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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 a2 number of areas of technology it is very often
necessary to determine the thermal insulation proper-
ties of various kinds of closed shells.

Because of the complex configuration and multi-
layer character of certain shells it is not always pos-
sible to use the simplest method of determining the
gpecific heat fluxes through the walls. However, a
knowledge of the insulating properties of the shell is
extremely necessary in connection with various fitling
and emptying processes (pumping gasholders, dis-
placing liquids from tanks, repressurizing pressure
chambers, etc.), since heat exchange with the ambient
medium has an important influence on the duration
and other characteristics of the process. As will be
shown below, by suddenly repressurizing an evacuated
volume it is possible to determine quite simply from
the duration of the process the insulating properties of
the shell, to obtain correction coefficients for engi-
neering calculations.

We will congider a system cons1stmg of a volume
Vi in which the temperature and pressure are equal,
respectively, to Ty j and p;_j, anda surrounding space
at pressure py and temperature T, assuming that
Pt i < po and that in the general case Ty j Tp. At a
certain moment of time 7y a membrane of area f
bursts, and within a time 7y, the volume is filled with
gas from the surrounding space.*

On the basis of the law of conservation of energy we
can write**

dly =dI, —dq, (1

where dly = cpd(TyGy) is the total enthalpy of the gas
entering the tank in time d7; dI; = c,d(TyGy) is the
change in the total enthalpy of the gas in the tank on
the same time interval; dQ = qFdT is the amount of
heat entering the tank from outside or escaping through
the surface of the volume F.

Moreover, using the law of conservation of matter,
we write

4G, = dG, @)
or

G, = Gis + { G,
0

*In what follows we assume that 1) =
*We assume that heat losses take a minus sign.

where Gy ; is the amount of gas in the volume Vi before
it starts to fill. This means that the mass of gas in the
tank changes as a result of "inflow through the opening.
Here it should be kept in mind (see Fig. 1) that when
Pt.i <Per = €crPg the inflowwill be supercritical [1-3],

dG, = ﬁfpo

dv=A4,dr, 3)
VRTO

where Ag = const is some constant coefficient equal
to the mass flow rate per second

During the subsequent filling process at per <py =
=7
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The filling process as a whole can be divided into
two stages, the duration of the first stage being 7.,
and that of the second Ty, — Top

We now rewrite Eq. (1) in the form

TodGy = T,dG, + G dT, — "C—F dr. (5)
i
Using the equation of state
PV, = G,RT,. (6)
from Eq. (5) we obtain
14 9 dr. mn

TedGy = - dp, —

%

This equation is integrated by stages.
In the first stage (from 7 = 0 to T = 7, and from
Pt.i t0 Pop) We have

R F
po=pu (T + 2] e ®)

t »
and
— Vi (P —Pri) . ©
ART, - % oF

To obtain the law of temperature variation in the
tank during the first stage we rewrite (5),

oV qF
TydGy = T,dG, + -4 dT, —
0?Uo e T o A

.,

.Cp

whence, using (2), (3), (6), and (8), after simple trans-
formations and integration we obtain
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F
Gei Tei + 4To + Z—\ T

— p
Te= Gy; + 457 ' 1o

where

Gy = Ing .
RTs

In the second stage the law of variation of the flow
rate (4) is very complicated and integration in quad-
ratures is impossible. Accordingly, we assume a
parabolic law of variation of the flow rate, which is
quite close to reality, i.e., we assume [4] that

A
dGy = ——2

V1 —%en (1l —e)—¢e dr. (11)
—eg

Then from (7) with g = 0 we have

mpﬁvt(l—'ecr) «

A.RT,
X | arc sin M]pa (12)
Vb*—dac| ry, o

and

Pt =28 Po+ 0500 V Qe 2 —4(2e, — 1) X

g_'-' TC)‘ ) AG RTO R

x sin (13)
(1 —2q) PV,
For air (eq,. = 0.528 and g = 0.683)
T = T+ 0691 f VVI%'ITO (14)
and
p, = 0.528p, + 0.471p, sin —2297 VR, (+ %) | (5

Vi

In order to take heat transfer into account and ob-
tain a solution in quadratures, we assume a linear law
of variation of flow rate in the second stage

dd,
@

Fig. 1. Flow rate per second as a function
of pressure drop.

