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An engineering method for solving nonlinear aerodynamic problems of 
plane and axisymmetric steady flows is proposed. The method is a 
modification of the Monte Carlo method. 

Method. Let 

F(x, y, % ,  ,:,, ~, . . . . . .  ) =  0 (1) 

be a n o n l i n e a r  d i f f e r e n t i a l  equa t ion  in p a r t i a l  d e r i v a -  
t i v e s  that  d e s c r i b e s  a p lane  or  a x i s y m m e t r i c  s t eady  
flow, (x, y)  be  a point  in the r e g i o n  w, and le t  r ~x . . . .  
be  the funct ion  to be  d e t e r m i n e d  and i ts  d e r i v a t i v e s .  

We add to Eq.  (1) the bounda ry  condi t ions  

~ ( x ,  ~, % % % . . . .  ) ! 1 ' = 0  

a = l ,  2 . . . . .  m, (2) 

w h e r e  F is  the bounda ry  of r e g i o n  w. 
We c o n s t r u c t  the func t ion  

~ = ~ ( x ,  v, C, . . . . .  C,O, (3) 

which has  cont inuous  p a r t i a l  d e r i v a t i v e s  to the o r d e r  
of the h igher  d e r i v a t i v e s  in Eq.  (1), s a t i s f i e s  c o n d i -  
t ions  (2) for  any v a l u e s  of the p a r a m e t e r s  C1 . . . . .  Cn, 
and with the p r o p e r  s e l e c t i o n  of t he se  p a r a m e t e r s  can 
a p p r o x i m a t e  the so lu t ion  of the p r o b l e m .  

F ind ing  the a p p r o x i m a t e  so lu t ion  

(x, g, C, . . . . .  C.) (4) 

r e d u c e s  to d e t e r m i n i n g  those  v a l u e s  C1 . . . .  , Cn of the 
p a r a m e t e r s  for  which 

N 

1 Z F~(xi, gi, C~, Cg (5) 0 ( c , ,  . . . ,  c ~ )  = -~ . . . .  

i ~ l  

t akes  i ts  m i n i m u m  va lue .  H e r e  (x i, Yi, i = 1, 2 . . . . .  N) 
i s  a s y s t e m  of po in ts  f r o m  r e g i o n  w, and 

F(x, g, C, . . . . .  Cn) = F ( x ,  g, (~x, (~y, ~ . . . . . .  ). (6) 

If we cannot  c o n s t r u c t  a r such  tha t  condi t ions  (2) a r e  
s a t i s f i e d  p r e c i s e l y ,  we can a t t empt ,  s e l e c t i n g  C~ . . . .  
. . . ,  C n, to s a t i s f y  a p p r o x i m a t e l y  both  Eq.  (1) a n d c o n -  
d i t ions  (2). 

In this  c a se ,  ~ m u s t  be  taken  as 

(C~ . . . . .  CD = F ~ (x~, g~, Ct . . . . .  C,0 + 

He re ,  

NF m 

~ r  f,,( ,, gi,, Q . . . . .  (7) 

f~(x, v, c1 . . . . .  c , )  = ~ ( x ,  v, ~, , , ,  . )  (8) 

x i v  Yi 1 (ij = 1, 2 . . . . .  NF)  is  a s y s t e m  of po in ts  taken 
at  the b o u n d a r y  F. The  cons tan t  "/ is s e l e c t e d  a c c o r d -  
ing to the equa t ion  which i t  is d e s i r e d  to s a t i s f y  with 
the g r e a t e r  a c c u r a c y :  Eq.  (1) o r  condi t ions  (2). If a p -  
p r o x i m a t i o n  (4) is  s u c c e s s f u l l y  chosen ,  the va lue  of 7 
wi l l  have  l i t t l e  e f f ec t  on the f inal  r e s u l t .  

F ind ing  the m i n i m u m  of r  We ca l l  an a r b i t r a r y  
s e t  of v a l u e s  C1 . . . . .  C n a point  in an n - d i m e n s i o n a l  
space  E n. E a c h  such  point  f r o m  r e g i o n  Q C E n c o r -  
r e s p o n d s  to a p a r t i c u l a r  ~ va lue .  To find C~ . . . . .  Cn 
we use  the  s t a t i s t i c a l - t e s t s  me thod  in the fo l lowing  
f o r m .  L e t  the va lue  ~ '  of f fmct ion ~ at s o m e  in i t i a l  
po in t  C~ . . . . .  C~ be  found. Then,  with the aid of a s e t  
of p s e u d o r a n d o m  n u m b e r s  ~ that  a r e  u n i f o r m l y  d i s -  
t r i bu ted  in the i n t e r v a l  ( - 1 ,  +a), we s e l e c t  a n e w p o i n t  
f r o m  the v i c i n i t y  of the in i t i a l  point  

