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F o r e w o r d .

The basic similarities which exist between the 
flow of water in a shallow channel and the high speed 
flow of a gas have been realised for many years, and 
numerous attempts have been made to develop these 
similarities in the form of analogies by which inform
ation relevant to one system can be applied to the 
other.

The following bibliography, although by no means 
complete, is intended to show how research on hydraul
ic analogies has developed during this century. The 
number of references has been arbitrarily limited to 
one hundred publications which, as well as giving a 
chronological history, bring out the.most important 
features in logical sequence. A few references on 
heat transfer have been included for the sake of 
completeness



1. Issaachsen I . -* Internal Processes in Flowing
Fluids and'Gases, Z.V.D. I, Vol.55, p.215 et 
seq., 1911,

2. Jouguet E, - Quelques Problemes d'hydrodynamique
generale, Jour, des Math, pures et appliquees, 
■Series 8, Vol.3, pp.1-63, 1920.

3. Joukowsky N.E.and Tschentzoff N;G. - On the Flow
of''Water in Open Channels and the Flow of Gases 
in Tubes; Ber. Zentralen Aero-hydrodynamischen 
Inst., Moscow, Heft 1, 1925 and R.T.P. 2210,
M.O.S .

4. Ackeret J. - Handbuch der Physik, Vol.7, Chapter 5,
Article 28, Springer 1927 and R.T.P. 2119, M.O.S.

5. Busemann A. - Handbuch der Experimentalphysik, Wein-
Harrup, Vol.4, Article 23, 1931.

6. Riabouchinsky D. - Sur I'analogie Hydraulique des
‘ Movements -d'un Fluide Compress ible ; Comptes Rendus 
Vol.195, No.22, pp.998-999, Nov; 1932,

7. Riabouchinsky D. - Some New Ideas on the Hydraulic
Analogy for the Movements of a Compressible Fluid; 
Comptes Rendus, Vol.199, No.14, pp.632-634, Oct. 
1934.

8. Ippen A.T. and -Knapp R.T. - A Study of High Veloc
ity Flow in Curved Channels of Rectangular Cross 
Section, Trans.Amer.Geophys. Union, 17th Annual
Meeting pp.516-521, 1936.

9. Binnie A.M. and Hooker S.G. - The Flow under Grav- 
t i , - :  .. ity of an Incompressible Fluid through a Con

striction in a Horizontal Channel; Proc.Roy.Soc.
1 A.159, No.899, pp.592-608, April 1937.

f . .  ............  : I ■

10. Preiswerk E. - Application of the Methods of Gas
Dynamics to Water Flows with Free Surface. Part
1 - Flows with no Energy Dissipation; N.A.C.A. 
T.M.934, 1940 (Trans, from Mitt. Institut fur 
Aerodynamik, E.T.H. No.7, 1937).

11, Preiswerk E. - Application of the Methods of Gas
Dynamics to Water Flows with Free Surface. Part
2 - Flows with Momentum Discontinuities; N.A.C.A, 
T.M.935, 1940 (Trans, from Mitt, Institut fur 
Aerodynamik,- E.T.H. No.7, 1937).



12. Riabouchinsky D. - Recherches sur 1’Amelioration
des Qualites Aerodynamiques des Profiles d'ailes 
aux grandes Vitess.es ; Pub .S,cient ifiques- et Tech- 

.?■' niques. du Ministere de l ’Air. No. 108., 1937.
13. Binnie A.M. - A Possible Form of High-speed Water

Channel, Aero. Res. Council,- R. & M. 1857,. 1938.
14. Ippen A.T. and Knapp. R.T.. Experimental Investi

gations of Plow in Curved Channels. 2 Vols. U.S. 
Engineer Office, Los Angel.es, 1938.

15. Ippen A.T. and Knapp R.T. .- Curvilinear Flow of
.Liquids with Free Surfaces at Velocities above 
that of Wave Propagation, Proc. 5th Int. Con

gress of Appl.Mechanics pp.531-536, 1938.
.16. von .Karman Th. - Eine Praktische Anwendung der 

Analogie zwischen Uberschallstromung in Gasen 
und uberkritischer Stromung in offenen Gerinnen; 
Z.A.M*M., Vol.18, No.l, pp.49-56, 1938.

17. Woronetz C. -Sur quelques applications do la
methode de l’analogie hydraulique; Pub.Scientif- 
,iques .et techniques, du Ministere de I1’Air, No. 144 
pp.43-77, 1939. -

18. Johnson R.H., Nial W.H. and Witbeck N.C. - Water
Analogy to Tw q  Dimensipnal Air Flow; General 
Electric Co., Report 55218, August 1941.

