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TRANSIENT SOLUTION OF EQUATIONS OF HYDRODYNAMICS IN GAS CLOUDS

A. PERAIAH

ABSTRACT

Wa have presented numerios) rasulta of tranelent phanomenon In incompresslble flulds. This has been
obtalned by solving the equationa of conssrvation of momentum, energy end masa In X and Y geometry. We
have used the expliolt tachniques In solving the partisl diffarential oquations. Initlally & non-steady siate la
assumed and [t [s found that one obising & steady state solution after sevarsl time stepe.

1. introductlon

When two gas clouds which are In motlon, whether they are In stellar aimosphares or In Interstellar apace,
collide, thare wliil be exchange In energy between the two clouds end the lonizetlon structure in the two clouds
wlil get modifled. This problem Is en extremely complicated one because, one has to conaldsr the trenslent
hydrodynamlo effects, s that one can predlct the tempseratuie and veloclty changes which [n turn, wlil allow us
to determine the lonizatlon structure of the mixture of the two clouds. There ara severai waye of obtalning
numerloal golution slnoe an analytical epproach falla to glve any meaningful answer. Wa have
made an eftempt of obtaining a numerloal eolution of the problem of radlal motlon of ges flows In stellar
atmospheres (Peralah 1882), The problem raqulres s carsful study of 1he svolution of the numerical salutlan.
Varlous methoda have been devised to eult the dliferent kinds of physloal sltuations. There are malnly two
kinds of approaches eg. (1) expliclt procedurea and (2) Impliolt procedurea In tha discrete mathods.

In this paper we shall consider expliclt teohnlques for obtaining the numerlcal solutlon of the equatlong of
continulty, momentum and energy.

2. FEquations of motlon and the method of obtalning solution

Wa shell conslder a simple problem of flulds whioh ars Incomptresalble and we ahall write the equatlona In
dimensioniess varlables, Let T, U and V represent the dimsnalonless varlebles of tempserature and vajooity
components In X and Y directions. Then we have (Hellums and Churchll 1862)

U av
% * 3V 0  Equation of continulty (1)
AT aT T 1 87
UtV - P, 3y Equatlon of energy (2)
and
au au U 1y
w U 5+ v—aY -T+ :—7,— Equetlon of momentum 3

Here r, X and Y are dimenstonless time and dlstance coordinates respectively and P, Is the Prandtl numbar,
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Wae would llke to solva the aquations (1), (2) and (3) subject to the boundary conditions:

Y=0 : U=V=0, T=1
Ymeo ! UmVa=T=0 (4)

=0 : U=eV=T=0

We should obtaln the solution to the partlal differentlal equetlons (1) to (3) for the dependent varlables U,
V, and T as functions of X, Y and 7. Obvlously wa Intend to obtaln a non-steady solution to thees equations.
If we set aU/ar and aT/ar to zero, we wlll obteln a steady etate solution. When the two clouds reach &
common temperature and hence [onlzation structure, the non-steady solutlon would tend to the steedy stete
scalution. Therefare, It le esaentlal that we should consider the non-steady state problem. As we Increase the
steps In time, we approach the steady state solution. We shall follow the method of solution described by

Carnshan et a}. {1869}, Wae seleat the dlscrets polnte on X and Y axls and obtaln the solutlon In successive
tims steps. An explliclt scheme can be wrltten as,

lflJ—U| 1, U, =YLy Uy, =Yl ! U
[ [ [ = r le 'R} s —2Ul +Ur-
Ay et vy S Ty 4 Sl =Sge s ®

1!1 =Ty, Ti, =T, r — 1k ! =
by Tt Loy Uy Ta=Tin g gy Ticte YTl L. _%_Ti Js! 2'{';;_4+T|. ) (6)

The stablllty condlition s glven by

UAr V| Ar 1. 24~
AX + AY + B (W wi

(see Carnshan at al. 1868),

In this problem wao shall conalder that the Prandtl number to be equal to unlty (Glatzmalerand Gliman 1881
g, b; Gliman and Gletzmalor 1881). We have computed the U, V end T flelde &t each step of r=.B, onthe grid
shown [n Flg. 1. Woe have presented the resulte In tha formof U, V, T grids In tables ot =8, 1,2, 3, 4,8,
10, 15, 20, 2B, 30, 36, 40, 46 and 80, One can eee that, Inltlally, tha changes are quite large snd with
succasalve time steps there Is convergence end one obtalne a steady state solution.

In the naxt paper, we shall prasent how thla procedure could be applled to compressible fluldes.
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