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TRANSACTIONS

THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS

VoruME 42—1920

OLUME 42 contains an account of the activities of the Society
for 1920. In it will be found the papers and addresses pre-
sented at the Spring Meeting, held in St. Louis, and the Annual

Meeting, held in New York, and the principal discussion thereon.

An attempt has been made in selecting the material published
to include all papers having permanent reference value. For this
reason it will be found that many discussions are condensed and that
less technical interest has been considered as belonging more properly
to MEcHANICAL ENGINEERING.

FRED J. MILLER

FRreEDp J. MILLER was born in Ohio in 1857. He had a common
high school education, supplemented by personal study and special
instruction. He served an apprenticeship of four years in the ma-
chinist trade, and for a number of years worked in various capaci-
ties in machine shops.

He became a contributor to mechanical journals and finally a
member of the editorial staff of a prominent machinery journal,
where he remained for twenty years, the last ten years of which he
spent as editor-in-chief and vice-president of the publishing com-
pany. During this time he acquired an extensive acquaintance
with machinery-building establishments in Europe, as well as in
America.

After retiring from journalism, Mr. Miller was for nine years
general manager of a group of typewriter factories, and was then
commissioned Major of Ordnance in the U. S. Army, being stationed
during most of his service at the Rock Island Arsenal, where he
organized and was at the head of the Civilian Service Division of

1
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the Arsenal, Afterward he was attached to the office of the Director
of Arsénn)s’in Washington, being assigned to duty at the Bethlehem
Steel Works, and was then attached to the office of the Secretary
of War. He was also a member of the Technical Advisory Committee

o of the War Claims Board at Washington.

Major Miller became a member of the Society in 1890, and has
always taken an active interest in its affairs, having served on a
number of important committees, and as a member of Council
from 1904 to 1907, inclusive. He also served two terms as the
Society’s representative on the Board of the United Engineering
Societies, where he was chairman of three successive committees
entrusted with the work of reorganizing and perfecting the Founder
Societies’ business affairs and finances. He was a member of the
Council at the time THE JOURNAL of the Society was started, and
has always been consulted on questions relating to its development,
having recently devoted considerable time to the study of the
Society’s publishing problems and its office methods and organiza-
tion. :



No. 1738

MEETINGS JANUARY-JUNE
MEETINGS OF SECTIONS

THE following is a record of the meetings which were held by the

organized sections of the Society and the Providence Engi-
neering Society, an affiliated body, during the first six months of -
the year. A number of the papers of more general interest were
published in MEcHANICAL ENGINEERING during 1920.

ATLANTA

January 27: Address by Charles M. Rogers, Rogers, Higgins
Co., on Oil as a Fuel.

February 24: Building a 30,000-kw. Turbo Set, by H. E. Bussey,
General Electric Co.

March 30: Ball Bearings Applied to General Power Trans-
mission, by W. H. Holby.

May 25: Manufacture of Cotton Goods, by J. T. Wikle.

June 10: Plate dinner, election of officers.

BALTIMORE

February 27: Council meeting. Informal dinner attended by .
the Mayor, City Superintendent of Schools, Council, Sections Com-
mittee, Executive Committee of the Baltimore Section, representa-
tives of the Engineers’ Club and members of the Philadelphia and
Washington Sections. Evening meeting on Vocational Education.

February 28: Visit to Experimental Stations and Laboratories
of the United States Naval Academy at Annapolis. Luncheon at
Carvel Hall.

March 3: Reinforced-Concrete Design and Construction, Past
and Present, by Ernest P. Goodrich.

March 10: Railroad Grade-Crossing Elimination, by Samuel

T. Wagner.
3
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March 17: The Commercial Side of Engineering, by Commander
Walter M. McFarland.

March 24: Engineering and Construction Organization for
Rapid Work, by I. W. McConnell.

April 2: Business meeting.

April 16: Joint meeting with Baltimore Section, A.L.E.E.
The Super-Power System, by W. S. Murray.

May 7: Joint meeting with the Electrical Institute. Some
Recent Developments in Heating and Ventilation, by Prof. John
R. Allen. ’

BIRMINGHAM

April 23: Joint meeting with Atlanta Section. Export Business
" in the Near East, by Prof. John R. Allen.

BOSTON

January 22: Research. Speakers, Professors John R. Allen and
Arthur M. Greene, Jr.

February 3: Dinner meeting of the A.S.M.E. and A.LLE.E.
Large Turbo-Generator Units from the Operator’s Standpoint. Dis-
cussion opened by Farley Osgood. Engineering Rescarch, by
E. H. Colpitts. ’

February 24: Joint meeting with A.I.LE.E. and Boston Society
of Civil Engineers. A National Department of Public Works, by
Prof. George F. Swain.

March 30: Eleventh annual dinner of the engineers of Boston,
sponsored by the Boston sections of the A.S.M.E., AL.LE.E. and the
Boston Society of Civil Engineers. Some Economic Aspects of the
Treaty of Paris, by Paul Cravath. Social Engineering, by Dean
*Roscoe C. Pound.

May 5: Methods of Airplane Production and Possibilities in
Future Commercial Aviation, by Charles H. Tavener.

BUFFALO

January 6: Oxy-Acetylene Welding, by Major C. K. Bryce.

February 24: Wage Payment, by A. L. De Leeuw.

April 6: Educating Blinded Soldiers to Lines of Usefulness,
by L. W. Wallace.

May 4: Business meeting. Address by Secretary Calvin W.
Rice.
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CHICAGO

January 23: Fuel for Internal Combustion Engines, the Lubri-
cation and the Motor Itself, by William F. Parish.! The Proposed
National Department of Public Works, by Arthur L. Rice.

February 16: Joint meeting with the Western Society of Engi-
neers. Factory Fire Protection, by Benjamin Richards.

F ebruary 28: Joint meeting with the Western Society of Engi-
neers. The Washington Award was presented to Mr. Herbert Hoover.

March 4: Joint meeting with A.LLE.E., Electrical and Me-
chanical Sections, Western Society of Engineers, and Western Rail-
way Club. Some Comments on the Present Status of Steam Rail-
road Electrification, by S. T. Dodd.

March 19: Dinner meeting. Beauties and Power Development
of Niagara Falls, by William M. White.

April 15: Joint meeting with other engineering societies in
codperation with the Western Society of Engineers. Teaching Shop
Executives, by Prof. B. W. Benedict.

April 19: Council Meeting. Joint meeting of four Founder
Societies with the Western Society of Engineers and the local mem-
bers of other national societics. Banquet, preceded by informal
reception and followed by brief addresses by the Presidents of
the four Founder Societies.