19. Brown-Boveri Review, Vol.29, No.1-3, p.77, Jan.-
March 1942,

20. Ippen A.T. - Gas Wave-Analogies in Open Channel
Flow; Proc. Second Hydraulics Conference, State 
Univ. of Iowa, Studies in Engineering Bulletin 
No.27. Univ. of Iowa. no.248-265  ̂ 1943,

21. Einstein H.A.,and Baird E,H. - Progress Reports on
the Analogy between Surface Shock Waves on Liquids 
and Shocks in Compressible Gases; California Inst. 
Technology, Hydrodynamics LabReport Nr54, Sept. 
1946 and July 1947.

22. Goldman. K. and Meerbaum S. - Hydraulic Analogy of
Supersonic Flow of Compressible Fluid, S.M.
Thesis, Mass. Inst * Technology, 1946. f c r

23. ■ Loh W.H.T. - A Study of the Dynamics of the Induct
ion and Exhaust Systems of a Four. Stroke Engine 
by a Hydraulic. Analogy; Sc.D. Thesis, Mass. Inst. 
Technology, 1946.



24. Bruman J.R. - Application of the Water Channel -
Compressible Gas Analogy; North American Aviat
ion Inc. Report No.N.A.-47-87, March, 1947.

25. Jacobs D.H. - An Experimental Investigation of
Several Techniques for Obtaining Photographs of 
Waves Formed in Water Channels; North American 
Aviation Inc. Report A.L.-129, March, 1947.

26. Jacobs D.H. - A Method of Obtaining Quantitative
Information in a Towing Basin; Review of Scient
ific Instruments, Vol.18, No.7, p.523, July 1947.

27. Langtry B.D. - A Study of Supersonic Diffusers -
An Application of the Hydraulic Analogy, S.M. 
Thesis, Mass. Inst. Technology, 1947.

28. Mumford N.S. Jr. - A Hydraulic Analogy of Super
sonic Plow of a Compressible Fluid, S.M.Thesis, 
Massi Inst. Technology, 1947.

29. Orlin J.W., Lindner N.J. and Bitterly J.G. - Ap
plication of the Analogy between Water Flow 
with a Free Surface and Two Dimensional Compres
sible Gas Flow; N.A.C.A. T.N.H85 and Report 
No.875, 1947.

30. Teofilato P. - Contributo alia rappresentazione
analitica di una corrente gassosa mediante una 
corrente idrica, Monografie; Scientifiche di 
Aeronautica No.5, 1947. (English translation 
available'from School of Mech.Eng., N.S .W.Univ. 
of Technology. ) ■■ -■

31. Matthews C.W. and Wright R.,H. - Investigation of
Flow Conditions and the Nature of tbe Wall Con
striction Effect near and at Choking by means 
of the Hydraulic Analogy; N.A.C.A. - R.M.L8F17, 
Sept.,1948.

32. Courant R. and Friedrichs K.O. - Supersonic Flow
and Shock Waves; Interscience, 1948.

33.. Giraud F.L. - Experimental Studies on Supersonic
Cascades using Water Analogy; S.M. Thesis, Mass. 
Inst. Technology, 1948.

34; Hancock C.H. - The Equipment and Methods used in
Operating* the Newport News Hydraulic Laboratory; 
Trans.Soc.Nav.Arch, and Marine Engineers Vol.56, 
pp.39-69, 1948.



35. Pro.bst<3ln R.P. and Hudson G.E. - A Water Analogue
of the Isentropic Flow of Compressible Gases 
which' have Arbitrary Ratios of Specific Heat;
U.S. O.N.R. Project Squid T.R.No.15, 1948.

36. Stoker J.J. - The Formation of Breakers and Bores;
Comm, on Applied. Math. Vo1.1. No.l. pp.1-87.
1948'.

37. Teofilato P.*-- Estensione di una similitudlne idro-
gasdynamica alle correnti a simmetria assiale, 
Monografie Scientifiche di Aeronautlca No.9, 1948.

38. Gilmore R. - The Analogy between Flow of a Liquid
with a Free Surface and the Two-dimensional Flow 
of a Gas-; Memo.Report No.M-54-1, California Inst.

- Technology, March 1949'.
39. Shapiro A.H. - An Appraisal of the Hydraulic Anal

ogue to Gas Dynamics; Mass.Inst.Technology Guided 
■■••r Missiles Program, Meteor Report No.34, April 1949.

