-hour... 1.66 1.41
Pounds of fuel oil per useful wa.terhp-hr ......... 2.33 1.82

Cost to pump 2 acre-ft., oil at $1.30........ $0.85
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236" ..

F1a. 41 PLAN or PuMPING PLANT, GARWOOD IRRIGATION CoMPANY, GAR-
woop, Tex.
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DISCUSSION

JoHN J. HArRMAN (written). In the Upper Mississippi Valley

drainage pumps of other than the centrifugal type have hardly been
used at all, although there has been quite a variety of different
kinds of prime movers. The most predominant type of machinery
used in the earliest plants was the low-head centrifugal pump, driven
by a simple slide-valve engine, the steam being supplied at about 100
Ih. pressure from a fire-tube boiler. The machinery in these plants
was far from being high-grade in materials and workmanship, and
often the pumps did not have sufficient capacity to handle the drain-
age water under wet-weather conditions. Another common fault
was that the power units were not properly proportioned to the loads
imposed upon them, so that in some cases where the pumps were

abundantly large, the engines and boilers were too small to carry- ~&—
the load when the river was at a high stage. Add to this unstable=——= SF\¢
foundations and poor management, and we have a fair conceptionmr = «——0

of these earlier plants.

The quality of machinery installed has gradually improved. Cen— _sr—mr====n-
trifugal pumps especially designed to meet the peculiar require— ===w-—smr—re-
ments of this service have been developed, which show an efficiencyss=—=—» ssmcy
of from 65 to 80 per cent, or even higher, throughout the workinggums s _Sung
range. Careful designs of suction and discharge pipes have beemsmar e=sp—=—2=en
made, reducing the total pipe-friction and velocity-head losses t—esr8 to
a mere fraction of the losses in the earlier plants. The power-prcas—ec—s—" ro-
ducing equipment has been vastly improved, both in quality of worls— —-SK —rk-
manship and materials and in economy of operation. Foundatioms—w <« On
designs of a highly permanent character and fireproof building cop— s> <0~

struction have been introduced.

Although there is a rapidly growing trend toward high-grade
pumping-plant construction, there are still a great many who willfully
close their ears to the advantages of features such as the following:
A reduction in the perpetual yearly operating cost of 50 per cent or
more; permanent foundations having a life of 100 years or more, par-
ticularly the part below normal water level, which offers great ocon-
struction difficulties; a substantial fireproof building having a life
of 50 years or more; high-grade heavy-type machinery on stable
foundations, having a life of 30 years or more; a substantial, reliable,
confidence-breeding pumping plant, the heart of the reclamation
project, which adds dollars to the value of every acre of land in the
district. It i8 encouraging to note that during the past five or six
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Years g number of this type of high-grade pumping plants have been
“Onstructed.
As typical of these high-grade plants, a brief description of three
Plaggy jg given below, together with a statement of the economy
tees and the results of the acceptance tests.
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Fie. 43 PumrING PrANT OF THE ELSBERRY DRAINAGE DIsTRICT

Elsherry Drainage District. The Elsberry Drainage District is
located in the State of Missouri on the west bank of the Mississippi
River, about 70 miles above St. Louis, Missouri. It contains 25,000
acres of reclaimed land. About 113,000 acres of hill drainage is
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diverted to the Mississippi River above and below the district by
means of diversion channels.
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F1a. 44 FounNpaTioN DETAILS OF THE PUMPING PLANT IN FrG. 44 -

The pumping plant contains the following principal equipment:

Two 48-in. Alberger low-head centrifugal pumps

Two 21-in. X 26-in. Fleming-Harrisburg heavy-duty unifiow
engines

Two American jet condensers driven by silent chain drives
from the main engine shafts

Two 168-h.p. Heine water-tube boilers, equipped with shaking
grates, soot blowers and induced-draft apparatus

One Webster open feedwater heater, together with miscel-
laneous auxiliaries and appurtenances.
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Fig. 43 shows the general layout of this plant, while Fig. 44 shows
on a larger scale the suction-intake arrangement. Particular at-
tention is directed to the permanent character of this design, the in-
takes being built in solid concrete and the discharge pipes being
encased in concrete below normal water level. The friction loss in
this intake is so small as to be almost unmeasurable, and the total
friction and velocity-head loss in the intake and discharge pipes, .
with the pumps operating at normal capacity, is less than one foot.

Another feature of this design is the cross-connection of the two
units, so that one or both pumps may be operated from either engine.
For ordinary pumping heads up to about 7 ft. both pumps are oper-
ated by one engine, thus securing much better engine economy at
the low heads.

The acceptance test of this plant was madein 1915. The pumping
head during the test averaged 7.52 ft., and by converting the data to
guarantee conditions the following results were secured:

a Pounds of 10,800-B.t.u. coal per acre-foot of water

pumped against a 6-ft. statichead............... 36.6
b Pounds of 10,800-B.t.u. coal burned, per useful
water horsepower. . .............. A 4.43

¢ Contractor’s guarantee: Pounds of 10,800-B.t.u.

coal per acre-foot of water pumped against a 6-ft.
statichead. ................... ...l 38

Muscatine-Louisa Drainage District No. 13. The Muscatine-
Louisa Drainage District No. 13 is located in the State of Iowa on
the west bank of the Mississippi River, just below Muscatine, Iowa.
It contains 21,400 acres of reclaimed land, and 30,000 acres of ad-
ditional land drains into the district and has to be pumped. Much
of the land is of a sandy nature, so that the run-off is delivered slowly
to the ditches. The plant contains the following principal equipment:

Two 54-in. Worthington low-head centrifugal pumps |

One 36-in. Worthington low-head centrifugal pump

Two 20 X 30-in. Filer & Stowell uniflow engines, direct-con-
nected to the 54-in. pumps

One 14 X 30-in. Filer & Stowell uniflow engine, direct-con-
nected to the 36-in. pump

Two 7-in. Schutte-Koerting eductor condensers

One 5-in. Schutte-Koerting eductor condenser
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Two 200-h.p. and one 100-h.p. Heine water-tube boilers,
equipped with Heine superheaters, shaking grates, soot
blowers and induced-draft apparatus

One Cochrane feedwater heater and purifier, together with

miscellaneous auxiliaries and appurtenances.