April 20: Luncheon, at which were present members of the
Board of Directors of the five societies, and the Executive Com-
mittees of the local sections.

May 21: Luncheon and excursion to the works of the Western
Electric Company.

May 22: Entertainment of the members of the A.S.M.E. en
route to the Spring Meeting.

June 8: The St. Lawrence River Project! by Horace C.
Gardner.

CINCINNATI

January 15: The Evolution of Automotive Electrical Ignition,
by R. C. Fryer.

February 19: Joint meeting with Engincers’ Club of Cincinnati.
. The Engineer and the Markets of the World, Dean Herman Schneider. -
April 22: Theory and Practice, Prof. John R. Allen.

1 See MecHANICAL ENGINEERING, March, 1920.
* Abstract published in MEcHANICAL ENGINEERING, September 1920.
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CLEVELAND

January 27: Rubber-Working Machinery, by John Schaub,
and Clay-Working Machinery, by A. O. Austin.

February 24: Joint meeting with Cleveland Engineering So-
ciety. A Photographic Study of the Sounds of Large Guns, by Dr.
Dayton C. Miller. -

- March 23: Methods of Measuring Flow of Fluids, by E. G.
Bailey.

April 13: Is There a Cure for Class Differences in America? by
Dr. Ira N. Hollis.

April 27: Joint meeting with the Cleveland Engirteering So-
ciety. Grinding Developments, Achievements and Future Possi-
bilities, by C. H. Norton.

May 25: Joint meeting with Cleveland Engineering Society.
Gas Warfare Lessons, by Frederick Pope.

June 8: The Benefits of Engineering Associations, Col. Edward
A. Deeds. Getting the Most out of Life, by E. J. Cattell.

COLORADO

. January 23: What the United States Engineers did in France,
by Major Charles Larsen.
February 27: Some Interesting Teste on a High-Pressure Auto-
motive Steam Boiler, by E. H. Nate.
March 26: Colorado’s Development and the Engineer, by
Prof. L. D. Crain.
April 23: The Engineer and the Public, by Durbin Van Law.

CONNECTICUT
Bridgeport Branch

March 29: Dinner and meeting.

Hartford Branch

January 19: The Use of Fuel Oil, particularly in Steam Produc-
tion, by Ernest H. Peabody. Certain Aspects of the Fuel Question,
by John P. Leask.

March 15: Power Production, by George A. Orrok.

April 12: Drop Forgings and Die Castings, by representatives
from the Billings and Spencer Co., the J. H. Williams Co., and the
Doehler Die Castings Co.
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Meriden Branch

February 10: Methods of Measuring and Manufacturing to
the Millionth of an Inch, by W. H. Weingar.

April 8: Boiler Feeding, by Stanley Brown. Motion picture,
The Twist Drill — Its Uses and Abuses.

May 7: Business meeting.

May 21: Machine Switching Equipment, by E. H. Everit.

June 24: Inspection of Aeolian Co. Factory. Manufacture of
Talking Machine Records, by H. L. Thompson. The Manufacture
and Use of Talking-Machine Spring Motors, by E. W. Carruth.

New Haven Branch

January 21: Joint meeting with Winchester Engineers’ Club.
Appraisal and Valuation Methods, by J. G. Morse.

March 8: Joint meeting with Winchester Engineers’ Club.
Research, by Professor W. J. Wohlenberg. Cooperation of the
Engineering Societies, by Professors C. F. Scott and L. P. Brecken-
ridge. Measuring and Manufacturing to the Millionth of an Inch,
by W. H. Weingar.

April 16: Progress in Mechanical Engineering Research, by
Prof. Arthur M. Greene, Jr.

May 14: Inspection of works of the Geometric Tool Co.
Evolution of the Opening Die Head, by an engineer of the company.

June 2: Business meeting; election of officers.

Waterbury Branch

June 26: Business meeting; election of officers.

DETROIT

January 9: The Design and Application of Electric Propulsion
Equipment for Submarines, by David Hall.

February 20: Joint meeting with A.ILE.E. and Detroit Engi-
neering Society. Spectacular Illumination, by W. D’Arcy Ryan.

EASTERN NEW YORK

January 9: Gages, by C. E. Johansson.
February 20: Performance Tests on Airplanes, by A. R. Steven-
son, Jr. Supercharger for Airplane Engines, by S. A. Moss.
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March 26: Gas Warfare in the A. E. F,, by Major Frederick
Pope.
April 23: Bearing Metals, by C. H. Bierbaum.

ERIE

April 12: Is There a Cure for Class Differences in America?
by Ira N. Hollis.

INDIANAPOLIS

January 23: Joint meeting with Indiana Engineering Society,
AILE.E, A.A.E, Scientech Club and Indiana Society of Architects.
The Department of Public Works, by Professor Newell.

April 22: The Manufacture and Uses of Malleable Castings,
by H. A. Schwartz.

LOS ANGELES

February 10: The Aims and Activities of the Society, by Dean
D. 8. Kimball. The Design, Construction and Use of the 100-Inch
Reflector, by F. G. Pease. Solar Work at the Mount Wilson Solar
Observatory, by Dr. Charles E. St. John.

May 13: Recent Developments in Physics, Dr. Charles E. St.
John.
June 1: Business Meeting.

June 24: Some Interesting Features of the 100-Inch Telescope
at the Mount Wilson Observatory, by F. G. Pease.

MID-CONTINENT

May 28: Joint meeting with Oklahoma Section of American
Chemical Society. The Preparation of Motor Gasoline from
Heavier Hydrocarbons, Professor Fred W. Padgett;! Modern
Water Purification, by W. R. Holway; Refining Crude Mineral
Oils and the Action of Absorptive Clays on Same, by F. C.
Thiele; Flow of Fluids through Pipe Lines and the Effect of Pipe Line
Fittings, by D. E. Foster; Some Investigations in Briquetting of
Oklahoma Bituminous Coal, Professor James C. Davis; Meta-
Nitrophenyl Ether, by Dr. Hilton I. Jones; Mid-Continent Gaso-
line, by Dr. Chas. K. Francis; Coal vs. Oil Cost Performance Chart,

1 See MEcHANICAL ENGINEERING, July, 1920.
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by L. C. Lichty; Research in the Mid-Continent Field, by Dean
P. F. Walker;! The Treatment of Cow’s Milk for Babies’ Food, by
Dr. Edwin De Barr; The Engineer and His Citizenship Responsi-
bilities, by E. S. Carman; and Industrial Possibilities of Tulsa, by
Clarence B. Douglas.

