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In the isothermic state, gas flows in an infinite strip of a porous medium of finite length in the un-
steady condition. The pressure inside the mediym is dependent on the viscosity of the gas. The
medium is sealed at one end, so that no flow occurs across it. An analytical solution for the pressure
- "declines at the sealed end is obtained when there is a slight decrease in pressure at the other end.
Since the study of transient flow of gases through porous medium involves a type of
a non-linear equationl/for which there are no analytical methods, attempts have been
made by Jain? and others to find the approximate solution of such equations. However,
the modern trend of studying the flow of gases™ through porous medium is to take the
physical properties such as permeability, viscosity and density as variables. In view of the
variable pature of the physical quantities, Jain3 discussed the unsteady flow of gases
through porous medium of pressure-dependent permeability by analytical method.

In the present paper, unsteady flow of gases through porous medium of pressure-
dependent viscosity has been discussed analytically. Perturbation method* has been
employed to seek the approximate solution of the problem, when there is a slight dec-
rease in pressure at one end of the medium. It has been found that as the viscosity of
the gas increages, the dimensionless pressure ratio decreases.

N

BASIC EQUATIONS FOR GAS FLOWS IN POROUS MEDIUM

\

In the motion of a gas in a porous médiurﬁ, the equ‘altion of state is

For isothermic state, we have m = 1.

The equation of motion?! is -

— K op \ \ ‘
B = f— : 2
| dlv(p = gra.dP) 2 - @)
where K and f are respectively the permeability and porosity of the medium, and g
is the viscosity of the gas. In equation (2), it is assumed that the external forces are
ignored.
.

STATEMENT OF THE PROBLEM

We consider an infinite strip of porous medium of pressqré—depeﬁdent viscositj',
through which there takes place the transient flow of a gas under isothermal change
of state. The medium is of finite length L. The initial and boundary conditions to be
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_considered may be descrlbed a8 follows Let P, represent ﬁw cﬁnstant mma.l ﬁuld
pressure ingide the medium. The pressure at the- ond # = 0 is slightly decreased to P,

and the other end of the medium is gealed so that no flow: ommm ‘the planez = L. '

The problem is to determine the pressure - declines at the sealed end. at a,ny mstant of
“time,

- Assummg the viscosity of the gas as a lmea.r functmn of the pmssure in the form
- p=nP } d and takingthe axis of ® a}éng theiength of the»medmm, the fundamental
equation (2) reduees o the form S

fa' P ' aP _iaP -
[ (nP+d) ]“ K. ‘5? o )

if equation (1) is used with m = 1.

:S’O\LUTION
Introdumnga.new va:mblelt’(ﬂ’)deﬁnedby
P(w,t)~P0+(P1-P0)F(T)
where v
| =i

Using substitution (4), the initial and boundary conditions take the forms

CF(0)=0andF(e0)=1 .

and equation (3) reduces to o ,
4T2[{ 1+m(1+bF)}(1+bF)F”—;-bF’2]

+[(6T-—~a)(1—l—bF)——-1][1+u(1+bF)]F'-—0 (65
nPg '
a

where =

wnd b= (P, ~—P.})

To seek the solution, of the equa.tmn (6), we employ Per%urbamon Method.‘ Lot
the solutlon may be expresséd in the form ‘

F= FO+ bF1 + BF, + e -~
where Fy, Fy,........are contmuous dﬂferenmable funcklons of T to be determined,
and—1<b < 0is the perturba.tmn par&meter ‘Substituting (7) in (6) a.nd then equating

,oaeﬂicients of b to zeroforr ="0; 1 R we&bi:ai’n

o

N

41'214’ +(6T-——m——-1)Fo-—0 AR (5)"’f
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P14 ) B+ (1+2) Bl + ] e
+[<6T—«a——1)(1+a>ﬁ"' {6T(1+2m)—~2m(1+a)}m.,1 0 (9>

and so on. )
Now, the equafmon (8) ma.y be wntten a8 ,
| = W
whose solution'is | .
-—32 -—(1+a.)41' ‘ o «
F, -—Af / ’ s @y

