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An investigation is made of the effect on the flow and heat transfer of 
blowing in a direction f~om the periphery to the center in the space 
between a rotating disk and a fixed screen, by means of a f ini te-dif-  
ference computer solution of the Navier-Stokes and energy equations. 

The ques t ions  examined  in this  a r t i c l e  a ro se  in the 
f i r s t  i n s t a n c e  f rom p r o b l e m s  a s soc i a t ed  with c o n s t r u e -  
tion of t u r b i n e s .  Radial  flow in a d i r ec t i on  f rom t h e  
pe r iphe ry  to the cen te r  in  the gap between the d isk  of 
a t u rb ine  and the s c r e e n  a lways occur s  if the n e c e s -  
s a r y  p r e s s u r e  drop is  p r e s e n t .  The in tens i ty  of th is  
flow depends a l so  on the c h a r a c t e r i s t i c s  and the s ta te  
of c o m p r e s s i o n .  Cen t r i pe t a l  r ad ia l  flows have an in -  
f luence ,  in p a r t i c u l a r ,  on the m o m e n t  of r e s i s t a n c e  of 
the ro ta t ing  disk [1]. In r ad ia l  gas t u r b i n e s  cen t r ipe t a l  
blowing of cold a i r  is  used  to p ro tec t  the me ta l  disk 
f rom the act ion of the high t e m p e r a t u r e  working  gas 
[2]~ In spi te  of the i m p o r t a n c e  of th is  ques t ion,  only 
i so la ted  a t t empt s  [2, 3] have been made  to give a theo-  
r e t i c a l  so lut ion of the p r o b l e m .  A suff ic ient ly  a c c u r a t e  
solut ion may  be obtained only by means  of a compu te r .  
Some r e s u l t s  of ca l cu la t ions  a re  p r e s e n t e d  he re  for  a 

l a m i n a r  flow r e g i m e .  
We note that  a s s u m i n g  the r e l a t i ve  gap s / r  0 b e -  

tween the disk and the s c r e e n  ( Fig .  1) to be sma l l ,  
and in the absence  of r e v e r s e  flow r e l a t i v e  to the m a i n  
m a s s  flow, the equat ions  of mot ion  and energy  may be 

reduced  to a s impl i f i ed  fo rm [4]: 
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Here  the only v i scous  t e r m s  r e t a i n e d  in the equat ion 
a re  those conta in ing  de r i va t i ve s  with r e spec t  to the 
n o r m a l  z to the d isk  sur face ,  while the p r e s s u r e  be -  

comes  a function only of the r ad ius ,  p = p(r) .  
Solution of the sys t em (1) of n o n l i n e a r  equat ions of 

parabo l ic  type with app rop r i a t e  boundary  condi t ions  
may be p e r f o r m e d  n u m e r i c a l l y  with the aid of a two- 
l ayer ,  impl ic i t ,  s ix -po in t  s cheme .  This  has been d i s -  
cussed  in de ta i l  in p rev ious  pape r s  [4, 5], where  a 
de sc r ip t i on  was also given of a p r o g r a m  compi led  by 
Seraze td inov  and P o n o m a r e v a .  The p r e s e n t  c a l cu l a -  
t ions ,  in p a r t i c u l a r ,  were  c a r r i e d  out with this  p ro -  

g r a m .  
A s e r i e s  of ca lcu la t ions  was p e r f o r m e d  with mesh  

s teps  of Ar  = 0.005r0,  Az = 0.025s.  The d i s t r i b u -  

t ion of components  of the vector  veloci ty  and of the 
t e m p e r a t u r e  at the in i t i a l  p e r i p h e r a l  r ad ius  r 0 w e r e  
chosen as cons tan t  throughout  the gap, apar t  f rom 

na r row zones  at  the wall :  

v r  v r ~ V r o  ' T ~ T  s. (2) 

A ca lcu la t ion  was also made with a l i nea r  d i s t r i b u -  
tto~ v~~ The ~ssumpt ion  w~s made of cons tan t  t e m -  
p e r a t u r e  d i f fe rence  between the d isk  and s c r e e n ,  T d - 
- T s = cons t .  In this  event  the ma in  d i m e n s i o n l e s s  
p a r a m e t e r s  of the p rob lem become:  ro ta t ion  Reynolds 
n u m b e r  Re = s2c0/v, r e f e r r e d  to r ad ia l  veloci ty  at the 
in i t i a l  sec t ion  ~o = Vr0: r0cJ, and the P rand t l  n u m b e r  

Pr = ~c/h. 
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Fig. 1. Schemat ic  
of the p rob lem.  

