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The solution of the problem of a suddenly repressurized vacuum 
chamber is analyzed. The laws of variation of pressure and tempera- 
ture during the filling process are established. The effect of heat ex- 
change with the ambient medium on the duration of the filling pro- 
cess is indicated, and it is concluded that the insulating properties of 
shells may be similarly determined. 

In a number  of  a reas  of technology it i s  v e r y  often 
n e c e s s a r y  to de t e rmine  the t he rma l  insulat ion p r o p e r -  
t i e s  of va r ious  kinds of c losed  she l l s .  

Because  of the complex configurat ion and mul t i -  
l ayer  c h a r a c t e r  of ce r t a in  shel ls  it is not always p o s -  
s ible  to use  the s imples t  method of de te rmin ing  the 
speci f ic  heat  fluxes through the wal ls .  However ,  a 
knowledge of the insulat ing p rope r t i e s  of the shel l  is 
e x t r e m e l y  n e c e s s a r y  in connection with va r ious  f i l l ing 
and emptying p r o c e s s e s  (pumping gasholders ,  d i s -  
placing liquids f rom tanks, r e p r e s s u r i z i n g  p r e s s u r e  
chambers ,  e tc . ) ,  s ince heat  exchange with the ambient  
medium has an important  influence on the durat ion 
and other  c h a r a c t e r i s t i c s  of the p r o c e s s .  As will  be 
shown below, by suddenly r e p r e s s u r i z i n g  an evacuated  
volume it is poss ib le  to de t e rmine  quite s imply  f r o m  
the durat ion of the p r o c e s s  the insulat ing p rope r t i e s  of 
the shel l ,  to obtain co r r ec t i on  coeff ic ients  for engi -  
neer ing  calculat ions.  

We will  cons ider  a sy s t em consis t ing  of a vo lume 
V t in which the t e m p e r a t u r e  and p r e s s u r e  a r e  equal,  
r e spec t ive ly ,  to Tt. i and Pt. i, and a surrounding space  
at p r e s s u r e  P0 and t e m p e r a t u r e  To_, a s s u m i n g  that 
Pt. i << P0 and that in the genera l  case  Tt.  i ~ To. At a 
ce r t a in  moment  of t ime  To a m e m b r a n e  of a r e a  f 
bu r s t s ,  and within a t ime  Tfi n the volume is f i l led  with 
gas f rom the surrounding space .*  

On the bas i s  of the law of conserva t ion  of energy we 
can wri te** 

dlo = dI t - -  dQ, (1) 

where  dI0 = cpd(ToG0) is the total  enthalpy of the gas 
en ter ing  the tank in t ime  tiT; dI t = cpd(TtG t) is  the 
change in the total  enthalpy of the gas in the tank on 
the same t i m e  in te rva l ;  dQ = qFdT is the amount of 
heat  en ter ing  the tank f rom outside or  escaping through 
the sur face  of the vo lume F. 

using the law of conserva t ion  of ma t t e r ,  Moreove r ,  
we wr i te  

o r  

dOo = dO t (2) 

O t =GLi + SdO~ 
0 

*In what follows we a s s u m e  that  T0 = O. 
**We assume  that  heat l o s s e s  take a minus sign. 

where  Gt. i is the amount of gas in the volume V t before  
it s t a r t s  to fi l l .  This  means  that the mass  of gas in the 
tank changes as a r e su l t  of in f low through the opening. 
Here  it should be kept in mind (see Fig.  1) that when 

Pt.i  <Pcr  = ScrP0 the inf lowwil l  be s u p e r c r i t i c a l  [1-3],  

dGo = ~ fPo d'c = A 6d% (3) 
~/RTo 

where  A G = const is some constant coeff ic ient  equal 
to the m a s s  flow ra te  per  second 

Dur ing  the subsequent  f i l l ing p r o c e s s  at Pcr  < Pt -< 

- P0 

dGo f P ~  x 
cgro 

k Pt ~-  Pt ~ -  
x 2 k _  1 - -  dz. (4) 

The f i l l ing p roces s  as a whole can be divided into 
two s tages ,  the durat ion of ~he f i r s t  s tage  being Tcr 

and that of the second Tfi n - Ter. 
We now r e w r i t e  Eq. (1) in the f o r m  

TodGo=TtdG t + G t d T t - - q F  d*. 
Cp 

Using the equation of s ta te  

(5) 

Pt Vt = G, RT  t. (6) 

f r o m  Eq. (5) we obtain 

TodG ~ V t qF d ~. 
= - ~ - d p - -  cp (7) 