' S * ■ ' 1* ..} ' ■
40.- ■' Crossley H.E. Jr. - The Analogy between Surface Shock

Waves in a Liquid and Shocks in Compressible Gases; 
Report No.N-54-1, California. Inst. Technology, 
August 1949. ’ ’ ‘

41. Donaldson C.du P. and Sullivan R.D. - The Effect
of Wall Friction on Strength of Shock Waves in 
Tubes and Hydraulic ’Jumps in Channels; N.A.C.A.
T.N. 1942, 1949. • ' ' . .. . : .

42. Hatch J.E. Jr. - The Application of the Hydraulic
Analogies to Problems of Two dimensional. Compres
sible Gag Flow; M.Sr Thesis, Georgia Institute 
of Technology,/ 1949,

43. Riabouchinsky D. - Hydraulic Analogy of the Motion
and Resistance of a Compressible Fluid as an Aid

■ ; 0to Aeronautical Research; Reissher Anniversary 
Volume, J,-W.Edwards . Ann Arbor. Michigan, 
pp.61-88, ,1943.

O . r r

44. . Teofilato P. - L ’analogia idrogasdynamica per-i
moti vorticosi; Monografie Scientifiche di Aero-
nautica No. 10, 1949. ... * < ■'

: *  C V  • ' ' - • x '

;■/ 45. Teofilato S, - Contributo alio studio di una simi- 
litudine idrogas dynamic p.; Monografie Scientif
iche di Aeronautica, 4, 1949. •



46. Gilmore F.R., Plesset M.S. and Cross ley H.E. Jr. -
The Analogy between Hydraulic Jumps in Liquids 
and Shock Yfevws in Gases ; Jour.Appl.Physics, Vol.
21, No.3, pp.245-249, March 1950.

47. La Vier H.W.S. - Water and Supersonic Aerodynamics;
Georgia Institute Technology, State Engg. Experi
ment Station Vol.5, pp.5-4, 17-20, March 1950.

48. Ippen A.T. and Harleman D.R.F. - Studies on the Val
idity of the Hydraulic Analogy to Supersonic Flow;
U.S. Air Force T.R.5985, Parts 1 and 2, May 1950.

49. Laitone E.V. - An Experimental Investigation of Tran
sonic and Accelerated Supersonic Flow by the Hydrau
lic Analogy; University of California, Dept, of 
Engineering (Berkeley), Series 5, No.515, July 1950; 
U.S. Office of Naval Research, Report No.H,E.-116-515.

50. Hedgecock J.L, - A Study of Detached Shock Waves by
the Water Channel - Compressible Gas Analogy; M.S. 
Thesis, University of California, Sept. 1950.

51. Ippen A.T. and Harleman D.R.F. - Studies on the Val
idity of the Hydraulic Analogy to Supersonic Plow,
U.S. Air Force TR.5985 Part 5, Oct. 1950.

52. Matthews C.W. - The Design, Operation and Uses of
the Water Channel as an Instrument for the Invest
igation of Compressible Flow Phenomena; N.A.C.A. 
T.N.2008, 1950.

'  t ' *> i ~

53. Black J. and Mediratta Q.P. - Supersonic Flow In
vestigations with a "Hydraulic Analogy” Water Chan
nel; Aeronautical Quarterly, Vol.2, Part 4, pp.227- 
253, Feb. 1951. '

54. Szebehely V.G. and Whickcr L.F. - The Exact Analogy
between Free Surface Water Flow and Two Dimension
al Gas Flow; A.S.M.E. Paper No.51-S-52, April 1951.

55. Szebehely V.G. and Whicker L„F. - The Improved Hy
draulic Analogy - Proc. Virginia Academy of Science, 
May 1951.

56. Szebehely V.G. and Whicker L.F. - The Exact Analogy
between Free Surface Flow and Two Dimensional Gas 
Flow; A.S.M.E. Technical Digest, Mechanical Eng
ineering Vol.75, June 1951.

57. Flowers J.V. - The Development of Experimental Tech
niques for the Study of Compressible Flow by the 
Hydraulic Analogy; M.S. Thesis, University of Cal
ifornia, June 1951.



58. Nielsen H. - Study of the Plow Field behind De
tached Shock Waves' at Transonic Velocities by 
the Surface‘Wave Analogy; M.S. Thesis, Univ
ersity of California, 1951.

59. Whicker L.P. and Szebehely V.G. - Determination of
Aerodynamic Forces on High Speed Aircraft by means 
of >an Improved Hydraulic Analogy, Eng. Expt. Stat
ion Progress Report, “Virginia Polytechnic Instit
ute, 1951.

