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Examination of existing literature is revealing in that although many investigations have been carried out for a
plane mixing laver, only a few present turbulence measorements. It is well-known that both mean velocity and
turbulence structure in a plane mixing layver are self-preserving, however there appears to be some variations in
these measurements. This investigation presents new data on the mean velocity and the turbulence properties
of a plane mixing layer. The turbulence measuremenis differ by about 25% from those obtained by previoms
investigators and this is attributed to differences in the experimental set up (i.e., presence or absence of a solid
wall in the plane x = 0) and errors associated with hot-wire probes (ie., longitudinal cooling and thermal wake
interference). To avoid difficulties experienced by previous investigators in calculating shear stress distribution
from a measured nondimensional mean velocity profile a mew method is suggested and this provides good
agrecment between the calculated and the measured shear stress distribution.

Introduction

ECENTLY, considerable effort has been directed towards

the study of free turbulent shear flows. In this group of
shear flows a plane, turbulent, incompressible mixing layer
between a uniform stream and guiescent surroundings is a com-
paratively simple flow to investigate both theoretically and
experimentally. However, except for a few investigations {as for
example Garshore'; Hackett and Cox®) dealing with mean
velocily measurements not much renewed attention appears to
have been given to the plane turbulent mixing layer since the
appearance of the work of Liepmann and Laufer.® It should be
recalled that Liepmann and Laufer did not measure both the
lateral turbulent intensity and the shear stress { puw’ presumably
because {w?> 1s expected to be of the same magnitude as <v®)
and {uw) is expected 10 be rero. Furthermore, techniques of
hot-wire anemometry have developed considerably since their
investigation and therefore it is of interest to reinvestigate the
plane mixing layer.

Since the completion of the present investigation Wygnanski
and Fiedler* have reported extensive and sophisticated turbu-
lence measurements in this type of flow. An intercsting aspect
of their investigation was the geometry of the experimental
apparatus. They used a trip wire and a solid wall on the rero
velocity side in the plane x = 0, They also used conventional
DISA x-wire probes to measure the turbulence parameters and it
is now known that the conventional DISA x-wire probes are
contaminated by the “thermal cross talk.” The measurements
of Wygnanski and Fiedler are compared with the results of the
present investigation obtained with single hot-wires in a plane
mixing layer without a solid wall in the plane x =0. It is
anticipated that such a comparison would show up differences,
if any. due to the geometry of the experimental apparatus and
the probes.

Recently Spencer and Jones® have investigated a general
problem of a mixing layer between two parallel streams and
as a special case they have reported some data on a plane
mixing layer. This information consists of the spreading rate and
the mean velocity profile. Although not directly related to the

present investigation it is worthwhile 1o note that the i
technique used by them to calculate shear stress d
for their mixing laver between two parallel stream
quite sum to zero, For a plane mixing layer Liey
Laufer had also experienced this difficulty.

It was mentioned that Hackett and Cox?® have also i
a plane mixing laver. They did not measure the st
distribution but calculated it from the mean velocity |
compared their results with those of previous inv
They found that there was a need for a unified ap
calculate the shear stress distribution from mean veloci
In the calculation of the shear stress distribution the
arises from the nonexistence of well defined boundaries
mixing layer. To overcome this difficulty a method is
in this paper.

The present experimental investigation for a pla
layer was carried out in the Aerodynamics Laboratory
University. The mixing layer was formed at the e
McGill43.2 x 76.25 em blower cascade wide tunnel. An
tion regarding the two-dimensionality of the flow
from this tunnel is given by Patel.” Furthermore |
present measurements were made an investigation on
of freestream turbulence intensity on free shear flow w
out. It was found that for freestream turbulence intensi
than 0.6% the characteristics of the plane mixing |
independent of the effects of stream turbulence (Patel
present investigation the frecstream turbulence inte
0.5% and U,v = 18 x 10* per meter.

The resulis include mean velocities and Reynolds
threc stations, (28 cm < x < 102.5 cm). These were
by using a linearized constant temperature hot-wire an
{only single wire probes were used) and include the lo
cooling corrections where appropriate (for the lo
cooling corrections to the results obtained by inclined
the reader is referred to Patel” and Champagne et al
details of instruments, experimental techniques, etc. ar
Patel.®



Cited by

D.A. Yoder, J.R. DeBonis, N.J. Georgiadis. (2015) Modeling of turbulent free shear flows.
Computers & Fluids 117, 212-232

Online publication date: 1-Aug-2015.