This equation is in tegra ted  by s tages .  
In the f i r s t  s tage (from 7 = 0 to T = Tcr and f rom 

Pt.i  to Pcr ) we have 

and 

Pt = Pt.i -]- ~ t  T~ + ~ (8) 

Vt (P ~ - -  Pt.i ) 
Tcr ,~ ! (9) 

AaRT o + ~ -  qF 

To obtain the law of t e m p e r a t u r e  var ia t ion  in the 
tank during the f i r s t  s tage we r e w r i t e  (5), 

TodGo = Ttd6 t + ptVt dT t - -  qF d~ ' 
RTt  Cp 

whence,  Using(2), (3), (6), and (8), a f ter  s imple  t r a n s -  
fo rmat ions  and in tegra t ion  we obtain 
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w h e r e  

Gt i Tt i q- ( AGTo + qF ~ T 
�9 " C p  

Tt = 6t. i q- A~ "c ' (lO) 

~t.i "~ Pt.iVt 
RTt.i 

In the s e c o n d  s t age  the  l a w  of v a r i a t i o n  of the  f low 
r a t e  (4) is  v e r y  c o m p l i c a t e d  and i n t e g r a t i o n  in quad -  
r a t u r e s  is  i m p o s s i b l e .  A c c o r d i n g l y ,  we a s s u m e  a 
p a r a b o l i c  law of v a r i a t i o n  of the  f low r a t e ,  which  is  
qu i te  c l o s e  to r e a l i t y ,  i . e . ,  we  a s s u m e  [4] tha t  

A G 
dGo = - -  

I - -  get  
V' 1 - -2ac t  (1 - - e ) - - ~ 2  d*. (11) 

Then  f r o m  (7) wi th  q = 0 we have  

�9 poV t ( 1 - -  ecr ) 
Zfi n = %cr AoRT ~ x 

and 

x [arcs in  2a_Ptk-b ]P~ 
L V'b 2 - -  4ac j Pt,cr 

Pt = r Po @ 0.5po ~f (2ecr) ~ --4(28cr - -  1) • 

(12) 

and 

x sin ('~ - -  "%r ) Ao RTo (13) 
(I .... %,)poV t 

F o r  a i r  (ecr  = 0.528 and/3 = 0.683) 

Vt 
�9 - -  + 0.691 (14) 

T f i n - -  Tcr 2 f V ~ o  

1.445f VRTo (* -- %r) 
Pt = 0.528p0 + 0.471po sin Vt (15) 

In o r d e r  to t ake  hea t  t r a n s f e r  into accoun t  and ob -  
t a in  a so lu t ion  in q u a d r a t u r e s ,  we a s s u m e  a l i n e a r  law 
of v a r i a t i o n  of  f low r a t e  in the  s e c o n d  s t a g e  

dGo 

0 

J \\\ 
I 

I~ cr f PO 

Fig. i. Flow rate per second as a function 
of pressure drop. 

dG o = Ao l ---s  d~. 
1 - -  8cr 

(16) 

Then  the  so lu t ion  of Eq.  (7) wi l l  be  

T;i n = "I:cr -~- (1 - -  ecr ) poVt cpToAo + qY 
A ~ o  - In qF (17) 

P t  
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Fig .  2. V a r i a t i o n  of the  gas  p a r a m e t e r s  as  the  tank  
f i l l s  f r o m  a) Pt. i = 10-5 t o r r ,  b) Pt. i = 100 t o r r :  
1) v a r i a t i o n  of gas  t e m p e r a t u r e  T t (*K) ; 2 and 3) 
v a r i a t i o n  of gas  p r e s s u r e  in tank  fo r  p a r a b o l i c  and 
l i n e a r  l aws  of f l o w - r a t e v a r i a t i o n .  Pt in NAn 2, r in 

see .  

Pt = p o l l  + ( 1  - - % , )  qF 
CpToA~ (17) 

( - - ( 1 - ~ c J \  1 + 

w h e r e  

c -- A~ RTo 

(1 - -  e cr) poVt 

(18) 

We obta in  the  law of t e m p e r a t u r e  v a r i a t i o n  in the 
s e c o n d  s t a g e  if we  u s e  equa t ion  of s t a t e  (6), e x p r e s -  
s ion  (13), and the  r e l a t i o n  

G t = G t . i  +A6xcr  + JdGo. 
"~ cr 

Then  

--  cp~ t CpToAG + ( I ) qF - -  

- -  ( 1 - -  %r) (cpToA~ § qF) exp (x - -  "re r ) c } • 

x { ccpToGt.i +ccvToAG'~cr - -  cqF (T--Zcr)+ 

+ (cpToAG -FqF) [ 1--  exp (T--rcr)cl } -~. (19) 

