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A solution is given for thermosta t ic  control  of conical and spherical  objects under condi- 
tions of one-sided radiative heating in a vacuum. 

We have [1] considered a cyl indrical  hea t - t ransmi t t ing  ring rotating around an axis as a means of 
efficient thermosta t ic  control for an object subject to one-sided heating in a vacuum. 

Considerable pract ical  in teres t  a t taches also to conical and spher ical  hea t - t ransmi t t ing  elements  
working under s imi lar  conditions (rotating ring screens) .  

Consider a thermosta t  constructed as  two identical conical shells (Fig. la) having a common base (it 
is assumed that the base is ideally insulated in discussing one of these shells,  in o rder  to eliminate and 
effects). Each shell consis ts  of two thin-walled components,  the gap between which is free from noncon- 
densable gases  and filled with a cer ta in  amount of working body, whose triple point lies above the tem-  
pera tures  maintained in the thermosta t ic  ring. 

The thermosta t  rotates  in a vacuum around its axis OO 1 and is exposed to a parallel  beam of shor t -  
wave radiation perpendicular  to that axis; the outer skin radiates  in accordance with Stefan's law into outer 
space, so the resul tant  heat flux through the outer skin is 

3n t --~.a]r~. for qD< ~-~-andq0>- - ,  
I 2 2 

q = i ~ 3~  (1) 
- -  A , E  cos [3 cos q0 - -  eeT~ for - -  < q0 < 

2 2 

The outer skin is coated on the inside with a layer  of solid condensate; the rate of the phase transit ion in 
the absence of heat t r ans fe r  at  the inner  surface is 

q ~ (c'p'6' .-+- cwp,~Sw) d T  m 
lm=- L L dq~ (2) 

It is assumed that the heat flow along the jacket is negligible by compar ison  with the heat t ransfer  due 
to the phase t ransi t ions,  and also that the gap 2h between the skins is relat ively narrow: h/r  0 << 1 (Fig. 1). 
Then the pa ramete r s  of the sublimate flowing in the gap can be charac te r ized  by a potential q~,whichis in-  
troduced as in [2]; to determine this we consider  the median surface of the conical slot and bring it into 
coincidence with the complex plane Z = rexp(iy),  where ? = qosin/~ (Fig. 2). We follow [2] and put 

P 

3p.J,,~ . v t  : ~ cp (p) dp; 
V2~I r - -  2 h  ~ ' 

p* 

qs-- P x- 2 - - 0  3.78~ 9 ~-~ d l n F ( p )  . (3) 
R T  0 h U R - T  4 h ~ dp  

F (p) R T , / L  V~ 0 ~ 1 0 I 02 ; : _ _ _ - _ _  . _ _ - - _ _  . _ _  
1 - -  ( R T , / L )  In (p/p, )  Or"- r Or r ~ O~ 2 

Lykov Institute of Heat and Mass Trans fe r ,  Academy of Sciences of the Belorussian SSR, Minsk. 
Transla ted  from Inzhenerno-Fiz icheski i  Zhurnal,  Vol. 29, No. 3, pp. 469-478, September,  1975. Original 
ar t ic le  submitted July 2, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, N ew  York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, wi thout  written permission o f  the publisher. A copy o f  this article is available f rom the publisher for  $15.00. 

1144 



a 

F i g .  1. C a l c u l a t i o n  of a 
t h e r m o s t a t i c  j a c k e t :  a) 
c o n i c a l ;  b) s p h e r i c a l .  

17n (3) we have n e g l e c t e d  the  a d d i t i o n a l  s p e e d  of the s u b l i m a t e  due to 
the  r o t a t i o n  of the  r i n g  channe l ,  s ince  the a n g u l a r  v e l o c i t y  of the l a t t e r  r e -  
q u i r e d  f o r  r e l i a b l e  o p e r a t i o n  is only  s m a l l :  co << V/ ( r0s inf i ) .  

