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The paper reports the way to p:avent numerica

'1] by means of MAC method. Thers arc ChT®® pr

& numerically. The first is that mean flow equationd

13T The second is an instability due to tUf iffusion term with

Gross diffusion. The other is a way to decide a stable gaas step; ¥e

.proposed the solutions to the three problems and applied our algorithm to a

\galculatzon of two- d1mensmna1 room airflow field. The results showed that
y by the MAC method.
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INTRODUCTION )
; a way of computing room

The purpose of this paper {s to consider
de

airflow by the szferential Stress Homent mo
dbbreviated to DSM) . Eelina oo Vi e
Huang and Leschziner (1985) pmsented a utabilization for DSM.:’ They
succeeded dn: weably aulviag the mean flo¥ squations, using pseudo-
viscosities that are derived from Reynolds stress equations of DSH. He
apply their stabilization to the MAC method and discuss a cross diffusion
term, which was not considered by Huang and Legchziner. The cross diffusion
term influences a numerical stability. we consider how to prevent a
stable time step. He

numerical instability, and show a way of determining 8
also apply our proposal to a tw0O~ dimnnsioﬂal room air flow field and

investigate its effectiveness. We ezamine phe eaffects of wall reflection

1 {uhzch w111 heremafter be

5 =
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term and difference scheme on the flow field. (.

We adopt IPM (Isotropization of Production Model, Launder 1983{f'
DSM models, because this method is most popularly used.

“ The stabilization of DSM was introduced by Huang and Leschziner (1335}
They calculated DSM stably using the pseudo~v1sc031ty representation. The\

cf Reynolds stress.

If using the pseudo-viscosity representation of Huang and Leschzlne';
equations of mean flow have cross diffusion terms. We try to modify the‘,
pseudo-viscosity representatlon so as to have no cross diffusion term. f
this modification, the term producing the cross diffusion term in turbulén’

of Hiraoka and Nakamura (1992) for details.

v _ o AN
when _we use QUICK dlfference scheme for the equatxons of Reyng

stress and vlscous dlsslpatzon rate, results often dlverge (Huang g

Leschzlner used the pcwer low-dlfferenC1ng scheme of Patanker 1980 I%F_

The turbulent diffusion term {D} 13 expressed as follows,_ ,
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‘The turbulent diffusion term is diffusive 1f it is of an elllptlc type
A condition that the turbulent diffusion term is of elliptic type 13 that
matrlx (113} is positive-definite. If this condition is nct satzsfled, the



tois likely to diverge. There are several ways to. keep the turbulent
sion term elliptic. One of them is to modify the normal stresses so as
isfy a realizability of Schumann (1977). If this matrix satisfies the

ESaTn this section we make a stablhty analysis for an equat;on of
nvecr.mn ~-diffusion type with cross diffusion term. We determine a time
eép by applying Hirt's stability analysis to an equation with cross
rdiffusion. :

"o}c::‘nsider the following equation of convection-diffusion type with cross
diffusion term, ,

28 508, 00 (3)
dr 'dx; 'oxox,

7 here let U; be constant and viscosity tensor Vy iy 1is symmetric. @ is a
éyr_lalds stress or a viscous energy dissipation rate. If the pseudo-
scosity representation is used, ® also indicates a mean velocity. Let
Eer viscosity matrix (vij) be positive-definite so that Equation 11 could
be elliptic in (x1,%2,%3) space. ’

: . When we make a forward difference with time step At and a central
fdlfference with mesh s:.ze h, we get an equation which corresponds to the
gequatlon really computed by the f1n1te difference method. The equatlon

fiL25%

ecomes the same as Equatmn 3, in form, by replacing Vjj with ve” The

A effect:.ve viscosity v®;. is expressed by the next equation.

ij
;u» BB er_ﬁm% v 5 B S ()

é_:‘_ If we use !hrt 3 stabllz.ty analys:.s (1968}, the cond:n.t:.on for stabzhty
is., that the matrix (V& 13) is positive- def:l.n:l.te L mmees

In the case of two-dimensional space,. a time step At is obtained from
the above condition, as follows. '
5' £ s e b Y e o ke
- 2V Va=(Via) |-

(s)
vzz‘Ulz"' VH-U:-Z v, U\U, :
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Condition 5 is verified by the result computed numerically with the
Neumann's stability analysis, which is more theoretical, if mesh Re number
is large enough (mesh Re > 5) (Hiraoka and Nakamura 1992). Hirt (1968) did
not take a cross diffusion term of numerical viscosity into account. His
result does not agree with that from Neumann in a case of two-dimensional
€quation.



mean velocity equation. A time step is determined from Conditfqﬁ
considering cross diffusion term.  We take up 12 cases shown in Tablel@

r
s =

difference schemes on a flow field.