The steam is generated at 175 lb. pressure and carries 100 deg.
superheat. The condensers produce a vacuum of 26 in., the cir-
- culating pumps being driven by silent chain drives from the main
engines. .

The general layout of this plant is shown in Fig. 3, p. 47, of the
U. S. Department of Agriculture Bulletin 304.

The contractor’s guarantees on the economy of this plant read as
follows: The coal per acre-foot when pumping against a 6-ft.
static head is estimated from manufacturer’s guarantees not to ex-
ceed 46 1b., and will not in any event exceed 564 1b. when tested as
required by the specifications.

The acceptance test of this plant was conducted in June, 1915.
The pumping head at the time of making the test was only about
4 ft., but by converting the data to the guarantee conditions by
means of the contractor’s efficiency and capacity curves, the final
results secured were as follows:

a Pounds of 10,500-B.t.u. coal per acre-foot of water

pumped against a 6-ft. statichead.............. 35.4
b Pounds of 10,500-B.t.u. coal burned per useful
water horsepower..................c. it 4.29

¢ Contractor’s guarantee: Pounds of 10,500-B.t.u.
coal per acre-foot of water pumped against a 6-ft.
statichead. ... .................. ... ... ..., 56.5

Fabius River Drainage District. The Fabius River Drainage
District is located in the State of Missouri on the west bank of the
Mississippi River, opposite Quincy, Illinois. The district contains
14,250 acres of reclaimed land. The North and South Fabius
Rivers, having a drainage area of about 1,000,000 acres, are diverted
around the lower end of the district,and about 19,000 acres of hill-
land drainage is diverted to the river at the upper end of the district.

The pumping plant is now under process of construction, and
when completed will contain the following principal equipment:
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Two 42-in. Southwark double-suction low-head drainage
pumps

Two 250-h.p. Southwark-Harris valveless oil engines (Diesel
principle) 0

One 60-h.p. Winslow high-pressure oil-burning steam boiler
for auxiliaries. The layout of this plant is very similar
in general character to the layout of the Elsberry Drain-
age District plant.

While this plant has not been tested, it is expected to meet the
contractor’s guarantees without difficulty. The guarantees are as
follows:

a Pounds of 18,500-B.t.u. 25-deg. Baumé fuel oil per
acre-foot of water pumped against a 6-ft. static

head. ... ... ..o e 7.76
b Pounds of 18,500-B.t.u. 25-deg. Baumé fuel oil
burned per useful water horsepower. . ........... 0.94

Another phase of the problem of drainage pumping, fully as im-
portant as design and construction, is the proper maintenance and
economical operation of the plant from day to day and from year to
year. Reclaimed lands of this type are encumbered perpetually
to the extent of this maintenance and operation cost. In some
districts, through uneconomical operation, mismanagement and other
causes, this has become a very serious burden, amounting in one
instance to considerably over $3.00 per acre per year, as compared
with 30 to 60 cents per acre in fair-sized districts having economical
and well-managed plants. There are a great many factors affect-
ing the cost of operation which cause the operating cost to vary
quite materially, even when the plant is well operated and main-
tained, such as size of district, kind of plant, exceptionally long peri-
ods of high water in river, exceptional heavy rainfall, rainfall not
well distributed, seepage through leaky levees, and last but by no
means least, spring water.

Experience along the Illinois and Upper Mississippi Rivers has
demonstrated that spring water may easily add 100 per cent to the
normal yearly pumping requirements. The unavoidable variations
in operating cost from year to year make it too hazardous for the oper-
ation to be contracted on the lump-sum basis, and the only plan which
has been used to any extent in this region to increase the operating
efficiency of the plants is to employ a supervising engineer, who makes
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tests at the plant under various operating conditions and determines
the most economical pump speeds throughout the range of pumping
head. He also keeps in touch with the plant by means of daily
reports from the station engineer, containing data which, combined
with thd pump ratings, will give a complete plant test for each oper-
ating day. If anything goes wrong with the machinery in any way,
it is thus discovered at once and corrected before any material amount
of money is wasted in inefficient operation.

Another common cause for inefficiency is the partial obstruction
of the waterways in the pumps or pipes by some foreign substance.
The pump capacity is also oftentimes seriously reduced without the
knowledge of the attendant by air pockets in the summit of the
discharge pipes. The data contained in the daily operating reports
would immediately disclose troubles of this kind to the supervising
engineer.

Another valuable service rendered by the supervising engi-
neer is in seeing to the proper maintenance of the plants and making
the necessary repairs.

These plants always have a season during the summer and fall
when they are completely shut down for long periods, and this
affords an excellent opportunity for overhauling the plant, making
any necessary repairs, and putting all the equipment into first-class
operating condition for the next pumping season.

Engineering supervision insures reliable pumping service, eco-
nomical operation, and proper plant maintenance, results which are of
far more value to the drainage district than the cost of the service.

As previously stated, the experience in the region under dis-
cussion seems to indicate that engineering supervision of operation
is fully as important to the continued success of these pumping-plant
projects as engineering design and supervision of construction, but
it would appear that the general run of landowners and district
officials must be educated considerably before engineering service
will be employed in this connection to any great extent. The
writer feels that the Drainage Investigation Division of the U. S.
Department of Agriculture might very properly make this matter
of pumping-plant operation and maintenance the subject of a thor-
ough investigation and bulletin.

