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Abstract-The results of an experimental investigation of the structure and processes of turbulent transfer in 
an accelerated boundary layer on a permeable surface are presented. Possible ways ofmodelling the transport 
equation for a turbulent heat flux are analysed. Emphasis is given to the modelling of pressure-temperature 

correlations. 

NOMENCLATURE 

a thermal diffusivity [W m- 
inJection parameter p VJpluK- ’ 
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Gil, Ci2, Ci, dimensionless conitants 
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G 
e 
K 

KV 
P' 
Pr 

Pr, 

R, Riij 
Rej* 

T 

u, v 

u’, VI, w’ 

u, 
St 

x, y 

iocal friction coefficient 
kinetic energy of turbulence [m* s-*1 
acceleration parameter, (v/U:) (dU,/dx) 
roughness size 
pressure fluctuations 
Prandtl number 
turbulent Prandtl number 
correlation coefficients 
Reynolds number, U,S,**jv 
mean temperature [K] 
mean velocity components in the x- and 
y-directions [m s - ‘1 
fluctuational velocity components 
[m s-l] 
dynamic velocity [m s _ ‘1 
Stanton number 
longitudinal and transverse coordinates, 
respectively [ml. 

Greek symbols 
6 boundary layer thickness Cm] 

6, thermal boundary layer thickness [m] 
g** displacement thickness Cm] 
s,** energy loss thickness [m] 

P density [kg m - 3] 
0 temperature fluctuations [K] 
V viscosity [m* s- ‘1 
E turbulent energy dissipation [m* s- 3] 

se ‘dissipation’ of temperature fluctuations 

CK I. 2 s-1 

Subscripts 
co in free stream 
W at the wall. 

AT PRESENT, the development and further refinement of 
the models which would accurately describe the 
transport ofturbulent heat flux involve a fair number of 
difficulties residing mainly in the lack of reliable 

experimental data on the fluctuational structure of 
thermal and dynamic boundary layers under the 
conditions when the analogy between the processes of 
momentum and heat transfer breaks down 
substantially. 

As is known [l, 21, such flows include a highly 
accelerated turbulent boundary layer on a permeable 
surface, i.e. the case which is rather frequently 
encountered in modern power engineering equipment 
when providing thermal protection for especially 
stressed elements of the surface of operating channels. 

This paper presents the results of an experimental 
investigation of the fluctuational structure of thermal 
and velocity boundary layers, developing on a porous 
plate under the action of high longitudinal negative 
pressure gradients in the presence of injection, the 
analysis of which has made it possible to verify 
experimentally the validity ofdifferent hypotheses used 
to approximate the correlations involving pressure 
fluctuations and to suggest the transport equation for a 
turbulent heat flux, which physically correctly models 
the processes of transfer under the conditions of 
substantial violation of the Reynolds analogy. 

The experimental facility used was a subsonic open 
wind tunnel the schematic diagram and basic 
dimensions of which are given in ref. [3]. 

The studied accelerated turbulent boundary layer 
was developed on a porous plate made of polymethyl 
acrylate powder by preheat molding. A segmented 
system ofair injection allowed the provision ofdifferent 
rates of injection along the length of the plate. Small 
powder grain dimensions (- 50 pm) made it possible to 
obtain a hydrodynamically smooth surface according 
to the estimate made by the Nikuradze criterion 

U,K, 
~ < 5. 

V 

The heating of the test section on the plate was 
carried out by injection ofwarm air. The scheme and the 
arrangement of measuring cross-sections are shown in 
Fig. 1. A more detailed description of these is given in 
ref. [3]. 

The measurements were made by the ‘hot wire’ 
technique with the aid of DISA 55-M hot-wire 
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Q [6] has shown that injection turbulizes the flow in the 

\ outer portion of the boundary layer. Under these 

\ conditions, the flow in the outer part of the boundary 

\ 
layer becomes more isotropic, and therefore the 

0 - production due to normal stresses ceases to play the 
role of the ‘sink’ in the total production of turbulence 

J energy (Fig. 2) [6] 
x = 539 

+ 

X = 1243 

Production = _z!?! -(~‘~_,z) g, 

?Y 

FIG. 1. Schematic diagram of the test section : (1) beginning of 
porous plate; (2) location of measuring cross-sections. 

anemometers. The standard one-filament probes and a 
combined three-filament probe with a filament 

thickness of 2.5 pm were used. The specificity of 
operation in nonisothermal flows was taken into 
account by the method described in ref. [4]. The heat 
transfer and surface friction coefficients were de- 
termined from the slope of the temperature and velocity 
profiles in the wall region ; the readings of the 

thermoanemometer, which operated in the constant- 
temperature regime, were corrected for the wall cooling 

effect [S]. In measuring the dissipative derivatives of 
temperature fluctuations, the amplitude-frequency 
hot-wire response was corrected with account for the 

thermal lag of the thermoanemometer probe filament 
operating in the constant-current regime. 

