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STATISTICAL TRANSFER THEORY IN 

NON-HOMOGENEOUS TURBULENCE 

B. A. KOLOVANDIN and I. A. VATUTIN 

Heat and Mass Transfer Institute, Byeiorussian Academy of Sciences, Minsk, USSR 

(Received 14 September 1970) 

Abstract-One of the possible models of statistical description of momentum and scalar property (tem- 
perature, conservative mass concentration) transfer in a non-homogeneous turbulent incompressible 
flow is considered. The model is based on the use of finite number of one-point correlation equations. To 
determine the equations some approximate expressions for anisotropic two-point correlations and 
relationships characterizing momentum and scalar property transfer in homogeneous and anisotropic 

turbulence are used. 

NOMENCLATURE 

‘iv Cartesian coordinates (i = 1,2,3); 

r, time; 

u<, averaged velocity; 

‘i* velocity fluctuations; 

p, averaged pressure; 

P, pressure fluctuations; 

Pt density; 

v, kinematic viscosity; 

2, coefficient of molecular transfer of 
scalar property; 

A,, .$, Laplace operators with respect to xi 
and 5,; 

L, differential operator with respect to 

<i; 
B int...,p’ two-point correlation; 
A(5,2), B(<,2); C({f), scalar coeficients of 

r, 
YI 

Subscripts 
4 B, 
0, 

anisotropic correlations; 
Kronecker delta; 
velocity component across the direc- 
tion between two points; 
averaged scalar property; 
scalar property fluctuation. 

refer to two points of interest; 
denotes g = 0. 

Superscripts 
, 

; 
value of function at point B ; 

7 isotropic value; 
vector quantity; 

(ij’; (2), appropriate values refer to correla- 
tions of scalar property and velocity 
correlations of the second order, 
respectively; 

6 average value. 

1. MOMENTUM TRANSFER 

THE APPROXIMA’IE statistical description of the 
momentum transfer in nonhomogeneous tur- 
bulence is started with the pair of equations for 
double and triple correlationsl: 

a- -uuizfj+ c' a- 
-au. ---au. 

a7 ka~k -uuiui+uiuk-+uu -....-A 
axk J k ax, 

-_ 

+f ( aP 8P * 

P 
'i~+'j~ =, 

> 

(1-l) 

- 
t Here and below summation over the repeated indices 

is implied. 
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a- d- -au 
az UiUjUk + u - UiU,ldk + UiUjU~ -.-h 

1 ax, ax, 
au --au. + u.u u --A + UiUkU’$ 

J k 1 ax, 
I 

-a- -.-a-- - 
- u.u .- UkUI + u .u - UiUl + UiUk 

1 'ax, J kax, 

a--- __ + ax, uiujuku, - vAxuiujuk 

+ 2v 
( 

au. auk 
uigdx + ujgg; + l4 

at+ auj 

k I 1 1 1 ax, ’ ax, ) 

___ ~ 
ap ap aP 

uiujz + u.u - + UiUk_ J kaXi 
= 0 (1.2) 

k axj 

which are rigorous consequences of the Navier- 
Stokes and Reynolds equations 

!J&+~!%+&~+E 
k ax, k P axi 

- vAxUi = 0, (1.3) 

and the continuity equation which for the 
averaged velocity is of the form 

(1.4) 

It is also assumed that Millionshchikov’s 
hypothesis [l] 

-- _- 
UiUjUkUl = UiUj’UkUl + UiUk’UjUl + UiUI’UjUk (1.5) 

is approximately valid. Though expression (1.5) 
holds strictly only for the random fields with 
Gaussian probability density distribution, 
numerous data [2-51 indicate that it may be 
applied approximately to non-homogeneous 
turbulent fields as well. This hypothesis allows 
the set of correlation equations to be restricted 
by the equation of triple correlations. 

