5 43 B 4 W T B #%

2022 £ 4 A

/I B

JOURNAL OF ENGINEERING THERMOPHYSICS

Vol.43, No.4
Apr., 2022

TR TR EM R MR RS R ERSE

FRT MEX®
(P 5L AU 90 /) TR, 7% 710049)

B E ACEN TR TR TR A BUE AR AL, 3P B 1R TR O AL B BURE R AT T BUE AT AT . B
FEEREN], B LOUNAERRBI R, B WK, SRS/, T 00N, 8RR e 2 S BUE R R B AK, 8
PRI, G fia 5 TA] X A% A S R PO S v DRGSR A 1 I DR T O, 30 ) LR 2 10 484 K ik

Ny WA T e RE R TR 2 S8 A .

KRR T TPEMA BAMER: BEAH
RESES: TKi21 XERFRIRAD: A

MEHS: 0253-231X(2022)04-1034-07

Numerical Investigation of Heat and Mass Transfer Characteristics of Plain Fin
Under Both Dry and Wet Condition
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Abstract

Numerical model for heat transfer of wet air under dehumidifying condition is proposed

in this paper. Numerical study for the characteristics of heat and mass transfer of plain fin under

both dry and wet condition is carried out based on the model. Under wet condition, the plain fin

has lager heat transfer coefficient and smaller fin efficiency when compared with dry condition. The

convective heat flux is reduced when dehumidifying process occurs on fin surface. Larger longitudinal

tube pitch leads to smaller heat transfer coefficient under dry condition. Under wet condition, the

effect of longitudinal tube pitch on heat transfer coefficient is not significant. The heat transfer
coefficient also increases with the increase of spanwise tube pitch and decreases with the increase of

fin pitch. Based on the numerical simulation, correlations for both heat and mass transfer factors

are proposed.
Key words

0 5 &

FEAS L PR aR SR, AR R
RAVEN, AL R AT 88 mUR A, AT RIK
AR B AR, O #3008 28 Ak T AT IR 46
IO, AR R MR 2 SR B ah, K2k
SEH AR ) AN e 2, TR UG T A R A 1
HARIE S T Lo AR, &5 250 Tk A7 1%
AL BURFPE T 9T

H AT i T H0 Fr 8 e 88 A% At SR PR I
FUASLIWE T v, (HBUERAUAEDT 1R
RS BB . Comini &5 W2 26 FH A (B A5
LR IT RN S AR O B AT T, RS
) AP EM Y BREUE R AT S A I R B
R R 24 EEEN, TERS B g
Yrks HEA: 2021-04-22; 1T HEA: 2022-03-21

E&TE: BFEARRBFIES0EHATE (No.51721004)
fEREM: Z0eT (1989-), 5B, flit, FENFHBLBAIFR.

wet condition; plain fin; heat and mass transfer; numerical simulation

XTI R A IR AT O RE AR, SR T
SRR E R ANV B AR AL . Zhuang
S5 1 i1 FH 2 28 2 f A ASE 200 ok YR P-4 Ak A9 A7
Sern R B HERTE, SIS RSB, AR
BB YR 17.3%, (MR T BIRZEN
11.8%. Li %5 O 40l 7 25 A By B4
AR, RIS T HHRAE L B R e, iR
RN 30 S A BRI A AT 255
M, 771 N R X P SR i 7 TR A% A
ENIRORIRITM YW TR E PRI SN
R SO T LSS B AR Oy ., H A R R
FIEOBCUE AR i A RSPt . AR VRS I, AN iR
SRS AOFT AT R B AR, IR B

BIEEE: Mk, #%, wqtao@mail.xjtu.edu.cn.



4 1 RS TR TO0T EUE A 1 A% s P (A 40 1035

(A% #A% URRPE AT BUE U 5T
IR X Yy TRt
1.1 =HIARE

BUE RO A ERS BB, SRR 45 il 5 F2
HESM TR, ShE T EE TR W50
FEFNAH 534z T 2

ST

ap 0
5;+-afoUD-—0 (1)
BhE e
d(puy) 0 B
ot + ox; (pusur) = 2)
_@ + 9 auk + + f
axk a%z H 8% P9k 4§
RE BT e
d(ph) 0 0 oT
PR E T FE
O(pwaltwa) .
ZPwaFwa, ) = 4
5 o (PwalliOtwa) = Ty (4)
dpay) 0 .
at + 61171 (plalui) =1my (5)
HoyrHnia e
O(pwawaYy) = O B
5 + oz, (PwaQwattiYy) =

(6)
ad .

