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Editor’s Note

These are a collection of draft files of reference lists, assembled roughly in
order of the chapters of the book. The dates on the draft files range from 1996
to 1999, suggesting the author completed the major part of literature review,
which began about 1986, during those years. I added a few references at
the end (under ”Additional References”) which I found with the manuscript
and which are cited therein. Many entries include the author’s notes on
the reference or other items to check. Numbers of draft chapter sections
have been removed. An unknown number are sources the author checked but
decided not to include or cite in the book. No effort has been made to identify
these or place the entire list of several thousand entries in alphabetical order.
The interested reader is encouraged to use a digital search by name or term
of interest.
– K. Coles
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OBERBECK, A. 1879 Ueber die Wärmeleitung der Flüssigkeiten bei
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Drei Klassiker der Strömungslehre: Hagen, Poiseuille, Hagenbach (L. Schiller,
ed.), Akademische Verlagsgesellschaft, Leipzig, 1933, 20–41).

22



BAKEWELL, H.P. Jr. and LUMLEY, J.L. 1967 Viscous sublayer
and adjacent wall region in turbulent pipe flow. Phys. Fluids 10, 1880–
1889 (see also Ph.D. thesis by BAKEWELL, “An experimental investiga-
tion of the viscous sublayer in turbulent pipe flow,” Dept. Aerospace Eng.,
Pennsylvania State Univ., 1966). Mean velocity*, one profile, figures 14, 15.
Reynolds stress*, figure 23, table II. See Lehigh paper. L/D = 26.

BANERJEA, G.B. and PLATTANAIK, B. 1938 Die Bestimmung der
Elektronenladung und die Viskosität der Luft. Zeitschrift für Physik 110,
676–687. Mu for Millikan.

BARNES, H.T. and COKER, E.G. 1905 The flow of water through
pipes. Experiments on stream-line motion and the measurement of critical
velocity. Proc. Roy. Soc. London A74, 341–356 (preliminary announcement
in BARNES and COKER, On a method for the determination of the critical
velocity of fluids, Phys. Rev. 12, 372–374, 1901). Transition according to
Reynolds’ ideas. Lower limit when disturbed flow becomes laminar. No
reference to Reynolds number.

BAZIN, H. 1902 Expériences nouvelles sur la distribution des vitesses
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COANTIC, M. 1967 Évolution, en fonction du nombre de Reynolds,
de la distribution des vitesses moyennes et turbulentes dans une conduite.
C.R. Acad. Sci. Paris 264A, 849–852. Profiles of mean velocity, mean u′u′

near wall and on axis. Re=50,000 to 450,000.
COKER, E.G. 1912 Flow of mercury in small tubes. Engineering 94,

581. Flow of mercury in steel pipe; no slip observed. Friction*, figure 3.
COKER, E.G. and CLEMENT, S.B. 1903 An experimental determi-

nation of the variation with temperature of the critical velocity of flow of
water in pipes. Phil. Trans. Roy. Soc. London A201, 45–61.

COUETTE 1890

25



DARCY, H. 1858 Recherches expérimentales relatives au mouvement
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KJELLSTRÖM, B. and HEDBERG, S. 1970 Calibration of a DISA
hot-wire anemometer and measurements in a circular channel for confirma-
tion of the calibration. DISA Information, No. 9, 8–21. Mean velocity, one
profile, figure 7. Reynolds stresses*, figures 8–10. Friction coefficient, figure
6. L/D = 61.

KOCH, S. 1881 Ueber die Abhängigkeit der Reibungsconstante des
Quecksilbers von der Temperatur. Annalen der Physik und Chemie 14,
1–12, 1 plate.
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Comptes Rendus Acad. Sci. Paris 110, 1292–1298. Third paper.

BOUSSINESQ, J. 1891 Sur la manière dont les vitesses, dans un tube
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MÜLLER, W. 1936 Zum Problem der Anlaufströmung einer Flüssig-
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bulenten Rohrströmung, Leipzig, 1927). Velocity profiles, figures 2, 3.

SHAPIRO, A.H. and SMITH, R.D. 1948 Friction coefficients in the
inlet length of smooth round tubes. NACA TN 1785. Friction coefficient,
figures 2–12.

SHARAN, V.K. 1972 An experimental investigation of naturally de-
veloping turbulent flow and flow with fixed transition in a parallel pipe.
ASME Paper 72-WA/FE-38. Good on development length in pipe flow. Fig-
ure 4 is p(x) showing offset near entrance. See thesis by Sharan.

SHARAN, V.K. 1974 The effect of inlet disturbances on turbulent

50



boundary layer development in a parallel pipe. Zeitschr. angew. Math.
Phys. 25, 659–666 (see also paper by WEIR, PRIEST, and SHARAN,
“The effect of inlet disturbances on turbulent pipe flow,” J. Mech. Eng Sci.
16, 211–213, 1974, and M.S. thesis by SHARAN, An investigation of the
behaviour of a parallel pipe and conical diffusers in turbulent flow. Dept.
Mech. Eng., Univ. Salford, 1969). Pipe 50 ft long, 4 in. dia, smooth
entry. Re = 10000 or 40000. Flow needs more than 60 D for develop-
ment according to measured τ(r). Displacement thickness, figures 4.6–4.8,
6.1 Reynolds stresses, figures 4.15–4.19, 4.22, 4.23. Velocity profiles, fig-
ures 2–4. Reynolds stresses*, figures 5, 6. Centerline turbulence*, figure 1.
Centerline velocity*, figure 2.

TURNER and LIGHTNING 1977
WANG, J.-S. and TULLIS, J.P. 1974 Turbulent flow in the entry of

a rough pipe. Trans. ASME (J. Fluids Eng.) 96, 62–68 (see also Ph. D.
thesis by WANG, “Turbulent flow through a pipe inlet region,” Colorado
State Univ., 1972, and TULLIS and WANG, Mean turbulent flow in the
entry region of a rough pipe. Colorado State Univ., Rep. CER72-73JPT-
JSW-2, 1972). Mean velocity, 30 profiles summarized figures 10, 11, 17–20,
tables 3–5. Centerline velocity*, figures 22, 23. Profiles not tabulated.

WILLIAMS, K.C. 1969 An experimental investigation of the interac-
tion of a developing turbulent flow with a longitudinally resonant acoustic
field in a horizontal pipe. Ph. D. thesis, Dept. Mech. Eng., Purdue Univ.
Reynolds stresses, figures 27–32. Flow development*, figure 33.

Pipe flow with roughness

Major surveys or theory

HOPF, L. 1923 Die Messung der hydraulischen Rauhigkeit. Zeitschrift
für angewandte Mathematik und Mechanik 3, 329–339.

MORRIS, H.N. 1954 A new concept of flow in rough conduits. Proc.
ASCE 80, Sep. No. 390 (see also Ph. D. thesis, same title, Dept. Civil
Eng., Univ. Minnesota, 1950).

MORRIS, H.M. 1955 Flow in rough conduits. Trans. ASCE 120,
373–398 (discussion 399–410). Survey of various measurements. Includes
corrugated pipe. Looks useful. Also Proc. ASCE 80, Sep. No. 390.

ROBERTSON, J.M. 1957 The turbulent velocity distribution in rough
pipe. In Proc. 5th Midwestern Conference on Fluid Mechanics, 67–84.

51



TANI, I. 1989 Re-evaluation of Nikuradse’s experimental data for rough
pipes. Proc. Japan Academy 65B, 133–136.

WEBB, R.L., ECKERT, E.R.G., and GOLDSTEIN, R.J. 1972 Gen-
eralized heat transfer and friction correlations for tubes with repeated-rib
roughness. Int’l. J. Heat Mass Transf. 15, 180–184. Very brief survey of
Nusselt number data.