The t e m p e r a t u r e  of the o u t e r  s u r f a c e  of the sk in  T w is  r e l a t e d  to T(p) 
= T ,F  (p) a t  the p h a s e - t r a n s i t i o n  s u r f a c e  by 

5' 
r w - - r ( p )  = q R ~ ;  R ~ =  6~ ~ (4) 

~'w U 

The use of �9 e n a b l e s  us  to d e s c r i b e  the f low in the s l o t  by m e a n s  of 
(3), which  c o n t a i n s  s m a l l  n o n l i n e a r i t y  on the r i gh t ,  which i s  due to the t e m -  

4 is  best p e r a t u r e  d e p e n d e n c e  of  the  s p e c i f i c  hea t  f lux q.  F o r  th i s  r e a s o n ,  T w 
e x p a n d e d  a s  a T a y l o r  s e r i e s  a round  s o m e  v a l u e  T~; we put t(p) = T ( p ) - T 0 ;  
t(p) << T0, and if we r e s t r i c t  c o n s i d e r a t i o n  to the f i r s t  two t e r m s ,  we g e t  f r o m  
(1) and (4) tha t  

A~E cos [~f (r - -  e~T4 [1 + 4t (p)/To] (5) 

q = I + 4"~jTaR~ ' 

f 0 for q) < vi/2 andqo 2> 3a/2,  
f (~) 

[ - -  cos q0 {or a/2 < rf < 3a/2. 

A s  Ap/T  0 "dT/dp  << 1 (Ap i s  the  p r e s s u r e  d i f f e r e n c e  in the  gap) ,  we have  

(dT/dp) o RT~ ( ~  - -  ~0). (6) 
t (p) --  (d~/dP)o (~P" - -  vg o) - -  LPo~ (Po) 

Since  the second  t e r m  on the r i g h t  in (2) i s  n e g l i g i b l e ,  a s  we sha l l  s e e  s u b s e q u e n t l y ,  if L and,  a l s o ,  
w a r e  s m a l l  (p rov ided  the v a l u e s  a r e  su f f f i c i en t  fo r  e f f i c i en t  o p e r a t i o n ) ,  we u s e  (2),(5),  and (6) to e x p r e s s  (3) a s  

V"-~ = D -)  e H N ~  - -  MHA~E cos ~[ (q~). (7) 

He r e 

H =  (1 4eoT30R~)-~; M = 3~ ; 
2haL 

6~RT~t  . 
N = ha ~ , D = MeH~T~ -" 2 N e H ~  o. 

We can c o n s i d e r  the  f low of s u b l i m a t e  a s  s y m m e t r i c a l  with r e s p e c t  to  the  m e r i d i o n a l  p lane  p a s s i n g  
th rough  the g e n e r a t o r  ~o = 0, i . e . ,  ~ should  s a t i s f y  the b o u n d a r y  c ond i t i ons  

0/IJ'/0 7 : 0 for  y : 0 a n d  for  Y : a sin [3. (8) 

As the f lows a r e  s y m m e t r i c a l  with r e s p e c t  to the  p lane  r = r o, we have 

OT/dr = 0 for t" = r o. (9) 

To so lve  the b o u n d a r y - v a l u e  p r o b l e m  of (7)-(9) we p e r f o r m  a c o a f o r m a l  mapp ing  of the s e c t o r  0 < r 
< r0; 17[ < g sin/3 on a c i r c l e  of r a d i u s  rl0 = r0gsin/3 , by m e a n s  of  the a n a l y t i c a l  funct ion Z 1 = z i / s i n ~ ;  Zt  
= r l e x p  071); r~ = r~/sin/3; u = y/sin/3 = ~o. 

Then Z 1 = rlexp(t~o); s i n c e  

dZ 1 r l -s i~ 

dZ --  sin [3 ' 

(7) b e c o m e s  

V~g ~ = rT-2o-~i~)sin 2 [3 [D -~ e H N N  - -  MHA~E cos ~f (~)], 

02 1 0 1 03 
v? = + r7 +1r-r" or 

(Io) 
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, 

F i g .  2. C o i n c i d e n c e  
of the  m e d i a n  s u r f a c e  
of a s l o t  c h a n n e l  w i th  
the  Z p l a n e .  

