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Researches are conducted and given recommendations to practical application of the theory of turbulent spots of Emmons and 

the asymptotic theory of a turbulent layer of S. S. Kutateladze and A. . Leontyeva which efficiency is checked by experiments when 
flying in the atmosphere of a research aero physical complex, for calculation of coefficients of friction and a thermolysis of transitional 
and turbulent boundary layer at calculation of aerodynamic heating and friction on streamline surfaces. 

Key words: convective thermolysis, aerodynamic resistance of friction, aerodynamic heating, boundary layer, laminarno - 
turbulent transition. 

 
     

    
   .  -

   ’   -
     . -

 ’        
    (   

 , ), -
 ,   , -

     .   -
      

     -
   -  .  

    -
-     

   -, -   
 ,   -

.     -
     - -

   -    
,      -

     ,    
    '      

  ,   -
 .  

 
     

   ,  -
  ,  ,  -

    -
        -
   [3, 4, 8, 9, 10].    , - 

    [1, 2, 5, 6, 7]  
     -

        -
  -  . -

   ,       
      -

     
       -

        
 . 

 
  

      -
      

     
 . .   . . ,  -

      
    -

       
      -

      -
   , -
        -

 -  ,   
  .  

 
    

      -
         

    -
    , 

 . .   . .  [3].  

 



11 

  [3]     -
     

   : 

 ⋅Ψ⋅Ψ⋅=
e

wff CC
μ
μ

  , 

 ⋅=fC
, 

e

ee Xu
μ

ρ ⋅⋅=  (1) 

 fC  –     -

      -
      Rex; μ , μ  – -

  ’    -
       -
  ; euρ –   -
      
; Ree –      

 ; ψ   ψ  –    
,      -

    [3]. 

 
−⋅⋅

−⋅⋅
=

kr

kr

T

T

ψ ;  

+
=

re

w
t

T
T

ψ ;  (2) 

 =Tr ; = ;  

 Me –      -
 ; Te –     -

 ; Tw –  ; Tre – -
 ,    Te  

Me      
; rT –     

  , Pr –  -
; k –  . 

 ⋅−+⋅= eTere MkrTT  (3) 

      
       -
     -

 ,   [4]  -
   : 

 −− ⋅⋅= ψψff CC
, (4) 

 ψ, ψ* – ,    
    -

 ; ew TT=ψ  –  , 

ere TT=ψ  –   ; 

fC  –      

      
     Rex,    -
, ,    [8]  

 =fC  (5) 

  Tre,   -
 Te  Me     

  

 ⋅−+⋅= eere MrTT ; =r  (6) 

     -
       -
      

 ( )ww TTq −⋅= α  (7) 

 T –   ,  
; Tw –  ; α [ /( 2. )] – 
 .      

   T=Te,  -
  T = Tr,e.    -

     -
   –  -

  

 ( )werepee

w

epee TTcu
q

cu −⋅⋅⋅
=

⋅⋅
=

ρρ
α  (8)  

    

 epe cu ⋅⋅⋅= ρα  (9) 

 ,     -
     -

  ,    [3,4,10]  
   : 

⋅Ψ⋅Ψ⋅=
e

wSt
μ
μ , 

−
⋅⋅=St ,  

 
e

ee Xu
μ

ρ ⋅⋅
= ,  (10) 

 ψ   ψ  – ,    
  ,   -

       
 (2). 
    

      
 , , ,  

 [4,10]:  

 
ψ

⋅= , epe cu ⋅⋅⋅= ρα  (11) 

 
e

ee Xu
μ

ρ ⋅⋅
=  , −− ⋅= ψψψ , ew TT=ψ , 

ere TT=ψ , ⋅−+⋅= eere MrTT χ
, =r .  

     -
      

  [1,2,5,6,7].     
   , 

     ,   
  , ,   

 .    -
       

 γ [9],  ,     
      .  
=γ     ,   =γ   -

.  [8]      



    12 

   ’    -
        -

,     - 
,      

: 

 ( )−⋅−= XXγ , 
e

eeu
A μ

ρ⋅
⋅⋅=  ,   

 ⋅+=  (12) 

 G1 -    ; 
X  -       

 ;  -    
   ; ue -    -
   .  

      -
       

       -
.      

,       -
  -  .   

       
 .   -   -

      
, ,  ,  -

  [1].  ’       
     -

. 
   ,   -
     

 « » ( .1)      
M∞ 2,0, ReL,∞ 2×107, a≤12g   =8  -

-      
     -

  -522,    
2,5 /  [1, 2].     -

  « »,   -
  X   1-3  Rex,∞ 106-

107.        
        

-    -
       -

   ’  « » ( .1).  
 

 
. 1.     