For discussion of “unknown” correlations 
(i.e. those which are not determined by the set 
of equations under consideration) a new co- . 
ordinate system 

5, = txk)B - (‘,),Q tXk)Afj = :t(‘,,, + (x,,~l 
(1.6) 

is introduced. These coordinates allow the 
correlations characterizing the decay of turbu- 
lence in equations (1.1) and (1.2) and correlations 
which include pressure fluctuations to be ex- 
pressed in the form 

au. au. - -; 
--J.- = bAxuiuj - (Apiuj)o; 
ax, ax, 

au. au au. au u.--l.-k + U,_._L.k + u au. au. ‘.__J 
1 ax, ax, J ax, ax, k ax, ax, 

- __ 
ap ap ia- a- 

“iq + “jq = z 
( 

GP”i + GP”j 
) 

+ (gq + ($G),: 

(1.7) 

(1.8) 

(1.9) 

u.u.- + u.u - + UiUk_ = - --UiUjP 
1 ‘ax, i- 

+;uju:.l!~uiuk; (~;~jpljo 

+ (-&q), + (&), (1.10) 

where the superscript denotes that appropriate 
fluctuation belongs to point B. 

Consider the differential equations for the 
one-point correlations pul and purus which are 
included in (1.9) and (1.10). As is known [6], 
pressure fluctuations satisfy the Poisson equa- 
tion 

(1.11) - 
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whence the equations for the above correlations 
may be obtained in the form 

_2au, i a - = - ax, [ --%v% + (&qJ 2 ax, 

I a2 ~ lr a 

( a2 ~ - 
ag,ag, u u u’ u’ 

r s m n > o’ 
(1.13) 

where the subscript “0” denotes that the corres- 
ponding differential operators are considered 
at point p = 0. 

Consider subsequently the differential equa- 
7 tion for the “unknown” function (Acuiuj)o 

included in (1.7). The derivation of the equation 
is started with the equation of the two-point 
double correlations for non-homogeneous tur- 
bulence, which in terms of variables (1.6) is as 
follows 

+ [(u,), - ($)“]$q + ; 
k 

- - 
x (u,u)i;, + UiUkzq + 

- .~ $(uiu;u; - UiUkzq 
k 

ia-; a, -- 
p ( xpu.i - quip ) 

- ~vAxuiuj 

- 2vAcuiu; = 0. 

By operating upon the above equation with the 
Laplace operator and setting g = 0, the follow- 
ing is obtained 

;(A t~i~;)o + U, & (Acuiu;)o + (Aj$), 2 
k k 

- ; vAx(A5uiu;),, - 2v(AcAc”iu;), = 0. (1.14) 

Relationships (1.8)-(1.10) as well as equations 
(1.11)-(1.13)includeanumberofunknownterms 
which are differential operators with respect to 
the variable ri at point e = 0 of two-point 
correlations 



q’(5) = cy’( - 5) = c’y(5); 
- 

Gig) = - cui( - {) = c’u,(<); 

UiU$) = UiU(i( - 5) = u;uj({); 
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CL;S-rBI,.~~,pt~AB’ eA,. (1.15) 

If the dimensions of the area dSZ are sufficiently 
small as compared to the microscales of the 
appropriate correlations (these characteristic 
lengths for anisotropic turbulence will be intro- 
duced below), the turbulence in dQ may be 
assumed approximately homogeneous.? So, 
when considering the above terms the approxi- 
mate model of quasi-homogeneous turbulence 
may be used, i.e. we may approximately use the 
expressions of homogeneous two-point correla- 
tion tensors of even and odd ranks near the 
point 2 = 0 as well as their properties of 
invariance at reflection and mutual interchang- 
ing of A and B points. 

UiUjLg() = - uiujq - <) = u;u;u,(~). 
(1.19) 

Consider the double two-point anisotropic 
correlation in detail. In order to satisfy (1.16) 
and (1.17) we shall express second-rank correla- 
tion tensor in the following form 

U& = fq2[‘(5z) t1i5, + ‘(t,Z) R, + C(S,Z) 

Consider some approximate expressions of 
two-point anisotropic correlations for incom- 
pressible fluid. The basic conditions, at least 
those which are satisfied with the correlation 
functions between two adjacent points, are as 
follows: (i) coincidence with the appropriate 
one-point correlations when thedistance between 
two points is equal to zero (P = 0), i.e. 

where 

&uu. 
s s’ 

R, = 3 uiuk. 
q2 

Conditions (1.16) and (1.19) being taken into 
account, we express this correlation near the 
point g = 0 in the form 

(UiUj . . . u& = uiuj.. urn (1.16) 

(ii) coincidence of anisotropic correlations with 
the corresponding isotropic correlations at 
isotropy, i.e. 