I t  i s  s h o w n  b e l o w  t h a t  Nr~ << 1 f o r  m o d e s  of  o p e r a t i o n  of p r a c t i c a l  i n t e r e s t ,  
so  �9 i s  s o u g h t  a s  a n  e x p a n s i o n  (N O = Nr~) 

T = T (0) -I- No T(1) -~-N~T(2)+ . . .  (II) 

The  f u n c t i o n  ~(0) s h o u l d  s a t i s f y  (9) and  P o i s s o n ' s  e q u a t i o n  

VttI *(0)= r l  2(l-sinf~i sin s'- [8 [D - -  MHA, E cos 13f (r (12) 

The  p o t e n t i a l  r w i l l  be  s o u g h t  in the  f o r m  ~(0) = ,I,(~) + ,I, (~), w h e r e  @(8) i s  
a p a r t i c u l a r  s o l u t i o n  to  (12) and  ~ot~ i s  a f u n c t i o n  h a r m o n i c  in t he  Z 1 p l a n e  t h a t  
s a t i s f i e s  the  f o l l o w i n g  c o n d i t i o n  a t  r t = rl0: 

OTI ~ := - -  0T(0 c~/0G. (13) 

To d e t e r m i n e  ~(~) we e x p a n d  f(q~) a s  a F o u r i e r  s e r i e s :  

f(~) -- ~ a,, cos(mr,); no= 
1 1 2 ( - -  l)k+ I 

- - - -  ;. C/1 --- : :  , 
*d,,d a 2 " a21~ (4k ~ - -  1) = t$~0 

a2p~+ l = O ;  k =  1, 2 . . . . .  

T h e n  ~(]) m a y  be  pu t  a s  the s e r i e s  

S i n c e  we have  t h a t  

Up. I 0 .  q ) 

tz==l 

b n = - -  MHA.Ea,~ cos [3; 2~vl~ " o VI ~o~ = r7 2(I . . . . .  ~) cos (ntF). 

dZl dZ-1 ; cos (rap) 2rf ' rl (Z1ZOI/2 

t he  l a t t e r  e q u a t i o n  c a n  b e  p u t  in c o m p l e x  f o r m :  

dZ 1 dZ 1 - - 8  2~ '''-'+l-sinl~ + Z7/2+1-~inl3"" 

We i n t e g r a t e  the  r i g h t  s i d e  s u c c e s s i v e l y  wi th  r e s p e c t  to Z 1 and  -Z1 to o b t a i n  

w(o) 1 1 Z~ - -  Z[' r~ ~"~ cos (nqa) (14) 
O~ ~ . . . .  2 n z -  4 sin ~ [8 (ZlZl) n/2-sinfj f 1 2  4 sin s [~ 

F o r  fi = ~/6 a t  n = 1 a s o l u t i o n  in  the  f o r m  of (14) wou ld  be  m e a n i n g l e s s ,  and  in t h a t  c a s e  

�9 ~ z  1"I t •(0) = 1__ In ( - ~  \ ] : ([rl flCOS ~ q) s i n  ~p), 
x O l  8 T -T" 

If/~ ~ ~ /6 ,  t hen  ~,~0) i s  s o u g h t  in  t he  s a m e  f o r m  a s  q(~), i . e . ,  

TI ~ sin~18 ~ b T (~ ~--- 71 J/t �9 

n==l 

(On) H e r e  ,I, a r e  h a r m o n i c  f u n c t i o n s  t h a t  s a t i s f y  the  f o l l o w i n g  c o n d i t i o n  a t  r 1 = q 0 :  