(1) (convergency]: Table 2 shows the results of convergence. CASEsﬁxﬂkg

of the equations of Reynolds stress and energy dissipation rate. But
4 to 6 diverged. Convergence is possible if we treat cross diffusion

as we mentioned above (CASEs 7 to 12). 2T
(2) [influence of finite difference scheme]: Figures 1 to 4 show ’3r
results of CASE 1 and CASE 7. A disparity on difference scheg§§i1\
convection term in equations of Reynolds stress and dissipation rate, d
not affect the mean flow field in pattern. But the turbulent .f..iﬁ]l%
influenced. :
{4) Imfluence of wall reflection term]. Flgures 4 to 9 show ‘the results
CASE 7 to 9. D:fferently from ‘the result of ASM (Algebra;.c Stre':.a-.'z:a1 ne
model) by’ ‘Murakami et al. {1990} results converge even in mcorpora
Rapid . term “in wall reflection term when cross diffusion is prope
compensated by the methods mentioned ‘above. Wall -reflection’ term ‘affeg
turbulent quantities. In a case where only Rotta term is used as aiwak
reflectlon term, the result 13 largely dlfferent in hoth quantltyg

included. In the latter case 111 ‘becomes ’ large in the nelghborhood ofj
stagnation ‘point above the éxhaust.’ F Fegseavn €8 T3 d4sT o8 ”I;‘
(5) (difference in algebraic expression of Reynoldé stress]: CASEsfiﬁ“Eo'7'
show the results from the modified pseudo—visccszty representation.
results are almost the same as those of CASEs'7. to 9. If the pseudo;
viscosity representation of Huang"ind'Léééﬁiihéffbecbﬁes hyperbolic, '
modified representation seems better. '

CONCLUSTONS alf
We proposed an algarlsm for calculating DSM using the MAC method and
made it clear that the algorism was useful. Conclusions are : rof
(1) We applied the stablllzatlcn of Huang and Leschziner to 3
calculation by the MAC method. Jrg

(2) We made a stability analysis of a convection-diffusion tyPe



It 1is necessary to approximate more accurately the wall
ectioﬁ term in the neighborhood of corners, exhausts, intakes or
nation points.

The authorS would like to thank Prof. Murakami (Inst. of Industrial
FUniv. of Tokyo) for reception of a copy of the paper of Launder

. i?aoka, H.; and Nakamura, Y. 1992. Stabilization of differential stress
ent by MAC. J, Archit. Plann. Environ, Engng. AIJ, No.431, pp.1-10.

.C.W. .1968. Heuristic stability theory for .finite-difference
quations J. Computational Physics, ‘vol.2, pp.3339-355.
i,

Huang, P.G.; and Leschziner, M.A.,1985. Stabilization of recirculating-flow
computations  ,performed with second—moment closures and third-order

scretization_s memm pp.20.7-20.12.

(¥ ¥

Ky i ¢ %
aunder, B, E., 1983 Second-moment closure, methodology and practlce Univ.

Hancheﬂex_ms.tmne_m_m._amm._mn. No. mzam.

kHurakamz, s f Kato, 1S§.; and Kondo, Y o 1990 Compar:aon between algebraic
‘ress model and k-€ model concerned wlth isothermal two-dimensional room

‘airflow. J, Archit. Plann. Environ. Engng, AIJ, No.415, pp.21-28.

Ll

-Patanker, s.v., 1980. Numerical Heat Transfer and Fluid Flow. McGraw-Hill.

Schumann, v, , 1977. Realizability of Reynolds-stress turbulence models.

Rhysics of Fluids, vol.20, pp.721-725.



TABLE 1  Compbinations of Difference Scheme, Treatment of Diffusion
term, Wall Reflection, and Pseudo-viscosity.

diflerence wreaunent of wall pscudo~
Ri:hﬂﬂﬁldw.iﬂ m M Mot iscosity TABLE 2  Results on Convergency.
ynolds stress and)diffusion 1erm term representalion
viscous dissipation . T —M
g ] A el | oo
“’p:m non 2 A CASE3 converge
o 1o CASE4 diverge
QUICK non 1 A CASE §
QUICK e non L 2 AL CASE6 d‘w',
QUICK - 0 A CASE? converge
4 v+ QUICK + 4. realizabiliy - = 1 ol ‘A . CASES - con b
T QUICK” T realizability 2 A CASE9 T
- r-QUICK , . realizability . 0. .....A CASE 10 bt
: T QUCK . wuimbiy 2. B CASEIl | converge
- izability - .
* QUICK T “ realizsbiliy ™ 0 ! B (CASE12 | converge |
wall ref tern 0 : po relection
- 1 : Rotta term
. 2 : Rotta and Rapid terms o
pseudo-viscosity representation : A : representation of Huang etal
B : modified representation
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FIGURE 1 Mean flow pattern FIGURE 2 Mean flow pattern FIGURE 3 Turbulent energy
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