CrossRef

Yunlong Zhang, Bing Wang, Huigiang Zhang, Shuyan Xue. (2015) Mixing Enhancement of
Compressible Planar Mixing Layer Impinged by Oblique Shock Waves. Journal of Propulsion
and Power 31:1, 156-169

Online publication date: 1-Jan-2015.

Abstract | Full Text | PDF (2745 KB) | PDF Plus (818 KB)

Dennis A. Yoder, James R. DeBonis, Nicholas J. Georgiadis. 2013. Modeling of Turbulent Free
Shear Flows. 21st AIAA Computational Fluid Dynamics Conference.

Citation | PDF (1464 KB) | PDF Plus (866 KB)

Vincent Aeschlimann, Stéphane Barre, Henda Djeridi. (2011) Velocity field analysis in an
experimental cavitating mixing layer. Physics of Fluids 23, 055105

Online publication date: 1-Jan-2011.

CrossRef

J. Papp, D. Kenzakowski, S. Dash. 2002. Calibration and validation of EASM turbulence model
for jet flowfields. 40th AIAA Aerospace Sciences Meeting & Exhibit.

Citation | PDF (4828 KB) | PDF Plus (1720 KB)

J. Papp, D. Kenzakowski, S. Dash. 2002. Modeling turbulence anisotropy for jet noise
prediction. 40th AIAA Aerospace Sciences Meeting & Exhibit.

Citation | PDF (3669 KB) | PDF Plus (1353 KB)

A. N. Batov, K. I. Medvede, Yu. A. Panov. (1998) Heat transfer and supersonic flow structure in
surface cavities. Fluid Dynamics 33, 526-531

Online publication date: 1-Jul-1998.

CrossRef

Zuu-Chang Hong, Ming-Hua Chen. (1998) Statistical Model of a Self-Similar Turbulent Plane
Shear Layer. Journal of Fluids Engineering 120, 263

Online publication date: 1-Jan-1998.

CrossRef

F. ILINCA, D. PELLETIER, F. ARNOUX-GUISSE. (1997) An Adaptive Finite Element
Scheme for Turbulent Free Shear Flows. International Journal of Computational Fluid
Dynamics 8, 171-188

Online publication date: 1-May-1997.

CrossRef

D. Pelletier, F. llinca. (1997) Adaptive Remeshing for the k-Epsilon Model of Turbulence. AIAA
Journal 35:4, 640-646

Online publication date: 1-Apr-1997.

Citation | PDF (378 KB) | PDF Plus (354 KB)

Tsan-Hsing Shih. (1997) Some developments in computational modeling of turbulent flows.
Fluid Dynamics Research 20, 67-96