S. L. MeNGE! (written). The function of a drainage-pumping
station is to maintain the water level on its suction side lower than
1 Mgr. Constr. Dept., Woodward, Wight & Co., Ltd., New Orleans, La.
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the water on its discharge side. When it has just ceased to do this
it becomes an obstruction instead of an asset, and its crucial test is
its capacity to discharge more and more water with less and less
power per unit discharged as the lift decreases and the necessity to
pump therefore is most urgent. At the most crucial point, if the
power and the pumping capacity are properly adjusted, one will be
able to pump with the same power expenditure from three to five
times as much water per applied brake horsepower with pumps having
the characteristics of the new Wood screw pumps as with pumps
having characteristics of the earlier type of pumps installed in New
Orleans — or with the best design of centrifugal units. *

SN BT TR A

CIEDNEN Ao S

Fi1g. 45 SECTION THROUGH 12-§T. Woop ScREw Pump

The experience heretofore of the Sewerage and Water Board
been that during great storms, when lifts were much below the
tted lifts, the older forms of pumps overloaded their motors and
overloaded the power stations, so that all pumping-station units
®uld not be maintained in service. With the eleven additional
Screw pumps which the Sewerage and Water Board proposes to in-
stall, and less than enough additional power to operate them at their
raled lift, because the flow at rated lift can never supply all pumps,
this condition will be reversed. The decreasing amount of power
required to operate the new pumps as their lift decreases will more
than compensate for the excess amount required by the old ones when
their lift decreases and the necessity to pump is at its greatest.
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According to a test conducted by Prof. W. H. P. Creighton, Dean
of the Department of Technology, Tulane University, New Orleans,
the Wood screw pumps of the New Orleans Sewerage and Water
Board give their best efficiency at 7- to 8-ft. lift, and show a better
figure for 73 ft. than the best of the Board’s old centrifugal pumps
at its best point, 11 ft. The advantages of accessibility, operation,
first cost, etc., are, however, more than sufficient to dictate the use
of the screw pump, even if the power-consumption characteristics
were the same as those of the centrifugal.

The best of the centrifugal pumps adds only 50 per cent to its
capacity per applied brake horsepower as its lift drops from its point
of maximum efficiency, which is 11 ft., down to zero, while the new
screw pump increases its capacity per applied brake horsepower 300
per cent from its lift for maximum efficiency at 7} ft. down to zero.

In a system like that in New Orleans, operated electrically with
power and pump capacity designed to give the required output
under those low-lift conditions which require the greatest quantity of
discharge, the power requirement to operate all units will be much
less with screw than with centrifugal pumps. Since as the lift in-
creases the available flow approaching the stations decreases and
fewer pumping units have to be operated, the power required to
operate the pumps at a low lift will still suffice to operate enough
units as the lift increases to take care of the decreasing flow. With
pumps driven by power .units capable of some speed variations, the
characteristic of the screw pump is such that available power can
be utilized at an increased speed at lifts far below the rated lift
without the serious sacrifice of efficiency which an increase of speed
centails with centrifugal pumps.

Professor Creighton’s test was made with a view towards deter-
mining the amount of water that one of the new 12-ft. Wood screw
pumps could lift, and the efficiency of performance. The result
shows that the pump raised 559 cu. ft. per sec. through a height of
5.6 ft. and 519.8 cu. ft. per sec. to 7.6 ft., the pump making between
75 and 76 r.p.m. and the efficiency varying between 76 and 80
per cent.

It should be noted that these pumps are not designed to fit a
certain condition of lift, which may be more or less arbitrary and
theoretical, but are designed to work with the maximum economy
on widely varying lifts, such as actually obtain in service on prac-
tically every drainage problem.

The New Orleans units, with capacity of 500 to 600 cu. ft. per
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sec., can be advantageously installed in a space only slightly wider
than the suction bells themselves (22 ft.) and depth of building of
90 ft. inside. They are particularly free from any vibration and,
t'!lel'efove, require little foundation mass. They operate at relatively
high speeds, being particularly suited for direct connection to elec-
tric motors at constant speed. They are entirely self-oiling, no
ing coming in contact with the water or being subject to grit and
Wear,

B. SranLey NELsoN (written). The author shows clearly the
importance of enlarging the ends of the suction and discharge pipes
to recover velocity head, because this head, unless converted to
pressure head, and so recovered, represents a considerable portion of
the total lift.

F16. 47 TypicaL DiscHARGE-PIPE ENDs

An important feature in the design of these expanding ends on
the suction pipes is the angle of the plane of entrance with relation
the water line.

The writer has had occasion to design and observe the behavior
of 8 number of installations where one or other of the three forms of
@8 or modifications of them was used, and the conclusion is that
type C (Fig. 46) is the best. Both A and B (particularly A) cause

suckholes to be formed — sometimes with a considerable depth of

waler over them, while with C it is possible to pump down to within
afew inches of the end of the pipe. Suckholes are objectionable, as
they admit air to the pump, and air in a centrifugal reduces hoth the

t@pacity and efficiency.
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The design of the discharge end of the pipes is not so importar
other than the ends should expand sufficiently to recover velocit
head. In the typical drainage plant of this region, where the pumj
discharge into an outfall canal close to the plant foundation, ca
must be taken to direct the flow of water so as not to cause scourir
of the canal bottom, and the design shown at D, Fig. 47, works ve
well. The flattened end, D’, is used on large pipes to reduce tl
depth at which the pipes must be set to maintain the siphon ses

In his description of the test of the Louisiana Meadows oil-e:
gine-driven plant, the author has touched on a feature of the typic
drainage plant of this region, where pumps of large size with ve:
short suction pipes are set in a dam across a canal, and that is t!
relation of the suction basin to the efficiency of the pumps.