The main parameters and integral characteristics of 
the boundary layer investigated are listed in Table 1. 
The integral characteristics were obtained as a result of 
processing the velocity and temperature profiles 
measured at the cross-sections mentioned and are given 
in Tables 2 and 3, respectively. Moreover, at section No. 
6 (X = 1143 mm), where the studied boundary layer and 

its properties approaches the asymptotic boundary 
layer; detailed measurements of fluctuational charac- 
teristics were made, the results of which are given in 

Table 4. 
A comparison of the present experimental data with 

the results of investigations carried out with an 
impervious plate at the same acceleration parameter 

A characteristic feature of highly accelerated 
turbulent flows with injection is a nonmonotonic 

nature of the mixing length distribution (Fig. 3), which 
is indicative of a strong deformation of wall flows in the 

confusor region. Therefore, the allowance for the effect 
of the longitudinal pressure gradient and injection on 
the mixing length distribution, assumed in a number of 
calculation methods, can at best be made only in the 
region adjacent to the wall. 

An important feature of highly accelerated 
‘laminarized’ flows is a substantial infringement of the 
conservative nature of the ‘standard’ heat transfer law 

St = O.O144Re;* -“.25. 

It is known that acceleration and injection separately 

lead to a decrease in the respective values of St. 
However, as is seen from Fig. 4, the combined effect of 
acceleration and injection, even though it leads to a 
decrease in the values of St, is yet not so pronounced 
and does not obey the superposition principle. 

A complex nature of the combined effect of 

acceleration and injection on heat transfer is explained 
by the fact that, on the one hand, the injection, while 
turbulizing the wall region of the boundary layer, 
decreases the relative thickness of a viscous sublayer 
(Fig. 5) and enhances heat transfer and, on the other 
hand, both the acceleration and injection decrease the 

level of turbulent heat flux naturally leading to the 
inverse effect. 

Anadditionaldecreaseofthe turbulentheatfluxlevel 
on a permeable plate (Fig. 6) is due to the fact that in the 
wall region of the boundary layer the interaction of the 
opposite normal velocity components ofthe injected air 

Table 1. Basic parameters of the flow 

Number 
Of 

cross- xt u, AT, 8 6, 
h;** Lq* c, St, 

section (mm) (m s-‘) W) (mm) (mm) (mm) x 10” x 10” 

1 539 6.95 1.22 23.83 25.75 3.14 4.87 2.13 1.75 

2 662 1.25 7.21 25.48 25.32 3.28 5.06 2.91 1.49 

3 141 7.70 7.19 22.41 23.57 2.19 5.28 3.11 1.22 
4 947 9.75 8.81 19.61 20.35 1.77 3.80 3.48 1.26 

5 915 10.25 9.50 19.58 20.24 1.74 3.68 3.48 1.29 
6 1143 14.24 13.01 16.52 19.06 1.28 2.15 3.64 1.51 

7 1248 19.11 17.20 10.08 16.86 0.84 1.72 3.56 1.63 

tX is the distance from the beginning of the porous plate 
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Table 2. Velocity profiles (y is the distance along the normal to the surface) 

Y 
(mm) (my’,) (my+,) (mY31) (m?l) (my”) (my”) 

0.00 

0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26.00 
28.00 

0.00 

0.22 
0.44 
0.66 
0.88 
1.11 
1.32 
1.70 
2.03 
2.31 
2.55 
2.75 
3.05 
3.54 
3.81 
3.96 
4.08 
4.19 
4.32 
4.44 
4.55 
4.77 
4.98 
5.17 
5.35 
5.50 
5.65 
5.79 
5.94 
6.08 
6.22 
6.34 
6.56 
6.73 
6.85 
6.92 
6.95 
6.96 

0.00 
0.26 
0.53 
0.79 
1.05 
1.31 
1.54 
1.95 
2.29 
2.56 
2.78 
2.97 
3.28 
3.74 
4.01 
4.21 
4.37 
4.52 
4.66 
4.79 
4.90 
5.09 
5.27 
5.44 
5.60 
5.75 
5.89 
6.03 
6.16 
6.28 
6.40 
6.51 
6.71 
6.89 
7.04 
7.16 
7.24 
7.27 