~ 2sin~--  1 
,.,~: I,,~"(~ OTto ~ 2 s , ,  vr o cos (nqO 

Oq Or1 n ~ -  4 sin s [3 

T h e n  

.ITI, (0) 2sinRr2si'~ ( In ,--,o q cos (he). 
"~"* - -  n ( n  2 - 4 ~  q o /  

1 1 4 6  



Consequen t ly ,  f o r  fi ~ 7r/6 we have 

b,f~sin2~ [ 2sin~ ( r ~ /~  )2] 
~ ( o ) =  2 n2--4sin~l!l [ - - - n - - \ ~ o o  ) --(-~- .  cos(nq3). (15) 

n=l 

F o r  the ease /3  : ~/6 we d e t e r m i n e  9~ ~ f r o m  the boundary  condit ion at  r 1 : rio, which invo lves  a F o u r i e r  
expans ion  of qosin~o; in o t h e r  r e s p e c t s ,  the p r o c e d u r e  fo r  f inding g~(~) does  not  d i f f e r  f r o m  the g e n e r a l  c a s e .  
We then have  the f inal  r e s u l t  f o r  ~ = ~r/6: 

11 1 4 ,r0-  2In r0 2 cos~p+~sinq) 

n~2 

The d e t e r m i n a t i o n  of all the s u b s e q u e n t  @(k) r e s e m b l e s  tha t  of ~(0) in amount ing  to so lu t ion  of a P o i s -  
son equa t ion  whose  r igh t  s ide  con ta ins  the funct ions  d e r i v e d  in the p r e c e d i n g  s t ages ;  the bounda ry  condi -  
t ions  f o r  3~(k) /ar t  r e m a i n  h o m o g e n e o u s  as be fo re ,  so all  the t e r m s  in the a s y m p t o t i c  expans ion  of (11) can  
be d e t e r m i n e d  by the above s c h e m e .  F o r  ins tance ,  if we subs t i tu te  (15) onto the r ight  in (10) we ge t  f o r  
~ / 6  

d d~ (i) sHsin ~[3 ' ~  b. , �9 ] 
- -- . a~  n: ' - -4 s tn~  ]~ 21) J : (Z l '  Z l ) ~ ~  (Zl' 21) - - (z ;  (Zl' 21) j 
dZ~ d2~ 4 .... ~ . ' 

,, 1 
~.~ (Z. 21) --  )r2~i~ 

---i0 
sin fi s (z,, 2,) - 

nr~o 

z n  ' 2 - 2 s  n [ ~ - - i  ~ 2 s i n t 3 - l - - n . 2  
l ' , z~  I ' , 

z . ,  1 B 

The so lu t ion  at  r 1 = rio to the condi t ion a#(1)/arl  = 0 fo r  the l a t t e r  equat ion t akes  the f o r m  

2 ~ n 2 - - 4 s i n ~  n ( n + s i n l  3) \~o, '  " n2--16sinal3 Z 
n = l  

t~-(n-2 E ~ )  n (n 2 -  16 sin 213) j 
(16) 

We d e t e r m i n e  the unknown t e m p e r a t u r e  of the s u b l i m a t e  at  r = r0, ~ = 0 iT(r0; 0) = TO; 9@0, 0) = %] 
by equa t ing  to z e r o  the i n t eg ra l  o v e r  the s u r f a c e  of the cone (0 < qo < 2n, 0 < r < r0) on the r ight  in (10), 
which is p r o p o r t i o n a l  to the spec i f i c  hea t  flux to the o u t e r  skin;  we use  (15) to ge t  the fol lowing t r a n -  
s cenden t a l  equa t ion  a c c u r a t e  up to N o = r~N f o r  th is  c a s e  [N O = N 0(T0)]: 

T~-A._~Ec0s~ { l__NoeHsin2~ [ a i . ~  ( - -1 )  ~+~ J}  
as~ 2 ( l + 2 s i n ~ } )  2 f~l (4k~l)(k-:s in[5)k  " (17) 

As in the d e r i v a t i o n  of (7), ;ve neg i ec t  the second t e r m  on the r igh t  in (2) to ge t  the equa t ion  fo r  the 
s t a t i o n a r y  d e s u b l i m a t e  d i s t r i bu t ion :  

�9 d6' _ q 

d~ coLp' 

Consequen t ly ,  

6'=6; ~ HA.oEcos/3 [ ~ _ f l ( q 0 )  l ~ 0 ( N ~  , 
coLp' [ ~  

] 0 for O<:(p~x/ '2ahd3~/2<cp~2~, h(~) 
[ i - - s i n q 0  for ~ / 2 < q ~ < 3 ~ / 2 .  