MILWAUKEE

March 17: Joint meeting with Milwaukee Engineering Society.
Falk Gears as Applied to Marine and General Uses, by Percy Day.

April 20: Joint meeting with the Milwaukee Section of A.IL.E.E.
Address by Calvert Townley.

April 21: Joint meeting with Milwaukee Engineering Society.
Engineering Opportunities, President Fred J. Miller.

May 19: Joint meeting with Milwaukee Engineering Society.
The Coming Science of Acoustical Engineering, by Prof. Vladimir
Karapetoff.

MINNESOTA

January 5: New Problems in Engineering, by Dr. Ira N. Hollis.
February 20: Coals and Coal Analysis, by W. D. Langtry.
May 17: Annual meeting and dinner. Election of officers.

NEW ORLEANS

January 12: Annual meeting and smoker.

February 9: Discussion of proposed Natlonal Department of
Public Works.

March 17: Business meeting. Sub-Commlttee on Membership
appointed.

April 17: Business meetmg General discussion of Section
affairs.

June 4: The Recent Installation of a Large Turbo-Alternator
at Niagara, by W. M. White.

NEW YORK

January 13: New Fuel Uses. Colloidal Fuel, by Lindon Bates;
Fuel Oil, by E. H. Peabody; Pulverized Coal, by C. C. Trump.

1 Published in MEcrANICAL ENGINEERING, September 1920,
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February 10: Alloyed Aluminum as an Engineering Material,
by G. M. Rollason.!

February 19: Joint meeting with A.S.C.E.,, A.ILM.E.and ALE.E.
A National Department of Public Works, by M. O. Leighton.

March 9: Symposium on the Application of Heat in Industrial
Processes.

April 13: Symposium on Welding. Elements of Arc Welding,
by O. A. Kenyon; Gas Welding, by A. S. Kinsey; Thermit Welding,
by J. H. Deppeler.

ONTARIO

February 2: Industrial Relations, by R. W. Gifford.

April 8: Milling Machine Practice and Design, by B. P. Graves.

May 14: Inspection of works of Canadian Westinghouse Co.,
International Harvester Co. and the new generating station of the
Dominion Power and Transmission Co.

OREGON
January 29: Talk by Dean D. S. Kimball.

PHILADELPHIA

January 27: Anti-Aircraft Artillery, Maj. R. L. Goetzenberger.

February 24: Navy Night. War Time Naval Engineering, by
Commander J. S. Evans.

March 23: Safeguards in Industrial Plants, by L. A. de Blois.

April 27: Modern Practice in the Manufacture of Steel, by
Col. W. P. Barba.

May 25: Export Trade, by Samuel Vauclain. Other speakers,
Messrs. Carter, Aertsen, Kenney, Brinley and Liversidge.
June 4: Business meeting.

PITTSBURGH

January 16: Organization meeting.

PROVIDENCE

May 11: Providence Section formed. A Committee was ap-
pointed to plan an active session for 1920-21. Meeting of the

1 Abstract published in MEcEANICAL ENGINEERING, September 1020,
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Providence Engineering Society followed. Apprenticeship Systems,
by Mr. Goss.

PROVIDENCE ENGINEERING SOCIETY

April 27: Foundations in the Vicinity of Providence, by
Wm. H. G. Temple.

ROCHESTER

February 4: The Engineer’s Participation in Engineering
Phases of Public Affairs, by Secretary Calvin W. Rice.

April 14: Is There a Cure for Class Differences in America?
by Dr. Ira N. Hollis.

ST. LOUIS

January 2: New Problems in Engineering, by Dr. Ira N. Hollis.

January 28: Construction of the Old Hickory Smokeless Powder
Plant at Nashville, Tenn., by A. J. Brandt.

February 20: New By-Product Coke Plant at Granite City, by
P. E. Irvine.

April 7: Joint meeting with Associated Engineering Societies
of St. Louis. Different Processes in the Manufacture of a Heine
Boiler, by F. O. Pahlmeyer.

April 30: Development in Chain Grate Stoker, by H. P. Gauss.

SAN FRANCISCO

January 8: The Industrial Uses of Gas, by B. W. H. Hender-
son and H. M. Crawford. Use of Oil Gas in Manufacture and
Heating of Rivets, by M. Balliet.

February 5: Talk by Dean D.S. Kimball.

February 27: Business meeting.

March 11: The American Plan of Industrial Relations, by
Minor Chipman.

March 25: Development of the Diesel Engine, by Adolph A.
Tacchella.

April 1: Meeting of Executive Committee. Commercial De-
velopment of the Airplane, by Dr. Durand.

April 8: Turbine Reduction Gear for Ship Propulsion, by W. J.
Davis.

April 10: Visit to the Municipal Installment of the Diesel
Plant at Palo Alto.
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April 29: Inspection of the Moore Shipbuilding Co. and the
Skandia Pacific Co.

SYRACUSE

June 1: Organization meeting and election of officers.

TOLEDO

April 9: Organization meeting; election of officers. America’s
Future in the World Wide Industry, by E. 8. Carman.

June 3: The Relation of the Engineer to the Public, by Presi-
dent Fred J. Miller.

UTICA

March 18: Organization meeting.

VIRGINIA

) January 26: Informal address by Earl F. Scott; election of
officers.

WASHINGTON

January 29: Experience with the Ricardo Engine for Tanks in
France, by Major Ralph Sasse; Experience with the Diesel Engine
for Submarines, by Lieut. Comdr. M. C. Bowman; Artificial High
Altitude for the Study of Aircraft, by Dr. A. C. Dickinson.

March 31: Some Commercial Heat Treatments for Alloy Steels,
by A. H. Miller; Some Applications of Alloy Steels in the Auto-
motive Industry, by H. J. French; The Application of Alloy Steel to
Engineering Work, by P. E. McKenney.!

May 17: Gas Welding, S. W. Miller; Electno-Arc Welding
of Steel, H. S. Rawdon; Metallic-Electrode Arc-Welding Process,
O. H. Eschholz. The papers by Messrs. Rawdon and Eschholz
are published in abstract in Mechanical Engineering, October 1920.
Followed by a dinner, when a short talk was given on Should Junior
Members Vote?

WASHINGTON STATE

‘January 27: Address by Dean D.S8. Kimball to engineering
students and to the combined engineering societies of Seattle.

! The papers by Messrs. Miller and French were published in MECcHANICAL
ENGINEERING, September 1920.
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March 1: The Relation of the Engineer in Successful Industrial
Management, by Stephen I. Miller.