Cj =C]+~5C~, 7=1, 2 . . . . .  n. (9) 

The v a l u e s  5Cj d e t e r m i n e  the d i m e n s i o n s  of this  v i -  
c in i ty .  The  va lue  of ~ at the new poin t  is  c o m p a r e d  
with  r  If ~ < ~ ' ,  the new point  is  m a d e  the in i t i a l  
po in t  for  the nex t  t e s t .  O t h e r w i s e ,  the in i t i a l  point  
r e m a i n s  the s a m e .  As a r e s u l t  of th is  compu t a t i ona l  
p r o c e s s ,  the s e q u e n c e  of in i t i a l  points  c o n v e r g e s  on 
poin t  C1 . . . .  , Cn. As the r e g i o n  of m i n i m u m  r v a l u e s  
is  a p p r o a c h e d ,  the " s e a r c h  s t ep"  (6C3) should be  r e -  
duced.  Th i s  s u b s t a n t i a l l y  i n c r e a s e s  the e f f i c i e n c y  of 
the p r o c e s s .  

P r o g r a m .  The m e t h o d  is p r o g r a m m e d  as fo l lows .  

Le t  us exp la in  the d e s i g n a t i o n s  in the f low c h a r t  (Fig.  1). 
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Fig .  1. F low char t .  
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1--input to working storage and dec ima l - to -b ina ry  
conversion.  

2- - reading of coordinates xl, Yl of f i r s t  point from 
region o~. 

3--calculat ion of function ~ and its der iva t ives  from 
given xi, Yi, and C~ . . . . .  Cn. Analytic express ions  
as weli as difference schemes c a n b e u s e d  in ca lcu-  
iat ing the der ivat ives .  The la t ter  method usual iy  
r e su l t s  in considerable  shor tening of the program.  

4--calcula t ion of F(xi, Yi, C1 . . . . .  Cn) and s torage of the 
sum ~F 2. 

5--generat ion of coordinates  xi, Yi of next point from 
region oJ. 

6 - - t rans fe r  of control ,  as shown in chart,  according 
to i -value .  

7 - -compar i son  of obtained r with m i n i m u m  ~ '  found 
in previous tes ts .  T rans fe r  of control depends on 
r e su l t  of this comparison.  

8 - -en t ry  of r C1 . . . . .  C n in ceils  where r  C~ . . . . .  C~ 
were previous ly  stored.  

9--calculat ion of new C1 . . . . .  C n by formulas  (9). 
10--generat ion of pseudorandom numbers  ~. 
11--control  from panel. 
12--"search step" (~Cj). 
13--check print. 
14--printout. 

Test of method. The proposed method was testedon 
the following nonlinear problems: 1) transonic flow 
around a cylindrical body; 2) flow of a viscous incom- 
pressible fluid between a system of staggered pipes at 
close to the critical Re number; and 3) transonic flow 
through a blade network. 

The calculations were made at the Computer Labo- 
ratory of the Ivanovo Power Institute on a Ural-2 dig- 
ital computer. The available data (experimental and 
those found by other methods) on these problems al- 
lowed the solutions to be compared with actual flows. 

Take, as an example, the results for the firstprob- 
lem. 

Flow in the vicinity of a cylindrical body is des cribed 
by the following differential equation: 

P _ (c ~ -- ,~) *,~ + r -~ (c ~. _ r-~ ,~) *~ - 

(10) 
- -  2r -2 ~ ] ~  + t'-81~r1~2 a Jr- r - l c 2  ~ r  = O. 

Here r and a are  polar coordinates ,  r is the velocity 
potential ,  

c~ - ~ k - 1  ( u -  %~ _r~,:)  (11) 
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Fig. 2. Velocity d is t r ibut ion  in sect ion A--A: 
1) experiment;  2) calculation; a) region of 

s t rong nonl inear i ty .  

is the square of the sound velocity, and k and U are 
constants.  

The solution is sought in the form 

where 

R, (r) ~ 1 r_ ~ 1 r_(~+2). (13) 
a F + 2  

In the calculation,  we l imited ourselves  to the six co-  
efficients: Cll, C13, C1~, C31, C33, and C51. 

The optimum values of these p a r a m e t e r s  were 
sought in accordance with the method proposed above, 
and also by the method proposed in [1, 2]. The re su l t s  
are  shown in Fig. 2. 
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