(UiUj.. . %a)* = Qij...,m (1.17) 

where Qij...,m is two-point isotropic correlation 

uiu;, = +?[a; tit, + (1 + ~b,,,,,&,,~, + . . .) R, 

+ C,(Riptpt, + R,ptp<i) + . ’ ‘1. (1.20) 

By fitting expression (1.20) to incompressibility 
condition 

i! ~ 
- uiu; = 0 
% 

and superscript * denotes the condition of 
isotropy; (iii) coincidence ofdifferential operators 
with respect to & at point 5 = 0 and the 
condition of isotropy of two-point anisotropic 
correlations with the appropriate differential 
operators of two-point isotropic correlations, 
i.e. 

and to conditions of invariance, relationship 
(1.20) can be rewritten in the form 

(L,,...PiUj..*4X = Lnp...sQij . . . . rn' (1.18) 

uiu; = fF(a,,&& + [l - 2(a, + 24 r2] R, 

+ C,(Riptp<, + R,plpli)I (1.21) 

where 

r2 = I$ 

Because of homogeneous turbulence, two-point 
correlations possess properties of invariance 

From the expression of double isotropic correla- 
tion for adjacent points [9] the following 
expression follows 

X (Rip<ptk + R,,5,5,)], 

t The idea was originally suggested by Chou [7]. (dcQi,J, = - 1534fil’ 
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where 

--T f = z&/u is the longitudinal correlation co- 
efficient, 1, is the transverse microscale of 
turbulence. Thus, by allowing for condition 
(1.18) we obtain the following definition of the 
microscale of double velocity correlations in 
anisotropic turbulence 

Then similarly to (1.9) and according to con- 
dition (1.18) the following relationships may be 
obtained 

(A~A~~~~~ = &A,Qs, ,I0 - (1.26) 

While considering right hand sides of these 
relations, the well-known dimensionless coeffi- 
cient is introduced 

P. 
(2) = 
I, k 

(1.22) 
S* = 

((%@Q3 

C(%/&)“3f 
(1.27) 

By substituting expression (1.21) into (1.22) it is 
possible to obtain the following relationships which is the skewness factor of the probability 

for the scalar coefficients density distribution of velocity fluctuation de- 

a, = fP$ - 2c,, $2’ = 
P. ti 

1 (2J.R rivatives at isotropic turbulence, and another 
3ps,s PJI dimensionless statistical coefficient [lo] 

+ s”3/$ * (1 - 4C,) (Rp$ - aP,)> (1.23) 

where c, = co/& is the dimensionless scalar 
coefficient. From ‘the second relationship (1.23) 

SZ = 2v. (a2Ur@X,2)2 = f . S* (1 28) 

E@%/ax,Yl* R4 ” * 

at any fued indices rp and 1(1 an expression for 
the coefficient C,, may be obtained. 

where R = ~/v~~~~~*)~ is the turbulent Reynolds 

number.‘and 
Utilizing relaGons (1.23), we express (1.21) in 

the form 

uiu; = jg2[:ps:~~(l - 4Q 5&k 

U2f (a%,/ax;)2 
Sy = 2,/3------a 

(P:;;*)* [(au,,/ax,)z] *’ 

It can be shown that the values in the left- 

+ (1 - py;-r2) R, + pfTs)*C,, 
hand side of relations (1.26) may be expressed 
in terms of the microscales pE’,*, S* and Sf. 

(1.24) Indeed, th 
rewritten in the 

le coeficients (1.27) and (1.28) may be 
. . 

form 
In addition to the above relations which will 

be useful for determination of the unknown 
terms in (1.14), in accordance with the condition 
(1.18) it is possible to obtain some important 
relationship which will be applied for determin- 
nation of unknown terms in the system of 
equations (Ll), (1.2) and (1.11)-(1.13). 

First of all it may be shown that power ex- 
Thus, the above values may be presented in 

pansion of the first- and third-rank correlation 
the form 

tensors q and uiu,ak begins with the third 
powers of r,, i.e. (&AcQs,s)o = - &J*.@,Qs,s% 
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By taking these relations and conditions (1.18) 
into the account, the following expressions are 
arrived at for homogeneous turbulence 

(;Atmlo= - &.S.(A&)t; 

where S and Sy are dimensionless statistical 
coefficients which characterize a homogeneous 
anisotropic velocity field. 