(18) 

By v i r tue  of (6), the m a x i m u m  t e m p e r a t u r e  d i f f e r e n c e  at the s u b l i m a t i o n  s u r f a c e  is 
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AT = T (ro, Jr) - -  T (ro, O) . . . .  31xRT~ r~ sin" 13 cos f~HA~E 
..... L~Po r (Pc) h3 

• a,~ n(n -1- 2 sin~) n 2 - - 4  sin2~ n(n -~ 4 sin~) n ~ n ~ _ s i n  13 ) . (19) 

As a n  i l l u s t r a t i o n  we c o n s i d e r  a c o n i c a l  t h e r m o s t a t  r o t a t i n g  a r o u n d  a n  a x i s  p e r p e n d i c u l a r  to the s o l a r  
r a d i a t i o n  f lux  (E = 1392 W/m2);  wi th  As = 0 .15 ,  e = 0 .18,  fi = I r / 4 , a n d  R w = 0,  T O = [1 + 0(N0)] .260~ and  if 
the  w o r k i n g  body i s  w a t e r  (L = 3 . 0 6 -  106 J / k g ,  t l  461 .36  m 2 / s e c  ~ ~ p = 0 . 8 1 - 1 0  ~ N .  s e e / m 2 ) ,  t h e n  P0 

182 N/m 2, and  f o r  r 0 = 2 m ,  2h = 10 an d  20 m m  the  d i m e n s i o n l e s s  p a r a m e t e r  N O = 3 .78"  10 .3 and  4.73 
�9 10 -~, wh i l e  the  e r r o r  in the  t h e r m o s t a t i c  c o n t r o l  c a n  be e s t i m a t e d  in  t e r m s  of  the  m a x i m u m  t e m p e r a t u r e  
d i f f e r e n c e s  A T  ~ 0 .123~  a n d  0 .0154~ r e s p e c t i v e l y .  

If are n e g l e c t  q u a n t i t i e s  of o r d e r  No, we f ind  t h a t  fo r  r = r 0 the  m a x i m u m  and  m i n i m u m  in the t h i c k -  
h e s s  6 '  of  the  l a y e r  of d e s u b l i m a t e  c o r r e s p o n d  to  the  f o l l o w i n g  a n g l e s :  ~o = a r c c o s  ( -  1/~r) and  ~o = 2~r - 
a r c  co s  ( -1 /~r) :  

6max- -6o+  0.545 HA~EcosB ; ~L~ =6; _ 0.545 HA~Ecos~.. 
r o~Lp' 

If 6 '  i s  n o t  to v a r y  wi th  ~0 by  m o r e  t h a n  6~-61,  the  t h e r m o s t a t  m u s t  r o t a t e  with the  a n g u l a r  v e l o c i t y  

(o > % ~ 1,09 HA~E cos ~l (20) 
Lp' (6; - -  61) " 

The  m i n i m u m  n e c e s s a r y  a n g u l a r  v e l o c i t i e s  f o r  R w = 0 (H = 1),/~ = ~r/4 ,and d~-6~ = 0 . 0 5 , 0 . 1 0 ,  a n d  1.00 
m m  a r e  % = 9.95 �9 10 -4, 5 . 2 5 . 1 0  -4, a n d  0 . 5 2 5 . 1 0 - 4  s ee  - l ,  i . e . ,  the  t h e r m o s t a t  m u s t  p e r f o r m  a r o t a t i o n  in 
t i m e  i n t e r v a l s  n o t  e x c e e d i n g  1�9 3.31, and  33.1 h, r e s p e c t i v e l y .  

We use  (3), (5), (6), a n d  (20) to e s t i m a t e  the  r a t i o  of  the  s e c o n d  t e r m  on  the r i g h t  in  (2), wh ich  c h a r -  
a c t e r i z e s  the  t h e r m a l  i n e r t i a  of the  i a y e r  of d e s u b l i m a t e  (and s k i n s ) ,  to the f i r s t  t e r m ,  which  c h a r a c t e r i z e s  
the  h e a t  i npu t :  

�9 , ' 2 2 ( ) 
~ ~o (c'p'6 o 4- %p~6~) dT/dq~ c 6oRTo~r o sin 2 [3HA~E c~p~3~ 

q L3Po r (Pc) (6"~-- 6;) h a 1 + c'p'6s cos [3. 