[ —e

dG, = A, d . (16)

1—e,

Then the solution of Eq. (7) will be

=1, +(1—ey) AZO‘Z}O In CpToiz;‘l' 9F

‘cfin cr

) (17)
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Fig. 2. Variation of the gas parameters as the tank
fills from a) py,§ = 107° torr, b) p; ; = 100 torr:
1) variation of gas temperature Ty (°K); 2 and 3)
variation of gas pressure in tank for parabolic and

linear laws of flow~ratevariation. pq in N/m?, 7in

S€ec.,
- _ 9F
pt - po [ 1 'J[' (1 gcr) CpToAG (17)
gF
— —ecr)( 1+ m)exp(r—tq)c}, (18)
where
AgRT,

= — 20
(1 —scr)povt

We obtain the law of temperature variation in the
second stage if we use equation of state (6), expres-
sion (13), and the relation

Gy=Gy; + AG Ter + dG,.

T

<
q —aa

Then

cpeV
T =g eTodo +(1 —ec)qF —

- (1 'ﬂgcr)(cpToAG + qF)EXP(T ‘_‘T_cr)c} X
X { cc,ToGy i +0c,ToAat o —CqF (7—1 )+
+ (6,ToAs +gF)[1—exp(t—r, )] } 2 (19)

The calculations presented in Fig. 2a correspond
to the case of a volume V, = 10 m® filling with air
through an opening f = 0.02 m’ from a pressure p; ; =
=107 mm Hg (1.33 - 10™°N/m? to py = 760 mm Hg
(1.015 - 10°N/m?), when the temperature of the sur-
rounding space Ty = 288° K and Ty ; = 223°K (we as-
sume that there is no heat exchange with the ambient
medium through the walls).

Clearly, in the first stage (from 7 = 0 to Tor = 1.35
sec) the pressure in the tank increases linearly, while
the temperature rises almost instantaneously to a value
equal to the ambient temperature.

In the second stage the pressure increases more
slowly, reaching p; at TEin = 3.25 sec (parabolic law
of flow-rate variation—curve 2) or at Thn ~ 6sec (lin-
ear law of flow-ratevariation—curve 3). However, the
difference in the pressures obtained from the different
laws of flow-rate variation is not great and does not
exceed 109,.
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The change of temperature (curve 1) in the stage is
quite negligible.

The results presented in Fig. 2b are for the same
vessel but with p;_j = 100 mm Hg (1.33. 10* N/m?),
the other initial data being similar to the previous
case.

Clearly, the variation of the parameters is essen-
tially the same, except that the temperature and pres-
sure curves areflatter. Moreover, since atthe higher
initial pressure there is a larger mass of gas in the
tank, the final temperature is established at a lower
level than in the previous case.

The average specific heat flux q through the walls
can be determined from the results of full-scale tests
using (9) or (18). For this purpose it is necessary only
to measure T,., the time required for the pressure to
reach pg,., the total filling time 7gjp, and the final tem-
perature established in the tank Ty fiq-

NOTATION

V is the volume, m3; T is the temperature, °K; I
is the enthalpy, J; Q is the quantity of heat, J; G is
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the mass of gas, kg; F is the surface of volume, m?%;
R is the gas constant, J/kg -deg; p is the pressure,
N/m?; 7 is the time, sec; f is the clear cross section,
m?; cp is the specific heat, J/kg - deg; q is the spe-
cific heat flux, W/m?; eis the pressure drop; k is the
adiabatic exponent. Subscripts: t) tank; i) initial; fin)
final; cr) critical; 0) atmosphere,
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