Besides, the unknown terms (Aeuru,p’),, of - 
equation (1.13) and (AJa/?<,)u,p’), of (1.14) as 
well as other terms of the type of (1.15) may be 
determined for homogeneous turbulence. From 
(1.13) and equation for (a/&& u,p’),, derived 
similarly to (1.12), follows the equation 

Y 

f (A&$),, = - 
a2 ___ 

- 
at,a<, 

u u u’ u’ 
r s m n > 

; 
o 

I 

(1.30) 

x up;u:, 
> 

. 
0 

Thus, with conditions of invariance (1.19), 
second relation in (1.23), double correlation 
(1.24) between two adjacent points, equality 
(1.25) and relationships (1.5), (1.7)-(1.10), (1.29) 
and (1.30) in view, equations (l.l), (1.2) and 
(1.12H1.14) are obtained in the form 

a- 
--uu. + 
a7 * J 

u 
a- -au. -aq 

k ax, 
-uu,uj + uiueax, + U,UkaXk 

- $yA,uiuj + y . v . p, s [It,, + ;(l - 4C,) 

x (Rij - S,,)] = 0; 
a- a- __ au -24u.u + a7 irk 

u -uiuJuk + UiUjUl.~ 
1 ax, ax, 

- au. - au. - a 
+u,u,24,.-+u.24u .----‘+uu .- ax, J k 1 ax, k ’ 8.x, 

__ _.._a_ __.~-- 
x UiUj + UjUe . ax _UiUk + UiU[ .,,UjUk 

1 

a- a- 
+ ax_ UiUkP + ay u,up 

J k 

- $JA~u~u~u~ = 0; 

- au 
++P + m.L,+! a2 

ax, axm n r 4 axmaxn 

x UmU,U, = 0; 

- au a- 6 Axu,usp + m l a2 
ax, .qUnUrUs + 4'aXmaXn 

-- --___ 
x (UJ4".U,U, f u,ur.u,us + U,Us.UnU,) = 0; 

a-- i 

;z + ‘kdxPs,s -zAxuk’&F 
k 

l--Au++aikF 2 
- 15’sUk’axk x s 15’ s,s’ ax, ’ 1klE 

where 

1 _ 
--* 

2 v. Axpsv, = 0, 

F,,, = 2(3 - 2C,)R,, - (1 - 4C,)6,,; 

p,J = f*Pi?,‘i 

F2,k = 4c,. R,, - (5 + 42$)6,,. 

The above system of equations together with 
(1.3) and (1.4) describes the momentum transfer 
at non-homogneneous turbulence. It is deter- 
mined but for three coefficients S, S, and do.7 

t If the microscale equations are used in a tensor form. 
the coefficient c, will be determined by the second relation- 
ship in (1.2). For the case, like the authors’, when the trace 
of tensor equation (1.14) is applied, the coefEcient 25, 
should be found experimentally from the results of measur- 
ing two-point velocity correlations in homogeneous tur- 
bulence. 
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The numerical values of the statistical coefficient 
S* may be evaluated by the inequality 

- 
If&l #*.f:* (1.31) 

valid for any randon functions fi and fi. 
Application of this inequality to the coefficient 
S* yields 

) s* 1 < kyY 

where 8: is the flatness factor of the probability 
density distribution of velocity derivatives. 

The above inequality may be made more exact 
and written as follows [ll] 

(s*( +6:p N $. 

This estimate of the coefficient S* may, 
probably, be also used as rough estimate of 
the coefficient S. 

To determine the coefficient S;, the equation 
for (AeQ,s)O which results from the dynamic 
equation of two-point correlations Q, s may be 
applied. The use of the first Kolmogroff’similarity 
hypothesis yields 

s; = -s*. 

In fact, taking Uberoi’s experiments [lo] 
into account, we obtain 

s* = 0.45; s: = 0.55. 

These estimates of the coefficients S* and Sz 
may, probably be used as rough estimates of the 
homogeneous coefficients S and Sy . 