SR

_ where 4 and B are constants of mtegrat;on and their values are ob’samed wﬂ:h the help
* of conditions (5). Usmg the properties of ertor’ functions, we then obtain -

) P=0" . .
- —-32 — 1 47
A;:(H‘“) dB=-—(1+°°) f T &le ¢ f“” T (12)
so- the requiredsolution of the-equation (8) is :
, O(T)—erfc( 1;;“ )* " S )

\/ T %
3 .

dlfferentlatlon with- respect ’oo T gwes,

— 32 -—(1+d 4T

and (14)

,',  1+ a\? "3 —52 \1‘ -—-7/27 ’--(1‘+a.)[4T
Fy (T)=( :;;a) [——-—2—1', +,(—-;-I~QT ]e ‘
Subétituting (13) and (14), the equation (9) reduces to.

ATER) +(6T—~o:—-1)F1 =_[(lii)*y 2~ (1+a)r
1+ 1, —1 :—(1‘+a)'/41" o
o S

This is a hnear equabmn in Fx who3e s)lubxon ma.y be obtained in the usual manner
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Thus, wo obtain . c
‘ —12 = (1ha)4T . [ 14 o \}
FI(T)=‘—'——% 1 ”%"T ! e ( )I. exrfe ( - ;;'nc) :
2@ (1+a) - SR
1 —(l4a)er. 1 [ . ,(1.1_“\)1} ]2
Tr(lFa) ¢ “saTtal e \—7 )
7 \b (1fa\t |

where C' and C, are constants of integration,

Substituting values of ¥, and F, from (13) and (16) in (7) and retaining only terms

containing b only, we obtain - -

14 o\ 1 —% —(1+a)ur
AESREYRES T S T
1 — (14 a)p2r 1 1+«
S I ¢ ey { oo (=

. 47 N} 14\t .
() e (=) )

With the help of the properties of error “ funutian#;ithé?’valués of Qaud C, are obtained

from the conditions in (5). Thus, the solution of the equation (17) is expressed as

erfc) ( 1;;‘%,){ |
)y

)

1+a)\d 1 —% —(14oyr 14+ a0\t
F(T)=erfc( ) ﬂ—_b[————-———- o (aﬁ"‘.) :
T eyt )
. 1° —(H‘.a)'/z:r 1 [ 1'+'a 172 |
(1+a)° T (T e (TT“) }

+ 2(fr—1—2) érfc(1+“)i].

T(1+a) 4T

This provides the required appfoximate solution for different values

bis negative and small such that — 1 < p <0.

DISCUSSION

For giving a definite idea of the value
(18), we consider®a particular case when

b=—0;1

which implies that P, the pressure at the end

0-9 Py and maintained at this value at all

instances for which ¢ >

@ =0 isreduced to the Ppressure of amount

- (18)
of «, 'When

% of the fﬁncti'on F(T) as given by equation

(19)
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The numerical values of F ('1') thus obtained for « = 0, 0-2, 0+6, 1-0 and 2-0
have been graphically represented in Fig. 1 for increasing values of T starting from
T = 0. The ordinate is the dimensionless pressure ratio F ( T'), where " \

,F(T)___%ﬁ AL (20)

and the abscissa is the dimensionless parameter 7', where

KP,t

' Evidently ¥ ( T') is the ratio of the pressure change at the sealed end to the pressure
change at the end z = 0. / ' Lo
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Fig. 1—Cutves of pressure ratio F(7) vs parameter 7' for different values of o.

. The curves for various values of win Fig. 1 show a systematic ‘shift for increas-
ing values of «, which implies that as the viscosity of the gas increases, the dimen-
sionless pressure ratio F ( T') decreases at any instant of time. The carve for & — 0

represents the case of an ideal gas of constant viscosity. - In this case F ( T ) takes
the form ' )

1 ' —% —147 - | —1pr
R G Rl B Y () PP

2m : 2}‘—; G

{ 1 2 1 1 ' ,
——%i erfc (EZT}-)} —l—(%—]—?) erfc(z—;ir )] | {22)

This result has been discussed in a previous paper?,
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