_%(awajv,i) + my
X fio FoRBRE AN ANy, 25 ISR
RIEHK ST o FRERDEG Y ZoRH KBRS
B J RRHSHEE; T wa BRBTES, vER
KSR, a RN TR, 1 BREER. my. 1y
M Sy 73 7 Z o ke K () oS A B BRI, 6
TR IR BE BRI ) TR X AT R i AR AT B AR
PR, =FWEW TR R:

My = —1y = Ty (7)

K ey FRIRKZERBEELE A
1.2 EBERETE

IKZE R4 i A 03 3R TH RS P AR ) AR
FrimAl, Mt IA R R RS, PR IR S T K

A E ST BIEARE, AR R AT
I 4 5 S B LR B A0 4, T U
RGO A R TUE AT, #E T DAAS BB A
R

e BB, AR BRI 4L5
dy i 7 R AT LA BB O A F ik

apTp = agTy + awTw + asTs+

(8)
anIn + arTr +agTg + b

aypYyp =aypYyE +oaywYew + aysYy s+ )

ayNYy N+ ay 1Yy +avpYep + by
wFaeE R, HREABIIE AT [

ap:aE+aw+as+aN+aT+aB+aop (10)

A4
ag = D + [|-F,0]] D= Sz (11)
F, = cppﬁe : "Ze)
b= ngcen + aOPTIQ aOP = CpPA‘/t;ell (12)

X (11). (12) e TR T E—Auf K A R
IR : 28 aw B ap MITEITES ap MIF;
BHE || RARBURTEEE T R KE: v BN
U IR AR AUAE AR AR B EE RS s S RN n A
ISR R RV TSR, AH
R TH 7 e AR A [

IEBE T AN AR, RS TR T A
REMHE, HERBRERED, A RREK
(B RO AR T AR R i R R

apTsnt = apdr + awTw + agTs + anIn+

» (13)
(ITTT + aBTB + Sg + CL%TP

i (15) 5K (9) A, AT LIS 3 g R 0
C{i /AW
(Tsat - TP) - aOP(TP B Tlg)
‘/Cell
[FIBE, 2053 4ia 77 F5 00 ot & YR 0 6 5C Z AT A
FKRN:

a
n+1 n _ WP
Sptl_gn —

(14)

mn+1 — " =
ay p(Yesas — Yop) —af p(Yop — ¥0p)  (15)
Veen

PRI HE DG A AT AR 3 (8) FeA A FI
AL, PRI AR EVE,  BOWAE IR h 48 0B




1036 T & # B ® 2 ik 43 %

BN E BE R A MBI E. 5 DrE
Kb, S8 CEBRPIGESETZ, A AEHE L
KIFUERETEATE I

R NER Y kit

FEE AR BB R AR E W E 1
Ny TR XN E R R RERT N, N RIS E1 2333
FEK: 30 mm A 500 mm {E A H OREKE, A
B REEND, HITAFRNESEE, y TR
B RRNFRIATE, 2 T ARG, HeE
FMR N e, 3 P 2 T e R ek s SR
FEFE AT . BRE A R ESH WL 1 Fiow.

o
HEE AT , P FE A7t
5%%/‘ “ PR l A \

-5

( ) W
X

(2) MR HLIE]
) A [ [ [
FATAsnunt A
e T
o O EEEEE s T
7z oo {------- fF------ {------- F--- -\
T_{ g !_! !_! MR
(b) I

K1 CPEER U R
Fig. 1 Geometry diagrams of plain fin
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Table 1 Main paramaters used in the simulation
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Fig. 2 Validation of the heat transfer simulation
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Fig. 3 Validation of the mass trnasfer simulation
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Fig. 4 Effect of longitudinal tube pitch on heat transfer
factor under dry and wet condition
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Fig. 6 Effect of spanwise tube pitch on heat transfer factor
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Fig. 7 Effect of spanwise tube pitch on mass transfer factor
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Fig. 8 Effect of fin pitch on heat transfer factor
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Fig. 10 Effect of number of tube rows on heat transfer factor
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condition
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