April 19: An Investigation of Compressed Spruce Pulleys, by
Professor G. S. Wilson.!

June 9: Meeting and banquet. Speakers, R. M. Dyer, C. W.
Tubby and E. O. Eastwood.

WORCESTER

January 16: President’s night. Speakers, President Fred J.
Miller, Dean M. E. Cooley, Charles T. Main, Dr. Ira N. Hollis.

February 10: Industrial Relations, by Robert B. Wolf.

March: A Trip through the Bureau of Standards, Washington,
D. C,, by Dr. S. W. Stratton.

THE SPRING MEETING
St. Louts, Mo., MAY 24 To 27

The 1920 Spring Meeting was the first convention of the Society
to be held in St. Louis in twenty-four years and so open-hearted was
the hospitality, so well carried out were the excursions and enter-
tainments and so thoughtfully was cvery detail worked out for the
comfort of the guests that every member in attendance enthusias-
tically demanded an early repetition of a St. Louis Spring Meeting.

The total registration was 475 members and 330 guests, most
of whom arrived for the first session and remained to the end. All
of the professional sessions were held at the Hotel Statler, the head-
quarters of the meeting.

On Monday evening a reception for visiting members was held
at the Hotel Statler. Charles H. Howard, president of the Com-
monwealth Steel Company of St. Louis, extended a warm welcome.
President Miller responded with the thanks of the Society for the
hospitality shown. Mr. E. R. Jackson displayed several reels of
official moving pictures recording the First Transcontinental Motor
Convoy. Mr. L. C. Nordmeyer, Chairman of the St. Louis Section,
presided at this meeting, which was followed by dancing.

The Spring Meeting banquet, held Tuesday evening, May 25,
in a large dining room of the Missouri Athletic Association, was
attended by over 700 members and guests. After the dinner, Lt.-

1 Abstract published in MecEANICAL ENGINEERING, August, 1920.
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Col. H. W. Miller, of the Ordnance Department, presented a paper
on the German Defenses of the Coast on Belgium.

On Thursday afternoon the excursion steamer St. Paul was
chartered for a boat ride on the Mississippi.

The ladies attending the convention were afforded very inter-
esting trips through the residential section, through Forest Park
and visits to the Art Museum, Shaw’s Garden, Washington Uni-
versity and to Brentmoor, Westmoreland and Portland Places.

On Tuesday afternoon the plant of the Commonwealth Steel
Co. at Granite City, Ill., was visited by a large number of members
interested in the making of steel castings. The 122,000-kw. plant
of the Union Electric Light and Power Company at Ashley Street
was also visited on Tuesday afternoon, followed by a call at the
docks of the St. Louis Boat and Engineering Company, where steel
barges were under construction for the United States Government.

Wednesday morning the trips included the plants of the General
Motors Corporation, Wagner Electric Company, Evertight Piston
Ring Company and Heine Safety Boiler Company. Lunch was
served at the Bevo plant of the Anheuser-Busch Agsociation, follow-
ing which the party moved on to the works of the Busch-Sulzer
Brothers Diesel Engine Company, the Mississippi Valley Iron
Company and the cokeplant of the Laclede Gas Light Company.

Eighty members of the Society availed themselves of the oppor-
tunity to inspect the hydroelectric developments of the Mississippi
River Power Company at Keokuk.

Following the meeting in St. Louis about fifty of the attending
members left for Tulsa, where, on Friday and Saturday a joint
meeting of the Mid-Continent section of the Society was held with
the Oklahoma section of the American Chemical Society.! A full
account of this meeting, as well as more extended accounts of the
business and professional sessions of the Spring Meeting will be
found in the July, 1920, issue of MECHANICAL ENGINEERING.

The convention was in general charge of the Committee on
Meetings and Program, consisting of Dexter S. Kimball, Chairman,
A. L. DeLeeuw, W. G. Starkweather, R. V. Wright and J. W. Roe.

The entire arrangement for the entertainments, excursions and
publicity for the St. Louis meeting was under the jurisdiction of
the General Committee, the personnel of which was as follows:
M. L. Holman, Hon. Chairman; Louis C. Nordmeyer, Chairman;
Lewis Gustafson, Vice-Chairman; Fred E. Bausch, Secretary;

1 See p. 8 for program of meeting.
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William P. Samuel, Treasurer; Ernest L. Ohle, H. Wade Hibbard,
Chester B. Lord, Edward W. Schadek, Victor J. Azbe, and Edward
R. Fish. The chairmen of the various sub-committees were:
Reception, R. H. Tait; Women’s, Mrs. Ernest L. Ohle; Hotel,
W. H. Reeves; Publicity, V. J. Azbe; Finance, P. DeC. Ball;
Program, E. L. Ohle; Entertainment, Fred. E. Bausch; Informa-
tion, E. R. Fish; Transportation, W. E, Bryan.

PROGRAM
Monday Morning, May 24

Registration of members and guests at headquarters. Meeting of Council.
Organisation meeting of Machine Shop Section.

Monday Afternoon
BUSINESS MEETING
Report of tellers of amendments to constitution; reports of committees.

APPRAISAL AND VALUATION SESSION
(Discussion upon the following papers)

APPRAISAL AND VALUATION METHODS, David H. Ray!

RATIONAL VALUATION — A CoMPARATIVE STUDY, James Rowland Bibbine.?

DaTta oN THE CosT oF ORGANIZING AND FiNancIiNG A Pusric-Urinity
Prosec, by the late F. B. H. Paine? (contributed by Dean M. E. Cooley).

Tee ConsTRUCTION PERIOD, H. C. Anderson?

Price LEVELS IN RELATION TO VALUE, Cecil F. Elmes?

Monday Evening
Address of welcome
Illustrated lecture: THE FIRsT TRANSCONMINENTAL Moror Convoy,
E. R. Jackson,® former 1st Lieut., Ordnance Dept., U.S.A.
Reception and dance.

Tuesday Morning, May 25
PROFESSIONAL SESSION
LOCAL SHSSION
(Papers contributed by St. Louis engineers)

Tae HousiNne ProBLEM IN 8T. Louis, Nelson Cunliff.
InpusTRIAL HoUusiNG — A FINaNciAL ProBLEM, Leslie H. Allen.$

1 Published in MxcrANICAL ENGINEERING, December 1919.
* Published in MecrANICAL ENGINEERING, October 1920.

3 Published in MecBANICAL ENGINEERING, March 1920.

¢ Published in MecEANICAL ENGINEERING, June 1920.
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DesiGN or aN Ore FrepT ror THE UrPER MississipPl River, Wm. 8.
Mitchell 2

Mississrpp1 VALLEY RIVERS’ TRANSPORTATION AcTIvITIES, E. W. Schadek.