2. SCALAR PROPERTY TRANSFER 

The following are the basic equations govern- 
ing scalar property transfer in non-homogeneous 
turbulence : 

(i) averaged transfer equation in the form of the 
of the diffusion equation [6] 

ar 
aZ + Ukg +&u;y=MJ- - (2.1) 

k ‘k 

(ii) transport equation for scalar property 
reduction fluxes [ 121 

a- a- ---I- 
z Uiy + U 

-CP_Ji 

k 8x, 
- uiy + ui”k z + a 7 - 

k k ax, 
-____ 

a- 1 ap ah, 
+ q 'iUkY + pyq - 'ye 

(iii) transport equation for triple correlations 
included in (2.2) 

a- a- -au, 
z ‘iUkY + ‘, z ‘i’k? + UiUlY x 

I 1 
-aar -au. a - + UitdkUl- + u[l(ky -- + - t+UkU,Y 

ax, ax, ax, 
_ a_ - a- 

- (z+y . &- UkUl + UiUk . &- ug + 
I 1 

- - 

. 

(2.3) 

The chain of correlation equations is broken 
by means of Millionschikov’s hypothesis 

__ -- -- 
UiUkUly = UiUk . u*y + uiu* . UkY + UkUl . UJ. (2.4) 

In the new system of coordinates (1.6) the 
correlations which in (2.2) and (2.3) characterize 
the change in values uiy and z+uky due to molecu- 
lar effects and those which include pressure 
fluctuations are of the form 

z 2 - 
1 uis + v y$$ = ;(A + v)AXuiy 

k k 

+ (2 + Y) (AcuiY’)o + (A - V) 

a a, x G c”iY ( > o; (2.5) 
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2 

1 UiUk 2 + v 
1 

= ; (1 + 2y)AXuiuky + L(Aruiuky’),, 

+ v[(A<uiu;Y’), + (‘~U~U~Y’)~] ; (2.6) 

aP la- a7 
Yz=jzYP+ ZYP j 

I ( ) 
(2.7) 

I 

ap aP i a- 
‘iY g + ‘ky & = 2 

( 

a-- 
G ‘iYP + & ‘,YP 

) 

a- 
+ c uiYP’ o. 

( ) (2.8) 

On writing differential equations for the one- 
-. 

= -2!!$@($4gu:)o 

+(&q,I-:& 
x (~qo -;[& 

( a2 ~ 
’ znKU6UbUiY o 

1 

point correlation G and uiyp mcluded in (2.7) 
and (2.8) and proceeding from Poisson equation 
(1.11) the following equations are arrived at 

a 

( 

a2 ___ 
+ aX, atmat, 4nUbUiY o )I 

a3 ~ - ( almagnat, uiAuiy ) o 

(2.9) 

For determination of the above equations 
(2.2), (2.3) and (2.9)-(2.11) consider some relation- 
ships which characterize scalar property transfer 
in homogeneous turbulence. First of all, by 
using the expression of two-point double correla- 
tion of scalar property for adjacent points at 
isotropic turbulence [5], it may be shown that 

+ (@$?),, + &(&%),l where 

_ 1. azr;, a - 

2 ax,axk ’ ax, ‘n”iy. 
(2.11) 

P to)* - 
nl,n - - ‘b,,i 

1 - -. 
A2’ y 

-- 
R = yy’/y2 is the coefficient of two-point 
c&ielation of scalar property, 4 is the micro- 
scale of scalar property fluctuations. 

Then, condition (1.18) being allowed for, the 
definition is introduced of the microscale of 
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scalar property fluctuations at homogeneous 
turbulence 

P :p; = - -&+.l,t;i)~. (2.12) 

It may also be shown that the following 
relationships hold for isotropy 

(d,Qi& = - 6&/2).S;&[j+ 

(d,Qi,& = - 15+7[7]f‘ 

Pf ;fy ; 

where 

are dimensionless statistical coefficients charac- 
terizing isotropic velocity and scalar property 
fields. 

By taking account of the previous relations 
and condition (1.18) for homogeneous aniso- 
tropic turbulence we arrive at 

-- 
tA c”iukY’)() = - 2(J2)* s, . q2 fy2] + 1 

X 

(2.13) 

@$u,Qq) = - 5.S2.q2.P]’ 

where 

are dimensionle~ statistical coefficients 
characterizinghomogeneousanisotropicvelocity 
and scalar property fields. 

