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Numerical Study on Heat Transfer Characteristics of Cross Row
Plate Bundle Heat Exchanger

AN Ting-zhen, WANG Jun
(College of Energy and Environment,Southeast University , Nanjing, China, Post Code:210096)

Abstract; In order to improve the heat transfer performance of the heat exchanger, a cross row plate
bundle heat exchanger is designed. Using RNG k£ — £ model in Fluent software, the heat transfer charac-
teristics of cross row plate bundles are studied numerically. The influence of the number of plate rows on
the overall Nu and the local heat transfer characteristics of plate bundles are analyzed. The effects of dif-
ferent aspect ratios on the overall Nu are compared, and the Nu empirical formulas of cross row plate bun-
dles at different Re are given. The experimental results show that the overall heat transfer performance of
the cross row plate bundle increases with the increase of the number of plate rows. When a certain num-
ber of rows are reached, the heat transfer performance tends to be stable, and the number of rows tending
to be stable at different Re is different; when Re =4.3 x 10°, rows are required to be 13 to enter the sta-
ble stage, and only 7 rows are required to enter the stable stage at Re =4.3 x 10’ ; the local heat transfer
performance of the cross row plate bundle first increases and then decreases in each plate row, and the lo-

cal Nu reaches the peak approximately from row 2 to 4. The local heat transfer performance of the plate
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bundle is greatly enhanced at two right angles and the position of the impact point; When the aspect ratio

is 5, the heat transfer performance of plate bundle is the best, and when the aspect ratio is greater than or

less than 5, the heat transfer performance will be weakened ; the overall Nu fitting formula of plate bundle
is given when Re is in the range of 1 to 500, 500 to 1 000, 1 000 to 200 000. When Re is greater than
30 000, the heat transfer performance of cross row plate bundle is improved by 25% compared with the

cross row circular tube bundle.

Key words: cross row plate bundle, heat exchanger, heat transfer characteristics, Nu number, numeri-

cal simulation

51

T

R AR R s TR A AL 45 IR AR Y i3
F, BT Z N T AT B ) A AR Tl AR R
FUAT, e AaS R e 4R A e a0 B A 50 e 1
TEfE T R A7 AE L i e A RE 22 A 2 A 2
A, PR B R A T O At

AR AN Xk B 145 T I SO MO 2 A
AT THEGE, IF0HE T PARN A [ 2 R0 ) e i
REATo B A N X 8 5t SCHE AV 5 A
AR ) P AL PAEREREAT T 0 b7, 43 A SNEE
RGN OC R 2, RAFSE N XK B 4 R
ISR AN BE ) R R AT 20 A K B, X L R
B RAMBIE A, FRA B i B R s . R
LA N A R PR R AT A R R R
REM T AL, A T RS, FE A i A A% vy
M , ) S P4 R R L3 o AT IR X6 T 4 i
B PR ABE TR et 1 SR AL S S i B BB A T
THESE, A3 B HAR R ER S PERE AL T T I A5 FAE
TABE o R S N X U e A AR 2 AT
TAER LB IIPERE T, 0 AT R W], 7RI Re H IR
Jie i A 56 A% FRACR AL

RSO e AR AR SR BEA T I, B SUHEROR
AR I BRI AL AR REBEAT T HIFSE, 25 1
XHEAR A AE A Re B Nu 22555 58, 355 0L (Y
[ AL APEREEA TR LE

1 REEFE RIS

1.1 XHMORIR SRR
MHEAR A AR AR AR EAE TN 1 s, Hod e
Oy WA AR o) TE) P, b A WA AR 2B e TR AU ) 35

DR AR, by T3 T A O B R
AT HREAT R AR, PR g RO O 1 A58 50 KR T
[6] () S (A R X AR 1 R
1Y B, DR S 1 HERROR o 1 Al 7
BE . TR X B T 1) B b 7 TR A R 3
SRR BETHT R T BETATIELRE , BE IR RE 3 40 °C,
ARADRER N 20 C .