60. Szebehely V.G, and Whicker L.F. - Generalisation
and Improvement of the Hydraulic Analogy; Proc.
1st U.S. National Congress of Applied Mechanics 
pp.893-901, 1951.

61. Te-aren J.O. - A Water Channel Analogy to a Problem
in Gaseous Combustion, M.S. Thesis, University 
of California, 1951.

62. Teofilato P. - La similitudine idrogasdynamica nel
- • quadro della similitudine geometrica e fisica;

■ Atti del terzo congresso dell'unione matematica 
Italiana; pp.200-201, 1951.

fcjtf. Hign velocity Plow in Open Channels - A Symposium, 
Trans. A.S.C.E., Paper No .2434, 'Vol. 116,' p'p.265- 
400, 1951.

64. Harleman D.R.F. and Cross ley H.E. Jr. - Studies on
the Validity of the Hydraulic Analogy to Super
sonic Flow. U.S. Air Force T.R.5985, Part 4,
T?eb . 1952 .

65. Laitone E.V. - A Study of Transonic Gas Dynamics
by the Hydraulic- Analogy; Jour, of the Aeronaut
ical Sciences, Vol.19, No.4, pp.265-272,’ April 
1952.

66. Ran dels W.C. - Comments on S,A Study of Transonic
Gas Dynamics by the Hydraulic Analogy”; Jour, of 
the Aeronautical Sciences, Vol-19, No.8, p.572, 
August 1952, *

67. Crossley H.E. Jr„ ô r* Harleman D.R.F. - Studies on
the Validity of the Hydraulic Analogy to Super
sonic Flow; U.S’. Air Force T.R.5985, Part 5,
Dec. 1952 „

68. Ippen A.T. and Harleman D.R.F. - Certain Quanti
tative Results of the Hydraulic Analogy to Super-, 
sonic Flow; Proc. Second Midwestern Conference 
on Fluid Mechanics, pp.219-230, 1952,



69. Riabouchinsky D. - On Hydraulic Analogies of Gas
Dynamics; Proc. 8th. Int. Congress of Theor. and 
Appl. Mech., Istanbul, 1952.

70. Becker E. - Analogie zwischen Wasserschwall und
Verdichtungsstoss; Ing. Archiv. Vol.21, No.l, 
pp.42-54, Jan. 1953.

71. Laitone E.V. - A Rational Discussion of the Hy
draulic Analogy Jour, of the Aeronautical Sciences, 
Vol.20, No.l, p.50,.Jan.1953.

72. Oppenheim A.K. - Water Channel Analog to High-
velocity Combustion; Jour.Appl.Mech., Vol.20,
No.l, pp.115-121, March 1953; discussion pp.439- 
440.

73. Bruman J.R. - Additional Comments on "A Study of
Transonic Gas Dynamics by the Hydraulic Analogy”, 
Jour, of the Aeronautical Sciences Vol.20, No.5, 
p.359, May 1953.

74. Weijers P.P.R. - The Use of a Shallow Water Chan
nel for Quantitative Investigation of Compressible 
Gas Flow; Aero.Res. Laboratories, Dept, of Supply 
Melbourne, Aerodynamics Note A.123, May 1953.

75. Juhasz I.S. and Hooper F.C. - Hydraulic Analog for
Studying Steady State Heat Exchangers; Indust. 
Engg. Chem. Vol.45. No,6. pp. 1359-1362. June 1953.

76. Lilley G.M., Westley R., Yates A.H. and Busing J.R.-
Some Aspects of Noise from Supersonic Aircraft;*

>. • Jour, of the Royal Aeronautical Society, Vol.57,
No.510, pp.396-414, June- 1953.

77. Harleman D.R..F. and Boedtker O.A. - Water Table
Experiments on Transient Shock Wave Diffraction 
Part 1; Hydrodynamics Laboratory, Mass. Inst.

... Technology, Tech.Report No,12, August 1953.
78. Engelund F. and Munch-Petersen J. - Steady Flow

in Contracted and Expanded Rectangular Channels;
La Houille Blanche, Vol.8, No.4, pp.464-474,
Aug-Sept,1953.

79. Harleman D„R.F., Boedtker O.A. and Wolf S. - Water
Table Experiments on Transient Shock Wave Dif
fraction, Part 2. Hydrodynamics Laboratory 
Mass. Inst. Technology, Tech.Report No.13,
Oct. 1954.



80. Laitone E.V. - Concluding Discussion on the Hy
draulic Analogy; Joyr. of-the Aeronautical 
Sciences, Vol.20, No.10, p.719, Oct. 1953.