0.00 

0.31 
0.62 
0.93 
1.24 
1.54 
1.82 
2.30 
2.69 
3.01 
3.27 
3.48 
3.82 
4.34 
4.64 
4.86 
5.03 
5.17 
5.30 
5.42 
5.52 
5.72 
5.90 
6.07 
6.23 
6.38 
6.52 
6.65 
6.78 
6.91 
7.03 
7.15 
7.37 
7.55 
7.65 
7.70 

0.00 

0.56 
1.11 
1.67 
2.18 
2.65 
3.08 
3.81 
4.41 
4.89 
5.28 
5.61 
6.11 
6.79 
7.15 
7.39 
7.57 
7.74 
7.88 
8.02 
8.14 
8.36 
8.53 
8.68 
8.82 
8.95 
9.06 
9.17 
9.27 
9.36 
9.45 
9.52 
9.64 
9.72 
9.75 

0.00 
0.62 
1.23 
1.85 
2.38 
2.86 
3.29 
4.03 
4.64 
5.13 
5.54 
5.88 
6.40 
7.13 
7.51 
7.76 
7.96 
8.13 
8.29 
8.43 
8.57 
8.81 
9.00 
9.16 
9.31 
9.44 
9.57 
9.69 
9.80 
9.89 
9.98 

10.05 
10.15 
10.21 
10.24 
10.25 

0.00 
1.24 
2.47 
3.63 
4.56 
5.29 
5.88 
6.76 
7.46 
8.03 
8.52 
8.93 
9.61 

10.63 
11.14 
11.51 
11.80 
12.04 
12.28 
12.48 
12.65 
12.91 
13.12 
13.30 
13.45 
13.58 
13.70 
13.80 
13.89 
13.97 
14.06 
14.13 
14.24 

and of the transverse flow, attributable to the two- 

dimensional (2-D) nature of the flow in the boundary 

layer, causes the appearance of the transverse velocity 

fluctuation components that are less correlated, due to 
different generation mechanisms, with both the 

/' 
.ALaAAaA 

u, 
(m s-l) 

0.00 
2.18 
3.94 
5.34 
6.46 
7.36 
8.08 
9.21 

10.09 
10.85 
11.50 
12.06 
12.96 
14.41 
15.29 
15.96 
16.53 
17.03 
17.44 
17.76 
18.01 
18.33 
18.50 
18.65 
18.81 
18.97 
19.11 

FIG. 2. The role of ‘normal components’ in the production of 
turbulent energy: (1) K = 2.35 x 10e6, b = 0.0033; (2) K = 

2.35 x 1O-6, b = 0. 
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longitudinal velocity fluctuations and temperature 
fluctuations. The validity of this assumption is proved 
by the analysis of the distribution of correlation 
coefficients R, and Rg (Fig. 7). 

Thus, the injection, which leads to a decrease in the 

heat transfer coefficients under the conditions of 

nongradient flow, may lead, at a particular combi- 

I ’ 

a 

02 9 
‘A AA AA 

CA 
\ A 

FIG. 3. ‘Mixing length’ distribution: (1) K = 2.35 x 10m6, 
b = 0.0033 ; (2) K = 0, b = 0. 
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Table 3. Temperature profiles (y is the distance along the normal to the surface: ‘I.* = 

‘K-T) 

Y 
(mm) 

0.00 0.00 0.00 
0.05 0.19 0.17 
0.10 0.38 0.34 
0.15 0.57 0.51 
0.20 0.76 0.68 
0.25 0.97 0.83 
0.30 1.13 0.94 
0.40 1.43 1.16 
0.50 1.63 1.34 
0.60 1.79 1.50 
0.70 1.94 1.64 
0.80 2.09 1.76 
1 .oo 2.32 1.97 
1.50 2.64 2.34 
2.00 2.84 2.64 
2.50 3.00 2.87 
3.00 3.15 3.07 
3.50 3.29 3.23 
4.00 3.42 3.39 
4.50 3.54 3.53 
5.00 3.66 3.67 
6.00 3.89 3.91 
7.00 4.09 4.13 
8.00 4.31 4.34 
9.00 4.53 4.54 