The development  of the flow in i ts  p r o g r e s s  (Fig. 2) 
ind ica tes  that the rad ia l  ve loc i t i es  i n c r e a s e  a lmos t  in 
i n v e r s e  p ropor t ion  with d e c r e a s e  of r ,  in such a way 
that  in the core  of the flow there  is  only a negl ig ib le  
va r i a t ion  in  Vrr  a s soc ia t ed  with "d i sp lacement"  of the 
med ium f rom the boundary  l a y e r s  s t  the wa i l s .  Fo r  a 

s y m m e t r i c  prof i le  v r ~ Vr0 in the in i t i a l  sect ion,  and 
Re =-~p = 10, the s y m m e t r y  of the r ad i a l  veloci ty  p ro -  
f i le  is not d i s tu rbed .  It is  c h a r a c t e r i s t i c  that  even the 
flow swir l  v~0 i n c r e a s e s  a lmos t  i nve r se ly  with r ,  e s -  
pee ia l ly  in the flow core:  this  is  seen  p a r t i c u l a r l y  
c l ea r ly  in the case  when the d i s t r ibu t ion  of vq) is  g iven 
as being l i nea r  over  the gap in the in i t i a l  sect ion,  V~o : 
: rw = 1 - z /s .  Since v(p = ra~ on the disk,  for this  r e a s o n  
the c i r c u l a r  component  of f r i c t ion  s t r e s s  of the disk, 
r~o = #(dv~o/dz)0 , changes s ign a longthe  r ad ius .  T h e r e -  
fore ,  if angular  m o m e n t u m  is t r a n s f e r r e d  f rom the 
disk to the flow in the in i t i a l  sec t ion ,  then a t r a n s f e r  
of sngu l a r  m o m e n t u m  f rom the flow to the d isk  occurs  
at s m a l l e r  va lues  of r ,  and the " tu rb ine"  r e g i m e  
a r i s e s .  This  occur s  p a r t i c u l a r l y  rapid ly  for the ease  
when the swir l  is nonzero  at the in i t i a l  sec t ion  (see 
Fig .  3). This  is  the pr inc ip le ,  as is well known, used 
in cons t ruc t ing  the " f r ic t ion"  d isk  tu rb ine ,  desc r ibed  
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Fig. 2. Development  of the flow in the gap along a radius  for  Re = 10, 
= - 1 0 ,  P r  = 0.7: a) flow swir l  for  a l inear  d is t r ibut ion in the initial 

sec t ion  (r = r0); b) swir l  for  V~lr0 ~ 0 (in a and b the ordinate  is v ~ r /  
/r~w); c) d is t r ibut ion of radial  veloci t ies  (the ordinate  is Vrr/vr0r0); 

d) t e m p e r a t u r e  dis t r ibut ion (the ordinate  is (T - Ts ) / (T  d - Ts)).  
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Fig. 3. Distribution along a radius of the circular and 
radial friction stress components on a rotating disk, 
with variation of mass flow (a) and of Reynolds num- 
ber (b): a) for Re = i0: 1--the value of~ for a linear 
distribution v~ in the initial section; 2, 3, 4--~ r for 

of i0, 5, i, respectively; 5, 6, 7--~ for ~ of i0, 
5, I, respectively; b)with ~ =-5: I, 2, 3--values of 
-Tr, respectively, with Re equal to i, i0, 50; 4, 5, 

6--'T~, respectively, for Re equal to i, I0, 50. 
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Fig.  4. Dis t r ibut ion aIong a rad ius  of the p r e s s u r e  in the gap (a) and 
on the coeff ic ient  of heat t r a n s f e r  f r o m  the ro ta t ing disk (b), with 
var ia t ion  of Re and<p: a) 1, 2, 3: values o f ~ f o r ~  = - 5 ,  and Re of 
1, 10, 50, respec t ive ly .  (In calculat ing ~ along the ordinate  axis the 
fac to r  2/5 was introduced);  4, 5, 6: Re = 10, -<p equal to 1, 5, 10, 
respec t ive ly ;  b ) 2 ,  3, 4: Re = 10; -(p equal to 1, 5, 10, respec t ive ly ;  

