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Abstract: We consider a model for nonstationary 1-D flow of a compressible
viscous heat-conducting micropolar fluid which is thermodynamically perfect
and polytropic. A corresponding initial-boundary value problem has a unique
strong solution on |0,1[x]0,T, for each 7" > 0 and for sufficiently small T
this solution is a limit of approximate solutions which we get by implementing
the Faedo-Galerkin method. Using the initial functions in the form of Fourier
expansions we analyze the numerical approximate solutions in dependence of
number of terms in Fourier series.
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1. Introduction

In this paper we consider nonstationary 1-D flow of a compressible viscous and

Received: August 17, 2007 © 2008, Academic Publications Ltd.

§Correspondence author



536 I. Drazi¢, N. Mujakovi¢

heat-conducting micropolar fluid being in a thermodynamical sense perfect and
polytropic. A corresponding initial-boundary value problem has a unique strong
solution on ]0,1[x]0, T for each T > 0 (see Mujakovié¢ [2]) which analytic form
is not known. For sufficiently small T" this solution is a limit of approximate
solutions which we get by the Faedo-Galerkin method (see Mujakovi¢ [1]). In
Mujakovi¢ et al [4] the method for obtaining this solution in the case of initial
conditions with finite number of terms in Fourier expansion was given. In this
work we use the same method in the case of initial functions that have infinite
number of terms in Fourier expansion. We also analyze the convergence of
solutions in dependence of number of terms in Fourier expansion.

2. Mathematical Model

Let p, v, w and 6 denote, respectively, the mass density, velocity, microrota-
tion velocity and temperature of the fluid in the Lagrangean description. The
problem we consider has the formulation as follows (see Mujakovi¢ [1]):

ap Qg” =0, (1a)

‘;Z - —< a_> K g 00) (10)

o= eas (57 - ] 9
i () v ()

+w —FDpa8 (pgﬁ) (1d)

n |0,1[x]0,T[,T > 0, where K, A and D are positive constants. Equations
(1) are, respectively, local forms of the conservations laws for the mass, mo-
mentum, momentum moment and energy. We take the homogeneous boundary
conditions:

v(0,t) =v(1,t) =0, w(0,t) =w(l,t) =0, (2a)
06 06
%(O,t) = %(1,75) =0 (2b)

for t €]0, T and non-homogeneous initial conditions:
po(xz) =1, wvo(z) =2z — 22, (3a)
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wolz) =22 — 2, Op(z) =223 — 322 + 2 (3b)
for x € 2 =|0,1[. It should be noticed that (3) satisfy the conditions of the

local and global existence theorems (see Mujakovi¢ [1], [2]). Because of the
simplicity we take K = A=D = 1.

3. Approximate Solutions

In Mujakovié [1] is introduced the sequence {(p",v™,w™, 0™), n € N} of ap-
proximate solutions to the problem (1)-(3) as follows:
n

p"(x,t) = po(x)(1 + po(zx) Z(m) cos(mix) 2 (t)) 71, (4a)
i=1
Zv sin(miz) Zw sin(mjx), (4b)
=1
0"(z,t) = > Op(t) cos(mka), (4c)
k=0
where
{(zu ]79k7 r)aza.]77‘_1 nyk:07"'7n} (5)
is the solution to the following Cauchy problem:
07 (t) = PP (¢, 0], vy, Wy ey wi 00,07, o, 00 21 s 2, (6a)
Wi (t) = Wit vf, ..o, WT, s W, 00, 07 o, O 27 s 27)), (6b)
O (1) = NI (8,07, vt Wl oy it 08, 07, . 00, 2T . 20, (6¢c)
2 (t) = v (), (6d)
v;'(0) = vo;, wi'(0) = woy, O (0) = o, 2 (0) =0, (6e)
)\0 = 1; )\k = 2, k= 1,2, s N (6f)
with
ro
oY = 2/ [—( > ( "9”)] sin(miz)dz, (7a)
0 al‘
1 o n
vy o= 2/0 A [% (p > - —n} n(mjz)d (7b)

n ! nan OV" ov o O™\
m= [ wrrieo () (w)
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Figure 1: Graph (n = 8, m = 20) for the approximation p" of the

function p(z,t) for some values of ¢
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Figure 2: Graph (n = 8, m = 20) for the approximation v" of the

function v(z,t) for some values of ¢

WP 0 (o
+ o +D81‘ i cos(mkx)dz, (7c)

where vg;, woj and Oy, are the coefficients in Fourier expansions of the functions
Vg, wo and 6y, respectively.

Here, as in Mujakovié et al [4], we approximate the integrals in (7) with
Gaussian-Legendre quadrature formula and solve the system (6) using the solver
from Wolfram Mathematica.
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n " —p" Moo 0" =0" Moo flw" —w Moo 0" = 0" oo
5 4.80049-10=% 1.76009-10—° 0.00280 3.31076 - 10~6
6 2.56834 - 1076 0.00049 0.00098 0.00017
7 1.21175-10¢ 2.87314-107 0.00089 5.90355 - 1077
8 3.81200-10°° 0.00029 0.00056 0.00002
9 4.33901-10"7 4.06259-10"8 0.00014 1.77150 - 10~7
10  1.51461-10"7 0.00015 0.00008 0.00001
Table 1: Analysis of convergence in Ly,-norm for m = 20
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Figure 3: Graph (n = 8, m = 20) for the approximation w™ of the
function w(x,t) for some values of ¢

4. Numerical Experiments

Analysis of the convergence is shown in Table 1. Our calculations were done
by taking the time variable ¢ from [0, 1].

In Table 1, n € N is the number of terms in Fourier expansion of initial
functions (3). Approximate functions p”, v", w™ and 0" are presented in Figures
1, 2, 3 and 4 for some values of variable ¢. It is also important to notice that
by increasing the values of ¢ we must expect our results in accordance with the
results from Mujakovié¢ [3]. It means that our solution (p™,v"™,w", ™) converges
to (1,0,0,1.53) when t — co.

In our experiment we get that for t > 2 the difference between solution
(p", o™, w", 6") and (1,0,0,1.53) is less than 10~2 in sup-norm for n > 5.
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Figure 4: Graph (n = 8, m = 20) for the approximation 6" of the
function é(z,t) for some values of ¢
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