In addition, for homogeneous turbulence we 
may obtain the following relationships 

where 

REj = $1 - 4$(6i,6j, + 6&j) - 2Ryin.Sjm 

+ :o(Ryim*6jn + R,,,,/Sij + Ryijdm 

+ Ryj”*6J; 

P 
(2) = _ 
YS. s 

&$@-j&; 
5yq2 

Ryin = ?f!% 
$I2 

By allowing for the properties of invariance 
(1.19), the possibility of applying the concept of 
quasi-homogeneity to determination of the 
terms of type (1.15) included by (2.5)--(2.10) and 
those accounting for relationships (2.4) and 
(1.24), we may rewrite the system of equations 
(2.2), (2.3), (2.9H2.11) in the form 
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a- a- 
jpy + u 

- ar - au, 
k ax, ----up + UiUk~ + uy.--- 

k k ax, 

a- i a- 
+gUiUkY +%%YP 

a- 
u 

a- ~ au ~ 
- UiUkY + 
a7 

.- UiUkY + UiUIY. -J + UiUkUl 
1 ax, ax, 

+ (-$2),1 - - $(2y + A)Axuiuky 

+ ;I&. [ 'ij + f (1 - ~0) (Rij - “ij) 1 

-! A u.yp + I?- a uiyp' 
4p xl ( -) P axj atj o 

av, a- i a2 

+ ax. .Kuiuny + 4 aXmaX, 

-- -- -~ 
x (umu;uiy + u,z$*u,y + Umy’U”Ui) = 0; 

law a- 
0 

+ j’-‘K ‘i”ny 

h 

au 
x pss 

.-3F;j = 0 
w ax” 

where 

The above system is determined (except for 
two statistical coefficients S, and S,),if the 
problem of distribution of the values y2 and 

P 71 in the field of non-homogeneous turbulence 
is ‘solved. This problem will be discussed in the 
next section. 

The numerical values of the statistical co- 
effrcients S: and S: may be estimated from the 
inequality (1.30) 

These inequalities may, probably, be used for 
rough estimation of the coefficients (2.14). 

3. THE FIELD OF SCALAR PROPERTY 
FLUCTUATIONS 

The equations describing the field of scalar 
property fluctuations at non-homogeneous tur- 
bulence are as follows: 
(i) equations of double one-point correlation [ 141 

(3.1) 

(ii) equation of triple correlations 

a- - a- iTa 
x;j;z-uku,-2uY~-uu,Y+pY ax 

I 
k ax, k 

ah, 2 
- VY2.@ - 22u9.$ = 0, (3.2) 

I 

where the correlation ukyy is determined by 
equation (2.3). 

By using Millionshchikov’s hypothesis 

-1 
-- 

‘kUIY 2 = ukul’y + 2u,y.u,y (3.3) 
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the set of equations for correlations is limited to 
equation (3.2). As before (see Sec. 1 and 2), the 
unknown terms in (3.1) and (3.2) are written in 
the new system of coordinates (1.6) 

(3.4) 

2a2ukA 
a27 I 

vy axz + 2h,y ax2 = ;(2ii + v) Ax? 
I I 

+ v(A$4,y’y’), - 
0 

- $WJmyy’ - 2.12, A$ = 0. (3.8) 

The operation upon (3.8) with the operator 
a*,&&, and assumption of 2 = 0 yields 

; 
0 

(3.5) ar ag ay ho + uk~(~~)o 

(3.6) + (&‘)o~ -+- (&‘)o 

Equation for one-point correlation y2p in- 
cluded in (3.6) is derived from (1.11) and pre- 
sented in the form 

( a2 -- arma, o’ 
> 

(3.7) 

In order to derive a differential equation 
describing the change in the field of non-homo- 
geneous turbulence of scalar substance micro- 
scale, the dynamic equation of double scalar 
substance correlation is used [lS] which, while 
presented in the oordinate system of (1.6), is of 
the form 

- 2k(A$&$, = 0. (3.9) 

Similarly to (1.28) and (2.13) it may be shown 
that for homogeneity the following relationship 
hold 

where S, and S, are the ~mensionless statistical 
coefficients characterizing homogeneous aniso- 
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tropic scalar property field. They can be 
approximated by the coefticientst 

and 

which are statistical characteristics of isotropic 
scalar property field. 