At first thought, it would seem that if the suction basin we
deep enough at the end of the pipe, it would need no further co:
sideration, and that if there were some obstruction, the only effe
would be to slightly increase the friction head due to restriction
area at entrance. It has been found, however, that where tl
suction basin is too shallow, or, if deep enough, some irregularit
of contour causes greater velocity of approach at one side than ti
other, or if there is a mud lump in front of the suction, the effect
not only to reduce the capacity, but also the efficiency of the pum,
This is probably due to the fact that any disturbance at entrance go
on up through the suction into the pump impeller because the piy
is too short to allow the velocities across a section of the pipe to smool
out before reaching the pump. In the case of the Citrus plan
tests showed an increase in efficiency of about 8.5 per cent aft
dredging out the suction basin. The remedy is to give more thougl
to the design of the suction basin.

A very interesting and important feature of two of the plan
mentioned, namely, the motor-driven Citrus plant, and the oil-e
gine-driven Raceland plant, is the power characteristics of ti
pumps. The usual centrifugal-pump power curve called for a gre:
increase in power at heads much lower than normal working head,
the speed were kept constant. This presented no great difficul
in the case of the steam-engine-driven unit, for the steam engine
flexible, and the speed and cut-off could be varied to suit the hea
But in the case of the motor-driven plant it was, for obvious reasor
preferable to use a constant-speed induction motor; it was also d
sirable to have the motors fully loaded at normal head, to get be
motor efficiency. The problem was to design a pump which, whe
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run at constant speed at all heads by a motor which would be fully
loaded at normal head, would not overload that motor at zero or in-
termediate heads. The pump builders met these conditions by using
an impeller which is a combination of the centrifugal types — the
pumps have a characteristic such that the ratios of the power input
at 2, 4, 6, 8 and 10 ft. to the power at normal head of 6 ft. are as
follows: 0.93, 1.00, 1.00, 0.99 and 0.88.

In the case of the Raceland plant, the pump designer had addi-
tional problems to contend with in the characteristics of the oil
engine, An oil engine should not be overloaded beyond about 10
Per cent of its full-load rating; its speed, for best results, is fixed
OX nearly s0; and in this size unit this speed is considerably higher
than the usual speed for a pump with 4- or 5-ft. lift. Direct connec-
tion was necessary because the initial cost of the oil engine precluded

ke use of a gear reduction such as was justifiable in the case of the
Iotordriven plant. By the use of the combination impeller men-
t}oned, the designer has built these pumps with a practically straight-
ne power curve, the variation in horsepower at all working heads
Between sero and 7 ft. lift being about 5 per cent.

A. M. Seaw (written)! The author’s careful exposition of the
Various types of pumps which have been used and the description
of the conditions under which they have operated will do much
toward reducing the labor and annoyances of engineers engaged in

Preparing plans for future installations for this kind of service. Ref-
frence to this paper should suffice as an answer to many of the ques-
lions over which we are now wasting time and patience.

CrarLes C. Trump (written). There are new types of pump-
ing engines already entering this field. The four-stroke-cycle type
of Humphrey puvmp, which uses internal combustion in direct con-
tact with the liquid to be pumped, is hardly suitable for lifts under
l? ft., on which it depends for the compression which makes for effi-
Ciency of combustion. A two-stroke type now in process of develop-
ment gives promise of working well on heads of 8 to 10 ft., but is
“omewhat, high in first cost. '
An entirely new type of pumping engine, known as the Tube
pump, based in part on the principle of the Humphrey pump, has

! Hibernia Bldg., New Orleans, La.
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just been developed, and gives promise of working out, not only for
large volumes with low lifts, but especially for small plants -taking
water from wells at lifts from 50 to 100 ft. or more for irrigation.

Designs of pumping engines on the unifiow principle, which uses
a large ratio of expansion in one cylinder without condensation losses,
and with few valves, have already been made by the Stumpf Una-
Flow Engine Co. for many classes of service. A flywheel-and-crank
engine with double-acting plunger pump and steam cylinder with
but two steam valves of the poppet type; a screw pump with vertical
shaft and engine crank rotating in a horizontal plane; a marine type
engine for high-pressure steam (500 to 600 1b.) for driving a propeller
in a tube for lifting water only 3 to 5 ft., and power cylinders of the
unifiow type for Tube pumps have all been worked out and some of
them are now in the shop. It should not be long, therefore, before
some of these modern pumping engines are in the service this paper
describes.

For generating high-pressure steam economically in large units
the Winslow safety high-pressure boiler is now being built, the first
unit of 500-h.p. capacity now being made for the City of Chicago.
A small unit is being worked out with automatic control of water-
feed pump and fuel-oil burner for use with a Tube pump of 800 gal.
per min, capacity at 40- to 60-ft. lift, suitable for irrigation from ar-
tesian wells on individual farms without the need of skilled mecha-
nical attendance.

When some of the above puinping engines have proved their
advance in economy, measured by the actual total cost of pumping
under conditions of which I hope to have intimate knowledge, it
would be a great pleasure to me to present before the Society for
discussion one or more papers on this subject, with the hope that
they may prove as interesting as this one by Professor Gregory.

