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Numerical Simulation of Buoyancy Assisting Backward-Facing Step
Flow and Heat Transfer in a Rectangular Duct

Hiroshi IWAI, Koji MATSUBARA,
Kazuyoshi NAKABE and Kenjiro SUZUKI

Two- and three-dimensional numerical simulations have been performed for mixed convective
upward flows over a backward-facing step in a duct. The Reynolds number, expansion ratio and
aspect ratio (in 3D sim.) were kept constant at Re =125, ER =2 and AR = 16, respectively. The heat
flux at the wall downstream of the step was uniform, while the straight wall, the step and the side
walls (in 3D sim.) were assumed to be adiabatic. The effect of the buoyancy level, Ri*, was the major
interest in this study. It was found that the reattachment point and the peak Nusselt number point
moved upstream as Ri* was increased, while the secondary recirculation region, which developed at
the corner of the step, became larger. It was also found that there existed a secondary flow in a cross
section immediately downstream of the step. Flow directed toward the center of the duct becomes
more intensive as Ri* increases, which possibly results in an increase in the level of three-dimen-

stonality of the flow and thermal fields.
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Fig.1 Computational domain.
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Fig.3 Nu distribution.

DG BERGOBEOHERRE L, HOOWEMRL
BT 3. Baek HIE7 AT RHe&#148 &+ K&
KBETDHZET, i, BREFORNNHRTO
TIRFTEHEBBIFIBRIENR T EREL TV S, £oT
KD D OHBEIX T RT TITo /2. 2O DOHEME
{#ix Abu-Mulaweh 5O D Z R THFICHE U=, mBEE
LA RTOR N MO 2 HW5A %K 3R
. HBRICHE U HERMEHRE L ZRTEHEORR
1XER L7z Baek 5@ O RBE L < —HLTEY, R
B, EHHORYFEVEED TAHBEOREHN 2R
LHRBDLND.

ATk b &, LA 2 VREBMEL 7 AR M
FACRE VBRI AR RMFIF O, BES
FEBITRTE RS, £ 2T, MERRIRKOHE
BOWTZREHETHEBOBRELRERAG O
Re=125 D350, MR+ FHREMBAT HEHFEIC
EHLT, BFMBBIZE X 2B HOEBIZOVTHRHN
T 5.

ETR=006ICHYETHq, 5%, BHELHALE
BEETITRVBEOR/RETET 5. K48 EmE
B L X M OTEN s A RN BAORE
kD, FEIEHEELEVARLN, e ERNE
ERE L7 5 A INZREE T oD BE I BEER AR B LW AL G M 21
Ieblzo TREREEZ Lo TWD. Zhix, MAEITE
OFERLBHOFBIZ 2V HE EHFTRbLERS A
~DFFE I UMESN BT, BEFHFTO yHMm
HEARSKEL BoBRTHD. ZOKRTEREN
ICHIZ DI 2D BB BIT 3 EERSD U

NACSI S-El ectronic

Library Service



The Japan

Society of

Mechanical Engineers

2890 ®AME AT v THE_EH IR O BB BUE AT

with gravity ------ no gravity
0 l 0 T T 1 7 I T 177 l T 1T 1 71 I T T T77
L

_0.05

U -
0.00 z:fft\_,////ii,—‘

_0_05J;ll‘"l_'lllllllllilltl

T T l T 17 17T I LI B | ] T T 17

O llll[lJll‘lllllllll

0 5 10 15 xS 20
Fig.4 Cy and Nu distribution.
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Fig.5 U distribution at several z-locations.
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Fig.6 C'; and Nu distribution(2D sim.).
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Fig.9 Streamlines.
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Fig.10 Cy distribution(3D sim.).
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Fig.11 C; contours on the heated wall.
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Fig.12 Nu contours on the heated wall.
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Fig.13 Velocity fields.
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Fig.14 Temperature contours.
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