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The predvodi te lev  hydrodynamics  is extended to the s t eady- s t a t e  flow of an incompress ib l e  
fluid at re la t iv i s t i c  veloci t ies .  

The behavior  of a s y s t e m  of N in teract ing par t i c les  is descr ibed  in s ta t i s t ica l  physics by the Liouville 
equation. A success ive  convers ion  f rom the Liouvil ie equation to the Bol tzmann equation and then to the 
equations of hydrodynamics  r e p r e s e n t s  a " shor t - cu t  descr ip t ion"  [1] with a loss of some informat ion  about 
the s y s t e m  behavior .  In [2] Predvodi te lev  has pointed out one such specia l  but impor tan t  case  where in-  
fo rmat ion  is lost  during the convers ion  f r o m  the Bol tzmann equation to the equations of hydrodynamics ,  
namely  the case  where  the gradients  of the molecule  t r anspor t  veloci t ies  va ry  apprec iab ly  along the f ree  
path or over  the extent of a cha rac te r i s t i c  volume element .  This s i tuat ion prevai l s  during the flow of a 
r a re f i ed  gas,  during a flow with vor tex  generat ion,  or  during a flow at sufficiently high veloci t ies .  The 
f i r s t  two c a s e s  a re  covered by the Predvodi te lev  universa l  equations of hydrodynamics  [2]. The third case ,  
motion at high veloci t ies ,  involves re la t iv i s t i c  hydrodynamics .  In this a r t ic le  here  we extend Predvodi te -  
l e v ' s  ideas to the equations of s t eady - s t a t e  re la t iv i s t i c  hydrodynamics  fo r  an incompress ib le  fluid. 

Nonrela t iv is t ic  Predvodi te lev Hydrodynamics .  In [2] Predvodi te lev  has used the Maxwell method for  
extending the equations of hydrodynamics  to the case where  the gradients  of t r anspor t  veloci t ies  within a 
hydrodynamic  volume e lement  a re  high. For  an ideal compres s ib l e  fluid these equations a re  

Ov a Ov~ 1 Op 
Ova ~- (1--~)v~, [3v, z _ _  = , ( 1 )  

' Ox v ax ~ p Ox ~ Ot 

and the continuity equation r ema ins  unchanged 

0p 0 
Ot + ~ x  v (0%) = o. 

The p a r a m e t e r  of nonideal continuum fl in Eq. (1) 

l~l = ! I ~ n  M, 
2 

where  Kn is the Knudsen number  and M is the Math number.  

When fl = 0 in (1), then 

Ov a 1 Ova + % . . . . .  

Ot Ox v 9 

and we have the ord inary  Eu le r  equations; when/3 = 2, then 

Ov a Ov a 0% 
% 2vr - -  

Ot Ox ~ , OxV 

and we have the Kes te r in  hydrodynamics .  

(2) 

(3) 

Op (4) 
ax ~ 

1 Op 
p a 2  

(5) 
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If we now consider  an i ncompres s ib l e  fluid, then (2) becomes  

Ov~ - O, 
Ox v 

and Eqs.  (1) become 

(s) 

av~ am~ I op 
o ~  q- (1 - -  fI) v~ . . . . .  Ox v P OxO: (7) 

To this mus t  be added the equation of s ta te  

F(p, p, T) = 0. (8) 

Universa l  Equations of Steady-State  Rela t iv i s t ic  Hydrodynamics .  It has become feas ib le  to genera l ize ,  
in the Predvodi te lev  sense ,  the equations of s t eady- s t a t e  re la t iv i s t i c  hydrodynamics  for  an i ncompres s ib l e  
fluid owing, essent ia l ly ,  to the d i scovery  by F rank l '  [3] and fu r the r  study by ShiMn [4] of the possibi l i ty  
to reduce the equations of s t e ady - s t a t e  re la t iv i s t i c  hydrodynamics  fo r  some effect ive fluid. The gene ra l i za -  
tion shown here  r e p r e s e n t s  the solution to the r e v e r s e  problem.  

We introduce,  as in [4], the following quantit ies:  

(9) 

(10) 

H12E2n2 p - -  

~3U a 
Urz- -  

///On 

where  m is the s tandst i l l  m a s s  of par t ic le ;  n and w a re ,  respec t ive ly ,  the number  of par t ic les  and the 
r e l a t iv i s t i c  t he rm a l  function of the speci f ic  volume; u s a re  the space  components of four -componen t  ve loc-  
i t ies ;  and c is the veloci ty  of light. 

Inse r t ing  (9) and (10) into (6) and (7) yields the equation of s t eady - s t a t e  continuity 

a (nu ~) o (11)  
a x  ~z 

and the equations of steady-state hydrodynamics 

a x  v a x  ~ 
(12) 

It has been a s sumed  in the der iva t ion  of (11) and (12) that 

= const, P - const. 
l ~ m c  2 

(13) 

Equations (11) and (12) a re  the un iversa l  Predvodi te lev  equations of s t eady - s t a t e  re la t iv i s t i c  hydrodynamics  
for  an i ncompres s ib l e  fluid. When fl = 0, then (12) and (11) become,  respec t ive ly ,  the o rd inary  equations 
of s t e ady - s t a t e  r e l a t iv i s t i c  hydrodynamics  and the equation of s t e ady - s t a t e  r e l a t iv i s t i c  continuity [5-6]. 
This genera l iza t ion  of the equations of s t eady - s t a t e  re la t iv i s t i c  hydrodynamics  will also apply to weakly 
c o m p r e s s i b l e  fluid: where  the t e r m  f l v  a (0vy/Oxy) is smal l  as compared  to all other t e r m s  in these equa-  
tions. 

N O T A T I O N  

vo~ is the th ree -componen t  velocity;  
uc~ is the four -componen t  velocity;  
p is the p r e s s u r e ;  
p is the density;  
fi is the Predvodi te lev  number  (constant hydrodynamic  pa rame te r ) .  

2. 
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