S. T. WELLMAN also thought that the conditions described in
the paper were ideal for the working of the Humphrey gas pump
which has been developed in England and in which a mixture of gas
and air is exploded in direct contact with the liquid to be pumped.
In this type of pump heavy moving pistons are avoided and the only
moving parts are the valves. The gas is made in a common gas pro-
ducer and does not have to be purified. The economy of the pump
is very high, while the cost is very low, as all the weighty parts are
not finished at all.
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‘THE AUTHOR said that an installation of the Humphrey pump
for imigation work existed at Del Rio, Texas, but it did not yet
appesar that this type of pump is yet suited to the low lifts in drain-
age work. Most of the pumping in the Gulf Coast country for
drainage and agriculture is done with a difference of level of from
3 to 6 ft., often of the former. There are great differences to be
overcome in applying the Humphrey pump to these low lifts. For
high lifts he thought this pump had a future, particularly in parts
of Texas and other parts of the country where lignite and cheap fuels
from which producer gas may be made are available.

At present some form of internal-combustion engine seems to
offer the best solution of the power problem for pumping plants in
this section. Steam plants use much more fuel for an equal output of
work and the boiler problems are often perplexing, especially in
drainage plants where the feedwater available is liable to cause
trouble. Compound condensing Corliss engines have been used
quite generally in irrigation and have also been used in some drain-
age plants. Superheated steam has been employed only in a few
cages,

Designers of pumping plants must keep in mind the service for

which the plant is intended. If the operation is to be continuous
and the lift is through a considerable height it will pay to embody
devices to save fuel, and superheaters, economizers, expensive en-
gines, and all other refinements may be justified.

Irrigation plants are operated but 75 to 80 days per year. Drain-
age plants are often operated but 20 days per year. Due to the
nature of the work the operation of both types of plant in a humid
country, with occasional heavy rainfall, is intermittent, and this is
especially true of drainage plants. The fuel economies for these
short runs must be balanced against the interest and depreciation
of the more expensive plant. Furthermore, reliability of operation
is of greater importance than economy, and complications decrease
reliability.

The rapid development of internal-combustion engines, the vary-
ing price of fuel oil, and the troubles incident to boilers and to steam
plants generally, will all have a bearing on the future pumping plants
for irrigation and for drainage.

At present pumps of the centrifugal and the screw types appear
to hold undisputed sway in the field of low-lift pumping.
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MECHANICAL EQUIPMENT USED IN THE
PORT OF NEW ORLEANS

By WiLLiAM vON PruL, NEw ORLEANS, La.
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TaE Port of New Orleans, about 100 miles from the Gulf of
Mexico, extends for nearly fifteen miles along the Mississippi River,
from Westwego and Southport above the city on the northwest, to
Chalmette five miles below Canal Street. The principal commercial
development is on the east bank of the river, but on the west bank,
opposite the city, there are wharves and landings at Westwego,
Harvey’s Canal, Gretna, Algiers and McLellanville.

2 In volume of business, combining imports and exports, New
Orleans is the second port of the United States, being exceeded only
by New York. New Orleans is described 28 a two-way port, the
import and export tonnage being practically equal, a condition
obviously very favorable to the transportation interests. The value
of the combined imports and exports averages about $1,000,000 per
day. .
3 By the peculiar laws in force, there can be no private owner-
ship of river-front property to the exclusion of the public. The
State of Louisiana owns outright the larger part of the commercial
front and has the right to use all of it, appropriating any land needed
and expropriating any improvements on such property if placed
under grants of the proper authorities.

4 TUntil 1901 the facilities of the Port of New Orleans were
provided by private interests through lease of the river frontage.
The wharves were temporary structures; there were no sheds; there
was no machinery, and charges assessed against vessels were con-
sidered excessive.

5 The Board of Commissioners of the Port of New Orleans
was created by the Legislature in 1896 and in 1901 secured control

Presented at the Spring Meeting, New Orleans, La., April, 1916, of THE
AMERICAN SociETY OF MECHANICAL ENGINEERS.
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of the river front. The first Board which took charge of the facili-
ties in 1901 was somewhat handicapped through having no other
available funds than revenues produced by charges upon shipping.
After a few years, however, the Legislature authorized the Board to
issue bonds, and, with the proceeds of these bonds, wharves and
sheds were constructed. In 1914 other bonds were issued for the
construction of a Public Cotton Warehouse, and in 1915 for a Public
Grain Elevator; and financial arrangements were made which will
permit the prompt execution of further improvements as adopted.

6 Onb account of this lack of funds in the early years, the facilities
first constructed consisted solely of wharves for landings. The
construction a few years later included closed sheds, and the more
recent projects include, in addition, switch tracks generally on the
wharf front, paved roadways along the rear of the wharves con-
necting with the city streets, and mechanical devices suited to the
purpose of the wharf. Tt is planned to rebuild promptly a large part
of the existing wharf system, including in the rebuilding the addi-
tional facilities mentioned.

7 The river front of New Orleans is now administered by two
State Boards: (1) The Board of Commissioners of the Orleans
Levee District, which is empowered to acquire land and to build
protective levees; (2) The Board of Commissioners of the Port of
New Orleans, which has jurisdiction over the port and prescribes
rules for operating vessels and controls the commercial use of the
port facilities.

* 8 The wharves are served by the Public Belt Railroad, owned
by the City of New Orleans and operated through the Public Belt
Railroad Commission. The Belt Railroad connects with all rail-
roads reaching the city and switches cars to and from the wharves
and industries at a flat rate of two dollars per car. The Belt Rail-
road Commission was created in 1904 and began work in 1905, since
which time construction has been carried on continuously.

9 The river is from one-half to three-quarters of a mile in
width, and the depth within ten feet of the wharves ranges from 30
to 70 ft. Unloading can be done in midstream, but most of the
vessels land broadside along the wharves, which extend out from
50 to 100 ft. from the bank. Easy access to this whole wharfage
front is afforded by city streets and by railroad tracks in the rear
of and upon the wharves. The levees for flood protection are very
wide in the commercial district, and slope back so gradually as to
be hardly noticeable. They serve the purpose of marginal streets
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along the water front, the wharves being built at the elevation of
the levees and out beyond them.