Experimental data

AICHELEN, W. 1947 Der geometrische Ort für die mittlere Geschwin-
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hung der turbulenten Rohrströmung. Forschung auf dem Gebiete des Inge-
nieurwesens 2, 85–98. Bubble length, figures 22, 23.
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Pipe flow with heat transfer
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SACKMANN, L.A. and PÉRÈS, É. 1954 Sur les changements de ré-
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ung über Oberflächen mit Längsrippen. Deutsche Forschungs- und Versuch-
sanstalt für Luft- und Raumfahrt, Rep. DFVLR-FB 87–21. Translation is
ESA-TT-1091; see N88-30067 (24 p 3370)

BECHERT, D.W., BRUSE, M., HAGE, W., and MEYER, R. 1997
Biological surfaces and their technological application—Laboratory and flight
experiments on drag reduction and separation control. AIAA Paper 97–
1960.

BELL, D.M. and FERZIGER, J.H. 1993 Turbulent boundary layer
DNS with passive scalars. In Near-Wall Turbulent Flows (R. M. C. So,

136



C. G. Speziale, and B. E. Launder, eds.), Elsevier, 327–336. Velocity*,
temperature*, figure 2. Reynolds stresses*, figure 3.

BERKOOZ, G., ELEZGARAY, J., HOLMES, P., LUMLEY, J., and
POJE, A. 1993 The proper orthogonal decomposition, wavelets and modal
approaches to the dynamics of coherent structures. In Eddy Structure Iden-
tification in Free Turbulent Shear Flows (J.P. Bonnet and M.N. Glauser,
eds.), Kluwer, 295–309.

BISSET, D.K. and ANTONIA, R.A. 1991 Mean velocity and Reynolds
shear stress in a turbulent boundary layer at low Reynolds numbers. Aeron.
J. 95, 244–247. Calculate τ from u plus Granville. Shearing stress*, figures
3, 5.

BISSET, D.K., HUNT, J.C.R., CAI, X., and ROGERS, M.M. 1998
Interfaces at the outer boundaries of turbulent motions. In Annual Research
Briefs 1998, Center for Turbulence Research, NASA Ames Research Center
and Stanford University, 125–135.

BLACK, T.J. 1968 A new model of the shear stress mechanism in
wall turbulence. AIAA Paper 68-42.

BRADSHAW, P. 1965 The effect of wind-tunnel screens on nominally
two-dimensional boundary layers. J. Fluid Mech. 22, 679–687, 1 plate.
Extended version of J Roy Aeron Soc 68, 198, 1964.

BRADSHAW, P. 1973 Effects of streamline curvature on turbulent
flow. AGARDograph No. 169.

BRADSHAW, P. 1994 Turbulence: the chief outstanding difficulty of
our subject. Exp. in Fluids 16, 203–216. See p. 206 for Van Driest. No
figures!

BRADSHAW, P. 1996 Turbulent boundary layers. In Research Trends
in Fluid Dynamics (J.L. Lumley et al., eds.), AIP Press, 31–42.

BRADSHAW, P. and HUANG, G.P. 1995 The law of the wall in tur-
bulent flow. Proc. Roy. Soc. London A451, 165–188. See p. 169 for analog
log law/inertial range. See p. 176 for Van Driest. See p. 178 for power
series*, figure 5.

BRADSHAW, P. and LANGER, C.A. 1995 Nonuniversality of sub-
layer streaks in turbulent flow. Phys. Fluids 7, 2435–2438.

BRADSHAW, P., HUNT, J. C. R., JIMENEZ, J., KLINE, S. J., AND
SPEZIALE, C.G. 1987 Coherent structure. Appendix, Proc. Summer
Program, Center for Turbulence Research, NASA Ames Research Center
and Stanford University, 311–330.

BUSHNELL, D.M. 1992 Aircraft drag reduction. In Skin Friction
Drag Reduction, AGARD Rep. 786, Paper 3.

137



CAI, X., STEYN, D.G., and GARTSHORE, I.S. 1993 The velocity
profile in the near-wall region of the atmospheric boundary layer: a large
eddy simulation. In Near-Wall Turbulent Flows (R.M.C. So, C.G. Speziale,
and B.E. Launder, eds.), Elsevier, 337–346.

CHACIN, J.M., CANTWELL, B.J., and KLINE, S.J. 1996 Study of
turbulent boundary layer structure using the invariants of the velocity gra-
dient tensor. Experimental Thermal and Fluid Science 13, 308–317.

CHOI, K.-S. 1993 Turbulence structure revisited; results and impli-
cations from riblets research. In Near-Wall Turbulent Flows (R.M.C. So,
C.G. Speziale, and B.E. Launder, eds.), Elsevier, 699–707.

CHONG, M.S., SORIA, J., PERRY, A.E., CHACIN, J., NA, Y., and
CANTWELL, B.J. 1996 In Proceedings of the Summer Program 1996,
Center for Turbulence Research, NASA Ames Research Center and Stanford
Univ., 383–404.

CHONG, M.S., SORIA, J., PERRY, A.E., CHACIN, J., CANTWELL,
B.J., and NA, Y. 1998 Turbulence structures of wall-bounded shear flows
found using DNS data. J. Fluid Mech. 357, 225–247.

CIRAY, C. 1988 Environmental effects on transition and boundary
layer characteristics. In Boundary Layer Simulation and Control in Wind
Tunnels, AGARD Advisory Rep. No. 224, Section 4.8, 356–408.

CLAUSER, F.H. 1956 The turbulent boundary layer. Advances in
Applied Mechanics 4, 1–51.

COANTIC, M. 1965 Remarques sur la structure de la turbulence à
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MÜLLER, U.R. and WU, J. 1987 Experimental investigation of tur-
bulence energy dissipation rate in a relaxing boundary layer. In Preprints,
Sixth Symposium on Turbulent Shear Flows, Toulouse, Paper 2.4. Mean
velocity*, figure 2. Reynolds stresses*, figures 3, 6.

MURLIS, J., TSAI, H.M., and BRADSHAW, P. 1982 The structure
of turbulent boundary layers at low Reynolds numbers. J. Fluid Mech. 122,
13–56. Friction coefficient*, figure 5. Mean velocity*, figure 6. Reynolds
stress*, figure 27. Intermittency*, figure 7. See thesis by Murlis.

NAGABHUSHANAIAH, H.S. 1961 Separation flow downstream of a
plate set normal to a plane boundary. Ph. D. thesis, Colorado State Univ.
Mean velocity*, figures 34–38. Mean streamlines*, figures 47–62. No tables.

NAGIB, H.M. and GUEZENNEC, Y.G. 1986 On the structure of
turbulent boundary layers. In Preprints, Tenth Symposium on Turbulence
(X.B. Reed, Jr. et al., eds.), Dept. Chem. Eng., Univ. Missouri (Rolla),
Paper 1. Mean velocity*, figure 1. Structure*, figures 21, 22.

NAGIB, H. and HITES, M. 1995 High Reynolds number boundary-
layer measurements in the NDF. AIAA Paper 95-0786. Geometry*, figures
1, 4. Velocity*, figures 6, 7. Turbulence, figures 8, 9.

NAGIB, H.M., HATHWAY, D.W., NAGUIB, A.M., and WARK, C.E.
1993 Characterization of dynamically active events in turbulent boundary
layers. In Near-Wall Turbulent Flows (R.M.C. So, C.G. Speziale, and B.E.
Launder, eds.), Elsevier, 949–962.

NAKAMURA, I., MIYACHI, K., KUSHIDA, T., and TSUJI, Y. 1999
Reynolds number dependence and invariant assumption in turbulent bound-
ary layer. In Preprints, Turbulence and Shear Flow Phenomena—1 (S.
Banerjee and J.K. Eaton, eds.), Begell House, 303–305. Velocity*, figure 4.
Reynolds stress*, figure 2.

NARAHARI RAO, K., NARASIMHA, R., and BADRI NARAYANAN,
M.A. 1971 The “bursting” phenomenon in a turbulent boundary layer. J.
Fluid Mech. 48, 339–352, 1 plate (also Dept. Aeron. Eng., Indian Institute
of Science, Bangalore, Rep. No. 70 FM 3, 1970). Mean velocity*, figure 6.