81. Howarth L. (Editor) - Modern Developments in , >
Fluid Dynamics-High Speed Flow; Vol.l, pp.110- 
111; Vol.2, p.605, Oxford 1953.

82. Mackie A.G. - One-dimensional Unsteady Motion of
0 a Gas Initially at Rest and the Dam-break Problem; 

Proc. Camb. Phil. Soc., Vol.50, Part 1, pp.131- 
138, Jan. 1954.

83. Juhasz S.I. and.Hooper F.C. - Hydraulic Analogy ap
plied to Crossflow Heat Exchangers; Proc. 2nd 
U.S. National Congress of Applied Mechanics, 
pp.805-810, June 1954.

84. Laitone E.V. and Nielsen H. - Transonic Flow Past
Wedge Profiles by Hydraulic Analogy; Jour1, of 
the Aeronautical Sciences No.7, p.498r499, Vol.21 
July 1954.

85. Truitt R.W. - Concluding Remarks on Detached Shock
Waves; Jour, of the Aeronautical Sciences Vol.21 
No.7, p.496, July 1954.

86. BiJmelburg H.J. - Die praktische Anwendbarkeit der
Wasseranalogie in Quantitativer Form auf Spez- 
ielle Probleme des Gasdynamik; Mitt. Max-Planck- 
Institut fur Stromungsforschung, No.10, 1954.

87. Harleman D.R.F. and Ippen A.T, - The Range of Ap
plication of the Hydraulic Analogy in Transonic 
and Supersonic Aerodynamics; Publications Scient- 
ifiques et Techniques du Ministere de l'Air, 
Riabouchinsky Jubilee Volume, 91-112, 1954.

88. Laitone E.V. - Developments in Gas Dynamics by the
Hydraulic Analogy; Publications■ Scientifiques et 
Techniques du Ministere de I 1 Air. Riabouchinsky
Jubilee Volume 1954.

i" ■ '  • : • i ' :

89. Shapiro A,H„ - Free Surface Water Table; Physical
Measurements in Dynamics and Combustion, pp 
309-321, Vol.9 of High Speed Aerodynamics and

■ Jet Propulsion Series, Princeton, 1954.
90. ?leddermann R.G. and Stancil R.T. - Wedge Pressure

Coefficients in Transonic Flow by Hydraulic 
Analogy - Jour, of the Aeronautical Sciences,
Vol.22, No.4, p.271 April 1955.



91. Manatee D. and Ohira H. - Two-dimensional Charact
eristics of Shallow Water Waves; Jour. Japan 
Soc. Aero. Engineering Vol.3, No.17, pp.1-6,
June 1955.

92. Btimelburg H.J. - Comment on Wedge Pressure Coef
ficients in Transonic Plow by Hydraulic Analogy 
Tour, of the Aeronautical Sciences Vol.22, No.10, 
3.731, Oct. 1955.

93. Lundberg B.K.O. - Aeronautical Research in Sweden;
Jour, of the Royal Aeronautical Society, Vol.59, 
No.538, p.657, Oct. 1955.

94. Itaya S. and Tomita Y. - A Study of High Speed Gas
Plow "by the Hydraulic Analogy (1st Report): Trans, 
Japan Soc. Mech. Engineers Vol.21, No.101, pp.18- 
21, 1955.

95. Tomita Y. - A Study of High Speed Gas Plow by the
Hydraulic Analogy (Second Report); Trans. Japan 
Soc. Mech. Engineers, Vol.21, No.101, pp.22-29, 
1955.

96. Bryant R.A.A. - The Transonic Flow Hydraulic Anal
ogy; Jour, of the Aeronautical Sciences Vol.23, 
No.l, pp.90-91, Jan. 1956.

97. Bryant R.A.A. - The Hydraulic Analogy as a Dis
torted Dissimilar Model, Jour, of the Aeronautical 
Sciences, Vol.23, No.3, pp.282-283, March 1956.

98. Bryant R.A.A. - The Size of Aerofoil Models for
Quantitative Hydraulic Analogy Research; Jour, 
of the Royal Aeronautical Society, pp.208-209, 
March 1956.

99. Bryant R.A.A. - The One-dimensional and Two-^
dimensional Gasdynamics Analogies, Australian 
Jour. Appl, Science, Vol.7, No.4, pp.296-313, 
December 1956.

100. Bryant R.A.A. - Some Comments on Surface Contam
ination in Hydraulic Analogy Research, Jour, of 
the Aeronautical Sciences, Vol.23, No.11, 
pp.1056-1057. November 1956.
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