For water with 6~-6] = 0(6~), A 3 = 0.15, fl = 7r/4, e = 0.18 (T O = 260~ R w = 0(H = I), CwOw6w/C'p'6~ 
0, E = 1392 W/m 2, r 0 = 2m, and 2h = 10 and 20 ram, and we have, respectively, ~ ~0.0034 and 0.00043. 

The above case corresponds to constant height of the slot between conical skins, and it represents a 
monotonic increase in the temperature differences AT(r) = T(r, ~)-T(r, 0) as one recedes from the vertex 
of the cone (as r increases); the thermodynamic parameters of the sublimate are uniquely related to ~, 
(apart from an additive constant), and they are dependent not only on q but also on r. 

The dependence of ~I, and AT on r can be eliminated by appropriate shaping of the slot; if Kn < 0.01, 
we can neglect the effects of slip, and for Ah ~ 0 we have (3) for @ in the following form [2]: 

V (h3v ~)  --  3~LJm " q~ (P) -- P 
2 �9 RT 

We s e e k  t.he gap  p r o f i l e  in  the  f o r m  h = h0( r l / r l0 )n ;  t h e n  in  p l a c e  of (10) we h a v e  in  the  Z 1 p l a n e  t ha t  

" ---ff-Orl -=- ton + I) q --Oq ~ ,'h ~ ~2~i~-3~ [DI+ eHNI~__M1HA~E cos 13f (r (21) 

3 3 3 H e r e  D 1 = h D, N 1 = h N, M 1 = h M, ODJ0h  = 0,  8Nl /~h  = 0,  OM1/0h = 0; if t h e s o l u t i o n  to (21) tha t  s a t i s -  
f i e s  (9) Is n o t  be  to  d e p e n d e n t  on r ,  we shou ld  pu t  n = (2 s in/3)/3,  i . e . ,  h = h0(r/r0)  2/3. 

S i m i l a r l y , w e  c a n  c o n s i d e r  the  p h a s e  t r a n s i t i o n  in  t he  r e l a t i v e l y  na r rov r  gap  2h b e t w e e n  two s p h e r i c a l  
s k i n s  w h o s e  r a d i i  a r e  r 2 - h  and  r 2 + h (h / r  2 << 1); t he  c o n d i t i o n s  f o r  e x t e r n a l  h e a t  ~ r a n s f e r  a r e  a s s u m e d  to be 
the  s a m e  a s i n  the c o n i c a l  s k i n s ,  i . e . ,  

{ - -  e(rT~ for 0 < ~0 < ~]2, (22) 
q =  4 --eaT~--A~Ecoscp for ~ / 2 < ~ < ~ .  
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The potent ia l  ,Is ( introduced above) h e r e  should s a t i s fy  the equat ion of c o n s e r v a t i o n  of  m a t t e r  (symbols  
as  before) :  

3p.r~J,n 1 d (  d )  
K T =  2 h ~ ;  K =  sin--~- d-~ sinq~ - ~  . (23) 

Equat ions  (7) and (8) will  now give 

2 D ,  K ~  = r 2 [ -7 eHNW" - -  M H A f f  (cp)], 

0 T / & p = 0  for (p=0andfor  ~p=a .  

The potent ia l  ,Is is sought  in the f o r m  of (11); ,I,(~ is a solut ion to 

K~F (~ r2 [D-- MHA,Ef(~p)]; OT/&p = 0 for q~ = 0, a. 

(24) 

(25) 

(26) 

The n 

3t*r~HA,E 
gt(0) (T) = ~(0) (0) - -  4haL [= (~p), 

[2 (~) = { In cos (?/2) for 0 < ~p < ~/2, 
In sin (qo/2) + cos q0 for a/2 < r < ~. 