http://arc.aiaa.org/author/Yoder%2C+Da
http://arc.aiaa.org/author/Debonis%2C+Jr
http://arc.aiaa.org/author/Georgiadis%2C+Nj
http://dx.doi.org/10.1016/j.compfluid.2015.05.009
http://arc.aiaa.org/author/Zhang%2C+Yunlong
http://arc.aiaa.org/author/Wang%2C+Bing
http://arc.aiaa.org/author/Zhang%2C+Huiqiang
http://arc.aiaa.org/author/Xue%2C+Shuyan
http://arc.aiaa.org/doi/abs/10.2514/1.B35423
http://arc.aiaa.org/doi/full/10.2514/1.B35423
http://arc.aiaa.org/doi/pdf/10.2514/1.B35423
http://arc.aiaa.org/doi/pdfplus/10.2514/1.B35423
http://arc.aiaa.org/author/Yoder%2C+Dennis+A
http://arc.aiaa.org/author/Debonis%2C+James+R
http://arc.aiaa.org/author/Georgiadis%2C+Nicholas+J
http://arc.aiaa.org/doi/abs/10.2514/6.2013-2721
http://arc.aiaa.org/doi/pdf/10.2514/6.2013-2721
http://arc.aiaa.org/doi/pdfplus/10.2514/6.2013-2721
http://arc.aiaa.org/author/Aeschlimann%2C+Vincent
http://arc.aiaa.org/author/Barre%2C+Stephane
http://arc.aiaa.org/author/Djeridi%2C+Henda
http://dx.doi.org/10.1063/1.3592327
http://arc.aiaa.org/author/Papp%2C+J
http://arc.aiaa.org/author/Kenzakowski%2C+D
http://arc.aiaa.org/author/Dash%2C+S
http://arc.aiaa.org/doi/abs/10.2514/6.2002-855
http://arc.aiaa.org/doi/pdf/10.2514/6.2002-855
http://arc.aiaa.org/doi/pdfplus/10.2514/6.2002-855
http://arc.aiaa.org/author/Papp%2C+J
http://arc.aiaa.org/author/Kenzakowski%2C+D
http://arc.aiaa.org/author/Dash%2C+S
http://arc.aiaa.org/doi/abs/10.2514/6.2002-76
http://arc.aiaa.org/doi/pdf/10.2514/6.2002-76
http://arc.aiaa.org/doi/pdfplus/10.2514/6.2002-76
http://arc.aiaa.org/author/Batov%2C+A+N
http://arc.aiaa.org/author/Medvede%2C+K+I
http://arc.aiaa.org/author/Panov%2C+Yu+A
http://dx.doi.org/10.1007/BF02698217
http://arc.aiaa.org/author/Hong%2C+Zuu-chang
http://arc.aiaa.org/author/Chen%2C+Ming-hua
http://dx.doi.org/10.1115/1.2820643
http://arc.aiaa.org/author/Ilinca%2C+F
http://arc.aiaa.org/author/Pelletier%2C+D
http://arc.aiaa.org/author/Arnoux-guisse%2C+F
http://dx.doi.org/10.1080/10618569708940803
http://arc.aiaa.org/author/Pelletier%2C+D
http://arc.aiaa.org/author/Ilinca%2C+F
http://arc.aiaa.org/doi/abs/10.2514/2.184
http://arc.aiaa.org/doi/pdf/10.2514/2.184
http://arc.aiaa.org/doi/pdfplus/10.2514/2.184
http://arc.aiaa.org/author/Shih%2C+Tsan-hsing

Online publication date: 15-Feb-1997.

CrossRef

D. M. Snider, M. J. Andrews. (1996) The Simulation of Mixing Layers Driven by Compound
Buoyancy and Shear. Journal of Fluids Engineering 118, 370

Online publication date: 1-Jan-1996.

CrossRef

David F. Robinson, Julius E. Harris, H. A. Hassan. (1995) Unified turbulence closure model for
axisymmetric and planar free shear flows. AIAA Journal 33:12, 2325-2331

Online publication date: 1-Dec-1995.

Citation | PDF (988 KB) | PDF Plus (485 KB)

M. Goldshtik, F. Hussain. (1995) Structural approach to the modeling of a turbulent mixing
layer. Physical Review E 52, 2559-2568

Online publication date: 1-Sep-1995.

CrossRef

Tsan-Hsing Shih, William W. Liou, Aamir Shabbir, Zhigang Yang, Jiang Zhu. (1995) A new k-e
eddy viscosity model for high reynolds number turbulent flows. Computers & Fluids 24, 227-
238

Online publication date: 1-Mar-1995.

CrossRef

William W. Liou, Tsan-Hsing Shih, Beverly S. Duncan. (1995) A multiple-scale model for
compressible turbulent flows. Physics of Fluids 7, 658

Online publication date: 1-Jan-1995.

CrossRef

N. I. Akatnov. (1994) Use of tensor polynomials for constructing an equation for turbulence
scale in semiempirical models. Fluid Dynamics 29, 479-490

Online publication date: 1-Aug-1994.

CrossRef

D. Pelletier, F. Ilinca. 1994. Adaptive remeshing for the k-epsilon model of turbulence. 32nd
Aerospace Sciences Meeting and Exhibit.

Citation | PDF (1102 KB) | PDF Plus (748 KB)

William W. Liou, Philip J. Morris. (1992) Weakly nonlinear models for turbulent mixing in a
plane mixing layer. Physics of Fluids A: Fluid Dynamics 4, 2798

Online publication date: 1-Jan-1992.

CrossRef

Otto Zeman. (1990) Dilatation dissipation: The concept and application in modeling
compressible mixing layers. Physics of Fluids A: Fluid Dynamics 2, 178

Online publication date: 1-Jan-1990.

CrossRef

Anuvat Sirivat. (1988) Asymptotic intensity of the quasi-periodic oscillations in fully developed
turbulent shear layers. Journal of Fluid Mechanics 191, 111

Online publication date: 1-Jun-1988.

