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Direct Numerical Simulation of Turbulent Heat Transfer
Behind a Rectangular Orifice

Soihiro MAKINO T, Kaoru IWNAMOTO* and Hiroshi KAWAMURA "

Abstract

Direct numerical simulation of turbulent heat transfer with a rectangular orifice has been performed for Re,y (=
u.od'v) =300, where u, is the friction velocity calculated from the mean pressure gradient imposed to drive the flow, &
the channel half width and vthe kinematic viscosity. The Prandtl number is 0.71. The ratio of slit height to channel
height is assumed to be £=0.3,0.4,0.5,0.6 and 0.7. For (=0.3-0.6, the mean flow becomes asymmetric in the
wall-normal direction by the Coanda effect behind the orifice. In the case of /=0.7, however, the mean flow is
symmetry. The Nusselt number profiles over the bottom and top walls are different significantly for the asymmetric
cases. Large-scale Kelvin-Helmholtz(K-H) vortices are generated at the orifice edges. An entrainment process is
observed in the temperature field around these vortices. Subsequently, these K-H vortices become deformed and break
up into disordered small-scale structures in the shear layers behind the orifice. In this scenario, the turbulent transport is
promoted in the temperature field. In addition, the separation, the reattachment and also the contraction effects are
discussed on the profiles of the mean temperature, the temperature variance and the turbulent heat fluxes.

Key Words: Turbulence, Direct numerical simulation(DNS), Heat transfer, Orifice, Separation,
Reattachment, Contraction
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Fig. 1 Configuration of computational domain.
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Table 1 Computational conditions.

Re. 300
Pr 0.71
B 0.3 0.4 0.5 0.6 0.7

Domain Size 12.86%X26%X6.46

Gird Number 512 X 128 X 256

Ax" 1.53 1.81 2.11 2.48 3.11

AV 0.088 0.105 0.118 0.141 0.179
Y ~1.97 ~234 ~2.68 ~3.18 ~4.01

Az 1.53 1.81 2.11 2.48 3.11
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Fig. 2 Time-averaged sreamlines. (a)$=0.3; (b)g =0.5;
(c)p=0.7.
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Fig. 3 Reattachment lengths and asymmetry parameters.
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Fig. 4 Time-averaged Nusselt number profiles.

(2) (b)

| e——
flow Cooling enhanced 3
rowetspecq i - enp C@ CUPINCG]
Cooling 9 <l ) Coomg
a(T) enhanced HIBper sheeq

(COOJILE 1egneeq

o
[E—

Fig. 5 Relationship between heat transfer and the
recirculation in front of the orifice. (a)f=0.3;

(b)3=0.7.

3 HRRUEER

31 EHROFRHER

X 2 124=0.3, f=0.5 KO =0.7 DHH ORI
WA ZR9. =03 KOB=05 OEE, +V 7«
AR BERR B T ICIERI R & 72 D, T =T
VAP DO TH D, FREOBSG ALK
BAIZBWTHEIZREINTWA[6]. ETFELBITHEL
DX, FHROMEATICN D 7 & AR IER BRI R AT
TLHEOTHY, HIFMOERIZETEAZENR
50%ThD. ZOIENHIEEZFHET 572012, 4V
T 4 RAINBISETT D, T RIS D REHE E
J5 18D RIR O MR %, 73V 7 S w, THL
b Licb D%, FEXFRNRT A—H —ak LTEHR
T 5. X3 DEAK, pEak ORRERT. I,
F U7 4 A EFANC BT S FRERICIERFR ST A —
NI A—=2—ZEHL, THRAOE— 7 EDT% T
ThHDHZEEMERLTOD(XNE). 6o T, JHM5E
REGMENAY 7 4 A7 OIRFMEIC G 2 5 8T
INEWEHIETT D, BV WEE(60.3~0.5)1F,

©2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol. 15 No.4 (2007)

AT IR e D Z E RS LL,
B=0.6 (FL 0, a0 IZHnET 5. T772bb, 4
V7 4 AOBRAWNRKREL 2D E, FEWAIERFR
MORH~ERT D,
3.2 HBfIEERE

3K — AR A E TR ZE N E N O
HIEREART. AV 74 A0 AkpEREL T
&, BT SN ERRRESN AT 5 2 v
5. £, ERFROEE(=0.3,04,0.5 KT 0.6),
FVWMHl D FEAT 75 BEEEI3 g0 880 & 2B % 28,
BN O & TIN5, ZauE, FERR
VL7 B R~ DB S T, NS WO FIEER
TEIOEAIFE AL, WK EVAIOZ TR T
HTEEHIELTND.
3.3 BEXvtIL ST

22T, RROIERHBG SRR EIC S 2
LHEBIZOWTCHEmRT 5. X4l =03 KL TVB=0.7 D
Yt O B R AARER O JRPTEA X > Vv MDA &
RT. M RIERFRE 725 TV D 77— A (S=0.3)
Tl, ETFEEETOX v/ MOAIT KR E 228N
NELND. —J, MOy —A(B=0.7)Ti%, ETF
DHAAIXIFIFE L. F2, WHFOr—2R L3,
K& 7 R BR SR (2 D AT KIS 5 B — 7 fE (X4
DAYDAHIZ, AV 7 4 ZEFHIZBNTEH E— 27 23F
T 5H(K40 B,C). b, 2kMEERMEIE (X200
B,O)&xtiad %, £, HEXRFRDOL=03 DOEGHZFF
ACHRETT 2. WS &AM Z Tl BaE) O
(& FERICB N T, BEREY—7 2H L TW5H(
M DA). fhdr, TEEECIE ERERNIC T
FHTHY, E—7Eb ERE[OKESTHD.
FOMOEAMETIX, BFOHANZ A~ TR
NS 725 (KWK . 2F 0, FEHITRES DO
VR EIABNAE L D720, BMmEN L gt sh
LEEZLND., MHRROL=0.7 DA, V74
AHTHICERT D L, RO T — A (B=0.3)TH~
T, BHERY—7 2Fo(IX4D C). oA X5
ERHWCHAT S, =07 O —ATiEB=03 OF
—R LA, SNV TEERREBAKRE V. DT,
[=0.7 D/r—ATIX, AV 7 ¢ A{iOFEERHEK
OFE L B=03 O — ALY K& 725, L
2o T, F ¥ 3 FREO SRR TRIR TH 5
TREA~ET T, XDIERICEH RSN, BEEX v 'L
MELBHELR - 2T EFAOND. T,
B=03 DAL, FEREROREIN NS, £
F v RIS O ERGEA DS, ARIR TH 2 TEIK
DRBER Z, HROINTRE T TEE~BEI T
L1280, f=0.7 O — AT EIFMEENMEE SR
A

W, BEEX 2L MO —7frE L, HiE
REDOBERZRALD. IERAFRD 7 — A (=0.3)D, i
NS B RI(EBERN IRV TIE, BER X » &L b
o —7H(X4DA) E FAHEREDIFFEF KT 5.

- 178 -

Fig. 6 Vortex structures and temperature distributions
behind the orifice for £=0.5. (a)f=1200; (b)
£=1220; () £’ =1240; (d) £ =1260.
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Fig. 8 Mean temperature profiles.
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Fig. 9 Temperature variance kr distributions. (a) £=0.3; (b) £=0.5; (c) f=0.7.
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