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The Effects of Inclination Angles on Mixed Convective
Backward-Facing Step Flow and Heat Transfer

Hiroshi IWAI, Koji MATSUBARA,
Kazuyoshi NAKABE and Kenjiro SUZUKI

Three-dimensional numerical simulations were carried out for mixed convective flows over a
backward-facing step in a rectangular duct. Reynolds number, expansion ratio and aspect ratio were
kept constant at Re=125, ER=2 and AR=16, respectively. Heat flux at the wall downstream of the
step was kept uniform, while other walls were kept at adiabatic condition. Effect of the inclination
angles, 61, 6, was the main objective in this study. It was found that when ¢ was varied, the effect
of buoyancy became prominent at 6=0°, 180°, while the effect was relatively small for the two
horizontal cases(6:=90°, 270°). However, there was still small difference between 6:=90° and 270°
in the region immediately after the step where the flow was relatively slow. When 6 was varied, flow
and thermal fields could no longer be considered as two dimensional, except when 6:=—90°, 90°. The
maximum Nusselt Number, which appears symmetrically near the side walls in pure forced convec-
tion cases, was obtained at only one location close to the lower side wall. .
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Fig.3 Main and secondary recirculation regions.
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Fig.20 W, contours on the heated wall.

B 5% 2B O FRA~@D I Ay — A DRE RN
FETHZ LREREINS.

20 12 2 T MR EE W O y 5 BB W, D InEEEd L5y
HESERK TR, BRESHES W ERIL W, S IEME,
BEOFEIRIIENBABTH D Z LERT. |0;|=90°D
BED z/S=4FHEDOTMEEN L DV B RER L AR
DEABRIIKE TAHLAEDMEEZRLTNS. HXIE
0,=0°TiX z/Wp >0 DFERICIB N THAEDEHINR 2K
RoTEY, ZOZENLHF T MO LRI TIIKE
FTALARTEE - TWBZ LisbN 5. Eix[0,]=90°LL
ADJAEITIE, FERFIRAO L REIZHE > TW,IXIE
D% L > TWBN, ZIVTIBEELEFO LLBME R 2
IEER BRI ORBE ST TNBEI N> TERL
TWABZEE2BWT S, HIZAT v L HEOMBREELE
D MEDFHAR~EH D) ZRBIIEETH 5.

5. K8

MBI T CIRRRAAC R RBE kT & R
HBEEIREVAL ) NVIEBICBITD X7 PR AR
ATy 7HinE &Y BT, BREBICEZD5RNDE
BERERTHDICHBOLEEERE L THERKD
BAERAT 21T o7z, BONEMRIILTORY THS.

(1) 6 ZEE LSS, z,, 2.130° < 6; <180°TH
fm, 180° < 6; < 360°THWAT 5. et —7 X kN
O BITFICEAMEMEL Y L THRNCFEEL, &0
#136,=0°(=360°) DEFEL K, 6,=180° D/ L7225,

(2) 6, 2EE LEE, BHORKEE~DEEIT
0,=0°,180°F 2 b HéhiE LR IE L TREDEAITRD
FETHBH. —F, KEHDOHE (6,=90°, 270°) IZix
£ O BIIERTIRA OFEI /D SVEIRIZRO N, €
NES DR TOF 2L R F i R T ORE AR
FREL AR IR T & 121X — BT 5.

(3) BeAR B/ MO &AL EIZ0, DREEZTTE
b3 58, FAREEE D2 VIR ATREDY
B2,

(4) 0, 2EET D L, BHEED R/ G R
THRBMEIIRE S B 5. TERIIRA TINEEER <
DIREFAR DR INC X - THE _ERHRIEED S~ 8y
BEIZE ST, FOMEEL ODRETALIEAHIEY,
FORRE LT, XA MEKOBRKRBEIZ TR OMEER
KD1IFOHRIZENS.
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