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Ahstract
' E
In this paper we suggeat a aamnd-ﬂr&er ﬂmd in cell (]:"‘LIG') method for the one-dimensional
unsteady compreesible flow problems. The Numerical result obtsined by the present ‘method is
-+ compared with the cne obtained with fhe ongmail EDIU method and the exact sclution for a shock
tabe problem.

Introduction

, -

The fluid in cell (FLIC) method™ is one of the most usefal difference methods
in the computational fluid dynamics. However, ag it has only firsi-order accuracy,
it cannot give a satisfactory numerioal result in:some ceses. This paper suggests a
second-order fluid in cell (FLIC) method for the one-dimensional unsteady
compressible flow problems. The result obtained by the present method is compared
with the one obtained with the original FLIC method and the exact solution for the
shook tube problem. The comparison demonﬂtra.tes that the second-order FLIC
method 19 satisfectory.

Second-order Fluid in Cell Method

The eqguations of one-dimensional uns'beady compremble fluid flow majr be
written in the following forms: -
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whera p is the denmty, ¢ is the velomty, p is the premure and e is the internal energy
per unit mass, Amume the gas is poljfmpm in that ease equation of state is
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The seoond—order FLIO method caloulates the quantities at time (n-- D 4i in
terms of those at time ndé where n is a number of iime step. Within one fime- step,
the new quantities are computed in fwo . phases: First, intermediate valnes are
computed for the velooities and specific internal energy t4aking into account the
offeots of acoeleration caused by pressure gradients. . Saﬁond transport offects are
computed.

Phase 1. By the following 'liWO—B'lin method }ntermedmta values % and e, are

obtained:
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 Phase 2. Transport effocts are now computed. We rega.rd the distributfions of
intermedlate_values of pi, U, € in each mesh (#;_1/2, %is1se) 88 linear functions, i.e.
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In orderto presém the* mbnotonimty of the nhmeﬂ&dl‘*ﬁ?}flﬁon ; the fullowing
va.n Leer monotonicity a=.v‘]gt:):u‘s]m:n"“‘1 is wsed: s g S
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Here w denotes p, 4 or e. Van Leer used l=2 but we mse 1<A<E. In order to

simplify the notations, the same notations are used for 'bhe results of dip, 4% and A
obtained with the monotonicity algorithm (12).

If E‘_}_if‘g _—n ":;—_'{( ﬂl’l+'2_ A‘“ )+(“{+1"""§-A|+1ﬂ')}>0 ﬂ-ﬂd E:-l-lfﬂ — EE;"I" -—%— A‘E:" 0‘,

the fluids flow from oell (fi)' to 0311(@-1-1) I Hy1/0<0 and
“ﬁm "“”l-h:l.”"":!"' 4, 12<0,

the fluids flow from cell (%-1-1) t0 oell (@) For other situations, we auppose that the

-y

fluids do not flow throughthaboundnry@;;ﬂﬂ*- -

For ‘Mq_ifg':?ﬂ and ﬂﬂ.m}o let: z;_l_ifg bB '!ihE :
maximum distances between the right bou,miary T
@i1/a Of cell ¢ and the fluids pcminon from
where the fluids reach fhe boundn,ry in 4, g, .,
shown in Fig. 1. By use of (10), we have

.. (18)
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Let 8 M, 1/5 be the mass trmmported frﬂm ﬁell (@)
to (4+1). Then we have
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as shown in Fig. 2. For thig case, the fluids flow from {}E].l (@-1-1) to cell (¢); then
we have 5
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For the other oases, we have
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A new value for the density, the momentum, the total energy in cell (2)
regpectively now can be obtained by -applying the eenser vatlﬂn law of mass,

momentum and total energy:

piti=pl+ [ﬂlgﬂ(“i—ifa) SM 1= mr—ﬂlgll (‘”Hifﬂ) 5M ¢+112] / 4z, (21)
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L In Pl‘dm{ to. prevent . .the ‘numerical osoﬂlahnm &mag;n a.nd Fursenko’s
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. w0 0,  otherwise. - s = w RN N ER B,

W denotes p, % or e. A new value for the pressure now can be obtained by applying
the equation of state (4). =T

From a iruncation error anslysis of the second-order FLIC method deseribed
previously, we can show that it has second—order acouracy.

Numerical Example

To illustrate the perfarmﬂnde of +the method deseribed pre'viousij‘, ﬁ*& oonipute the
same shook tube problem as Sod™ used for testing-various schemes. The tube extends

from =0 to z=1, and is divided in 100 computational cells, The gas is initially at

rest, while at =0.5 the density and the pressure jump from 1 down to 0.125 and
0.1, respectively. The ratio of specifio heats is chosen. 10 bo 1.4.
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Fig. 8 Numerical solutions of 4, g, o, € obtained with the present method (by ‘<’) and
thoss with the original FLIQ (by ‘X’°) are compsred with exact solutions (lines).

A=0.01, $=d40 4=0.14154,

' The numerieal solution of the present method (by “c”) and the original FLIO
method (by %) and the exact solution (by solid line) are shown in Fig. 8 at the

tife  ($=0.14154 = 40 4¢) when the shook waye moving to " the right has
approxitsately reached #=0.75. The figure indicates that the sscond-order FLIO
scheind 5 much better than the original one. Particularly, the rarefaction wave is quite
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acourate and the result with the present method i# even better than two—step Lax-
Wendroff’s or MacCormack’s™. The transition of the shook occupies only two oells.
The constant state between the contaot discontinuity and the shook wave is obviously

realized, though the. transition of the contact discontinuity ooccupies still seven to
eight cells. i |
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