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Numerical analysis of 3-dimensional buoyant turbulent flow in
a stairwell model with three different finite differencing schemes
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Abstract

This paper describes a numerical study of three-dimensional buoyant turbulent flow in
a stairwell model with three convective differencing schemes, which include the upwind
differencing scheme, the hybrid scheme and QUICK scheme. The Reynolds-averaged Na-
vier-Stokes and energy equations are solved with a two-equation turbulence model. The

Boussinesq approximation is used to model buoyancy terms in the governing equations.
Three-dimensional predictions of the velocity and temperature fields are presented and are
compared with experimental data. Three-dimensional simulations with each scheme have
predicted the overall features of the flow fairly satisfactorily. A better agreement with ex -

perimental is achieved with QUICK scheme.

1. M4 £

197030 o= 7€ AL ¥ HE9 s
2 LB 43 olFelel wel ABUY 5
e ZANRERE AARF £= EYAF ¥
HE vhiA ol FYo] dul F7IfFlA 4G
842 dFEASG a2y Fd 9% 3/ 94
T AT olF7tR wE2E £EX $Y
so] A e dAolt

53|, A& AGHEE AdDolMY F7) /5
o B¢ A7e A2 AFEoRIA 2A BYE 7}

T A3, FUNIE 7| AR FEAE R

23 AFEHIL YE AZ e FIHIY) AlojoA
9] Ay} L B Adel digt HEH dl2M AR
Ago e &rd Yo % F7HF L ol
Tdd duiA Ao dig FE/F ol odx)
ok FRAIAY HA € kA g9 Ay
HollA AEHEE AAY o) vi$ Fodch 2
, A7 ZE At 2 daed HAolAe
7] Aol dsiMe B A77) Ao ot
AE AGBAAY AR5l BME FudHez
a5 A1V} Sy A2 oy gAY
A77F PR a9k

9= Brunel % 282 Zoharabian et al."?
4 Zoharabian®& ¥ 71X A@dee) 1/2 2AY



]

AGE 2de] g YA 47 & 43 /5%
e £% 9 2EEEE dflon, £ 23403
2 £XH4A 978 3%t Ergin-Ozkan ¢
& AMg-s= CFDS-FLOW3D#& °l83ld Add
2] ths] FXHH e 231 ® 33 AFH
#E AN, JE AGBAMY F7] /FL 37
4 3oz #HN9 Holy 2xH 0T A= A
& AAsR gon rusyd. a2y, gL «dF
oA olz] EAUT £E 712 EEEA
g2t J2 ¥5%L Ergin-Ozkan $°] W4
o2 @ AE AGF 2o o8 CFD =€ 7
A gt X el A6l velus Rl s
A Boussinesq 2AF % W=7l Helo] ZdE A}
g3l 239 R 344 FYIGH d/5EE 74
AU o|EL FX| S ATE APPHAE B
A waEAsta, 23 ¥ 349 AN 2
#3549 AbEQ S A¥sn o, 37
{4 4477} Ergin-Ozkan $°] Rig uie}
o] Agdnsl v YA AE AU &
§ 2x o2 1A% e 25 o&HdM HY
@3 A3 Zolg JEE USE HAEHAUCh

9, fo 71EF A AGFAAMY 7R
B FHHNY 78V BF M) Hey o)
Faol dig AEEAoz ARAEZATE A
stz glok ey, & diREE TEollE adol
B25 450 doiA ALzl FEE ReEI] 9
3 ARRdhs AFAREAS AFTHAY ¢ L/}
& 25l d&4 5ol Hojzc) 53] galdte) o
o] A& HEHFTF E F5oIM LFHA 9T
o] AXw AAA%L HE2 FYHE FEAM 2
=717} Hdigkg 7 ol g M) 9
8 ape] FRAEELE A Hed o F
QUICK =42 #X&1e] Aoixx 33 Y=g
g B3A% dRFEF A e fEa
=40 vjsle 2o} ARG ol&o] JhEsidn U
2:] 9,1‘:}.(6'7)

olz g wiFslol A B AFolM = el % ¢
F ER5F ANes G-yl fE d@es,
B AFdeA e 4F diF s Z=8
AHEEIAM DE AGFlM e 2ol o G F A
F4e Ry vEUS ARIEEY, deljuz=

BEx

=4 9 33 FFAHEEA(0)5 QUICK =4)& At
g3t 329 =2 AlEdAE 43, A &
(throat)olA9] /-5 &E8¥9 LE¥¥E AY%t
3 vl@Ele Z AREANC GE dE3A%e HES)
3z} g