NIKURADSE, I. 1942 Laminare Reibungsschichten an der längs ange-
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rized in “Über den Ablösungsvorgang in der turbulenten Reibungsschicht”,
Z. für Flugtechnik und Motorluftschiffahrt, 23, 308–312, 1932; in English as
“The process of separation in the turbulent friction layer,” NACA TM 699,
1933). Boundary layer approaching separation. Mean velocity*, figures 7–9,
11–19, 24.

HAFEZ, S.H.M. 1991 The structure of accelerated turbulent bound-
ary layers. Ph. D. thesis, Dept. of Mechanical and Manufacturing Engineer-
ing, Univ. Melbourne.

HILLIER, R. and DULAI, B.S. 1985 Pressure fluctuations in a tur-
bulent separated flow. In Preprints, Fifth Symposium on Turbulent Shear
Flows, Cornell Univ., 5.13–5.18. Geometry*, figure 2. Reattachment*, figure
1.

HIRT, F. and THOMANN, H. 1986 Measurement of wall shear stress
in turbulent boundary layer subject to strong pressure gradients. J. Fluid
Mech. 171, 547–562. Floating element, Preston tube. Axisymmetric flow.
Profiles of mean velocity. Mostly error for Preston tube.

HOFFMANN, J.A. and KASSIR, S.M. 1988 Effects of free-stream
turbulence on turbulent boundary layers with mild adverse pressure gra-
dients. In Proc. First National Fluid Dynamics Congress, AIAA, Part 2,
1265–1272 (Paper 88-3757). Mean velocity*, figure 4.

JOHNSTON, J.P. and NISHI, M. 1990 Vortex generator jets—means
for flow separation control. AIAA J. 28, 989–994. Geometry*, figures 2, 3.
Velocity*, figure 5.

KEHL, A. 1943 Untersuchungen über konvergente und divergente, tur-
bulente Reibungsschichten. Ing.-Arch. 13, 293–329. Boundary layer in pos-
itive or negative pressure gradient with lateral divergence or convergence;
profiles of mean velocity. Data are tabulated. This is Göttingen dissertation,
1942. Translated: British Ministry of Aircraft Production, RTP translation
No. 2035, 19xx. Thirteen flows. Mean velocity*, tables 2-14, figure 18.

KIYA, M. and SASAKI, K. 1985 Turbulence structure and unsteadi-
ness in a separation-reattachment flow. In Preprints, Fifth Symposium on
Turbulent Shear Flows, Cornell Univ., 5.7–5.12. Geometry*, figure 1. Pres-
sure*, figure 8.

KOSKIE, J.E. and TIEDERMAN, W.G. 1991 Turbulence structure
and polymer drag reduction in adverse pressure gradient boundary layers.
Dept. Mech. Eng., Purdue Univ., Rep. PME-FM-91-3. Velocity*, figures 3.2,
3.9, 4.6, A.10. Reynolds stresses*, figures 4.8, 4.9, 4.10, A.4. Data are
tabulated.

193



KOSKIE, J.E. and TIEDERMAN, W.G. 1993 Polymer drag reduc-
tion of zero and adverse pressure gradient boundary layers. In Near-Wall
Turbulent Flows (R.M.C. So, C.G. Speziale, and B.E. Launder, eds.), Else-
vier, 659–668. Reynolds stresses*, figures 3, 4.

KROGSTAD, P.-A. and SKARE, P.E. 1995 Influence of a strong ad-
verse pressure gradient on the turbulent structure in a boundary layer. Phys.
Fluids 7, 2014–2024. Mean velocity*, figure 1. Reynolds stresses*, figure 2.

LIU, C.-Y. 1967 Boundary layer separation. Ph. D. thesis, Dept. En-
gineering Mechanics, Colorado State Univ.

LUDWIEG, H. 1950 Instrument for measuring the wall shearing stress
of turbulent boundary layers. NACA TM 1284.

LUDWIEG, H. and TILLMANN, W. 1949 Untersuchungen über die
Wandschubspannung in turbulenten Reibungsschichten. Ing.-Arch. 17, 288–
299 (translated as “Investigations of the wall-shearing stress in turbulent
boundary layers,” NACA TM 1285, 1950). Mean velocity*, figures 1, 4, 7.

MARUSIC, I. 1991 The structure of zero- and adverse-pressure-gradi-
ent turbulent boundary layers. Ph. D. thesis, Dept. Mech. and Manuf.
Eng., Univ. Melbourne. Mean velocity*, figures 4.3, 4.4. Reynolds stresses*,
figures 4.9–4.12, 4.14–4.17.

MARUSIC, I. and PERRY, A.E. 1992 Cone angles and Reynolds
stresses in an adverse pressure gradient boundary layer. In Proc. Eleventh
Australasian Fluid Mechanics Conference, Univ. Tasmania, Vol. 2, 829–832.
Error of stationary x-wire in high turbulence. Reynolds stresses*, figure 4.

MARUSIC, I. and PERRY, A.E. 1995 A wall-wake model for the tur-
bulence structure of boundary layers. Part 2. Further experimental support.
J. Fluid Mech. 298, 389–407. Geometry*, figure 1. Reynolds stresses*, fig-
ures 4, 5, 6, 8, 9.

McCARTHY, T.F. and HARTNETT, J.P. 1963 Heat transfer to tur-
bulent boundary layers with a pressure gradient. Dept. Mech. Eng., Univ.
Delaware, Tech. Rep. No. 26. Mean velocity*, figures 3, 6, 10.

MICHEL, R. 1950 Contribution a l’etude des couches limites turbu-
lentes avec gradient de pression. Ph. D. thesis, Univ. Paris. Mean velocity*,
figures 2–4, 6–8, 10–14, 16–18, 20–23.

MOSES, H.L. 1964 The behavior of turbulent boundary layers in ad-
verse pressure gradients. Ph. D. Thesis, MIT (Gas Turbine Lab. Rep. No.
73, 1964). Boundary layer on body of revolution with positive pressure gra-
dient; profiles of mean velocity, turbulence intensity, shearing stress. Good
data. Six flows. Mean velocity*, figure 18c.

MOSES, H.L., CHAPPELL, J.R., and GOLDBERGER, T. 1965 Bound-
ary layer separation in internal flow. Gas Turbine Lab., MIT, Rep. No. 81.

194



Mean velocity*, figure 4. Diffuser pressure recovery, flow symmetry.
MUELLER, T.J. 1961 On separation, reattachment and redevelop-

ment of turbulent boundary layers. Ph. D. thesis, Dept. Mech. Eng., Univ.
Illinois. Surface pressure*, figure 14. Mean velocity*, figures 18–20, 23.
Reynolds stresses*, figures 28–30.

NAGABUSHANA, K.A., AGARWAL, N.K., and SIMPSON, R.L. 1988
Features of separating turbulent boundary layers. AIAA Paper 88-0616.
Velocity*, figures 4, 5. Reynolds stress, figures 11, 12.

NAGANO, Y., TAGAWA, M., and TSUJI, T. 1991 Effects of adverse
pressure gradients on mean flows and turbulence statistics in a boundary
layer. In Preprints, Eighth Symposium on Turbulent Shear Flows, Vol. 1,
Technical University of Munich, Paper 2-3. Geometry*, figure 1. Velocity*,
figures 4, 7. Wall error*, figure 5. Reynolds stresses*, figure 9.

NAKAYAMA, A. 1984 Measurements of attached and separated tur-
bulent flows in the trailing-edge regions of airfoils. In Numerical and Physi-
cal Aspects of Aerodynamic Flows II (T. Cebeci, ed.), Springer-Verlag, 253–
Copy is from preprints. Mean velocity*, figure 11. Reynolds stresses*, figure
4. Need pp, date.

NEWMAN, B.G. 1951 Some contributions to the study of the turbu-
lent boundary layer near separation. Australia, Dept. Supply, Rep. ACA-53
(preliminary report is “Skin friction in a retarded turbulent boundary layer
near separation”, Rep. ARL/A.73, 1950). Airfoil at angle of attack; profiles
of mean velocity, turbulent normal and shearing stresses. Mentions “spoiler”
data. Mean velocity*, figure 28.