1, 5: -~p = 5, Re equal to 1, 50, respec t ive ly .  
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Effect of Reynolds Number Re and Mass Flow 

Parameter ~ on the Coefficient of Resistance 

Moment e M and (NU)av 

q~=--[ cp=--5 q ) = - -  I0 

Re = 10 20 c M = 1.694 1.944 1.844 
(Nu)a v = 3 .80  6 .64  8 .60  

Re = 1 R e = l O  R e - - 5 0  

q J = - - 5  20 c M = 15.7 1.94 0.18 
(Nu) av = 3.06 6.64 11.9 

by Tesla [6]: when a centripetal swirling stream is 
supplied there is transfer of angular momentum from 

the flow to the disk. With increase of mass flow (at 
a fixed Re) the friction coefficient i~i increases 
(Fig. 3), while with increase of Re (at fixed q~) ]T~ ] 

decreases. Because of the change of sign and the dis- 

placement of the point on the disk with r~ = 0 towards 
larger radius as the mass flow increases, the moment 

of resistance increases slightly and may even decrease 

(see the table), in contrast with the case where mate- 

rial is supplied radially from the center to the periph- 

ery, when ~-~ and the moment increase sharply with 

incresse of mass flow (compare [4]). This phenomenon 

was observed first by Sedach and Nespela [i]. It should 

be stressed once more that there is a strong effect of 
r ad ia l  s w i r l  on the m o m e n t ,  fo r  a l i n e a r  in i t ia l  sw i r l  

a l m o s t  the  whole  of the d isk  o p e r a t e s  in the " t u r b i n e "  

r e g i m e ~  T h e r e f o r e ,  in c a r r y i n g  out t e s t s  to d e t e r m i n e  

the momen t ,  it is e s p e c i a l l y  n e c e s s a r y  to m e a s u r e  the 
swirl in the initial section. 

The radial friction stress component decreases 
with increase of Reynolds number and increases sharp- 

with increase of mass flow, although r r �9 P(Vr0)2 ly 
even decreases with increase of l~I. The pressure 
decreases in the flow direction (Fig. 4), at large val- 

ues of Re and I ~01, almost in inverse proportion to 
~2. The initial swirl, which has a marked influence on 

v~0, has ~ weak effect on the pressure gradient and on 

the radial component r r of friction stress. 
The nature of the temperature profiles (computa- 

tion was done for air with Pr = 0.7) changes sharply 
only in the initial section, and then varies weakly (see 

Fig. 2). This is reflected correspondingly in a change 
of the heat transfer coefficient along a radius (Fig. 4). 
With increase of Re and ] (p ], the local and mean val- 

ues of heat transfer coefficient increase (Fig. 4 and 
the table). 

The ca lcu la t ions  show that  the in i t i a l  sw i r l  has a 
sma l l  e f fec t  on hea t  t r a n s f e r  in condi t ions  w h e r e  the 

t e m p e r a t u r e  drop is cons tant .  
The t e m p e r a t u r e  p ro f i l e  has  a subs tan t ia l  inf luence 

in the initial section~ 

NOTATION 

v r ,  v~ ,  and v z a r e  the r ad ia l ,  c i r c u l a r ,  and t r a n s v e r s e  
components  of the ve loc i ty  v e c t o r ,  r e s p e c t i v e l y ;  p is  

the p r e s s u r e ;  T is the t e m p e r a t u r e ;  p is  the dens i ty ;  

v i s  the k i n e m a t i c  v i s c o s i t y ;  p =pv ;  co is  the angular  

ve loc i ty ;  r 0 i s  the in i t i a l  r ad ius  ; s i s  the gapwid th ;  7 r = 

= r r  : pS~Vr 0 ; "r~ = ~-(Z : pro s~  2 ; p = (p - P0) : p(vr0)2 ; Nu = 
-(8T/az)d : (T d - Ts);p o = p!Fro; c M = M:  2~r~spw 2, 

w h e r e  the m o m e n t  is  M = --2= S r 2 ~ d r "  Subscr ip t s :  s 
0 

r e f e r s  to the s c r e e n ,  d to the disk.  
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