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,  .    
        , 

          
 .        .  

      , , 
   ,    

  .    
         , 

       
      . 

  [11,12],    
(  ) ,    

 ,        
    .     
    :               

VG= 2PG(PN – P) / P , 

  PG –   , ; 
PN –    , ; 
P –     , ; 
P  –    . 

 ,    ,   
 [13]: 

WC   P r³G, 

  P –  ,     , ; 
rG –  , . 

        
  r=1 10 ³         = 7,28  / ²   

  293   :    WP= 9  
      (   )   PG= 1   

    Wc= 4     ,  
 ,   (P = ),   45 .  

     ,    
,    ,   ,   

     .  . .  
      .     
   1        

293     7,84     ,     
   .    

 ( )    ( .1),  
 , ,  ,   

 . 
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    ; 
      ( , , 
  …); 

        
; 

      ; 
        ; 
     

    ; 
   ; 
     . 

 .    
        
 [6, 14, 15].        

       ,  
,    [16, 17]. 

        
       . 

   ,      
  ,       : 

dC/d  =  F-1/ grad P +1/ divTn,                                    (1) 

   –   , 
 –  , 

F –      , 
 –  , 
 – ,       

,    ,   , 
n –  . 

  (1)   divC= 0   ,  
    ,  . .  F = -grad , :          

/ t + rotV V = -grad( ª/2 +  + / ) – rotrotV.            (2) 

       
        

      ' = { '1, '2, '3}. 
           : 

i/ t + Cj Ci/ xj = - 1/ p/ xi + vV²Ci + 1/ /xj(-p i j),                 (3) 

Ci/ xj = 0, 

     –     , 
p i j   -       , 
V²  -    . 
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  (3)         
        Q  

( .2.)      w  (  )  (   ),  
(  )     ', u',w'.       

 
.2.           

    
   ( /  = 0)   ( /  = 0)  

      
      : 

 
.3.         
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  .    
   ' ' = 0       

   - .       (2)   
   ,    : 

dC/dt + (C V)C = F – 1/ gradp + vV²C. 

C        
    : 

 
        w = 0 ( . . w<<      w<<u).  

    ²/ z²,      z    
     r. 

  ,     / z    / z,    
-          .   

  : 

 
       wz  = d/r r (ru),     

   : 
wz / z= ( ²wz / r²+1/r wz / r),                                (4)               

     = R Re ¯¹,  R –  . 
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   (4)   :  
 wz  = (r)/2 z txp(- r²/4 z),                (5) 

   (r) –      . 
,     : 
U = (r)/r[1-exp(- r²/4 z)]                                           (6) 

   
 = ru = (r)[1-exp(r²/4 z)].                                            (7) 

  (6)    (7)  ,     , 
  (r) ,       

    .  ,   
    : 

(r) = Const = , 

   u = /r[1-r²/4 z].                                                                              (8) 
  (8)  , : 

-   r<<(4 z)¯²           
     /(4 z), 

-   r>>(4 z)  –       ,  
    . 

 (8)      .  
   (7) ,     , 

  (r):    –   
            (r) 

= r²,    –   ,   : 
–   r<<(2 z)½       , . .  Vr= 0  

   U = 0, 
–   r>>(2 z)½         

.    
 ,       

,           
 ,       

        , 
   .       

U(R,z)    : U = 0  vr = v   r = R –  
    : 

u(R,r) = (R)/K[1-exp{- (R – r)²/4 z}],                            (9) 
   = v/  = R Re¯¹. 

          
    .    
 U(r,z)        

  ,    
:  
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   (10) 

    = R Re ¯¹,     :                                                                

   (11) 

         
      Re  = R/v ,    v  –   

 .     v  = vaRe,    a = 2,46 10¯³.  
     : 

  (12) 

:    –       , 
ro –        ,   
r<r     P(r) = P  = const.   

    p(r,z)    w(z),       , 
         

     (r),    (11) 
          

   v(r,z).    (10)   v 
     W(r,z). 