2. &M =29

B Ao g AE AEe U HyEd
9 HFAE Figlol vehdch HN2de oA o
FOo) e} o] AHRe} sHRe] FIHE AVEEE
Adshes HY THoE wedtEe] glon, )
ne AvEzze 4y YA o] 3E
2 ial=le] glck @b, o] sid Fhl wg &
45 ZAE SR $ESE do A% ASE
T Wolde) exsle] wa 2ol o8 F7I7t
83 HE &5 AQdF BA2 Ao
£ S|ElE 9ol BE upel go| Al sEish
e A5E /HE Huyn YR 9 JRE
gre Az s

A AAZRAL AP2I%3 YA EE Fig.
1 2 Table 13} o] 3]e1& AT ] Wo|
SN 2zt 9ixo] wel 258 TP,
SEE ¥dd A 20 FI Yolx BEXEE
gdzA0 2 Msict Fuz A4 APPeME
e zRE YEEE 29 300WolL, o] F ¢

Unit: mm

25 Heater

“

650
1

Fig.1 The schematic diagram of the stairwell
and thermal boundary conditions
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Table 1 Thermal boundary conditions
Surface A B C D
Temperature('C) | 509 | 384 | 378 | 364
Surface E F G H
Temperature(C) { 316 | 320 | 31.0 | 31.1
Surface I J K L1
Temperature('C) | 329 | 338 | 374 | 313
Surface L2 L3 M N
Temperature(T) | 32.0 | 33.7 - -
Heat flux(W/m")| - - 1213.0]|29.0

63% A =7t difel o8 Aes s, UAE 3719
F9 gHoz EAl o AgsY, £ APdA
£ BALE 18)31R) #9592 Ergin-Ozkan S%o)
& A3 vpAIRE Table 29 Ve @%e 1
F diFel % IFRE s JeRhd Reloh

3. Xuj g4

£ A7 AR A EHY 3R 48R
Aujshs e 2E sl Table 291 Yebd
th £ d7ME A8 AGEdMY dFREE E
#3t7] 93 Reynolds A7t B# AdE& =Y3ty,
dFrdas 72Fo2 JFE k- GRELE A}
g3tk =3, Y] M fdo] v 9
Foll 27t A% uitSA fAZ 7Hsta, oA
A7rAAYE Fasld L Ho] @ UxA &
7} Ryl 8t 28 Buossinesq
ZAE AHEEITE &, &5 % WA - p
E #A7F g F8 A% h=Ele] 88 1 99
&% 5ol o8 B A= p'E Feldtd A
493 ALE =43t Jehiglth

E3, 58] el g% dFoluR] 24HE ¢ 9
/e Viollete] AP o) mel 2sisigch
Z, dRelvA ko] £8 449 Gp7t ¥ g 7t
A o, § B 750 HA G 5 Cose
B A A4 G g $YE @& 7R
o, olg} w2 Gp7t &9 gol Hol %ol A
HW C,3& 0°] Atk

Table 2 Governing equations and model
coefficients

Continuity equation;

ax, [ou]l=

Momentum equation;

oP

a
-(ﬁ:[pu,-u,-—- tﬁ]=——+B

where g; : gravitational acceleration
T;=2uS;—
—puu; = 2#;5,‘,'— '§' k8,~,-

4222

o uu;

2 ax, ax;
M= pcp;kez‘

B; : buoyant forces
B;=—pg T— T,) : Boussinesq
approximation
Turbulent kinetic energy;

3 _ He) ok | _ -
ax,-["“"k (/H- 0:.) axj]“(c"l'GB) pe
Dissipation rate equation of turbulent kinetic
energy,
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T e (s 52) 35 ]

€ &
=3 (CaG+CaGr) ~ Ca

where G=2u,S5;S;

#: 0T .

Gg=g:8<— Br, ox, : Boussinesq

approximation
C,=0.09, Cq=1.4, Cp=1.92

Cs=1.44 for Gp>0 and is zero
otherwise

Op= 1.0, g.= 1.3
Energy equation;
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where Pr,=0.9, Sr=0
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Fig.2 Velocity and temperature profiles at
symmetric plane at a throat
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(b) z=0.14m
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Fig.3 Three~-dimensional predictions of velocity with the upwind differencing scheme
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Fig.4 Three-dimensional predictions of velocity with QUICK scheme
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Fig5 Three-dimensional predictions of temperature with the upwind
differencing scheme

“x “w
0 o
ax ax
ax “c
. .
»< »x
n< nc
ne ne
< »
nx »T
u M
ey

. wa

i
ik

Y xzgcssssiss
A4 4dddAdd4

(b) z=0.14m o (d

Fig.6 Three-dimensional predictions of temperature with QUICK scheme
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