BurNING EAsTERN CoALs SuccessruLLY oN A ConveyEr Fxep Tryee
or Stoxker, Eloyd R. Stowe?

TiaeT-FrrriNe THREADS FOR BoLTs AND NuUTs, Chester B. Lord.

ELEVATOR CODE BSESSION
Tuesday Afternoon

Public hearing by Boiler Code Committee on rules for air tanks and pres-
sure vessels.

Excursions. -

Tuesday Evening

Banquet.

Illustrated address: The GErMAN DErENses oN THE CoasT oF BELGIUM,
Lieut-Col. H. W. Miller;? Ordnance Dept., U.8.A.

Music and dancing.

Wednesday Morning, May 26

SIMULTANEOUS SESSIONS
AERONAUTIC SESSION

PrYS8ICAL BaSis oF AIR-PROPELLER DESIGN, F. W. Caldwell and E. N. Fales.

ANALYTICAL THEORY OF AIRPLANES IN RECTILINEAR FrigaT AND CAL-
CULATION OF MAaxmumM CruisiNg Rapius, A. Rateau, Hon.Mem.Am.Soc.M.E.

AERONAUTIC INSTRUMENTS — GENERAL PRINCIPLES OF CONSTRUCTION,
TestiNG AND Usg, Mayo D. Hersey.

FrLow oF AIR THROUGH SMALL Brass TuBks, T. S. Taylor.

CASTINGS SESSION

(Under auspices of Sub-Committee on Foundry Practice)
MALLEABLE CasTiNGs, Enrique Touceda.
Dre Castings, Charles Pack.
AvuoMiNUM CasTINGS, Zay Jeffries.
SteEL CasTINGS, John H. Hall.
Gray-IroN CasTings, Richard Moldenke.
Brass anNp Bronze CasTtings, C. H. Bierbaum.

Wednesday Afternoon
Excursions.

Wednesday Evening
Entertainment at Municipal Open Air Theatre, Forest Park.

1 Published in MECHANICAL ENGI;IEEBIN‘O, July 1920.
* Published in MEcHANICAL ENGINEERING, May 1920.
3 Published in MecEANICAL ENGINEERING, June, 1920.
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Thursday Morning, May 27

SIMULTANBEOUS SESSIONS
SCIENTIFIC SESSION

(Joint session with American Society of Refrigerating Engineers and American
Society of Heating and Ventilating Engineers.)

AN InrrOVED FORM OF WEIR FOR GAGING IN OPEN CHANNELS, Clemens
Herschel.

SmMPLIFICATION OF VENTURI-METER CALcULATIONS, Glenn B. Warren.

DisseaTioN oF HEAT BY VARIOUS SURFACES, T. 8. Taylor.

Tee TeErMAL ConpuctiviTY OF HEAT INsuLaTORS, M. 8. Van Dusen.
(Contributed by A.S.R.E.)

Sarr VeNTILATION, F. R. 8till.

(Contributed by AS.H. and V.E.)

POWER AND COMBUSTION SESSION

PurLveRrnzep CoAn IN METALLURGICAL FurNAces AT Hier AvLTiTUDES,
Otis L. McIntyre.

Erriciency or NaturaL Gas usep IN Domestic Skrvice, Robert F.
Earhart. .

Tae SEPARATION OF DissoLvED GAsESs FROM WATER, J. R. McDermet.

LocoMoTive FEEDWATER HEATING, Thos. C. McBride.
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PHYSICAL BASIS OF AIR-PROPELLER
DESIGN

By F. W. CapwrrLr?! anDp E. N. FaLzs;! Darron, O=10
Non-Members

1t is the purpose of this paper lo summarize the conceptions of flight phenomena
as developed by the use of the high-speed wind tunnel aé McCook Field, Dayton,
Ohio. The paper contains a description of the wind tunnel; a discussion of the
phenomena discovered by its uss; an analysis of propeller theory and application
thereof to fan design; and a review of the methods employed for visualizing air flow.

The wind tunnel at McCook Field ts notable, first, for the high velocity of air
used (500 m.p.h.) and second, for means adopted to visualize the asr flow. This
latter is done by maintaining the humidity of the air in the tunnel as a cerlain pre-
determined level and by providing opportunities for its condensation where i shows
the character of the air flow.

The study of air flow by these means gave new data on vortex formation created
by the presence of aerofoils and made it possible to form a clearer conception of the
conditions surrounding the operation of propellers.

The value of such tnvestigations as can be made with the McCook Field equip-
ment lies in the fact that hitherto the theory underlying flight phenomena has been
purely rational and not direcily applicable to engineering design because of the ab-
sence of empirical measurement of flight vortices. Because of this, it was impossible
o predetermine the performance of aerofoils of new shapes, speeds, and sizes without
first building a model and determining the particular coefficients applicable to the
new design experimentally. Dala obtainable in a wind tunnel having provision for
visualizing the air flow are, however, the first step toward supplying this deficiency.

The authors show the application of some of the data obtained to the design of
blowers and fans, and in an appendiz the application of model wing tests to pro-
peller design is discussed.

MEMBERS of The American Society of Mechanical Engineers
as well as most of the older engineering professions have shown

a keen interest in aeronautical problems and in the progress of the

scientific side of aviation. This interest is no doubt partly due to

the romance of seeing realized mankind’s age-long desire to imitate
1 Air Service, Engineering Department, McCook Field.

Presented at the Spring Meeting, St. Louis, Mo., May 1920, of TrHE
AMERICAN SoCIETY oF MECHANICAL ENGINEERS.
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the birds in their flight; and partly to the patriotic hope that
America will become predominant in a field which owes its exist-
ence to two American inventors.

2 This interest is very valuable to aeronautical engineers,
as we feel that association with the older professions ought to enable
us to keep at least one foot on the ground. At the same time it
is felt that the information gained in aeronautical research may
prove helpful in some ways to the mechanical engineers.