    -
 « »: 1 –  , 2 –  

  , 3 –  ; . 1 – 
 = 0,25 ; w = 4 ;  16; . 2–  = 0,28 ; 

w  = 1,8 ;  16; . 3 –  = 0,4 ; 
w = 1 ;  1 18 9  

 

        
 « »      -

       [7],  -
 (12)     

   [2] 

 

( )( )

e e etr

etr etre

tre

u
uA

τ

ρ μ
ρμγ

    ⋅  − ⋅ ⋅ ⋅ ×  ⋅    ≅ −
  
  × −  

 (13) 

 ( ) eτ  –   , −   -

    , ρ μ −  -
, ’        

 .  ττ ≤    – 
,   ττ >  – ,  

   .  
       -

  ,    
     -

,       
,       

  « ».  .2  -
     -  

[11],    ,     
  eM      

     ew TT   -
   « ».   

       
    , 

     ew TT   
      

      ≤∞ . 
 

 
. 2.    -
  : I, II –  [11] ;  2-

4 –     -
 « »: 1 – . 1   = 0,25 ; 2 – . 2  = 0,28 ;  

3 – . 3  = 0,4 ; I – ’   ;  
II – const=⋅μρ ; =  

 
     -

-     -
       -

   « ».  -
      -

      « » 
      -

 .    
    wT .  . 3 

      -
         -
    « »   . 

   .3    
     , 

 -     



13 

 τ = (6-7) .  
       

   « »    
   ’   -

      , 
        

   < :  

 ( ) ( ) rad
wwwerww qTTTTc −−⋅−−⋅=⋅⋅⋅ αα

τ
δρ  (14) 

 −www c δρ  ,    -
; α -     -

   , α1 -  
      

  ; −ww TT    

    ; −T  -
    , −T  -

 ,     
   . 

 
. 3.     -

      -
  « »: I –  
 , II –    -

 , III –   ; 
 = 0,28 , w = 1,8 ;  16, 1 – , 

2 –   
 

  -   -
     -

 .     -
         

 
( )

( ) rad
ww

werww

qTT

TTc

−−⋅−

−⋅⋅+−⋅=⋅⋅⋅

α

γαγα
τ

δρ
  (15) 

 α  –     
     -

; 
rad
wq –    -

   , α  -
 (11),  α –  (9) – (10).  

        
  -  -

       
      

  

 γγ ⋅+−⋅=
CC f  ,  (16) 

 –      
 , –    

   , γ –  
. 

γ

 
 

 
 

. 4.     
     

     
   :  = 0,25 , w = 1,4 ;  

  -  1 18 9  
 

       -
     -

        
 « » [1]     -

-    [6,7]  -
  [3].  

    -
     -
        -

       
  M∞ 2,0.     -

     -
       -

      - 
 (14)-(15),       

     [1].  -
    ’ -

   - .  -
   .4. ,  . 4,  -

      - 



    14 

,   . 4,    -
        

=0,25 ; w=4 ;   –  1 18 9 .  
 

 
       

     -
       

      
       

-  ,  -
        
     ,   -

      
(    , -

,     .). 
 

  
1. , . . -  -
       

     -
      -
  c   [ ] / . . , 

. .  //   -
. – 2008. – . 46,  4. – . 596 – 622. 
2. , . .    

     
 " ”      

 [ ] / . . , . .  
// .   . . . . –1983. – . 2, 

 8. – . 27–35. 
3. , . .    

    [ ] / C. C. -
, . .  // .: .–1985. – 

319 . 
4. , . .   -
 / C. C.  // : . – 1979. – 

416 . 
5. , .   -

       / . -
 //   . – .: . – 

1979. – . 11–57.  
6. Emmons, H. W. The Laminar-Turbulent Transition 

in a Boundary Layer / H. W. Emmons, A. E. Bryson // 
Proc. Ist. U. S. Nat. Conf. Theor. and Appl. Mech. Amer. Soc. 
Mech. Eng. – 4 –1951. – P. 859. 

7. Chen, K. K. Extension of Emmon`s Spot Theory to 
flow on Blunt Bodies. / K. K. Chen, N. A. Thyson // AIAA 
Journal. –1971. – v. 9,  5. – P. 821. 

8. , . .    / 
. .  // .  .– 7-  ., . – .: 

. – 2003. – 840 . 
9. , .    / 

.  // .: . – 1969. – 742 c. 
10. , . .   / 

. .  // .:  . – 1979. – 495 c. 
11. Van Driest, E. R. Calculation the Stability of the 

Laminar Boundary Layer in Compessible Fluid on a Flat 
Plate with Heat Transfer / E. R. Van Driest E. R // Journ. 
Aero. Sci. –1952. – V.19. – P. 71.  

 
 

 