10.00 4.76 4.7s 
11.00 5.00 4.9s 
12.00 5.24 5.15 
13.00 5.47 5.3s 
14.00 5.70 5.54 
15.00 5.91 5.73 
16.00 6.11 5.91 
18.00 6.45 6.24 
20.00 6.69 6.55 
22.00 6.82 6.84 
24.00 6.93 7.07 
26.00 7.22 7.21 
28.00 7.71 

T: 
(K) 

0.00 
0.15 
0.29 
0.44 
0.59 
0.74 
0.90 
1.16 
1.31 
1.38 
1.47 
1.59 
1.73 
2.12 
2.39 
2.63 
2.85 
3.04 
3.20 
3.34 
3.47 
3.74 
4.01 
4.26 
4.48 
4.70 
4.90 
S.1 I 
5.31 
5.52 
5.73 
5.9s 
6.37 
6.14 
7.03 
?.19 

nation with the longitudinal acceleration, to a relative 
increase in heat transfer. 

Consequently, under the conditions considered the 
use of the transport equation for turbulent heat flux 
transfer, which accounts for the effect of boundary 
conditions on the processes of turbulent transfer, is 
physically reasonable. This idea is also confirmed by 

25-y 

A-2 

“0 

20- 
v-3 . - ” L 
l -4 

G 15- A-5 4. 

Y 

I..‘. \ 0 
. . 4 

%.JM* a 
.A\ W-q 

IO- ! 

%.+ 

10 15 20 30 

Re;” lo- 3 

FIG.~. Distribution ofStnumbers:(l) St = 0.0144ReT*-0.25 ; 
(2) K = 2.35 x lo+, b = 0.0033; (3) K = 2.32 x 10-6, b = 0; 

._-. _ __ 
T:: 
(K) 

Th” 7‘5 

(K) (KI 

0.00 0.00 0.00 
0.23 0.27 0.57 
0.46 0.53 1.1 I 
0.69 0.79 1.70 
0.92 I.04 2.30 
1.14 1.28 2.x7 
1.36 1.49 3.47 
1.69 1.x3 4.66 
1.97 2.13 5.7 I 
2.22 2.41 6.56 
2.46 2.67 7.16 
2.67 2.89 1.55 
3.01 3.26 8.00 
3.63 3.94 X.X5 
4.12 4.47 9.23 
4.51 4.92 9.51 
4.84 5.32 9.73 
5.11 5.65 9.94 
5.35 5.94 10.14 
5.55 6.17 10.32 
5.72 6.36 1 o.so 
6.00 6.67 10.80 
6.25 6.93 11.05 
6.5 I 7.18 Il.28 
6.76 7.40 1 I .47 
6.99 7.62 11.66 
7.19 7.83 11.83 
7.3x 8.02 12.00 
7.57 x.2 I 12.15 
7.77 X.40 12.31 
7.96 8.60 12.46 
8.14 X.79 12.s9 
8.49 9.16 12.84 
8.73 9.43 13.0’ 
8.8 I 9.50 

0.00 
1.07 
?.I 1 
3.12 
4.08 
4x9 
S.-J5 
6.06 
6.67 
7.22 
7.73 
X.lh 
X.89 

10.31 
11.42 
13.28 
12.95 
13.48 
13.93 
14.31 
14.64 
15.17 
IS.58 
IS.92 
16.19 
16.40 
16.56 
16.69 
16.79 
16.88 
16.96 
17.04 
17.20 

the analysis of experimental distributions of Pr, 
numbers presented in Fig. 8, which testify to a strong 
dependence of the distribution of Pr, numbers on the 
boundary conditions. 

At section No. 6 of the boundary layer investigated, 

individual components of the balance equations of 
turbulent energy transfer, Reynolds stresses, magni- 
tudes of temperature fluctuations and of the rates of 
turbulent heat flux were determined experimentally. In 
the case of a steady-state 2-D turbulent boundary layer, 
these equations can be written as 

(4) K = 0, b = 0.004 [2]; (5) K = 2.6 x lo-‘, b = 0.004 [l]. 
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FIG. 5. Distribution of velocity fluctuations in the wall region : 
(1) K = 0, h = 0; (2) K = 2.35 x 10-6, b = 0; (3) K = 2.35 

x lo- 6, b = 0.0033. 
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The technique of experimental determination of the 
separate terms of these equations is described in detail 
in refs. [7-lo]. The pressure fluctuation terms in 

equations (2) and (4) were determined as the difference 
for corresponding equations. 

ib 

FIG. 6. Distribution of turbulent heat flux: (a) K = 0, b = 0; (b) 
K = 2.35 x 10-6, b = 0; (c) K = 2.35 x 10-6, b = 0.0033; (1) 
calculation by equation (14); (2) calculation by equation (13). 