yI_ x

)\% ]I ?‘Jj}’lil

XFFR A AR X 35k

Bl R EER
Fig. 1 Numerical model of cross row plate
bundle heat exchanger

1.2 #=HAR

BAUR ] RNG k — & it B2 B 25 55 b ol BE TH] bR
e IR I

J i SFAE R

apun) | alpr) _ (1)

ox ady

A p— WU A /s w3 A x 7 160
BE /s s EARTE y 7O HERE /s
SRR

p(a—u+ua—u+vg—u) =pF, —a—p+i(2ﬂa—u)+
y

ot ox ax T o\,
%VG§+%H (2)
e 5] (3

A 7 A], s p—IRAKR K 7, Pas F.—x J7 [ 1 3



- 84 - W hE

[ 2023 4F

TR, N3 Fo—y J7 ] B9 3l 5 IR 500, N w—3h J1 R
TE,N‘S/HEO

RE RSP E TR
0 oTf T\ _ A (0T o'T
o2 T 4y 2Ty AT O
orT x aJy €, \dx ay

(4)
KA A—AR R F R, Wm - K e, — L 4
25,1/ (kg-K) s T—iR B, K So—REPEAE R, T
1.3 M IEER
RGN ECGHEAT PEA, i S 6 25 L o 2L

TR
Re = P (5)
v
A FE IR
hD
Nu = — 6
w =t (6)
_ q,
b=t (7)
2AB
b=iis (8)
Tin + Toul
Tave = 2 (9>
JRITIR S FE IR B
hyD
N — ocal 10
WUjoeal /\ ( >
_ q.
hl"‘ L Tloual - Ta\'e <11>

Ao w0 A P R K, m/s D—HFIE R B, m;
v—IBBIKG B, m*/s 5 h—X WAL R, W/m’ - K
q,—BE T A E E, W/m® T, —HBE I I, K
T, —WAE MR, K A—H 7K B, my B—4R 1
S, my T, — A HPRER B, K T, — 1t 2R
JE K hyog — SRR FAE IR B, W/m? - K T —
TR K,

2 RERE

2.1 MK MELIE

18 P AR S5 K 1 DU 1238 00 s f A58 TR 4T 190 445 32
o3, XS BEMAL HEAT T R AR IR I . O T AR IR
AT RS P P [ B 5 4 35 N F] xS A Y A
FETCRAERE . A8 T 15 J7.34 73,65 J1 LA K 125

T3 4 FhASTRDRG 40 A6 H B A% BEAT R0, 7E Re =
2.15 x 10* SCHERRHFEC 20 BEALE N 5 @ TR,
XA 1 Nu LRz 100 3 B2 47 I s I G P 3T
il BAUZR NG 1 7R 3R 1 al R, 4 B RA% )
AR 44 Nu LA H EHEVE AR 22 B A i 5%
AP AR R AT HE o DATHR0RS HE AT (8] AR Y
J7 25 ., VR 65 J1 MR T IR SR
&1 FEMEHTHRRFEY Nu K HRREXTLE
Tab. 1 Comparison of average Nu and outlet temperature

of plate bundle under different grid numbers

ks E 7 Nu HHRE, C
15 154.26 35.32
34 159.06 35.59
65 160. 58 35.64
125 160.91 35.65

2.2 FEBIIGIE

T SRR AR M, 5 GRS ] b i A Ah
PR A IR TN o AR SR AP P A AR SR
RNG k — & RUJ5 FRBLRY, 3B F1 R S #8A R H cou-
pled B3k, H ) B HLCH PRESTO! , 3l | Jifi 1) BE . i
SIREFERCR 3l 1Y B RS SR F Bl KU =X, B
DX SRR RE R R 22 P 7E 10 7 LT, AR B 1)
FRZE P HIAE 10 LI .

BIHE S 250 A L0 EE Rk 2, fEl 2
AL, ZEAHIF] Re R WRRTHE 771 Nu AR X2 25 78
5% VAN, PRI AT LA SRy 2R 400 A v P 2 T L 4

ZH.

240
—— BRAHE
. B "
200 -
2160 -
120 -
80 | 1 1
4 8 12 16
Re/10°

B2 4HFE Re T Nu B EZBR AR ITHE R
Fig. 2 Simulation and empirical formula calculation

results of Nu under same Re



5 4 1]

REREZ 45 s HERR AU I MR T 5 5.

