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Tempera ture  fields were  determined theoret ical ly and experimental ly  for a system of 
concentr ic  cyl inders  with gas filling the gap between cyl inders  under boundary conditions 
charac te r i zed  by constant differences in the values of the t empera tures  at the ends of the 
connection and by the existence of heat  t ransfer  obeying the Four i e r  law on the cyl indr ical  
sur faces  of the connection elements .  

The important  effect  of heat flows through insulation on the tempera ture  field of cyl indrical  bridge 
connections in cryogenic  sys tems  has been pointed out [1, 2]. The purpose of this paper  is a study of the 
qualitative and quantitative effects of heat  flows through insulation on the temperature  distribution along 
elements  of a separable connection and on the heat  flows along it to the cryogenic  fluid. 

We cons ider  the temperature  distr ibution along a separable connection in the form of two concentr ic  
cyl inders  of length R (Fig. 1) having the tempera ture  T o and T c (T o > T c) at the ends. The space between 
the cyl inders  is filled by a gas with an effective thermal  conductivity Xg. The outer cyl inder  and the cold 
cryogenic  piping in the connection section are covered with insulation, the effective thermal  conductivities 
of which have the respect ive  values ~1 and X2- 

For  a s teady-s ta te  mode where there is a Change in tempera ture  only along the lengthof the cyl inders  
and no tempera ture  gradient  over  their  thickness as well as constancy of the thermophysical  c h a r a c t e r i s -  
t ics of cyl inder  ma te r i a l  and insulation, the sys tem of equations for the thermal  conductivity of the elements 
of a separable connection is wri t ten in the following manner:  

d~T1 _ W g - -  Wi 

dx 2 ;~ 
(i) 

d2T., Wo - -  Wg 

dx ~ L 

The boundary conditions are  

T 1 (0) = T O = const, Ti (R) = T~ = const, 
(2) 

Te (0) = T o = const, T~ (R) = Tc = const. 

Heat t ransfer  between the cyl indr ical  surfaces  of the elements of the separable connection and the 
surrounding medium is taken into account in the differential equation as a distributed heat source depending 
on the coordinates:  

W i -- ~l (T o - -  Tl), Wg : - -  )~g (T~ - -  T~), W2 = ~ (T~ - -  To). (3) 
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F ig .  1. D i a g r a m  f o r  d e t e r m i n a t i o n  of the  t e m p e r a t u r e  f i e ld  in  a s e p a r a b l e  connec t ion .  

F i g .  2. T e m p e r a t u r e  d i s t r i b u t i o n  and t h e r m a l  f luxes  a long  the e l e m e n t s  of a s e p a r a b l e  c o n n e c -  
t ion.  Sol id  c u r v e s )  T1 and T 2 f r o m  Eqs.  (4), Xl = ~2 = 1 . 1 0  -4 W / m .  deg;  d a s h e d  c u r v e s )  m e a n  
va lue  of T l ( x ) - T 2 ( x )  f r o m  Eqs.  (4); a) ~1 = h2 = 1 . 1 0  -4 W / m - d e g ;  b) ~1 = 1 - 1 0  -2 W / m .  deg ,  X 2 
= 1 . 1 0  -4 W / m ' d e g ;  c) ~1 = 1 . 1 0 - 4 W / m - d e g ,  ~2 = 1 . 1 0  -2 W / m .  deg;  d) X~ = X 2 = 1 . 1 0 - 2 W  

/ m .  deg;  d o t - d a s h  c u r v e s )  ql and q2 f r o m  Eqs .  (7); 1) T1; 2) T 2 ( expe r imen t ) .  T,  ~ ql,2, W. 