CrossRef

Upender K. Kaul. (1988) Do large structures control their own growth in a mixing layer? An
assessment. Journal of Fluid Mechanics 190, 427

Online publication date: 1-May-1988.

CrossRef



http://dx.doi.org/10.1016/S0169-5983%2896%2900041-X
http://arc.aiaa.org/author/Snider%2C+D+M
http://arc.aiaa.org/author/Andrews%2C+M+J
http://dx.doi.org/10.1115/1.2817388
http://arc.aiaa.org/author/Robinson%2C+D+F
http://arc.aiaa.org/author/Harris%2C+J+E
http://arc.aiaa.org/author/Hassan%2C+H+A
http://arc.aiaa.org/doi/abs/10.2514/3.12987
http://arc.aiaa.org/doi/pdf/10.2514/3.12987
http://arc.aiaa.org/doi/pdfplus/10.2514/3.12987
http://arc.aiaa.org/author/Goldshtik%2C+M
http://arc.aiaa.org/author/Hussain%2C+F
http://dx.doi.org/10.1103/PhysRevE.52.2559
http://arc.aiaa.org/author/Shih%2C+Tsan-hsing
http://arc.aiaa.org/author/Liou%2C+William+W
http://arc.aiaa.org/author/Shabbir%2C+Aamir
http://arc.aiaa.org/author/Yang%2C+Zhigang
http://arc.aiaa.org/author/Zhu%2C+Jiang
http://dx.doi.org/10.1016/0045-7930%2894%2900032-T
http://arc.aiaa.org/author/Liou%2C+William+W
http://arc.aiaa.org/author/Shih%2C+Tsan-hsing
http://arc.aiaa.org/author/Duncan%2C+Beverly+S
http://dx.doi.org/10.1063/1.868588
http://arc.aiaa.org/author/Akatnov%2C+N+I
http://dx.doi.org/10.1007/BF02319069
http://arc.aiaa.org/author/Pelletier%2C+D
http://arc.aiaa.org/author/Ilinca%2C+F
http://arc.aiaa.org/doi/abs/10.2514/6.1994-818
http://arc.aiaa.org/doi/pdf/10.2514/6.1994-818
http://arc.aiaa.org/doi/pdfplus/10.2514/6.1994-818
http://arc.aiaa.org/author/Liou%2C+William+W
http://arc.aiaa.org/author/Morris%2C+Philip+J
http://dx.doi.org/10.1063/1.858336
http://arc.aiaa.org/author/Zeman%2C+Otto
http://dx.doi.org/10.1063/1.857767
http://arc.aiaa.org/author/Sirivat%2C+Anuvat
http://dx.doi.org/10.1017/S0022112088001533
http://arc.aiaa.org/author/Kaul%2C+Upender+K
http://dx.doi.org/10.1017/S0022112088001399

D. C. Haworth, S. B. Pope. (1987) A pdf modeling study of self-similar turbulent free shear
flows. Physics of Fluids 30, 1026

Online publication date: 1-Jan-1987.

CrossRef

S. Tavoularis, S. Corrsin. (1987) The structure of a turbulent shear layer embedded in turbulence.
Physics of Fluids 30, 3025

Online publication date: 1-Jan-1987.

CrossRef

H. L. PETRIE, . SAMIMY, A. L. ADDY. (1986) Compressible separated flows. AIAA Journal
24:12,1971-1978

Online publication date: 1-Dec-1986.

Citation | PDF (1195 KB) | PDF Plus (641 KB)

R. Scharf. (1985) Die Wirkung von Polymerzusptzen auf die Turbulenzstruktur in der ebenen
Mischungsschicht zweier Str€pme. Rheologica Acta 24, 272-295

Online publication date: 1-May-1985.

CrossRef

H. PETRIE, M. SAMIMY, A. ADDY. 1985. A study of compressible turbulent free shear layers
using laser Doppler velocimetry. 23rd Aerospace Sciences Meeting.

Citation | PDF (620 KB) | PDF Plus (386 KB)

N. I. Akatnov. (1982) Two-scale semiempirical theory of turbulent boundary layers and jets.
Fluid Dynamics 17, 827-834

Online publication date: 1-Nov-1982.