3 It is the purpose of this paper to summarize our conceptions
of flight phenomena as developed by the use of the high-speed wind
tunnel at McCook Field. The understanding of the fundamental
aerodynamical phenomena upon which flight depends has been
rather vague throughout the past, simply because of the invisibility
of the air. Our knowledge of these phenonema has been based on
deductions made from observing the forces produced. (The varia-
tion of the air resistance has been well understood for various types
of wings, and also for solid bodies of geometrical shape.) To evaluate
these forces, however, the results only have been analyzed — not
the phenomena themselves. Measurement of the dynamic and
static pressures in a given air flow has contributed somewhat to our
knowledge of what goes on in the air. The use of threads, solid
particles, such as smoke, etc., has also been universal for determining
the direction of given portions of an air flow. Such methods, how-
ever, have barely scratched the surface of the problem and have
been of small value to the aerodynamical analysis of the mathe-
maticians,

4 A means of actually visualizing the air is therefore of greatest
interest; and while its immediate application has been to the specific
case of studying air flow past aerofoils, many other uses suggest
themselves wherever air in motion constitutes an engineering or
scientific factor. Thus, for instance, the study of meteorology
involves a knowledge of the circulation of air currents on a large
scale over the earth’s surface; this knowledge, too, is imperfect
because of the invisibility of the medium concerned, and can be
greatly improved by application of means for visualization. More-
over, the flow of air in ventilation and other engineering processes
is a question which may frequently require analysis by a method of
visualization.

5 It is thought that the general engineering profession will
quickly deduce from the experiments recorded in this paper prin-
ciples which can be of service in their more commercial fields. There-
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fore it has been our aim to summarize the main features of these
experiments without going too deeply into the technical details
necessarily of interest only to the aeronautical engineer. The
experiments have resulted in discoveries which may be briefly sum-
marized as follows:

6 The flow of air, whether in a duct or past an aerodynamic
body, is subject to parasite energy losses connected with accidental

F1a. 1 Paoro or Tip VorTEX, CAMERA AxIs BEING COINCIDENT WITH
VorTEX AxIs

whirls and eddies, and also to internal motion on account either of
the shape of the containing duct or the aeronautical body. Analysis
of these motions in the air can be facilitated by visualizing them.
The writers’ method for producing visualization involves condensa-
tion of the moisture contained in the air. This moisture, when
turned into visible vapor by suitable means, takes up shapes de-
pendent upon the motion and pressure gradient of the air and justifies
us in considering that the air itself is thus visible. (See Fig. 1.)
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7 When the air is made to flow past an aerodynamic body,
special shapes of flow result and can be visualized by our method.
It has been shown in our experiments that when the speed changes,
the characteristics of the internal motion in the air alter. This
alteration has been a source of much uncertainty to aeronautical
engineers in the past; but the combination of visual study of these
changes of air flow, together with quantitative analysis of the forces
involved, has made it possible to throw much light on the under-
lying structure of the air as it applies to dynamic flight and pro-
pulsion.

8 In our experiments, then, we introduced small model wings

Fia. 2 McCook FieLp WIND TUNNEL, GENERAL EXTERNAL VIEW

(aerofoils) into the air current of the wind tunnel and studied their
performance, intending to interpret the results for the purpose of
propeller design.

WIND-TUNNEL APPARATUS USED FOR OBSERVING AEROFOIL
COEFFICIENTS AND AIR FLOW

9 The McCook Field wind tunnel (Fig. 2) was designed by
the writers for advanced study of aerofoil coefficients used in pro-
pellers. It is a departure from the accepted type of wind tunnel
in two ways: first, it has a speed higher than elsewhere attained
for similar purposes — 500 m.p.h. at 200 hp.; second, it makes
possible the visualization of aerodynamic phenomena.
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10 It seems wise to summarize briefly the general function of
a wind tunnel, which is the laboratory apparatus of the aeronautical
engineer. An airplane, when once in the air, is very difficult to
analyze; neither the pilot nor an observer on the ground is able to
gage accurately the speed, angular attitude, nor the air forces acting.
So far, no thoroughly accurate instruments for accomplishing full-
flight analysis have been perfected. Projects have been proposed
for attaching a full-sized airplane to a moving electric locomotive
properly equipped to record accurately all the forces produced;
but such a plan has drawbacks. It is found that the best, most
accurate and cheapest way to analyze airplane characteristics is
by means of the wind tunnel. This is a confined artificial blast of
air which is made to blow against a model wing or airplane. The
model is supported in the air blast by a thin rod reaching into the
wind tunnel from outside, where it connects to a delicate scale.
Thus all forces created on the model are transmitted to the scale
where they can be measured.

11 It is found that the forces due to the air current blowing
aga'nst fixed objects are the same as though the object were moved
through still air, provided the air current is smooth and without
eddies. Elimination of eddies is therefore an important requirement
in a wind tunnel.

12 The forces found in a wind tunnel apply to full-sized ma-
chines, and wherever aeronautical design is carried on the wind
tunnel is essential. Besides the McCook Field wind tunnel there
are in America about a dozen others. In Europe there are many
more, the British National Physical Laboratory employing seven.
The largest in existence is now being built at Paris, 13 ft. in diameter
and of 1000 hp. capacity. The typical wind tunnel has a stream
of air 15 to 50 sq. ft. in cross-sectional area, flowing at a velocity of
from 30 to 90 m.p.h.

THE QUESTION OF WIND-TUNNEL SPEED

13 The speed and size of a wind tunnel have a recognized
importance in the interpretation of the results obtained. The
usual coefficients of aeronautical engineering are determined by
tests on a model aerofoil of from 3 to 6 in. chord at velocities of 45
to 130 ft. per sec. The data obtained must be applied in the full
scale to areas a hundredfold greater in the case of wings, and to
velocities ten times greater in the case of propellers. There may
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be a discrepancy between model and full-scale coefficients, and this
is spoken of a8 “scaling effect.”

14 Scaling Effect. While scaling rules and empirical factors
worked out in practice have enabled us to produce very fair results,
there is decided room for improvement. Indeed, so meager is the
available information on the scaling effect, as treated under the
“law of dynamic similarity,” that a growing tendency has appeared
among aeronautical engineers to regard the classical coefficients K,
(coefficient of drag) and K, (coefficient of lift) as inadequate.

15 It has been almost universally the practice to write

L = p/gK,AV?
D = p/gK.AV?

where L is the lift (vertical lifting force), D the drag (resistance),

Oynamic Head in Inches of Water when Suction 18 3.00 In.
-04 06 €02 -04 -06 086 -10 O -10 -20 -30 -40 -50 -04 -06 -08 -10 -1

INTAKE

Fia. 3 CaarT oF VevociTy TRAVERSES FOR VARIOUS INTAKES

A the area of the supporting surface, V the velocity of advance,
p the density of the air in weight units, g the acceleration due to
gravity, and hence (p/g) the density of the air.