 ,       
       

  (     )   
    z = 0,   (r)  bH (r),   

        ,  
            
 : v(r, z), u(r, z), w(r, z), p(r, z),  r (z).   

           
L      : 

  = arcos( /v) = arctg(u/ ).                    (13)               

    ,      
      r .        

  .      
  ,    ,   
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  r<r           
    r>r . 

        
     .      

  , , ,   .   
,     .    

          
  .        
   :   

U = r .                  (14)               

           
  :  

u²/r = 1/ p/ r,                                                       (15) 

       r,        : 
                                            P = (u²-u ²)/2 + p .                            (16) 

       
   :         

 = m - (T – Tm),                                            (17) 

    m –   ,     –   . 
           1 %    t    0   

50 °     3%     t    50    100 °   [17]. 
    

      
 «      

    » [6,18, 19, 20, 21],   
        : 

 )    ( ): 
= Q /W, 

 Q  –   , 
  W –  . 

)   : 
 =  Q Kp/W = Kp, 

  Kp = 1 – Toc/T   –   . 
  , ,  : 

Q  = Q1 + Q2, 

  Q1  –   ,     , Q2 –  
 ,   ,      ( ).  

 ,       , 
:  
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Q1 = Gp Cp t1 , 

  Gp  –      , / , Cp  -   
, / ,  t1   = t  – t    –       

  , ,    –       , . 
 ,     ,     

, :               
Q2  = F t2

19,4
1 10-3, 

 F –   , 2, t2  = t  – t   –  
     , ,   –  ,  

   ( ), ;  –  , / 2 . 
          

(Nu)   [22]:             
Nu = c (Gr Pr)n , 

  c, n  –    ,  Gr  –   ,  Pr –   
   .  ,    t2  = t  – t ,   [23,24]  , 

  Pr,   –  , / ,   –  
 , 2/ . 

,    Gr =  d3 g t2 / 2   ,     
–     , 1/  (   

 [25]),  d –   , , g –   , 
/ 2. 

    (Gr Pr),   13-1 [26]  
   ,  n     Nu = c (Gr Pr)n  
  . 

        = Nu   / d. 
 ,   ,    
  ,       

 ,     ,  
,         

     ,   
 , . . –    L     

 ( )      Q.  
  Kp = L/Q ( .8). : L = h3 - h4 (   F1234). : Q=  

h3 - h2  (   F 23 ). , Kp = F1234/ F 23  = (T – T ) S/ 
T S =(T – T )/ T= 1 -  T / T. 

   ,   Q 
   ,    
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Kp = (T  – )/ T   = 1  -  / T , 

   –   , ,   –   
, . 

 
.8.       

 
 ,      = Q /W 

        
,   ,    ,   
, . .    ,       Q. 

     ,     
      1,77 – 2,41,      17,2– 28 %. 

       
Q = W + Qq, 

  W  –  ,    , ,  
Qq  –   ,   , .   

         
 ( .9). 

 
.9.        (K – ,  U – ) 

 

  ,    Q    , . .  
Qq  = Qo.         Q   ,  Qq= 0, 
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. .,    Q    :   
Q  =  W.        
( , ,    . .).   ,  

      = 1,     = Kp  =  Kp. 
,      t  = 18–20   

     t  = (55 – 60 ) ,   Kp = 0,113 – 0,127.  
,   ,     

  ,   = 11,3– 12.7 %.  
.          

   ,    ,  
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  , . .       

      ,   
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VORTEX HYDRAULIC HEAT GENERATOR – ALTERNATIVE POWER 
SOURCE 

 
V. Biryik, R. Serebryakov 

 
Annotation. The article describes the basic principles of hydraulic vortex heat 

generators (VGT), a variant of the theoretical foundations of the work of the VGT 
and the method of evaluating the performance of VGT. 

Key words: alternative power source, vortex, cavitator, heat exchanger, 
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