PARIKH, P.G., KAYS, W.M., and MOFFAT, R.J. 1976 A study of
adverse pressure gradient turbulent boundary layers with outer region non-
equilibrium. Dept. Mech. Eng., Stanford Univ., Rep. No. HMT-26. Surface
friction*, figure 4. Mean velocity*, figures 6–8.

PATRICK, W.P. 1987 Flowfield measurements in a separated and
reattached flat plate turbulent boundary layer. NASA CR 4052. Elabo-
rate study. Mean velocity*, figures 5-4, 5-23. Surface friction*, figure 5-7a.

PERRY, A.E. 1966 Turbulent boundary layers in decreasing adverse
pressure gradients. J. Fluid Mech. 26, 481–506. Plane diffuser flow; profiles
of mean velocity. Friction coefficient, figure 2. Mean velocity*, figures 4, 5,
9, 11.

PERRY, A.E., BELL, J.B., and JOUBERT, P.N. 1966 Velocity and
temperature profiles in adverse pressure gradient turbulent boundary layers.
J. Fluid Mech. 25, 299–320. Mean temperature*, figure 12.

PETERS, H. 1935 On the separation of turbulent boundary layers.
J. Aeron. Sci. 3, 7–12.

195



ROBERTSON, J.M. and CALEHUFF, G.L. 1957 Turbulence in civil
engineering: turbulence in a diffuser boundary layer. Proc. ASCE (J. Hydr.
Div., No. HY5) 83, Paper 1393. Mean velocity*, figure 2. Reynolds stresses*,
figure 4. Data are tabulated.

ROSENBERG, M.H. and URAM, E.M. 1960 Data on incompressible
turbulent boundary layers in adverse pressure gradients. United Aircraft
Corp., Res. Labs., Rep. M-0949-3. Mean velocity*, table II.

SALAM, M.Y. 1982 Measurement of the viscous sublayer in near-
separated flows. Appl. Sci. Res. 39, 337–347. Surface friction*, figure 2.
Mean velocity*, figures 4, 5.

SAMUEL, A.E. 1973 A study of turbulent boundary-layers. Ph. D.
thesis, Univ. Melbourne. Mean velocity*, figures 3.4, 4.5. Reynolds stresses*,
figures 3.16, 3.18, 4.12, 4.13. Data are tabulated.

SAMUEL, A.E. and JOUBERT, P.N. 1974 A boundary layer develop-
ing in an increasingly adverse pressure gradient. J. Fluid Mech. 66, 481-505.
Flow goes almost to separation. Profiles of mean velocity, Reynolds stress.
3-D effects may be large. See thesis by Samuel; there is a second flow nearly
in equilibrium, but with 3-D effects. All data are tabulated. Mean velocity*,
figure 4. Reynolds stresses*, figures 13, 16. Case 141, 1980 Stanford
contest.

SANDBORN, V.A. 1953 Preliminary experimental investigation of
low-speed turbulent boundary layers in adverse pressure gradients. NACA
TN 3031. Plane boundary layer approaching separation; profiles of mean
velocity; local friction coefficient (heated element). Mean velocity*, figure
6abc.

SANDBORN, V.A. 1955 Summary of turbulence measurements in
the NACA Lewis 6- by 60-inch boundary layer channel. In Proc. Fourth
Midwestern Conference on Fluid Mechanics, Purdue Univ. EES Res. Bull.
128, 1–22. Summary of three previous papers (TN 3031, 3264, 3453).

SANDBORN, V.A. 1959 Measurements of intermittency of turbulent
motion in a boundary layer. J. Fluid Mech. 6, 221–240. Boundary layer ap-
proaching separation. Profiles of mean velocity, turbulence intensity; flatness
factor of filtered signal. Intermittency at high wave numbers is interpreted
as residual effect of transition.

SANDBORN, V.A. and BRAUN, W.H. 1956 Turbulent shear spectra
and local isotropy in the low-speed boundary layer. NACA TN 3761. Plane
boundary layer approaching separation as in TN 3453; profiles of turbulence
intensity; spectra of turbulent shearing and normal stresses; spectra of time
derivatives.

SANDBORN, V.A. and SLOGAR, R.J. 1955 Study of the momen-

196



tum distribution of turbulent boundary layers in adverse pressure gradients.
NACA TN 3264. Plane boundary layer approaching separation; profiles of
mean velocity, turbulent shearing and normal stresses; local friction coeffi-
cient (heated element). Mean velocity*, figure 6abcd. Reynolds stresses*,
figures 10–14.

SCHMIDBAUER, H. 1936 Turbulente Reibungsschicht an erhaben
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1977-2, 75–88. Includes spot signatures; not very useful. Paper given at 13th
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POLZIN, J. 1940 Strömungsuntersuchungen an einem ebenen Diffu-
sor. Ing.-Arch. 11, 361–385. Plane diffuser; heated wires and schlieren for
flow viz. Geometry*, figure 13. Pressure recovery*, figure 20.

POZZORINI, R. 1976 Das turbulente Strömungsfeld in einem lan-
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leading them to bilogarithmic law; apparently some measurements by Black
not included in Sarnecki thesis (see p 14, 49).

BRADSHAW, P. 1970 Comments on “Temperature laws for a turbu-
lent boundary layer with injection and heat transfer.” AIAA J. 8, 1375–
1376. Critique of Isaacson and AlSaji version of temperature law of wall,
particularly turbulent Prandtl number.

COLES, D. 1956 Mass transfer in turbulent shear flow near a wall.
Manuscript for Rand Corp.

COLES, D. 1963 Self-similarity laws for turbulent boundary layers
with mass transfer. Manuscript for Rand Corp.

COLES, D. 1971 A survey of data for turbulent boundary layers with
mass transfer. In Turbulent Shear Flows, AGARD Conference Proceed-
ings 93, Paper 25.

DAHM, T.J. and KENDALL, R.M. 1968 Comment on “Inner region
of transpired turbulent boundary layers.” AIAA J. 6, 1822–1824, with reply
by Stevenson Comment on Stevenson, AIAA J. 6, which see for intercept
of mixing-length wall law; mostly depreciation of available data.

HANRATTY, T.J. and VASSILIADOU, E. 1988 Turbulent transfer
to a wall at large Schmidt numbers. In Transport Phenomena in Turbulent
Flows (M. Hirata and N. Kasagi, eds.), Hemisphere, 255–274.

KAYS, W.M. 1971 Heat transfer to the transpired turbulent bound-
ary layer. Dept. Mech. Eng., Stanford Univ., Rep. HMT-14.

KAYS, W.M. 1972 Heat transfer to the transpired turbulent bound-
ary layer. Int’l. J. Heat Mass Transf. 15, 1023-1044. Survey of Stanford
work. Review of work by Simpson, Whitten, Thielbar, Julien, Loyd, Kear-
ney.

KAYS, W.M. and MOFFAT, R.J. 1975 The behavior of transpired
turbulent boundary layers. In Studies in Convection (B.E. Launder, ed.),

240



Academic Press, Vol. 1, 223–319 (see also, Dept. Mech. Eng., Stanford Univ.,
Rep. No. HMT-20, 1975)

KINNEY, R.B. 1967 Skin-friction drag of a constant-property turbu-
lent boundary layer with uniform injection. AIAA J. 5, 624–630. Constants
in wall law independent of vw; correct Mickley and Davis for pg; (see figure
5).

LEGNER, H.H. 1984 Turbulent drag control by gas bubbles: a re-
view. In Preprints, Ninth Symposium on Turbulence, Dept. Chem. Eng.,
Univ. Missouri (Rolla), Paper 39. (X.B. Reed, Jr., eds.)

MARIANI, P., SPALART, P., and KOLLMANN, W. 1993 Direct
simulation of a turbulent boundary layer with suction. In Near-Wall Tur-
bulent Flows (R.M.C. So, C.G. Speziale, and B.E. Launder, eds.), Elsevier,
347–356.