10 While the developed river front is about 15 miles long, there
are 41.4 miles of river frontage under the control of the Port Com-
mission. The developed harbor has a water area in excess of 11
square miles. A plan of the harbor, showing the coordination of rail
and water transportation, is given in Fig. 1.

11 The satisfactory design and construction of wharves and
buildings on the banks of the river are made more difficult by the
wide range of the water level, amounting to about 21 ft., and by the
current and large amount of silt borne by the water.

12 The wide range of level, in particular, complicates the design
of machines for transferring cargo between wharves and vessels,
involving special arrangements for adjusting the ends of conveyors
and for adjusting overhead booms without fouling the rigging and
wireless equipment of ships. ’

MECHANICAL EQUIPMENT

13 The mechanical equipment which has been developed in
New Orleans ig widely scattered through the harbor and includes
several installations of special interest relating to the important
industries of the port.

BANANA UNLOADERS

14 Banana importations at New Orleans exceed those at any
other port, amounting for the year ended June 30, 1914, to 16,583,000
bunches, or equivalent to an average of 320,000 bunches per week.

15 The handling of this business by mechanical devices has
been developed until practically all of the bananas are now unloaded
by machines. The design of this machine is complicated by the
necessity for providing for a wide range of water level and for ships
of various dimensions. The machine consists of a steel A-frame
structure traveling lengthwise of the wharf on two rails about 21 ft.
centers and carrying a structural-steel main boom about 50 ft. in
length, stepped about 20 ft. above the dock level.

16 On this boom, at a distance of about 30 ft. from the heel, is
stepped an auxiliary boom twenty or more feet in length, from the
end of which is swung the vertical leg of the conveyor. These two
booms afford almost any desired combination of vertical and hori-
wontal adjustment, while at the same time the main boom is suffi-
cently short to clear the stays and wireless rigging of the ships.
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These booms and the framework carry the conveyor proper, consist-
ing of two endless chains spaced about 5 ft. apart and running over
Pairs of sprockets at the foot and head of the conveyor frame, at the
Pivot points of auxiliary and main booms, and at additional points
at the discharge end of the unloader.

17 The distance between chains is maintained by pipe spreaders
and through bolts spaced at about 3-ft. centers, attached_to which isa
4-{t. canvas belt, with sufficient slack between each pair of spreaders
to hold & bunch of bananas when the chain is moving vertically.

F1a. 2 BanNana UNLoADERS, PAULINE STrREET WHARP

Upon reaching the point of discharge, the bunch is forced out of the
Pocket by a roller behind the belt and drops upon a short horizontal
Conveyor, from which the bunches are picked up by hand, inspected,
BOrted, and loaded in cars, or disposed of locally. The entire machine
S driven through gearing and clutches by one 15-h.p. motor. The
CApacity of each machine is upward of 2600 bunches per hour.

18 Three groups of these unloaders, consisting of 10 units,
Are owned by the Dock Board, the total investment being about

,000. The most recent installation is at the Pauline Street
Whart, and consists of four machines costing approximately $37,500.
This installation is shown in Fig. 2. The section of the wharf on
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which the machines operate is of pile-and-timber construction, with
steel shed, about 360 ft. by 260 ft. As the area is covered, rain does
not interrupt the discharging of cargo. The wharf is served by
eight transverse spur tracks accommodating five cars each; and as
one ship may carry 40,000 to 45,000 bunches or about 120 carloads,
the entire track capacity may be filled and moved three times in less
than a day’s time. The cost to the Dock Board of this wharf with
its shed and tracks was about $1.40 per sq. ft. In the rear of the
wharf the Public Belt Railroad has yard capacity for 200 additional
cars.
19 The Board of Commissioners makes a charge for the use of
the banana conveyors of 1 cent per bunch, which considerably ex-
ceeds the cost of operation, maintenance, and interest charges.

TELPHER SYSTEM, CHALMETTE SUGAR REFINERY

20 New Orleans receives large quantities of raw sugar from
Cuba, Porto Rico and local production districts. The American
Sugar Refining Company alone receives over 300,000 tons per annum
at its large Chalmette refinery, just below the city. This plant has
a well-equipped telpher system for receiving, storing and delivering
raw sugar. This system operates between a wharf about 80 ft. by
800 ft. paralleling the river, and a storeroom about 250 ft. by 260 ft.
located inside of the levee at a distance of about 200 ft. in the clear
from the wharf.

21 The wharf is a pile-and-timber structure below the floor
level and of heavy steel construction above, the shed covering the
inshore 60 ft., while the outer 20 ft. is open. The storeroom is of
heavy steel construction, with columns set on piles and double hard-
wood floor laid on packed sand bed. The column spacing on the
wharf is approximately 20 ft. both ways, while in the storeroom the
spacing is about 20 ft. by 25 ft. Both structures are enclosed with
galvanized iron, and the two are connected by four elevated runways,
for the telpher system, which are also entirely enclosed.