FIG. 7. Distribution of correlation coefficients: (1) R, 
(b = 0.0033, K = 2.35 x 10-6); (2) R&b = 0, K = 0); (3) Rs 

(b = 0.0033, K = 2.35 x 10-6); (4) R,db = 0, K = 0). 

A comparison of the distribution of individual 

components of balance equations (lH4) with the 
corresponding distributions obtained in the non- 
gradient region of flow allows a number of interesting 
conclusions. 

Thus, in the cross-section of the boundary layer 
investigated the production of Reynolds stresses is 

balanced out by the terms containing pressure 
fluctuations actually over the entire depth of the 
boundary layer (Fig. 9), and this, as is known, testifies to 
the validity of the use of the turbulent viscosity concept. 
On the other hand, substantial convective and diffusive 
turbulent energy transfer in the wall region of the 
boundarylayerstudied(Fig. 10)points to theabsenceof 
local equilibrium and, consequently, to the necessity of 
the use of the turbulent energy balance equation in 

modelling. 
Moreover, in contrast to the diffuser flow region [8], 

the generation of the turbulent heat flux is almost fully 
compensated by the terms which involve the pressure 

fluctuations. 
The experimental data obtained made it possible to 

assess the validity of the currently known hypotheses 
used for the approximation of the pressure fluctu- 
ations-temperature fluctuation gradient correlation 
in the equation of turbulent heat flux transfer. 

A more general approach to the modelling of this 

Y/8, 

FIG. 8. Distribution of Pr, numbers: (1) K = 0, b = 0; (2) 
K = 2.35 x 10m6, b = 0; (3) K = 2.35 x 1O-6, b = 0.0033. 
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FIG. 9. Turbulent shear stress balance: (1) generation; (2) 
dissipation; (3) convection ; (4) diffusion; (5) pressure 

fluctuations. 

term is that suggested by Launder and Samaraweera 

Cl11 

i ,ae 

where the terms on the RHS determine the turbulent, 
mean-deformation and gravitational components, 
respectively. In the flow studied the gravitational term 
qicr can be neglected. 

Following Monin [12], the quantity (pisl is usually 
represented in the form 

ppicl = -ci, ; 
0 

w 

where Ci, = 2.55. 

(0) 

Most complicated still is the account for the mean- 
deformation component qiC2. Based on the symmetric 
shape of the two-point correlation functions, Lumly 
[ 131 has suggested the so-called ‘quasi-isotropic’ model 

(pit* = 0.8*2 -0.2-2, (7) 
m I 

which, for the flow in a 2-D boundary layer, takes on the 
form 

f& = O.&g!! 42u’B’av. 
ay ay (8) 

0 0008 

00004 

0 

-00004 

L 

FIG. 10. 

n 
A 

V ,---3 
VA 
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Turbulent energy balance: (1) generation; (2) 
dissipation ; (3) diffusion ; (4) convection. 

1257 

FIG. 11. The relationship between the turbulent heat fluxes : (1) 
calculation by equation (11). 

Launder [14], having assumed that the mean- 
deformation term contributes mainly to the ‘destruc- 
tion of production’, has suggested another form of 
relation for (pic2, i.e. 

fpist = c,,*$, (9) 
m 

which, under the studied flow conditions, takes the 
form 

(10) 

where Ci, = 0.4-0.5. 
It is not difficult to see that equation (8) contains a 

new unknown quantity u’@, for the determination of -- 
which Lumly [13] has suggested the relation u’8’/0’8 
= const. However, the experimental data obtained 
indicate that at the cross-section of the boundary layer 
investigated this relation is strongly violated (Fig. 11). 

However, by neglecting diffusion and convection and 

on having determined the quantity ~‘9’ from the 
respective transport equation on the assumption that 
themeandeformation component can be written down 
in the form ofequation (7), one can obtain the following 
relation 

which with sufficient accuracy describes a change in the 
longitudinal component ofthe turbulent heat fluxin the 
cross-section of the boundary layer studied (Fig. 11). 

Thus, the expression for the mean-deformation 
component takes the form 

. 