MEDELROS, M.F., PELLEGRINI, C.C., and SILVA FREIRE, A.P.
1990 The turbulent boundary layer with addition of mass and heat. In En-
gineering Turbulence Modelling and Experiments (W. Rodi and E.N. Ganic,
eds.), Elsevier, 779–788.

MICKLEY, H.S. and SMITH, K.A. 1963 Velocity defect law for a
transpired turbulent boundary layer. AIAA J. 1, 1685.

MICKLEY, H.S., SMITH, K.A., and FRASER, M.D. 1964 Velocity
defect law for a transpired turbulent boundary layer. AIAA J. 2, 173–174.

MICKLEY, H.S., SMITH, K.A., and FRASER, M.D. 1965 Velocity
defect laws for transpired turbulent boundary layers. AIAA J. 3, 787–788.

OWEN, P.R. 1960 Dust deposition from a turbulent airstream. In
Aerodynamic Capture of Particles (E.G. Richardson, ed.), Pergamon Press,

8–25 (discussion, 50–54). See for
νt

ν
= 1 +

(
y+

10

)3
+ . . .
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ALBERTSON, M.L. 1948 Analysis of evaporation as a boundary-
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blowing, air into air; profiles of mean velocity, three turbulent stresses; all
data tabulated in thesis. Suggests friction velocity based on τmax. Tunnel
cleaned since Smith used it. Mean velocity*, figures 11, 15, 23. Friction*,
figures 17, 18. Reynolds stresses*, figures 20, 27, 32, 33. Data are tabulated;
do not agree with Smith.
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number; a few profiles of mean velocity and mean temperature near one
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DUTTON, R.A. 1955 Experimental studies of the turbulent bound-
ary layer on a flat plate with and without distributed suction. Ph. D. the-
sis, Univ. Cambridge (see also “The asymptotic turbulent boundary layer”,
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Reynolds stress*, figures 7, 8.

FAVRE, A., DUMAS, R., VEROLLET, E., and COANTIC, M. 1966
Couche limite turbulente sur paroi poreuse avec aspiration. J. de Mécanique
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HARDY, J.K., HALES, K.C., and MANN, G. 1951 The condensation
of water on refrigerated surfaces. Food Investigation Board, Dept. Sci. Indus.
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termodynamik och strömingslära, Pub. Nr. 80/4. Friction*, figure 7. Ve-
locity*, figure 8.

KEMPF, G. 1932 Weitere Reibungsergebnisse an ebenen glatten und
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MÜLLER, U.R. 1982 Measurement of the Reynolds stresses and the
mean-flow field in a three-dimensional pressure-driven boundary layer. J.
Fluid Mech. 119, 121–153. Jimenez collection No. 65. Geometry*,
figure 1. Pressure*, figure 2. Velocity*, figures 7a–f, 8, 9ab. Reynolds
stresses, various.

McALLISTER, J.E., PIERCE, F.J., and TENNANT, M.H. 1982 Di-
rect force wall shear measurements in pressure-driven three-dimensional tur-
bulent boundary layers. In Three Dimensional Turbulent Shear Flows (S.
Carmi et al., eds.), ASME, 53–59.

MEIER, H.U., KREPLIN, H.-P., and VOLLMERS, H. 1983 Devel-
opment of boundary layers and separation patterns on a body of revolution
at incidence. In Preprints, Second Symposium on Numerical and Physical
Aspects of Aerodynamic Flows, California State University (Long Beach).
Geometry*, figures 1, 2. Separation*, figure 7. Mean velocity*, figure 11.

MOODY, G.W. and BLANCHARD, G.W. 1974 The turbulent bound-
ary layer on a yawed flat plate. In Proc. Fifth Australasian Conference on
Hydraulics and Fluid Mechanics, Vol. I, 575–582. Friction coefficient, figure
1. Mean velocity, figure 3. Reynolds stresses, figure 3.

NAKAMURA, I., UEKI, Y., and YAMASHITA, S. 1983 A universal
velocity distribution and turbulence properties in the shear flow on a rotating
cylinder in a quiescent fluid. In Fourth Symposium on Turbulent Shear
Flows, Karlsruhe, Preprints, 2.21–2.26. Log law*, figure 3.

OLCMEN, S.M. and SIMPSON, R.L. 1995 An experimental study
of a three-dimensional pressure-driven turbulent boundary layer. J. Fluid
Mech. 290, 225–262.

278



OSAKA, H. and FUKUSHIMA, C. 1990 Effect of controlled longitu-
dinal vortex arrays on the development of turbulent boundary layer. In En-
gineering Turbulence Modelling and Experiments (W. Rodi and E.N. Ganic,
eds.), Elsevier, 593–602. Velocity*, figures 9, 10, 11, 12.

PIERCE, F.J. 1961 The turbulent flow at the plane of symmetry of a
three-dimensional collateral boundary layer. Ph. D. thesis, Dept. Thermal
Eng., Cornell Univ. Mean velocity*, figures 15–24, 35–39. Friction*, figures
27, 29–33. Data are tabulated.

POMPEO, L., BETTELINI, M.S.G., and THOMANN, H. 1993 Lat-
erally strained turbulent boundary layers near a plane of symmetry. J.
Fluid Mech. 257, 507–532. Jimenez collection No. 17. Mean velocity*,
figure 9. Effect of side walls*, figure 15.

SADDOUGHI, S.G. 1993 Local isotropy in distorted turbulent bound-
ary layers at high Reynolds number. Center for Turbulent Research, NASA
Ames Research Center and Stanford University, Annual Research Briefs–
1993, 347–363.

SCHWARZ, W.R. and BRADSHAW, P. 1992 Three-dimensional tur-
bulent boundary layer in a 30 degree bend: experiment and modelling. Dept.
Mech. Eng., Stanford Univ., Rep. No. MD-61. Geometry*, figure 3.8. Ve-
locity*, figures 3.9, 3.10. Polar plot*, figure 3.12. Reynolds stresses.

SCHWARZ, W.R. and BRADSHAW, P. 1993 Measurements in a pres-
sure-driven three-dimensional turbulent boundary layer during development
and decay. AIAA J. 31, 1207–1214. (see also AIAA Paper 93–0543.)

SCHWARZ, W.R. and BRADSHAW, P. 1994 Turbulence structural
changes for a three-dimensional turbulent boundary layer in a 30◦ bend. J.
Fluid Mech. 272, 183–209. Geometry*, figure 1. Pressure*, figure 3. Flow
viz*, figure 4. Mean velocity*, figures 7–10. Reynolds stresses*, figures 12,
13.

SWAMY, N.V.C., GOWDA, B.H.L., and LAKSHMINATH, V.R. 1978
Turbulence measurements in the three-dimensional boundary layer on a
yawed flat plate at incidence. Z. für Flugwissenschaften und Weltraum-
forschung 2, 15–22.

THOMPSON, R.S., SHIPMAN, M.S., and ROTTMAN, J.W. 1991
Moderately stable flow over a three-dimensional hill. A comparison of linear
theory with laboratory measurements. Tellus 43A, 49–63.

VAN DEN BERG, B., ELSENAAR, A., LINDHOUT, J.P.F., and WES-
SELING, P. 1975 Measurements in an incompressible three-dimensional
turbulent boundary layer, under infinite swept-wing conditions, and com-
parison with theory. J. Fluid Mech. 70, 127–148. Jimenez collection
No. 27. Case 251, 1980 Stanford contest. Geometry*, figure 2. Veloc-

279



ity*, figures 5, 6, 7.
WATMUFF, J.H., WITT, H.T., and JOUBERT, P.N. 1983 Effect

of spanwise rotation on two-dimensional zero pressure gradient turbulent
boundary layers. In Structure of Complex Turbulent Shear Flow (R. Du-
mas and L. Fulachier, eds.), Springer-Verlag, 67–77. Geometry*, figure 1.
Velocity*, figure 2.

