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Heat Transfer Performance of a Plate-Finned Tube Heat Exchanger
(A Three-Dimensional Steady Numerical Analysis for a Single Row Tube
in Low Reynolds Number Range)

Hajime ONISHI, Kyoji INAOKA, Koji MATSUBARA,
Kazuyoshi NAKABE and Kenjiro SUZUKI

A three dimensional steady numerical analysis has been made for a one unit of single row plate-
finned tube heat exchanger located in a uniform flow. The structures of the flow and thermal fields
have been examined for conduction-convection conjugate heat transfer problem of the studied fin-
and-tube model. The results of the numerical analysis revealed some important effects of geometric
parameters on heat transfer from the fin-and-tube surface. The effects of fin thickness, fin pitch, fin
length, tube pitch and Reynolds number on Nusselt number, heat transfer rate, fin efficiency and
pressure coefficient were examined parametrically. Upstream half of the fin surface yielded a much
higher heat transfer coefficient than the downstream half of the fin surface. Especially, the values of
fin local heat transfer coefficient is nearly zero in the near region of the tube. As Reynolds number

increases, the fin efficiency and the pressure coefficient decrease.
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Fig.1 Computational domain.
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Fig.2 Composite grid system.

BURSEMATEMOBRER LD ) L THREETARW,
=L, FRLOERTRBOBEDHEIIMETHESR
HAEE U, BAFRNRITA—FHI0EBLNER
T MRICRIS T ABMREEDOE R ERRTOMEE
EHRRTIBACITILLAAEELRS. UTTOF
REBIZDOWTH TR~ T; = 10K, T;=20C& L%
SOHEEATY. MR LEHERERNTIE, it
fii—F & LTI ) SRFEEFTIZH LT, D
R, EABEUEREELRWEESRY PAU = (u,v,w)
D 3RPET HEEFEX, BETEERETHTX
NE-—REESEICL > TR, BRAEBEROER
B2~ bARTRTHIE,

pVU =0 @)
pU - VU = -VP + uV?U (4)
pCuU - VT = A 4V2T (5)

Thd. EL, 714 BB IVEAREROR=EH
BT, #EYeOReOR=RAX - HYTD
BEMH RN

VT =0 (6)

FRRICEDEE RV TRV

ELOM LRk, HERBRNICIZ2EEORTREY
BEL~. 20—5H1, GREOEHLR ALK
IHABERTRTHoTC, ThETRTFREES
Hix, EBREORFICRT 5 HEEEE TR TH- T,
FNERBETREMES, H2ICERTREBIBTROE
BT FICRLND X O, ERFRONMERE
BEBBTFROMIBABERITEVVICERYIEI LD
KERRLTHY, REHEOLNCEHTRONRER
FEIRTHALNAHBEEEAE L CAIBTROA R
EEHEL, TRICESWTEFREORES I L OE

AEZNOMEEHE LTV, BohROMU
REIRIZBY B ENEIZ L > TERFRONM
REYHETDLZ L EHVIELE.

BT % TRV FBRROESICH Y, JEHIEIC
ELEESy, MREICIE S REEOR EZE5E (QUICK
HB)DEHG, EAOHBEILE, ERoXE@EdLd
ERFRENEMET DEHNMIERE (SIMPLE)® % v
. 7, HEBRTRAZMBICL T, EERTO®K
FREADT-BOBTFRETRBRICEBTOIAS v
A= FRFERAVE. EREMAHE LTE, ARERE
TIHE, BEAERFNU,TELTER, yhM, 2
Fr O E TIEE S REOCHEREIER W AR Y
Yok L HOBERE T, ZOMETHERE, BED
HICERBUTLUCHE D Z &2 RET IERAFMREE
WOr RV, 2B, ZOHEIE @) ILBWT, £E
CTHAFESAR/N T2 THES L ENTEY, R,
BIEEO & ) IR/ S WHEBEIK TR R1E
bivle. 74 AT EEIFNg = 235W/ mKDT VI =
LB L L, BENTEEETDICETDERMPOFEE
% L BB OHEAITIE Patankar® 12 8 o C i E TR
LHEOMEEORIMEEE X AVAFEELEAL
fo. i, SRR GEBENEAMMEEFard LT—EH
AX1CW/ M K HTHBEOHELRHRETD. ZOE
12, HlXIERIC R22 2R & T A BCHBEREICTS
&, BHESmm, HFERIK 200kg/m?s, 74 Y T«
0.65 ThH HFJEORRMEROBREE S, MK (6) I
$€ - T Dittus-Boelter D= & Collier D& K 128,
ag = 3.90 X 100W/m?K LIRIERIST 5. HD W, &
BHRRE—T, HEERKKR120kg/m?s, 74V T 108
ThHPEDMEERIY, ap = 5.16 X 100W/m?K &
72BN, BAGBE T 0%RERBGEENME TS
BLEEEETHE, RE7 RWOTCEAVIES
DB AT 4 BEROMZEEOEIHEETS.

AR TIRT « CEARNSEFERICE E HHE®
IWHEB LT, Rep = 400 DHFAICHLTRIIIRT S
BHEOBMRIC OV THEERTo. UT T, &5
BE VA ) NVZEOMEICERPOTE 24 L TSR 400A,
400B, 400C, 400D, 400E & FEEZ L1215, 228, &ff
AB,Clzx LT LA /2 L X¥#% 100, 200, 600 & L 7=
BAIHOVWTHHEEIToHDOT, Zhb b5 100A,
100B, 100C, 200A, 200B, 200C, 600A, 600B, 600C & FE
ST TS BARXENEOSRICEELE. 74
VRS EEFRRBBCpIRUTOL D ICERL.

¢=fan—ﬂMA

5
5

a(T, —TYAr )
2AP
Cr= "7 (8)

— 210 —

NACSI| S-El ectronic Library Service



The

Japan

Society of Mechanical Engineers

Fr— b7 4 A EERLHRB L=y FORE - BERANE 537

0.5 ()5 '111L1|11

Y/P'r

ot
>
j—s—e}

-0, _05 IO W B4 SR
03 0 xL 05 05 0 xL 05
(@) z/Pr=0.1 (b) z/Pe=04

Fig.3 Velocity vectors (400A).
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Fig.4 Velocity vectors (y/P=0).
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Table 1 Geometric parameters of fin-and-tube.
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Al20] 30 | 02 (002
B 20 3.0 0.2 |0.04
C| 20 3.0 04 |0.04
D{ 16| 30 | 02 [o0.02
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Fig.6 Local Nusselt number.
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Fig.8 Heat balance.
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Fig.9 Heat transfer rate of fin and parallel plate.
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Fig.10 Fin efficiency.
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Fig. A Heat transfer rate from x=0 to L (parallel plate).
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