Taking into account the properties of in- 
variance (1.19) and relationships (2.11), (3.3) 
(3.6) and (3.10), the set of equations (3.1), (3.2), 
(3.7) and (3.9) is written in the form 

- $,kAxy2 

+ 1 Afi - a(2A + v)A,uky2 = 0; 
2~ * ax, 

- au $AxY2P + m*a, l a2 
ax, ax, ‘ny 

-- - 
4 . axmax, 

_- 
x(u,u,.y2+2u,y.u,y)=0; 

(0) auk-ii, 
Pk,p + ax,‘Pk,s 

_ 1 aW, a 1 i - a3r 
24 ‘axpaxs .Ky - iPY~axkaxpaxs 

t The first of the coefficients was discussed first in [ 151. 

+ LpiQ:. [p,,,]*.(s, + 2SJ - ;.,L*,P~~; 
J3 

= 0. 

The above system of equations describing the 
field of scalar property fluctuations at non- 
homogeneous turbulence is determined except 
for the two universal statistical coefficients Sy 
and S, (the problems of momentum and scalar 
property transfer are solved in Sec. 1 and 2). 
The numerical values of these coefficients may be 
estimated for isotropic turbulence by the Betchov 
inequality for fixed moments of velocity fluctu- 
ations and sclar property derivatives [15] and 
equations for the value (ArQ, Jo using the first 
Kolmogoroff similarity hypothesis. The esti- 
mations of S: and ST are as follows 

where 6: is the flatness factor of the probability 
density distribution of scalar property deriva- 
tives. 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

8. 

9. 
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THEORIE STATISTIQUE DE TRANSFERT DANS UNE TURBULENCE NON HOMOGENE 

R&Inm&- On considere l’un des modeles possibles de description statistique du transfert de quantitt de 
mouvement et de propritte scalaire (temperature, concentration du melange) dans un bcoulement turbulent 
incompressible et non homogene. Le modtle est base sur l’utilisation d’tquations en nombre tini de 
correlations. Atin de determiner ces equations, on a utilise quelques expressions approchees pour des 
correlations anisotropes entre deux points et des lois caracterisant le transfert de quantite de mouvement 

et de propriett scalaire dans une turbulence homogene et anisotrope. 

Zksammenfassung-Es wird eines der miiglichen Modelle der statistischen Beschreibung von Impuls- 
iibertragung und der Ubertragung von skalaren Eigenschaften (Temperatur, Mischkonzentration) in 
einer inhomogenen, turbulenten, inkompressiblen Striimung betrachtet. Das Model1 bentitzt eine endliche 
Anzahl von Ein-Punkt Beziehungsgleichungen. Urn die Gleichungen zu bestimmen, wurden einige 
Ngherungsausdrtcke fur anisotrope Zwei-Punkt-Gleichungen verwendet, die den Impulsaustausch und 
die Ubertragung skalarer Eigenschaften in homogener und anisotroper Turbulenz charakterisieren. 

CTATklCTWlECt\‘Afl TEOPMR l-IEPEHOCA P HEOAHOPOAHO$l 
TYPBYJlEHTHOCTM 

AHHOTal~Hsr-PaCCMaTpclBaeTCR OAHa Ha BOBMOHWbIX MOJB%eti CTaTHCTM’B?CKOrO OIIHCaHHH 
IIepeHOCa PIMIIyJIbCa M CKaJIRpHOfi cy6cTaKIImI (TeMIIepaTypbI, KOHHeHTpalHIII IIaCCMBHOti 
IIpl.MOCii) R HeOAHOpOAHOM TYJ$'LWHTHOM HeC?KHMa6?MOM nOTOKie. htogenb OCHOBbIBaeTCR 

Ha MCIIOJIb30RaHHH KOHt?YAOt'O 'IMCJIa YpaBHeHUti RJIFI O~HOTOYtYiHblX KOppfL?ifirf$ift. j&m 

~a~~~aH~~ gpamiemtt ~C~O~b~~~TCH HeKoTopbIe lIp~I6~~~eHH~e ~bl~)a~eHIiH RJIFI 
Heil3OTpOnH~X AByXTO~e~~bIX KOppe~H~~~ II COOTHOIIIeH~H, xapaKTep~3y~~~e nepeHoc 

ElMI'IyJIbCa M CKaJIFfPHOti C~~~TaH~~~ B OAHOpO~HO~ He~~OTpOnHO~ Typ~~~eHTHOCT~. 