The  s o l u t i o n  of equa t ion  s y s t e m  (1) i s  w r i t t e n  in g e n e r a l  f o r m  a s  

w h e r e  

T~ = (k -!- 1 - -  a )  (C~e ~ -i- C2e -ax) -!- (k -:- 1 - -  ~) (C3e bx - )  C~e -bx) -~- p (k @ 1) - -  kTr 

T~ = C1e ax -i- C2 e-~" -i- C3e b~ @ C4e -~'~ . -  P, 
(4) 

and 

C a =  T o ( k - - ~ )  ~ . p - - k T ,  [ T o ( k - - ~ )  ' = - ~ . p - - k T e ] e a R @ ~ ( T c - - p )  

a - -  ~ (a - -  ~) (e aR - -  e -aR) ' 

C2 = [ T o ( k - - ~ )  ' ~ ' p - - k T 3 e ~ R ~ ( T ~ - - P )  
(r - -  ~) (eaR - -  e-a~) 

Ca = T~ (k - -  a)  -~- a .p  - -  kTr __ [To(k - -  oL) + a .p  - -  kTr e bn @ ~ (T~ - -  p )  

C4 = [T o (k - -  a) -~.- oc. p - -  k T J  e bn -i- a (Tr - -  p) 

(~ - ~) ( e ~ -  e - ~ )  

a 2 b2 
(Z-- ~ - -  

9 

mg mg 

(5) 

a~ : :  nq -]- 2rag-:  m,,, ao_ .... m , . m g  -~- m , .  m., -!- m~.mg,  

a 3 = (m 1. m., rag. m~] T c -!- tn 1 .m~To, 

a : =  . 2 ' _ 2 ' 
mg -I mo -- a'-' .... mg -}- m 2 - -  b 2 

q .= " , h - - -  
rag mg 

k -  m o  a 3 
mg a~ 

(6) 

Equa t ion  (4) was  a n a l y z e d  on an  M-222  c o m p u t e r .  In the g e n e r a l  c a s e ,  the t e m p e r a t u r e  f i e ld  of the 
c o n n e c t i o n  i s  d e t e r m i n e d  by the c o e f f i c i e n t  of  t h e r m a l  c o n d u c t i v i t y  of  the c y l i n d e r  m a t e r i a l ,  by the t h i c k -  
n e s s  of  the c y l i n d e r s ,  by  the e f f ec t i ve  h e a t  t r a n s f e r  b e t w e e n  the w a r m  o u t e r  j a c k e t  and the o u t e r  c y l i n d e r ,  
by  the  h e a t  t r a n s f e r  b e t w e e n  c y l i n d e r s ,  and by the h e a t  t r a n s f e r  be tw e e n  the i n n e r  c y l i n d e r  and the c r y o -  
g e n i c  piping. 
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The equipment fo r  the exper imen ta l  investigation of t e m p e r a t u r e  dis t r ibut ion along the e lements  of a 
sepa rab le  connection has  been d iscussed  [1]. The the rmophys ica l  c h a r a c t e r i s t i c s  of the insulat ion and 
connection m a t e r i a l  and the geomet r i c  p a r a m e t e r s  of the connection e l emen t s  a r e  the following: T O = 282~ 

= "10 - 3 m ,  62= 12 .10  - z m ,  X= 1 1 W / m  T c = 77~ R = 0.197 m ,  6 = 1" 10 -3 m,  51 = 17.5" 10 -3 m ,  5g 22 
�9 deg, Xl -< l " 1 0 - 2 W / m ' d e g ,  ~ g = 0 . 0 1 6 W / m ' d e g ,  ~2 -< 1"10 W / m . d e g .  

Calculat ions made under  the assumpt ion  of constant  cyl inder  thickness  and the exper imen t s  showed 
that for  ~1,2 < 1 .10  -3 W / m - d e g  the va r ia t ion  of the t e m p e r a t u r e  along the e lements  of a separab le  connec-  
tion is given by a l inear  re la t ion  (Fig. 2a); the t h e r m a l  fluxes along the connec t ione lements ,  which are  given 
by the exp res s ions  

q ~ = _ X  dT~(x) S~, q~:--)~ dT2(x) $2, (7) 
dx dx 

a r e  constant;  the p r e s e n c e  of gas  in the gap has  no effect  on t he rma l  flow along the connection o r  on the 
tempe ra ture  d is t r ibut ion along it. 