22 The track system for the telphers is divided into two sections,
each consisting of a loop on the wharf and four loops in the storeroom.
The telphers can be operated selectively over any of the loops of a
section by means of a transfer or switch which connects the tracks
as desired. The two track sections can be interconnected by a
special transfer or switch on the wharf. The long wharf loop is
equipped with a transfer or switch cutting off a large part of the run
when ships are unloading at suitable points.
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23 The telpher equipment consists of 25 machines; each has a
capacity of seven bags of sugar weighing about 330 Ib. each, or about
one long ton, and is equipped with two travel motors of 6 h.p. each,
on a swivel truck, and one hoist motor of 5 h.p. The telphers travel
700 ft. per min., which enables the telpher to pick up its load, make s
round trip to the storeroom, discharge therein, and be on the wharf
ready for another trip within five minutes. ,

% The storeroom has a maximum capacity for storing sugar
of about 370,000 bags or 52,500 tons, each panel between four columns
containing approximately 2500 bags when tiered 28 bags high.
Sugar arriving by boat is practically all in bags. The bags are
unloaded from barges or boats by three small electric derricks on the
outer face of the wharf, and from ships by the ships’ tackle, in both
cases being deposited on the uncovered portion of the wharf. The
bags are then placed on trucks in lots of two or three and trucked to
8 portion of the wharf which is in reach of the telphers, in the case
of imported sugar, passing over the Government scales on the way.
On this floor the bags are sampled and weighed for settlement with
the seller, again made up in slings, and transported by the telpher
to the storeroom and there tiered as already described.

% When sugar is to be used, the same telphers remove the bags
from the tiers and deposit them at the shore end of the storeroom,
where they are sampled and weighed for controlling the manufac-
turing process. At this point the sugar is removed from the bags
and is earried by bucket elevators to the refinery. The estimated
capacity of this telpherage system, as outlined, is 3000 tons per
working day of ten hours.

% An auxiliary storage system consists of two smaller sheds
located at the lower side of the main storage shed and served by an
electric industrial railway which crosses under the telpher runs,
.where the loads are received by the cars. The tiering in these sheds
is done by portable stackers. Eight spur tracks provide facilities
for bringing in or reshipping sugar by rail.

CONVEYORS FOR UNLOADING STEAMBOATS

21 The very low freeboard of the river steamboats and the com-
panatively great height of the wharves have made it difficult to move
cargo from the boats to the wharves by hand. Machines have been
developed for this work and a number of such machines have been
us:d, At present machines are in use on the steamboat wharf
located just below Canal Street, the commercial center of the city.
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This wharf is about 1400 ft. long and has the usual shed. The
machines are placed at intervals of about 200 ft. and consist of esca-
lators about 50 ft. long by 33 ft. wide, made up of a trussed timbe:
frame fitted with a slat conveyor on which dogs for engaging the
truck axles are spaced at about 5-ft. centers. The outer end of the
conveyor is suspended by slings and counterbalance from a pile-and-
timber headframe. The conveyors were originally operated by
small steam engines bolted to the framing, with boilers alongside,
but these engines have now been replaced by 10-h.p. electric motors.

CONVEYORS FOR UNLOADING COASTWISE STEAMSHIPS

28 For loading and unloading cargo from the side ports of
their steamers, the Southern Pacific Company, or Morgan Line, uses
hinged conveyor gangways. The most recent installation is at the
St. Louis Street wharf and consists of three sets of gangways, each
set consisting of one single and two double units about 15 ft. in width
by 75 ft.in length. The double units permit of simultaneous handling
from side ports and deck.

29 Each unit consists of a decked truss span supported by three
steel trusses about 6 ft. deep, properly cross-braced. A width of
about 5 ft. at one side of each unit is occupied by a slat conveyor set
in flush with the decking and operated through gearing by a 15-h.p.
motor located under the gangway at the inner end. At the outer
end is a substantial structural-steel frame resting on the edge of the
wharf and supporting the sheaves for counterbalance weights and
hoisting gear. The gangway is raised and lowered by wire rope
operating through double blocks and winding on a drum which is
driven through spur and worm gearing by a motor. In one set of
these gangways 3-h.p. motors are used for hoisting, but the motion
was found to be too slow and in the second and third sets installed
later, and of heavier construction, 10-h.p. motors are used.

30 Tbe wharf area served by these machines is about 204,000
8q. ft., with steel sheds over the full length of 1887 ft. assigned to
this company. In the year ended June 30, 1914, about 625,000 tons
of miscellaneous freight crossed this wharf, or the equivalent of an
average of 330 short tons per lineal foot per year.

PORTABLE UNLOADERS AND CONVEYORS

81 As a substitute for the conveyors just described for use on
wharves not equipped with machines, there are several installations
of portable sectional conveyors. These conveyors are also used to
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move cargo from the edge of the wharf to storage in the sheds and
for stacking. One such unloader and conveyor, which has a maxi-
mum capacity of 1 ton per minute, is shown in Fig. 3. The con-
veyor is made up of a number of sections supported and connected
by platforms, some of which carry the power units. The power is
distributed over two, and in the case of the heavier machine, over
three electric motors instead of driving the entire equipment by one
motor. With the assistance of a battery crane truck, one or two
men can connect or disconnect all the sections and place them on the

F16. 3 PorTaBLE UNLOADER AND CONVEYOR N

- gound ready for moving in a few minutes, and when disconnected
the whole equipment can then be drawn from place to place by motor
trucks,

32 These conveyors have been in successful use, handling a
variety of materials, particularly coffee, rice, sugar, cement, etc.,
in bags, coils of wire, boxes, and miscellaneous packages: one of the

r machines has handled cotton bales.

COAL-HANDLING EQUIPMENT

3 The coal companies, the transportation interests and some
large consumers have established coal-handling plants of some
interest. .
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34 The Alabama and New Orleans Transportation Company
has a coal-storage plant at Violet, just below the city, on the Lake
Borgne Canal near its junction with the river. The plant consists of
three towers movable along tracks parallel to the canal. These
towers span railroad tracks and with an extension boom reach barges
in the canal and storage piles on shore. In connection with this
storage plant, the company operates barges for delivering coal in the
harbor and a self-propelled steel bunkering barge of the hopper type.
driven by a kerosene-oil engine. The handling mechanism consists
of a conveyor in the hull of the barge taking coal from the main
hoppers and discharging it into the boot of a bucket elevator which
in turn delivers the coal to a conveyor boom discharging on the vessel
alongside.