(12) 

Comparing the expressions for rp,*,: and &:*, it is 
not difficult to see that the Launder hypothesis allows 
only for a portion of the mean-deformation interaction 
obtained on the basis of the ‘quasi-isotropic’model, but 
the final assessment of the practical utility of that or this 
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approximation can be made only by comparing the 
results of calculation with the available experimental 

data. 
The turbulence model used in calculations was the 

‘e--E’ model described in detail in refs. [6, 91. This 
model was augmented with the equation of turbulent 
heat flux transfer written in two variants differing by 
the form of representation of the mean-deformation 

term (Pic2 

--0,3pz$- -0.6=$ (13) 

The coefficients which enter into equations (13) and 

(14) and which have been chosen as a result ofcomputer 
optimization, are within the limits of values used in 
previous publications [ 111. 

Comparing the results of calculations by the ‘e-S 
model, augmented with the turbulent heat flux 
transport equation, with the experimental data (Figs. 6 
and 12), it is easy to see that both versions of the 

calculation of the nongradient flow past a plate 
practically coincide. 

However, in the confusor region of flow, even on an 
impervious surface, an insufficiently correct account for 
the mean-deformation component ofcorrelation of (pic2 

38 

(Cl o I I 

02 C4 C6 oe 

Y/6, 

FIG. 12. Temperature distribution in a boundary layer: (a) 
K = 0, b = 0; (b) K = 2.35 x lo+, h = 0; (c) K = 2.35 x 10-h. 
h = 0.0033 ; (1) calculation by equation (14) ; (2) calculation 

by equation (13). 

Fit;. 13. Turbulent heat flux balance: (I) generation: (21 
pressure fluctuations; (3) diffusion; (4) convection. Lines, 

calculation by equation (14). 

leads to noticeable deviations between the predicted 
and experimental distributions of temperature and of 
turbulent heat flux in the cross-sections of the studied 
boundary layers, while equation (14) which includes the 
cp$:* approximation, reproduces a rather complex 
pattern ofexperimental distributions, including the Pr, 

distributions in the cross-sections of the studied wall 
flows (Fig. 8), all this being not by chance, since 
equation (14) rather well reproduces the processes of 
production, destruction and transport of turbulent 
heat flux in the cross-section of the boundary layer 

studied (Fig. 13). 
The analysis ofcalculation results has shown that the 

‘e--E’ model augmented with equation (14), predicts the 
integral characteristics [including 
which differ from the experimental 

than 5%. 
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QUELQUES ASPECTS DU TRANSFERT THERMIQUE TURBULENT DANS DES 
ECOULEMENTS ACCELERES SUR DES SURFACES PERMEABLES 

R&n&-On prtsente des rksultats d’une experimentation sur la structure et les m&canismes de transfert 
turbulent dans une couche limite acc&rte sur une surface permiable. On analyse diffkrentes mod&sations 
pour un flux thermique turbulent. Une attention est port&e g la mod&lisation des corr&lations pression- 

tempkrature. 

EINIGE ASPEKTE DES TURBULENTEN WARMEUBERGANGS BE1 BESCHLEUNIGTER 
STRdMUNG AN PERMEABLEN WANDEN 

Zusammenfassung-Die Ergebnisse einer experimentellen Untersuchung der Struktur und der turbulenten 
Transportvorgiinge in einer beschleunigten Grenzschicht an einer permeablen Wand werden mitgeteilt. Es 
werden die Miiglichkeiten, die Transportgleichung fiir einen turbulenten WIrmestrom zu formulieren, 
untersucht. Das Schwergewicht wird auf die Formulierung von Beziehungen zwischen Druck und 

Temperatur gelegt. 

OCObEHHOCTM TYP6YJIEHTHOT0 TEfInOnEPEHOCA B YCKOPEHHbIX 
HOTOKAX HA nPOHMuEMbIX IIOBEPXHOCTfiX 

AHHOTawa--npenCTaBneHbI pt?rlyJIbTaTkJ 3KCnepHMeHTanbHOrO IiCCnenOBaHkiR CTpyKTypbI B IIpOUeCCOB 

Typ6yneHTHOrO IlepeHOCa B yCKOpeHHOM nOQX+HWIHOM CJIOe Ha npOHHI,aeMOti ,,OBepXHOCT&,. 

AHaJIH3HpyEOTCx 803MOEHbIe IlyTB MOflent4pOBaHHSl ypi?iBHeH~Si nepeHOGi Typ6yneHTHOrO TennOBOt'O 

nOTOKa. Oco6oe BHAMaHWe yDeJIeH0 MO~enHpOBaHHH, Koppenaqee nynbcalutii ,rtaBneHWR H 

TeMnepaTypbI. 