16 It is well known as the result of experience that the values
of K. and K, vary somewhat with velocity and also with the size
of the surface under consideration. If I represents one of the linear
dimensions of the surface and 7 the coefficient of kinematic viscosity,
it is assumed, according to the law of dynamic similarity, that
values of K, and K, are functions of VI/y. Since v is usually con-
gidered constant, it is customary to compare the product VI for
experiments in a given medium.

17 The wind tunnel designed by the writers permits the
attainment of a VI product of 60 (V in ft. per sec., l in ft.) While
this figure is twenty times less than the corresponding full-sized
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wing values, it is only four to eight times less than full-sized propeller
values.

18 As a matter of interest, tip speeds of some of the propellers
in actual use are given below:

Airplane Engine M.p.h.
USD9.....ccvevvvnvnnann, Liberty-12.............covvunnn 650
VE-7.. . i Hispano-Suiza, 150 hp............ 545
Thomas-Morse. ............ LeRhone, 80 hp................. 380
Verville Chasse. ............ Hispano-Suiza, 300 hp............ 600
Roché XB-1-A............ Hispano-Suiza, 300 hp............ 625
Curtiss IN4.............. Curtis OX-5.......00000vennnne 420
DH-9....o...o0ivvvvnennnn Rolls-Royce, 375 hp.............. 430

19 It would be ideal if a wind tunnel could be built large
enough for testing propellers and airplanes of full size and speed.
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Such apparatus would, of course, be enormous and of prohibitive
cost. We must therefore be content with wind tunnels whose V1
product is smaller than the full-flight value. In designing a tunnel
we may have either large size and low speed, or vice versa. In
general a large wind tunnel requires a large, expensive hall, while
a high-speed tunnel requires high horsepower.

20 Thus in the McCook wind tunnel we have attained a
velocity equal to full-flight values, and the size of model is cor-
respondingly small. The results obtained, however, demonstrate
greater significance than were the same V! product obtained with a
larger model and smaller velocity. By means of the high velocity,
discoveries of outstanding importance have been made, namely,
the means of visualizing flight vortices, and the identification of
changes in these vortices with simultaneous changes in the aero-
foil coefficients.
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DESCRIPTION OF THE McCOOK FIELD WIND TUNNEL

21 The tunnel has the form of a venturi tube 18% ft. long,
built of turned laminated wood. Its proportions and novel features
have been the subject of exhaustive investigation and experiments
on scale models.

22 Intake Bell. Thus the intake bell has a radius of curvature
of 1§ times the throat diameter, such as best to take care of the

F1e. 5_ McCook FieLp Winp TunneL, S8uowiNg OPERATING PANELS

vena comiracta and insure best velocity distribution and parallelism
in the air flow (see chart, Fig. 3.)

23 Throat. The throat is 14 in. in diameter and unusually short
— 18 in. — with resulting economy of power. The short throat and
the location of the model close to the intake are justified by the study
of the chart in Fig. 3, and are made possible by the elimination
of the usual “honeycomb” and by proper intake-bell design.

24 Expanding Conse. The cone leading from throat to fan
has an angle of 7 deg., the maximum value established by Eiffel.
We have found that in cones of larger divergence the air flow does
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not fill the cone, a space of whirling and eddying air being left be-
tween the blast and the containing walls (see Fig. 4), with resultant
loss of energy. The principle involved is that flowing air surrounded
by solid walls loses less energy by surface friction than if surrounded
by inert air.

25 Straighteners. To do away with velocity fluctuations a novel
straightener is used — the conventional ‘“honeycomb” being elim-
inated. The straightener is placed 4 ft. down the cone and has
four radial blades 4 ft. long so located as to prevent inflow whirl
by obstructing the formation of the pressure apex. An auxiliary
straightener (Fig. 5) with flat radial vanes is located outside the

0 | [ 3 4 5 6 1
Pressure Drop, Inches of Mercury
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intake; and together the two reduce velocity fluctuations from 15
per cent to 3 per cent, without appreciable power loss.

VELOCITY MEASUREMENT

26 Velocity is measured in terms of dynamic head minus
static head. For measuring dynamic head there is an “impact’’
tube at the throat somewhat off the center of the tunnel axis. For
measuring static head a perforated plate is used, sct in flush with
the walls. A differential manometer records the velocity head, the
whole apparatus being analogous to the conventional pitot tube
and Krell manometer.

27 Temperature of the air passing through the throat is calcu-
lated on the assumption that expansion is adiabatic from atmos-
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pheric pressure to pressure corresponding to condensation, and
is polytropic below the latter pressure. Correct knowledge of
throat temperature is, of course, essential, and it is necessary to
develop a special method of thermometry for reading it. Present
methods are inapplicable to its direct measurement, for a ther-
mometer introduced into the air stream occasions more or less
adiabatic compression of the air striking it, with consequent rise
of temperature at the point of impact. (See chart, Fig. 6.) The
most advantageous position for the thermometer is with the bulb
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down stream, where it is subject chiefly to skin friction rather than
impact. Further investigations are being made of the matter.

BALANCES

28 The balances are of two types. The first one measures lift
and drag on two separate instantaneous-reading Toledo scales and
is mounted upon a portable carriage (see Fig. 7). The spindle for
the model projects horizontally and axially from this carriage into
the mouth of the wind tunnel, carrying the model at its free end.
The spindle terminates in a thin flat bar, the latter clamping a
graduated disk which is rigid with the model at the center of the
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span. Three advantages of this type of balance are: (1) That
instantaneous readings make it possible to synchronize balance and
velocity observations and to practically eliminate the effect of velocity
fluctuations. (2) The air forces can be qualitatively studied, as,
for instance, in the case where a given setup has two values of K,
or K,. The balance can then be seen to change from one reading
to another. (3) The method of support affords a highly accurate
means of skin-friction observation.

29 The conventional supporting spindle, as adopted at the
National Physical Laboratory, cannot be utilized under the con- .

Fic. 8 Tip VorTEX, HigB-LIFT REGIME

ditions of these tests. In order definitely to delimit the effect of
the supporting member, further developments are proposed where
this effect will virtually be eliminated from the tests. The effect
of the center support on the lift coefficient is not considered serious.
This conclusion is based on experiments run at other laboratories
where the effect of the support has been determined; also on a
comparison of the present series of experiments with tests made
elsewhere on a larger model supported at the end, for the same V1
values. The effect of the center support on drag, however, is known
to be large; the air-flow disturbance is visualized in Fig. 8, where
it appears as a white tuft above the support.
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30 Power Plant. The power plant consists of a Sprague
dynamometer, capable of delivering 200 hp. for one-half hour at
250 volts and 1770 r.p.m without overheating. The 5-ft. fan (Fig. 9)
is made with a solid-center disk 40 in. in diameter and has 24 blades
10 in. long. At the upstream side of the 40-in. disk & bell of equal
diameter is fixed in the tunnel so that the air is led up to the annular
discharge opening with a minimum of eddies. The operating ef-
ficiency of the whole tunnel is 75 per cent,-higher than has been usual
for the determination of aerofoil coefficients in other wind tunnels.
By efficiency is understood the ratio of kinetic energy of air stream

F1a. 9 McCoox FmmLp Wino TunnNEL, FAN END

at throat of tunnel, minus the energy absorbed by the fan, all divided
by the energy of the air stream at the throat.