Chapter 5: The Shear Layer

Turbulent plane mixing layer

Major surveys and theory

BIRCH, S.F. and EGGERS, J.M. 1972 A critical review of the ex-
perimental data for developed free turbulent shear layers. In Free Turbulent
Shear Flows, NASA SP 321, Vol. I, 11–40.

DIMOTAKIS, P.E. 1991 Turbulent free shear layer mixing and com-
bustion. In High Speed Propulsion Systems (S.N.B. Murthy and E.T. Cur-
ran, eds.), Progress in Astronautics and Aeronautics 137, 265–340.

FERZIGER, J.H. 1980 Energetics of vortex rollup and pairing. Phys.
Fluids 23, 1–4. Change in energy of vortex array during rollup. Self-
similarity argument for pairing. Upper bound on pitch-to-diameter ratio.

HALLEEN, R.M. 1964 A literature review on subsonic free turbulent
shear flow. Dept. Mech. Eng., Stanford Univ., Rep. No. MD-11.

HO, C.-M. and HUERRE, P. 1984 Perturbed free shear layers. Ann.
Rev. Fluid Mech. 16, 365–424.

KANGOVI, S. 1983 Effect of initial conditions on constant pressure
mixing between two turbulent streams. Aeron. Quart. 34, 61–75. Integral
analysis to account for initial boundary layers. Cites data of Lee, Ph. D.
thesis, Univ. Washington, 1966, which see.

KLEMP, J.B. and ACRIVOS, A. 1972 A note on the laminar mixing
of two uniform parallel semi-infinite streams. J. Fluid Mech. 55, 25–30.

LESSEN, M. 1949 On the stability of the free laminar boundary layer
between parallel streams. NACA TN 1929.

LIOU, W.W. 1994 Linear instability of curved free shear layers. Phys.
Fluids 6, 541–549.

280



POTTER, O.E. 1957 Laminar boundary layers at the interface of co-
current parallel streams. Quart. J. Mech. Appl. Math. 10, 302–311. 6th
degree polynomial for profile.

RODI, W. 1975 A review of experimental data of uniform density free
turbulent boundary layers. In Studies in Convection (B.E. Launder, ed.),
Vol. 1, Academic Press, 79–165.

ROGERS, M.M. and MOSER, R.D. 1994 Direct simulation of a self-
similar turbulent mixing layer. Phys. Fluids 6, No. 2, 903-923.

SQUIRE, H.B. 1948 Reconsideration of the theory of free turbulence.
Phil. Mag. (7) 39, 1–20. Various cases of similarity.

Experimental data

ALI, S.K., KLEWICKI, C.L., DISIMILE, P.J., LAWSON, I., and FOSS,
J.F. 1985 Entrainment region phenomena for a large plane shear layer.
In Preprints, Fifth Symposium on Turbulent Shear Flows, Ithaca, 3.7–3.12.
Mean velocity*, figure 3. Growth rate*, figure 4. Reynolds stress*, figure 5.
See thesis by DISIMILE.

ANDERSON, L.W. 1966 Two-dimensional free turbulent mixing be-
tween incompressible streams with initial boundary layers. Ph. D. thesis,
Dept. Mech. Eng., Univ. Washington. Mean velocity, figures 9–12. Reynolds
stresses, figures 13–18. Mean pressure, figures 5–8. No tables.

BADRI NARAYANAN, M.A., RAGHU, S., and TULAPURKARA, E.G.
1985 The nonequilibrium region of a mixing layer. AIAA J. 23, 987–991.
Mean velocity*, figures 2, 5.

BAKER, R.L. and WEINSTEIN, H. 1968 Experimental investigation
of the mixing of two parallel streams of dissimilar fluids. NASA CR-957
(Illinois Inst. Tech.). Mean velocity, pp 35, 38, 41, 43, 45, 49, 51, 53, 56,
63, 69-71, 76. Reynolds stresses, pp 37, 40, 42, 44, 46. Density profiles,
pp. 50, 52, 54, 57, 73-75, 77. No tables.

BATT, R.G. 1975 Some measurements on the effect of tripping the
two-dimensional shear layer. AIAA J. 13, 245–247. Mean velocity*, figure
3. Reynolds stresses*, figures 4, 5. Growth rate*, figure 6.

BATT, R.G. 1977 Turbulent mixing of passive and chemically react-
ing species in a low-speed shear layer. J. Fluid Mech. 82, 53–95. Mean
velocity*, figures 9, 11. Growth rate*, figure 10. Reynolds stresses*, figure
12. Also concentration.

BEGUIER, C., FULACHIER, L., and KEFFER, J.F. 1978 The tur-
bulent mixing layer with an asymmetrical distribution of temperature. J.
Fluid Mech. 89, 561–587. Heated plane jet, fluid at rest on one side and

281



moving at initial jet speed on other. Profiles of mean velocity, mean temper-
ature, intermittency, Reynolds stresses, temperature fluctuations; spectra.
See thesis by Beguier, Marseilles, 1971. Velocity*, figure 5. Temperature*,
figure 6. Intermittency*, figure 5. Reynolds stresses*, figures 9, 10, 12.

BELL and MEHTA, APS
BELL, J.H. and MEHTA, R.D. 1990 Development of a two-stream

mixing layer from tripped and untripped boundary layers. AIAA Paper
90-0505.

BELL, J.H. and MEHTA, R.D. 1992 Measurements of the streamwise
vortical structures in a plane mixing layer. J. Fluid Mech. 239, 213–248.
Three-dimensionality*, figure 8. Growth*, figure 9.

BELL, J.H. and MEHTA, R.D. 1993 Effects of imposed spanwise per-
turbations on plane mixing-layer structure. J. Fluid Mech. 257, 33–63. Ge-
ometry*, figure 1. Growth rate*, figure 10. Reynolds stresses*, figure 14.
Note pegs used as trip.

BELL, J.H., PLESNIAK, M.W., and MEHTA, R.D. 1992 Spanwise
averaging of plane mixing layer properties. AIAA J. 30, 835–837. Evolu-
tion*, figure 2.

BERNAL, L.P. and ROSHKO, A. 1986 Streamwise vortex structure
in plane mixing layers. J. Fluid Mech. 170, 499–525. Mean concentration*,
figures 16, 23. Fluctuations, figures 17, 24.

BIRCH, S.F. 1977 On the developing region of a plane mixing layer.
In Turbulence in Internal Flows, (S.N.B. Murthy, ed.), Proc. SQUID Work-
shop, Hemisphere, 89–100. Mean velocity*, figures 4, 6. Growth rate*,
figures 3, 5. Reynolds stresses*, figures 7, 8.

BROWAND, F.K. and LATIGO, B.O. 1979 Growth of the two-dimen-
sional mixing layer from a turbulent and non-turbulent boundary layer.
Phys. Fluids 22, 1011–1019. Mean velocity, figures 8, 15. Growth rate*,
figure 6. Reynolds stress, figures 9–14. Thesis by LATIGO?.

BROWAND, F.K. and TROUTT, T.R. 1985 The turbulent mixing
layer: geometry of large vortices. J. Fluid Mech. 185, 489–509. Growth
rate*, figure 4. Data received through Browand.

BROWN, G. and ROSHKO, A. 1971 The effect of density difference
on the turbulent mixing layer. In Turbulent Shear Flows, AGARD CP 93,
Paper 23. Mean velocity, figure 5.

BROWN, G.L. and ROSHKO, A. 1974 On density effects and large
structure in turbulent mixing layers. J. Fluid Mech. 64, 775–816. Mean
velocity*, figures 8, 9, 13.

BROWN, J.L. 1978 Heterogeneous turbulent mixing layer investiga-
tions utilizing a 2-D 2-color laser Doppler anemometer and a concentration

282



probe. Ph.D. thesis, Univ. Missouri (Columbia). Mean velocity, figures
4.1–4.6, 4.10, 4.11, 4.25. Mean concentration, figures 4.10, 4.11. Reynolds
stresses, figures 4.15–4.23. Growth rate, figure 4.9. No tables.