CrossRef

1982. References. Sedimentary Structures Their Character and Physical Basis Volume I, 561-
643.

CrossRef

A. K. M. F. HUSSAIN, Z. D. HUSAIN. (1980) Turbulence structure in the axisymmetric free
mixing layer. AIAA Journal 18:12, 1462-1469

Online publication date: 1-Dec-1980.

Citation | PDF (921 KB) | PDF Plus (559 KB)

Z. D. Husain, A.K.M.F. Hussain. (1979) Axisymmetric Mixing Layer: Influence of the Initial
and Boundary Conditions. AIAA Journal 17:1, 48-55

Online publication date: 1-Jan-1979.

Citation | PDF (1018 KB) | PDF Plus (656 KB)

F. K. Browand, B. O. Latigo. (1979) Growth of the two-dimensional mixing layer from a
turbulent and nonturbulent boundary layer. Physics of Fluids 22, 1011

Online publication date: 1-Jan-1979.

CrossRef

A. K. M. F. Hussain, M. F. Zedan. (1978) Effects of the initial condition on the axisymmetric
free shear layer: Effects of the initial momentum thickness. Physics of Fluids 21, 1100

Online publication date: 1-Jan-1978.

CrossRef

A. K. M. F. Hussain, M. F. Zedan. (1978) Effects of the initial condition on the axisymmetric
free shear layer: Effect of the initial fluctuation level. Physics of Fluids 21, 1475

Online publication date: 1-Jan-1978.

CrossRef



http://arc.aiaa.org/author/Haworth%2C+D+C
http://arc.aiaa.org/author/Pope%2C+S+B
http://dx.doi.org/10.1063/1.866301
http://arc.aiaa.org/author/Tavoularis%2C+S
http://arc.aiaa.org/author/Corrsin%2C+S
http://dx.doi.org/10.1063/1.866081
http://arc.aiaa.org/author/PETRIE%2C+H+L
http://arc.aiaa.org/author/SAMIMY%2C+.
http://arc.aiaa.org/author/ADDY%2C+A+L
http://arc.aiaa.org/doi/abs/10.2514/3.9555
http://arc.aiaa.org/doi/pdf/10.2514/3.9555
http://arc.aiaa.org/doi/pdfplus/10.2514/3.9555
http://arc.aiaa.org/author/Scharf%2C+R
http://dx.doi.org/10.1007/BF01332608
http://arc.aiaa.org/author/Petrie%2C+H
http://arc.aiaa.org/author/Samimy%2C+M
http://arc.aiaa.org/author/Addy%2C+A
http://arc.aiaa.org/doi/abs/10.2514/6.1985-177
http://arc.aiaa.org/doi/pdf/10.2514/6.1985-177
http://arc.aiaa.org/doi/pdfplus/10.2514/6.1985-177
http://arc.aiaa.org/author/Akatnov%2C+N+I
http://dx.doi.org/10.1007/BF01090374
http://dx.doi.org/10.1016/S0070-4571%2808%2971024-0
http://arc.aiaa.org/author/HUSSAIN%2C+A+K+M+F
http://arc.aiaa.org/author/HUSAIN%2C+Z+D
http://arc.aiaa.org/doi/abs/10.2514/3.7737
http://arc.aiaa.org/doi/pdf/10.2514/3.7737
http://arc.aiaa.org/doi/pdfplus/10.2514/3.7737
http://arc.aiaa.org/author/Husain%2C+Z+D
http://arc.aiaa.org/author/Hussain%2C+A
http://arc.aiaa.org/doi/abs/10.2514/3.61061
http://arc.aiaa.org/doi/pdf/10.2514/3.61061
http://arc.aiaa.org/doi/pdfplus/10.2514/3.61061
http://arc.aiaa.org/author/Browand%2C+F+K
http://arc.aiaa.org/author/Latigo%2C+B+O
http://dx.doi.org/10.1063/1.862705
http://arc.aiaa.org/author/Hussain%2C+A+K+M+F
http://arc.aiaa.org/author/Zedan%2C+M+F
http://dx.doi.org/10.1063/1.862349
http://arc.aiaa.org/author/Hussain%2C+A+K+M+F
http://arc.aiaa.org/author/Zedan%2C+M+F
http://dx.doi.org/10.1063/1.862410

S.N.B. MURTHY. 1975. Turbulent Mixing in Chemically Reactive Flows. Turbulence in
Mixing Operations, 169-220.



http://arc.aiaa.org/author/Murthy%2C+Snb

	citedBySection