The de r iva t ion  of all the su bsequ ent r (k) amoun t s  to soh, ing analogous  p rob lems  K~e(k) = e H,I ,(k- 1); 
0,~ (k)/a~o = 0 for  ~o = 0; 7r. 

For ins tance ,  

3~tr~eH A~E 
�9 (') (~) = T (') (0) --  4h% - F ((p), 

[ 2I (cos W'2) - -  (ln 2 - -  1/2) In (cos ~p/2) O< q:< ~ -  , 

F (~o) = ,I 

2 2 
] 

(' x lnx  
I (c 0 = ,) 1 - -  x ~ dx. 

(27) 

The m a x i m u m  t e m p e r a t u r e  d i f f e rence  at the sub l imat ion  su r f ace  is 

3~tr~RT~HA~E I I 3~tr~RT~eH O (No) l 
AT = 4L2po dp (Po) ha haLPo r (Po) q- " 

(28) 

(29) 

The t h e r m o d y n a m i c  p a r a m e t e r s  [P0, ~(P0)] can  be d e t e r m i n e d  f r o m  the C l a u s i u s - C l a p e y r o n  equation,  
as  (3) shows,  if we use 

To = v ~ g  / -  ~-~-'E [1 N~ ( ln 2 ~ 3 ) + O (N~) . (30) 

One cannot  ma in ta in  s teady  t h e r m o s t a t i c  condi t ions  by v i r t u e  of phase  t r an s i t i ons  indef ini te ly  long in 
a s p h e r i c a l  gap by ro ta t ing  a sphe re  a round a s ingle  ax is ,  on account  of change in the condi t ions  fo r  e x t e r -  
nal hea t  t r a n s f e r  a long the g e n e r a t o r s ;  such a t h e r m o s t a t  can w o r k  in pulse  mode ,  i .e . ,  fo r  a finite t ime t 1 
c o r r e s p o n d i n g  to e l imina t ion  of  the desub l ima te  l a y e r  at the point ~, = rr fo r  w = 0 o r  along a g r e a t  c i r c l e  on 
the s p h e r i c a l  su r face  in the plane of ro ta t ion  if co is l a rge  enough.  If we neg lec t  quant i t ies  of the o r d e r  of  
N 0, the t ime t 1 for  the above e a s e s  is def ined as  fol lows:  

4 pL6 .  I 
t i = ~ - .  HA~E for o = 0 ;  t~ l /a*--1/4 

pL6. 2a~ 
• n >> t-T- 

1 1 4 9  



Here 5. is the initial thickness of the desublimate layer .  The thermosta t ic  control  may be considered as 
continuous if within time intervals  t 2 < t'] there is a change in the orientation of the axis of rotation with 
respec t  to the plane of rotation for  a' >> 2~/t I. 

r,~ 

2~ 
2h 
Z = re i7 and Z I = rlei~p 

T:v , T (p), T m 

q 
E 

A S , 

(7 

c ' ,  #', 5 ' ,  (c w, o w, 6 w) 

L 

P 
p,, T. 

R 

kw, k' 

( /  

NOTATION 

are spherical coordinates of points on the median slot channel surface; 
is the angle at cone apex; 
is the slot channel height; 
are the points on corresponding complex planes; 
are the temperatures of external thermostat surface, saturation tempe ra- 
ture at pressure p, and temperature averaged over the desublimate layer 
plus over outer shell, respectively; 
is the heat flux density at outer shell, W/m2; 
is the shortwave radiation flux density, W/m2; 
are the shortwave radiation absorption factor and emissivity of external 
su rface; 
is Stefan's constant; 
are the specific heat, density, and thickness of desublimate layer (outer 
shell), respectively; 
is the latent heat of sublimation; J/kg; 
is the pressure, N/m2; 
are the sublimate parameters at triple point; 
is the gas constant of sublimate, m2/sec2.~ (J/kg- ~ 
are the thermal conductivities of outer shell and desublimate layer, respec- 
tively, W/m. ~ 
is the complex conjugate ofa. 

1. 

2. 
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