With de te r io ra t ion  of vacuum in one of the connection sec t ions ,  i .e . ,  an i nc rea se  in the effect ive 
coeff ic ient  of t he rm a l  conductivity of the insulat ion,  ~1 > 1 . 1 0  -8 W / m .  deg (Fig. 2b) or  ~2 > 1 .10  -3 W / m  
�9 deg  (Fig. 2c), a co r respond ing  inc rea se  o r  dec r ea se  is obse rved  in the mean  in tegra l  t e m p e r a t u r e s  of both 
cy l inders  in c o m p a r i s o n  with the prev ious ly  d i scussed  case .  

With de te r io ra t ion  of vacuum in both sec t ions  (Fig. 2d), the t e m p e r a t u r e  field at  the w a r m  end of the 
connect ion is de te rmined  by the heat  t r a n s f e r  between the inner  cy l inder  and the cold cryogenic  piping, 
and the t e m p e r a t u r e  d is t r ibut ion along the e lements  is s i m i l a r  to that in Fig. 2c. T h e r m a l  fluxes through 
the insulat ion of the outer  cyl inder  a r e  a dec is ive  fac tor  fo r  the t e m p e r a t u r e  field of the cold end of the 
connection ( s imi la r  to the ease  shown in Fig. 2b). 

The nature  of the var ia t ion  and magnitude of the t he rma l  f luxes along the e lements  of the connection 
(Fig. 2b-<l) is de te rmined  by the quanti tat ive re la t ions  of the t h e r m a l  fluxes to the outer  cy l inder ,  the heat  
t r a n s f e r  along the gas  between the cy l inders ,  and the t he rma l  fluxes f rom the inner  cyl inder  to the c r y o -  
genic pipeline.  

The calcula t ions  and expe r imen t s  to de te rmine  the effect  of the t he rma l  conductivity of the gas  filling 
the gap between the cy l inders  on the t e m p e r a t u r e  field in the connection and the t h e r m a l  fluxes along it for  
the case  ~q,2 > 1 . 1 0  -8 W / m .  deg showed that the t e m p e r a t u r e  d i f ference  between the outer  and inner  cy l -  
inders  dec rea sed  as ~g inc reased  and the ove ra l l  t he rma l  l o s ses  in the region of the separab le  connection 
inc reased  somewhat .  

T 1 (x), T 2(x) 
T 0, Tc 
X 

R 
X :- x / l : [  

~g 
61u, 5g, 62u 

6 

Sl, S2 
61 = 61u ~ 
(52 = 6 2 U ~ - 7 -  ff 
Di, D2, d, D u 

N OTA TION 

a r e  the t e m p e r a t u r e  of ex te rna l  and in ternal  connection cyl inders ;  
a r e  the t e m p e r a t u r e  of w a r m  and cold connection ends; 
is the c u r r e n t  coordinate ;  
is  the length of connection; 
is the re la t ive  coordinate;  
is the t he rm a l  conductivi ty of connection ma te r i a l ;  
a r e  the effect ive t he rm a l  conductivity of insulat ion of ex te rna l  cy l inder  and cold p ipe-  
line at  connection section;  
is  the effect ive t he rma l  conductivity of gas  in the gap between cyl inders ;  
a re  the th ickness  of insulat ion for  ex te rna l  cy l inder ,  gap between cy l inders ,  and cold 
pipeline at connection section;  
is the thickness  of connection cyl inder ;  
a r e  the c r o s s - s e c t i o n a l  a r e a s  of ex te rna l  and in ternal  connection cyl inders ;  
is the effect ive thickness of ex te rna l  cy l inder  insulation; 
is the effect ive th ickness  of in ternal  tube insulation within connection section; 
a r e  the d i a m e t e r s  of ex te rna l  cy l inder ,  in ternal  cy l inder ,  c ryogenic  pipel ine,  and 
envelope.  
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