The  c a l c u l a t i o n s  p r e s e n t e d  in F ig .  2a c o r r e s p o n d  
to the  c a s e  of a v o l u m e  V t = 10 m a f i l l i ng  wi th  a i r  
t h r o u g h  an opening  f = 0.02 m z f r o m  a p r e s s u r e  Pt.  i = 
= 10 -5 m m  Hg (1.33 �9 1 0 - 3 N / m  z) to P0 = 760 m m  Hg 
(1.015 �9 105N/m2), when the  t e m p e r a t u r e  of the  s u r -  
round ing  s p a c e  To = 288 ~ K and T t . i  = 223~ K (we a s -  
s u m e  tha t  t h e r e  i s  no hea t  e x c h a n g e  wi th  the  a m b i e n t  
m e d i u m  th rough  the  wa l l s ) .  

C l e a r l y ,  in the  f i r s t  s t a g e  ( f rom T = 0 to r e r  = 1.35 
see)  the  p r e s s u r e  in the  t ank  i n c r e a s e s  l i n e a r l y ,  wh i l e  
t he  t e m p e r a t u r e  r i s e s  a l m o s t  i n s t a n t a n e o u s l y  to a va lue  
equa l  to the  amb ien t  t e m p e r a t u r e .  

In the  s e c o n d  s t a g e  the  p r e s s u r e  i n c r e a s e s  m o r e  
s lowly ,  r e a c h i n g  P0 at T~i n = 3.25 s e c  (parabo l ic  law 
of f l o w - r a t e  v a r i a t i o n - - c u r v e  2) o r  at  T'~i n ~ 6 s ec  ( l in-  
e a r  law of f l o w - r a t e v a r i a t i o n - - e u r v e  3). H o w e v e r ,  the  
d i f f e r e n c e  in the  p r e s s u r e s  ob ta ined  f r o m  the d i f f e r e n t  
l aws  of f l o w - r a t e  v a r i a t i o n  is  not  g r e a t  and does  not  
e x c e e d  10%. 
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The change of t e m p e r a t u r e  (curve 1) in the s tage  is  
quite negl ig ib le .  

The r e su l t s  p r e s e n t e d  in Fig .  2b a r e  for  the s a m e  
v e s s e l  but with Pt. i = 100 m m  Hg (1.33. 104 N/m2), 
the other  in i t ia l  da ta  be ing  s i m i l a r  to the p rev ious  
ease .  

C lear ly ,  the va r i a t i on  of the p a r a m e t e r s  is  e s s e n -  
t i a l ly  the same ,  except  that  the t e m p e r a t u r e  and p r e s -  
su r e  c u r v e s  a r e  f l a t t e r .  Moreove r ,  s ince  at the h igher  
in i t ia l  p r e s s u r e  t h e r e  is  a l a r g e r  m a s s  of gas in the 
tank,  the f inal  t e m p e r a t u r e  is  e s t ab l i shed  at a lower  
level  than in the  p rev ious  case .  

The ave rage  spec i f i c  heat  flux q through the wal l s  
can be de t e rmined  f rom the r e su l t s  of f u l l - s c a l e  t e s t s  
us ing (9) o r  {18). F o r  this  pu rpose  it is  n e c e s s a r y  only 
to m e a s u r e  Tcr,  the t ime  r e q u i r e d  for  the p r e s s u r e  to 
r e a c h  Pc r '  the to ta l  f i l l ing  t ime  ~'fin, and the f inal  t e m -  
p e r a t u r e  e s t ab l i shed  in the  tank Tt. fin" 

NOTATION 

V is the volume,  m3; T is  the t e m p e r a t u r e ,  ~ I 
i s  the enthalpy,  J; Q is  the quant i ty  of heat ,  J; G is  

the m a s s  of gas,  kg; F i s  the su r f ace  of volume,  m2; 
R is the gas constant ,  J / k g .  deg; p is  the  p r e s s u r e ,  
N/m2; r i s  the t ime ,  sec;  f is  the c l e a r  c r o s s  sect ion,  
m2; Cp i s  the spec i f ic  heat ,  J / k g  �9 deg; q i s  the s p e -  
c if ic  hea t  flux, W/m2; e i s  the p r e s s u r e  drop;  k is  the 
ad iaba t ic  exponent.  Subscr ip t s :  t ) t ank ;  i ) i n i t i a l ;  fin) 
final; cr)  c r i t i ca l ;  0) a tmosphere .  
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