35 The New Orleans Coal Company, which carries on a general
bunkering business, has a shore plant for loading its barges which
consists of tracks which cross a platform scale and a hopper. Below
the mouth of the hopper is an electrically driven belt conveyor dis-
charging into a barge; this barge, together with the bunkering
clevator, is taken by a tug to the ship which is to be coaled. The
elevator is mounted on a barge and consists of a skip raised in
guides by a drum hoist, the skip receiving coal from a hopper fed
by a revolving derrick equipped with & clamshell bucket. The
skip hoists the coal and discharges into hmged apouts 1eadmg to
the coaling hatches of the ships. .

36 The Monongahela River Coal and Coke Company operates
floating coaling plants similar in general design to the elevatm'
described above.

37 The Illinois Central Railroad has installed at Harahan, im-
mediately above the city, a plant of 300 tons hourly capacity for
transferring coal from cars to barges. Cars loaded with coal are
placed in a double-track gravity yard of about twenty cars capacity.
The cars pass over and discharge the coal into a concrete hopper
under the tracks. The hopper and tracks are covered by a frame
shed. From the hopper the coal is carried by a 36-in. belt conveyor
through a gallery for about 150 ft. to a 50-ft. adjustable boom which
is suspended from a gallows frame and extends over the barges. The
plant is driven by electricity, separate motors operating the belt, the
boom hoist, and a winch for shifting the barges. The feed to the belt
is regulated by an oscillating-plate feeding device. The coal is dis-
tributed across the barge by an adjustable discharge chute on the
end of the boom. Two men operate the plant, one handling the cars
and one the conveyor.
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38 The New Orleans Railway and Light Company has installed
on the wharf at the foot of Race Street, opposite their central station,
a plant of 200 tons hourly capacity, for unloading coal from barges
and delivering it across the shed and roadway to the storage pile.
The wharf end consists of a heavy steel tower resting on four spread
columns and supporting a mast and boom with bucket and a hopper.
The boom swings in a vertical plane only and slopes down and toward
the river. Traveling on the boom is a two-yard clamshell bucket
delivering coal into the hopper. This hopper discharges into small
aars which are then weighed and hauled by cable over an elevated
ruway and dumhped on the storage pile. The inshore end has not
been completed;as yet.

3 The U S. 'Naval Station, on the west bank of the river,
indudes a coaling plant which is designed to take coal from barges
or colliers and-store.it, delivering it again as desired into ships’
bukers, This plant consists of a steel-and-concrete storage house
with elevated bins'and steel wharf structure which is also provided
¥ith bins and surmounted by a moving tower carrying a clamshell
bucket, The two structures are connected across the levee by a
tovered conveyor gallery.

40 In storing, coal is transferred from the vessel by a 2-ton
damshell bucket to the center hopper on wharf. The coal is then
fpouted to the main conveyor, which carries it along the conveyor-
m?nitor of the storage house and, by means of adjustable trips, dis-
tributes it in the bins.

41 For bunkering a ship, the coal is either spouted from these
bins direct into a filler at the rear of the storage house or into small
1 running under the bins and delivering to the filler. The filler
dlﬂchrges on the main conveyor, which carries the coal to the wharf
and dumpe it on a smaller conveyor running lengthwise of the wharf
“ddlschargmg into the wharf bins or hoppers, from which the ship
is bunkered direct by means of chutes. All conveyors are of the
Suspended-bucket type and are provided with automatic weighing

ics, The wharf hoppers are fitted with small auxiliary hoppers
near the tops, ta which the chutes may be attached and used for

ing in high-water periods.
_ 42 The storage capacity of this plant is 3000 tons. The capac-
Ity of the wharf bins is 750 tons. The hoist motor is 125 h.p.; the
tonveyor monitor motor 75 h.p.; the main conveyor 40 b.p.; the
breaker motor 30 h.p., and the trolley motor 15 h.p.
43 The American Sugar Refining Company is now installing at
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the Chalmette refinery a small coal plant of about 70 tons hourly
capacity for receiving coal from barges and delivering it into the track
hoppers of the present boiler house.

4 The plant consists of a wharf 36 ft. by 204 ft. paralleling
the river, and on the wharf runs an electric locomotive crane fitted
vitha 2-yd. clamshell bucket and operated by an alternating-current
motor of about 100 h.p. This crane lifts the coal from the open barge
and deposits it in an elevated dock-storage hopper of 170 tons capac-
ity. This hopper automatically delivers the coal to a conveyor belt
by means of beaded flight feeders actuated by a 3-h.p. motor. This
conveyor, operated by a 10-h.p. motor, leads over the levee and
wrom the road to a transfer bin of 130 tons capacity. From the
imaafer bin the coal is dumped into special 50-ton steel cars with
bopper bottoms standing on a platform scale. Two cars at opposite
pints on an endless cable are hauled on a track with automatic
turnout between the scale and the boiler-house track hoppers. Fig. 4
shows a typical coal-storage plant, and Fig. 5 a floating coal elevator.
The total capacity of the storage plant illustrated is 750 tons per
bour; the hoisting engine is 35 h.p. and the trolley engine 20 h.p.
The clamshell is 2-ton size.

CAR-FERRY INCLINES

45 On account of the variation in the river level, car inclines
with adjustable tracks are required for delivering cars to the lighters
or ferries. The West Side roads have four sets of inclines, the most
recent installations being for the Texas and Pacific Railroad, near
the trans-Mississippi Terminal, and for the Southern Pacific Com-
pany at Harahan.

GRAIN ELEVATORS

46 There are in service seven grain elevators of standard frame
construction, all owned by railroad companies, except one small
elevator privately owned. The large elevators include:

‘Bu. capacity storage.