BRUNS, J.M., HAW, R.C., and FOSS, J.F. 1991 The velocity and
transverse vorticity field in a single stream shear layer. In Preprints, Eighth
Symposium on Turbulent Shear Flows, Vol. 1, Technical University of Mu-
nich, Paper 3-1. Velocity*, figures 4, 5. Reynolds stresses*, figures 7, 8, 10,
11, 14.

CARSON, J.L. 1960 Two-dimensional turbulent jet mixing consider-
ing effects of initial boundary layer configuration. M.S. thesis, Dept. Mech.
Eng., Univ. Washington. Velocity*, figures 9–13.

CHAMPAGNE, F.H., PAO, Y.H., and WYGNANSKI, I.J. 1976 On
the two-dimensional mixing region. J. Fluid Mech. 74, 209–250. Mean
velocity*, figure 2. Reynolds stresses*, figures 4, 5, 6. Growth rate, figure
3.

CHAPMAN, A.J. and KORST, H.H. 1954 Free jet boundary with
consideration of initial boundary layer. In Proc. Second U.S. National
Congress of Applied Mechanics, ASME, 723–731. Mean velocity*, figures 2,
3.

CHILDS, M.E. 1956 Two-dimensional turbulent mixing between par-
allel incompressible jets considering effects of initial boundary layer config-
uration. Ph. D. thesis, Dept. Mech. Eng., Univ. Illinois. Mean velocity,
figures 28-37. No tables.

CHU, W.T. 1965 Velocity profile in the half-jet mixing region of tur-
bulent jets. AIAA J. 3, 789–790. Mean velocity*, figure 1.

CLARK, J.A. and KIT, L. 1980 Shear layer transition and the sharp-
edged orifice. ASME Paper 80-FE-1. Model*, figure 3. Celerity*, figure 6.

CORDES, G. 1937 Untersuchungen zur statischen Druckmessung in
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Chapter 8: Round jet into fluid at rest
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Major surveys and theory
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Reynolds stresses*, figures 10–12. Velocity decay*, figure 32.

ROSE, W.G. 1962 Generation of a ”strongly” swirling jet and pre-
liminary experiments on the effect of its development of initial swirl distri-
bution. JHU, Dept. of Mechanics, AFOSR Rep. 2552. Approach to orifice
is along a rotating annulus of large diameter. Some data on axial decay of
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KÜCHEMANN, D. 1949 Jet diffusion in proximity of a wall. NACA
TM 1214 (translation of ZWB U&M 3057, 1943). Velocity*, figures 2–9,
12–15.

PIMENTA, M. and MOFFAT, R.J. 1974 Stability of flow through
porous plates: coalescent jets effect. AIAA J. 12, 1438–1440. For external

340



fluid at rest, instability appears above a critical velocity, but with hysteresis;
does not appear for moving external stream.

RAGHUNATHAN, S. and REID, I.M. 1981 A study of multiple jets.
AIAA J. 19, 124–127. Small supersonic jets equally spaced on circle with
fixed overall mass flow. Thrust; profiles of mean velocity; axial decay. Mo-
mentum is not conserved (!). Noise reduction up to 10 db. Mean velocity*,
figure 1. Velocity decay*, figure 2. Growth rate*, figure 3. Momentum
balance*, figure 4.

1950 Sloop and Morrell, NACA E9I21

Transition of round jet

Major surveys and theory

BRANCHER, P., CHOMAZ, J.M., and HUERRE, P. 1994 Direct nu-
merical simulations of round jets: vortex induction and side jets. Phys.
Fluids 6, 1768–1774.

GEURST, J.A. 1986 Momentum-flux condition for Landau-Squire jet
flow. Zeitschr. für angewandte Mathematik und Physik 37, 666–672.

LANDAU, L. 1944 A new exact solution of Navier-Stokes equations.
C. R. (Doklady) Acad. Sci. URSS 43, 286–288. Point momentum source;
comments on effects of finite size for source.

PILLOW, A.F. and PAULL, R. 1985 Conically similar viscous flows.
Part 1. Basic conservation principles and characterization of axial causes in
swirl-free flow. J. Fluid Mech. 155, 327–341.

SQUIRE, H.B. 1951 The round laminar jet. Quart. J. Mech. Appl.
Math. 4, 321–329. Seminal paper. Includes heated case. Streamlines*,
figures 1–3. Isotherms*, figure 4.

SQUIRE, H.B. 1952 Some viscous fluid flow problems. I: Jet emerg-
ing from a hole in a plane wall. Phil. Mag. (7) 43, 942–945. Viscosity
modifies streamlines compared to slip boundary condition. Displacement ef-
fect increases near axis. Streamlines*, figures 1–3.

Experimental data

ANDRADE, E.N. da C. and TSIEN, L.C. 1937 The velocity distri-
bution in a liquid-into-liquid jet. Proc. Phys. Soc. London 49, 381–390
(discussion 391). Laminar round jet, experimental. Velocity*, figures 4, 5.

341



BECKER, H.A. and MASSARO, T.A. 1968 Vortex evolution in a
round jet. J. Fluid Mech. 31, 435–448, 3 plates. Varicose instability. Reso-
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Chapter 9 Plane jet
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Plane wall jet into moving fluid
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44–49. Opposing wall jets. Geometry*, figure 2. Pressure*, figure 6.
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J. 11, 1684–1690 (see also Ph. D. thesis by RAMAPRIAN, Flow in conical
diffusers with annular injection at the inlet, Mech. Eng., Univ. Waterloo,
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9.1–9.7, 10.6–10.9. Reynolds stresses*, figures 9.19–9.27, 10.16–20.21. In-
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MYERS, G.E., SCHAUER, J.J., and EUSTIS, R.H. 1963 Heat trans-
fer to plane turbulent wall jets. Trans. ASME (J. Heat Transf.) 85C,
209-214. Heat transfer*, figure 3. Mean temperature*, figure 4.

NICOLL, W.B. and WHITELAW, J.H. 1967 The effectiveness of the
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Experimental data

CATALANO, G.D., MORTON, J.B., and HUMPHRIS, R.R. 1977 An
experimental investigation of a three-dimensional wall jet. AIAA J. 15,
1146–1151 (See also Ph.D. thesis by CATALANO, same title, Dept. Aerosp.
Eng., Univ. Virginia). (date?) Mean velocity, figures 4, 5. Reynolds
stresses, figures 9–11. Intermittency*, figure 17.

CATALANO, G.D., MORTON, J.B., and HUMPHRIS, R.R. 1979 Tur-
bulence measurements in a three dimensional wall jet. In Preprints, 2nd
Symposium on Turbulent Shear Flows, Imperial College, 15.42–15.48. Mostly
isocorrelations.

CHANDRASEKHARA SWAMY, N.V. and BANDYOPADHYAY, P.
1975 Mean and turbulence characteristics of three-dimensional wall jets.
J. Fluid Mech. 71, 541–562. Mean velocity*, figures 7–11. Velocity decay*,
figure 5. Reynolds stresses, figures 15–19. Growth rate*, figure 6.

CHANDRASEKHARA SWAMY, N.V. and BANDYOPADHYAY, P.
1981 Structure of three dimensional wall jets. Indian J. Technology 19,
390–394. Mean velocity*, figure 3. Reynolds stresses*, figure 5.

CHAO, J.-L 1965 Turbulent momentum transfer in a three-dimensional
wall jet. Ph. D. thesis, Colorado State Univ. Mean velocity, figures 20–24.
Reynolds stresses, figures 26–29, 32. Static pressure, figures 17, 18. Energy
balance.

DAVIS, M.R. and WINARTO, H. 1980 Jet diffusion from a circular
nozzle above a solid plane. J. Fluid Mech. 101, 201–221. Transition from
free jet to oblate wall jet. Isotachs. Locus and decay of maximum velocity;
profiles of mean velocity normal or parallel to plate; turbulence intensity;
spectra, scales. Offset round jet. Mean velocity*, figures 5, 6. Growth rate,
figure 7. Velocity decay*, figure 3. Reynolds stresses, figures 9, 11. Includes
round jet.

