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Combined Convection Heat Transfer in a Channel
with Two Ribs Attached to One Wall

Koji MATSUBARA, Kazuyoshi NAKABE, Kenjiro SUZUKI,
Mutsuo KOBAYASHI and Hiroshi MAEKAWA

Two dimensional calculation was performed for combined convection heat transfer in a channel
with two ribs attached to one wall, following the previous study on forced convection case without
buoyancy. The flow is heated from the surfaces of both ribs and the present study dealt with the two
cases of buoyancy-assisting flow and buoyancy-opposing flow. The effect of Reynolds number, Re;,
and modified Richardson number, Ri*, was examined keeping space between ribs, ¢, and blockage
ratio, 7, constant (6=3.0, r=0.5). Increasing the magnitude of buoyancy, unsteady flows predicted

by the present calculation are stabilized in both of two cases.

Serious deterioration of Nusselt

number on the 2nd rib suddenly occurrs in a certain range of Ri* due to the flow stabilization. This
is because flow unsteadiness plays an important roll for heat transfer enhancement as was described
in the previous study. However, in buoyancy-assisting flow, similar deterioration of Nusselt number
also appears on the 2nd rib even if flow remains steady. This is caused by the disappearance of strong
rotating flow which exists in the cavity between the both ribs and keeps fluid in the cavity cooler.
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Fig. 2 Stream lines (Re; =200, Ri* = 0).
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Fig. 3 Temperature contours (Re;=200, Ri* =0).
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Fig. 4 Distribution of Nusselt number (Re; =200, Ri* =0).

— 164 —

NACSI| S-El ectronic Library Service



The Japan Society of Mechanical Engineers

Y 7} & SEATSEAR R B A 0 IR TE N IR B 2365

1) 7 R S AT A D B SE E RE O MR AME U
B, §2) THEAEETIRECEEIAECEVL LD
D EDIREIETHAL, #HRELTZOMDIRIL
BHAT S, LoD, FHOHFECEDELS 1IN
OEBRBIIE 1) T HHEIZED D N EEDHDT
Z D DIRELERREDE LS.

MINBIFENG S RESOZIHIEL T, Ri*OH
KiZHE->TX I MBI, F2 Y 7 S MdnTiEE
EiZHLL, FO—HTE LY THHTIEHKT 5.

SEIIMBTREOBEICOVWTEERMULAL /L
ZEICBT AMEN, FRERNL LUTX VMY
NupD4MiiAK 6, NT7THELURSIZEhENRT.

%1 7 LR O TRRIT=0ICB LT
BIRNEAT B0% RO K - TEDOBEAK
X HTWA., Zhid, HUCHTIRRIADEREN
{, &N, FCLDEBREICH D L& ORNN
FRXNDHTHS. BB ERE, F1YTH
FA T TIRAELREOK TNIRONS. it 1
BRIC & » THEBIEROFEENY 7T I h
LIcHTHS.

W iFH U TRIBNO 16 BRI b & 707 IO A
oTKRELHY, EIZRIT=-6.0TIRED OV
2 7 FFETHELTHWS. LAMLEDS, Th
IZE O 2 Y TREIZHY D RN AMERE DS IZ 1L B 7
¥, E2) THIESIIE I ARKEEIINKT 5.
CDOBBBKIIIERIIC L > THE 2 Y 7R E
B30T, ZOHEORE LSS THibb,
810 7 R ES 2 ) 7k BT E BITF
HOMKIZ & D BREDBBEDSKE {785 &) Fifld
DHBMNRI HH, ThoDHPERESICHL TR
FIZVEHT 5.

PLEIGRAR I HESORIIHGE LT, 1) 7
WiZkiF5 X)L bEUSFE hORKICEOBm L,
2 Y THiHE & MRS R B XL P ERBEICEY T

2Um

Bt
s
gm 0 05 g 0 05 p0

(@) Ri*=0 (b 1.0 (©)20 (@) 3.0 (¢) 4.0

0.5 yH 0 05

Fig. 5 Velocity vectors in the cavity (Re; =200, Ri* 20).
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Table 1 Strouhal number.
Ri"\\Re | 235 250 280 300
-3.0 1.30
-2.0 1.28
-1.0 1.27
0 1.25 1.26 | 1.26 1.26
0.4 1.25
0.7 1.24
1.0 1.21 1.23 1.26
1.4 -
2.0 - 1.23 | 0.889
2.8 -
3.0 - 0.819
4.0 - - 0.752
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Fig. 17 Time and space mean Nusselt number (Ri* = 0).
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Fig. 18 Time and space mean Nusselt number (Ri” <0).
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