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APPLICATION OF THE MONTE CARLO METHOD
TO THE PROBLEM OF FLOW IN THE
BOUNDARY LAYER OF A TWO-DIMENSIONAL
TURBULENT JET

F. N. Yasinskii UDC 532.526.4

A precise solution is found to the problem of flow in the boundary layer of a two-dimensional
turbulent jet. The method of [1] is used here.

The flow of an incompressible fluid in the boundary layer of a two-dimensional turbulent jet is de-
scribed by the following equations and boundary conditions:
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The summation role has been adopted here with respect to the repetitive Greek letter subscripts which
assume the values 1, 2. The symbol after a comma denotes the derivative with respect to the given coor-

dinate and uy are the velocity components. On the basis of the similarity theory, we assume that uy, P,

and xy 1la3 are functions of the ration = xj!x,. The flow function will be sought in the form

P =1x, FM).
Adopting the obvious rules of differentiation
Aal =" A;ﬂ nxl_l; A12 = A’n xrl
and considering that
Uy =5, ty=—"b,,
la,ﬁ = p’ocf; (n) xl’
one can reduce systems (1)-(4) to a single third-order ordinary differential equation (a prime sign indicates

a derivative with respect to 1)
Q=[a—m uh+n(p — pl)] P + [(1—n9) pyy pio

’ ’ ’ l
+71(P«22 1‘422_”11!-‘11)] F'———2—(1+1]2)F=0. (5)

The boundary conditions (4) become
Flomo =10 Flome=1; Flomo= F'lg=1 = F'|g=1 = 0. (6)

Here a = (n—1g)/(M4—Mg); « € [0; +1], while parameters 7, and 7, define the location of boundaries I'y and
Ty. To conditions (6) we add two others:
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Fig. 1. Functions of 5 = xy/x;: 1) =P/pud; 2) u,/ug; 3)
uy/uy (given: py = 0.030, pyy = fyy = 0.014, pgy = 0.020,
v = 50; obtained: ny = —0.0776,n, = +0.1382,k; = —130.6,
ky = +66.51).

F lymg = ko3 F”" |gmy = ko,
where kg, k; are constants not yet known.

The solution to the boundary-value problems (5)-(6) will be sought in the form of a polynomial

1 o1 1 ! 1 X
F=q_,+ ¢+ 7%062 By @2 + e Pyt + e Py 0% Fakcad (7

whose coefficients are defined as follows:

1
G1 =N Qo =A=N—"Ng, ¢y =0, = o ARy,

AZ
cp3=.[——10+(k1~3k0> = } s,
AZ
o — [15+(3k0_2k1)T] A,
A2
cpz-,:[—6+(k1—ko)—~2 ] A,

In this case the boundary conditions are satisfied automatically and the four parameters 7y, 14, kg, k¢
remain unconstrained.
In accordance with [1], the values of these parameters at which the quantity

N
O=N* D Q (8)

s=1

becomes minimum will be considered optimal. Here N is the total number of control poiunts on the inter-
val [ng, ny]. Their coordinates were calculated by the formula

N =, 4 sN 7 (1, —ny),
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with s denoting the consecutive number of a Fomt and Qg denoting the magnitude of the error incurred by
inserting polynomial (7) into Eq. (5) atn =1 In accordance with [3], the following values were taken
for Pags #1 = 0.03, pyy = 0.014, pyp = 0.02. Equation (8) was minimized by the method of random tracking
[2]. On the basis of optimal values for 71y, 14, k¢, and k; with the aid of expressions

luy = F'; u,/uy =nF' —F;

n
P 1 .

;=7 S [‘””% (piz F" 4 pyq F)
pup 2

— gl 12 F" + iy F” )] F dn
curves have been plotted as shown in Fig. 1. They come close to the empirical curves in [3].

Evidently, a further refinement is possible by increasing the number of terms in expression (7) and
by changing conditions (8) to more stringent ones (with transverse flow also taken into account).

NOTATION
X{, Xy ' are the Cartesian coordinates;
uy, Uy are the velocity components;
P is the pressure, referred to a plane surface;
M = X9/%y is the dimensionless coordinate;
Ty, Iy are the inside and outside boundary of a layer;
Mg M l are their respective' coordinates;
o = (n=1¢/(M-1¢ is the coordinate referred to interval [0, +1];
P =x,F(n) is the flow function;
TaB = _1(228“%,2 = —;Aéﬁ(n)xfuiz are the components of the tensor of turbulent stresses, referred to the
density;
F is the power polynomial representing the solution;
Dois @os @iy vy Qs are the coefficients of the power polynomial;
& is the functional to be minimized.
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