31 Careful study of fan and cone design results not only in
reduced losses but also in reduced noise. The question of noise
has in the past been a serious objection to speeds greater than 70
miles per hour in wind tunnels. The roar of the fan is analogous
to that of an airplane propeller, which usually makes more noise
than does the unmuffled motor exhaust. For wind-tunnel use
the combination of fan and cone adopted has brought about a con-
giderable improvement, as indicated in the following tabulation:
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Fan is noiseless at................ 50 m.p.h
Startstoroarat.................. 60 m.p.h

... . ] Conversation easy at.............. 125 m.p.h.

From the operator’s position: Conversation slightly forced at..... 1556 m.p.h.
Poesible 12 in. apart at.......... 240 m.p.h.

Poesible 4 in. apart at........... 300 m.p.h.

32 Fan. The fan represents a very interesting union of air-
plane-propeller principles and blower-design principles, combining
the high pressure usually associated with centrifugal blowers with
the high efficiency of the airplane propeller. While essentially a
propeller fan of aeronautical design, its 16-in. pressure head is such
as would ordinarily be expected only from a centrifugal blower.

33 This application of airplane-propeller principlee to blower
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design is significant to the ventilation engineer, who may by such
means produce in wood, at comparatively small cost, blowing ap-
paratus of high efficiency, high horsepower, high head, and reduced
noise.

APPLICATION OF PROPELLER DESIGN TO COMMERCIAL USE

34 As a further illustration of the benefits to the ventilation
engineer of airplane-propeller principles, the following may be
cited as of interest:

35 It has been found possible, by impressing special properties,
to extend the usefulness of one of our most common and universal
devices — the electric cooling fan. In the ordinary electric cooling
fan referred to, the air flow is analogous to that of an airplane pro-
peller rotating at a fixed point on the ground, and is shown in the
sketch, Fig. 10-A. The blast converges as it leaves the blades,
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reaching a maximum velocity a short distance from the fan, and grad-
ually dissipating its energy as the flow lines expand along a small-
angle cone. Thus, in such a blast the energy is concentrated in a
narrow stream. Numerous experimenters have conceived the idea
of placing vanes in front of these fans to diffuse the air and make it
spread outward, but no practical success has been secured.

36 The problem is one of many minor ones which have found
their solution as a side issue to the war activities of the Air Service.
By judicious application of aerodynamic principles, a cooling fan
has been developed which delivers a fan-shaped expanding blast,
while moving as much air as the older conventional type of fan.
See sketch, Fig. 10-B. This fan directs its stream, not along a single
axial line, but along a sector embracing 90 or even 180 deg. The
advantages are obvious:

First, the energy of the blast is rapidly dissipated over
a large area, causing a large, gentle circulation in place of a
small, violent one.

Second, the blast spreads over an angle equal to that
attained by the conventional oscillating type of fan, and
accomplishes the same beneficial results without the un-
pleasant features associated with intermittent action.

Third, such a fan can produce a truly conical blast of
which the fan-shaped expanding blast is only a special case;
thus, the advantage of large cross-sectional area is secured
from a small high-speed fan; and for purposes of overhead
or ceiling use such a device is considerably cheaper than the
conventional low-speed, large-diameter ceiling fan.

Fourth, the device involves only a simple, inexpensive
addition to the conventional fan, may be readily applied to
it, and causes no additional noise.

VISUALIZATION OF FLIGHT VORTICES BY THE WRITERS' METHOD

37 The method of visualizing air flow discovered by the writers
together with C. P. Grimes offers a solution of the fundamental
problems of aerodynamics. This problem is the quantitative
empirical measurement of the phenomena of fluid dynamics as
applied to flight and air flow.

38 The accepted theory upon which flight has its physical
basis is purely rational. It has not yet been directly applicable to
engineering design, because empirical measurement of flight vor-
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tices has never been made. Therefore, the aeronautical engineer’s
use of aerodynamics is largely according to the cut-and-try method.
He cannot, on the drafting board, depart from known shapes, speeds,
or sizes without first building a model and determining the coefficients
applicable to his new design.

39 To illustrate this point it is only necessary to refer to the
simplest case, that of an airplane wing. We can measure the co-
efficient of force on a small model of this wing to an accuracy of
1 per cent, but we do not know definitely how the accuracy is
changed by scaling up to full size, or to full speed. We cannot,
without tests, predict the change of coefficient to be expected when
the wing shape is altered, or the angle of attack, or the position with
reference to other surfaces.

40 Aerodynamical theory will serve practical use when sup-
ported by empirical data. In the past, flight vortices have never
been measured, nor even visualized to a usable extent. Analysis of
air flow has been confined to the use of smoke or powder set loose in
the air to indicate lines of flow; or of threads used as wind vanes.
Or we have been driven to analogies derived from study of fluids of
different viscosities and densities, such as water. Or, further, we
have sought by measurement of static pressures in the air surrounding
a body to deduce the lines of flow. But these methods have given
small encouragement to ‘the practical application of the vortex
theory to engineering use.

41 The writers’ method bids fair to supply the missing link
between aerodynamical theory and design. It depends upon the
fact that the moisture in the air condenses out as fog when the
temperature i8 reduced to the dewpoint, provided there is a solid
or liquid nucleus to start the condensation. In the McCook Field
wind tunnel the temperature drop is brought about through ex-
pansion of the air during acceleration due to 100 in. of water suction.
Relative humidity of the atmosphere can be artificially raised if
too low. The necessary nucleus for condensation is provided by
the model itself.

42 Flight vortices become readily visible by the writers’
method and can be photographed with the aid of searchlights.
Several efforts were made to take the pictures with a plate camera
but these were not very successful. Finally a good moving picture
was taken and some of the films enlarged. While these films showed
up very well on the screen the detail was not very clear in enlarge-
ment, so that, in addition to the searchlights which were provided
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with nitrogen-filled incandescent lamps, two carbon arc lights were
set up in order to give a greater amount of blue light. The results
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