HORNE, W.C. 1982 A study of the acoustic and flow fields of a rect-
angular wall jet. Ph.D. dissertation, Stanford Univ. Mean velocity, figure
4-21. Growth rate, figure 4-22.

HORNE, C. and KARAMCHETI, K. 1979 Experimental observations
of a 2-D planar wall jet. AIAA Paper 79-0208. Geometry*, figure 1. Veloc-
ity*, figure 3. Frequency lockin*, figure 5b.

389



KOSO, T. and OHASHI, H. 1982 Turbulent diffusion of a three-dimen-
sional wall jet. (1st report, mean and turbulent characteristics of velocity
and temperature field.) Bull. JSME 25, 173–181. Mean velocity*, figures
6, 7. Reynolds stresses, figures 10–14.

KOSO, T. and OHASHI, H. 1982 Turbulent diffusion of a three-dimen-
sional wall jet. (2nd report, turbulent structure.) Bull. JSME 25, 758–765.
Intermittency*, figures 4–6.

LAKSHMANA GOWDA, B.H. and PADMANABHAM, G. 1988 The
characteristic decay region of a class of three-dimensional wall jets. J. Aero-
nautical Society of India 40, 309–315. Velocity*, figure 3.

MACMULLIN, R., ELROD, W., and RIVIR, R. 1989 Free-stream
turbulence from a circular wall jet on a flat plate heat transfer and bound-
ary layer flow. Trans. ASME (J. Turbomachinery) 111, 78–86. Geometry*,
figure 2. Heat transfer*, figures 6, 7. Velocity*, figures 12, 13. Tempera-
ture*, figure 15. Reynolds stresses*, figure 16.

NARAIN, J.P. 1975 Three dimensional turbulent wall jets. Can. J.
Chem. Eng. 53, 245–251. Growth rate, figure 6.

NEWMAN, B.G., PATEL, R.P., SAVAGE, S.B., and TJIO, H.K. 1972
Three-dimensional wall jet originating from a circular orifice. Aeron. Quart.
23, 188–200. Mean velocity*, figures 3–5, 7, 8. Growth rate*, figures 9, 10.
Velocity decay*, figure 11. Reynolds stresses, figures 15–17.

PATANKAR, U.M. and SRIDHAR, K. 1972 Three-dimensional curved
wall jets. Trans. ASME (J. Basic Eng.) 94D, 339–344. Mean velocity*,
figures 6, 7, 8.

POLLARD, A. and SCHWAB, R.R. 1989 The velocity field of a rect-
angular wall jet. In Proc. Tenth Australasian Fluid Mechanics Conference,
Univ. Melbourne, Vol. 1, 1.17–1.20. Velocity*, figure 2. Reynolds stress*,
figure 6.

RAJARATNAM, N. and PANI, B.S. 1974 Three-dimensional turbu-
lent wall jets. Proc. ASCE (J. Hydr. Div., No. HY1) 100, 69–83. Geometry*,
figure 1. Velocity*, figures 3–6. Flow viz*, figure 10. Decay*, figure 12.

RAJARATNAM, N. and SUBRAMANYA, K. 1967 Diffusion of rect-
angular wall jets in wider channels. J. Hydraul. Res. 5, 281–294. Velocity*,
figures 2, 5, 6. Decay*, figures 7, 9. Growth*, figure 10.

SFORZA, P.M. 1979 The surface layer in three-dimensional wall jets.
In Turbulent Boundary Layers: Forced, Incompressible, Non-reacting, Proc.
Joint Applied Mechanics, Fluids Engineering and Bioengineering Conf. (H. E.
Weber, ed.), ASME, 121–130. Friction coefficient*, figures 2, 5, 7, 8. Mean
velocity*, figures 9, 10.

SFORZA, P.M. and HERBST, G. 1970 A study of three-dimensional,

390



incompressible, turbulent wall jets. AIAA J. 8, 276–283 (see also Dept.
Aerosp. Eng. Appl. Mech., Polytechnic Inst. Brooklyn, PIBAL Rep. 1022,
same title, AFOSR 67-2580, 1967). Growth rate*, figures 3, 4. Velocity
decay*, figure 2. Mean velocity*, figures 5, 6.

VIETS, H. and SFORZA, P.M. 1966 An experimental investigation
of a turbulent, incompressible, three-dimensional wall jet. Polytechnic Inst.
Brooklyn, Dept. Aerosp. Eng. Appl. Mech., PIBAL Rep. No. 968 (AFOSR
66-0888, Contract AF 49(638)-1623). Plane air jet of finite width along flat
plate in air at rest; profiles of mean velocity. Mean velocity, figures 8–10,
12, 13. Growth rate*, figures 11, 17. Velocity decay*, figure 7.

Wall jet along cylinder

Major surveys or theory

Experimental data

DUCK, P.W. and BODONYI, R.J. 1986 The wall jet on an axisym-
metric body. Quart. J. Mech. and Appl. Math. 39, 467–483. Theory for
thin and thick layers.

MANIAN, V.S., McDONALD, T.W., and BESANT, R.W. 1969 Heat
transfer measurements in cylindrical wall jets. Int’l. J. Heat Mass Transf.
12, 673–679 (see also Ph.D. thesis by MANIAN, Cylindrical wall jet, Univ.
Saskatchewan, 1968). Mean velocity*, figure 2. Velocity decay*, figure 4.
Growth rate*, figure 3.

McDONALD, T.W. 1965 The submerged surface jet. Ph.D. thesis,
Purdue Univ. Mean velocity*, figure 17. Growth rate*, figure 18. Data are
tabulated.

PATEL, R.P., SHAKO, K.E.M., and SANGALE, J.M. 1974 An inves-
tigation of a turbulent cylindrical wall jet. In Proc. 5th Australasian Con-
ference on Hydraulics and Fluid Mechanics, Christchurch, 332–339. Similar
to Starr and Sparrow but less extensive. Profiles of mean velocity; growth
rate, decay of maximum velocity. Mean velocity*, figures 4, 5. Growth rate,
velocity decay*, figures 6, 7. Write for data.

RAMAPRIAN, B.R. 1975 Turbulence measurements in an “equilib-
rium” axisymmetric wall jet. J. Fluid Mech. 71, 317–338. Mean velocity*,
figures 4, 5, 6. Reynolds stresses*, figures 5, 8. See thesis.

RODMAN, L.C., JARRAH, M.A., WOOD, N.J., and ROBERTS, L.
1986 Turbulence measurements in a plane wall jet. AIAA Paper 86-0209.

391
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structure and impingement heat transfer. J. Fluid Mech. 45, 477–512; also
DONALDSON, SNEDEKER and MARGOLIS, A study of the mean and
turbulent structure of a free jet and jet impingement heat transfer. Naval
Res. Lab., NRL Memo. Rep. 1828 (ARAP Rep. No. 96)). Mean velocity*,
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Chapter 12: Flow Control
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SCHEIMAN, J. and BROOKS, J.D. 1981 Comparison of experimen-
tal and theoretical turbulence reduction from screens, honeycomb, and honey-
comb-screen combinations. J. Aircraft 18, 638-643. Fig. 3, 8, pressure loss
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Sheared flow
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lation of uniform shear with the use of screens. Exp. Fluids 5, 247-254.
Many-element channel. Check references. See table 3.
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Contractions
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gen und Mitteilungen Nr. 3052, 6 pp.

MARSTERS, G. F. 1980 An experimental investigation of spanwise
velocity distributions in jets from rectangular slots. AIAA Paper 80-0202.

METCALFE, R. W., ORSZAG, S. A., BRACHET, M. E., MENON,
S., and RILEY, J. J. 1987 Secondary instability of a temporally growing
mixing layer. Journal of Fluid Mechanics, 184, pp. 207-243, doi:10.1017/
S0022112087002866.

MONIN, A. S., and YAGLOM, A. M. 1971 Statistical fluid mechan-
ics: Mechanics of turbulence, Volume 1. MIT Press, 769 pp.
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