3 ERESW

3.1 IRHEE RS BE A RN
3 AR T2 Nu Bl B HE S hn 9 25 1k
oo IEIHAT LI H, B AR I, ARk A9 F-
5 Nu SBEHTHEN, 24583 HEROn AR R 9724 Vu
SHHEOC S, AR I 35 48 G A TR0 KR B
Bo X TR HERCR /D i, 8 A A 2 446 i
PRSP B), DR I SCHE AR A A e RE B 8 . R AR HE
B LI ENHCHEIK SR 253t s A& A AR 3, 18 F
T IR S A B HE I A 1 305 22 98/ DN , WAL 18] 1 % B
A5 o R, kS 0 AR HEBO T 18 i SRR R
IRIEPPERER A K, A Re 4600 F UE ARGE Y
HEEORT . 24 Re =4. 3 x 107, 1k AR s I BE (LA
Nu MIRFIRZETE 1% HH) T % 13 $E524 Re =2. 15 x
10°0F, AR E B BN 12 HE; 24 Re =4.3 x 10 B,
PEAFEBTBEN 9 HE; 1124 Re =4.3 x 10° B A st ik
AW BALTT 7 Heo HFPIE Re BT, Pk kb
TEETRDS , W sh 8 PR, i A Fe 40 & R B Be 4
Peo 24 Re B, i A i MR 25, W sh b i
B R HE A TS5 K R Bt . R S SR DL
TRHEATE 0 5% 2B BRI v , e B AR HERC K 20 HEE
FrBEil
1200

1000 e

S v—Re=4.3x 10
—A—Re=4.3x 10*
® Re=2.15x 10°
800 —®—Re=4.3 x 10°
. ,,H_._—Q—Q——O—.—Q—Q—Q—H
2 600 F *

=
400 -+

200 ottt

-

AAAAAAAAAAAAA

5 10 15 20
HuHES %

B3 RHEBER RS N B0
Fig. 3 Effect of plate row number on average

Nu of plate bundle

3.2 tRHMIEXHER MR

K 4 A EIBCHEDL EAL Rl Nu 3 Ao NI HR
TLAEE Y, PEREACHEO, B R S5 78, Rl Nu 52 5eH N
JE IR TR T ANE Re, Ry Nu ik 208 (6

AHEEOAN R o X T Re BRI &A1 16256 2 HEAL B AL
HeARak B it s 6T Re BB B 26 AF, 726 4 HEOLE
AR PGR B Rt o 2 1 HESR AT A R S AR
T OUARARL, SR 1 R A 8] B2 3 1) A 3 A 3L TR I T
RS 2 AR 5 2 HEA R AR X T
Re BRBUMEOL, WA B, i A 1 S5, A
TESF 4 HERFIMAE . o T IR B AW T &, R
HERY Nu BN , A5 BE AT A9 e T B TR TR/
PRI SR N ST/

400 - / \
.

300

—v—Re=4.3x 10*
200 \\\\\
\\v

\
100 | ‘\‘\‘\‘\‘\‘\‘\‘\'
M<

5 10 15 20
BHES %K

#—Re=430
—e—Re=4.3x10°
—a—Re=2.15 x 10*

Nu,

B4 FERHLELRR Nu 535
Fig. 4 Local Nu distribution at different plate

row positions

5 K Re =2.15 x 10* S0 R AT iz B Ak 14 e
#0 Nu 73A1 , P Fp R A o S AL 3 T J] R T A A6
B MWEHR LA H, b T2 2 HE R LS % HER
52 FT—HE AR HE R, PRI TR 23 A R B AN TR 5
1 HEMR . AHE 43 A0 3 K B [ 22 K, R A%
IAPERELS o SR HERRI S/ LR R 22 /), S s
PEREAR XL ZE . WIARTE G AR eI 22 K A= B i
PG, JEy it Nu ik B B R, JBAAR s 4 3L 4% L T 43
it bR AL i R sR AL B T s AR AL
JE, JRI S Nu 3B 080/ 0N , 78 2233 A O B AR I, 4% 34
RIS RNRAL o H T A 2o A A O A T R R
TE T 7 R A Bl i 2 DA ks AR L
TR AR A I A

K6 AR Re T 27 10 HEAL B R0 Nu 2341
MEFH LLE AN Re 55 10 HEAL A 1 Jm &6 1
PERE AL . BEE Re A0, R0 N ARAH R 1
i AR AL FAPERE RS 5



- 86 - W 3

AN

2023 4F

500

U’\ W RTALGRE -
00lm 0.11 m —o— 4544k

g g
400 - —& S A 208

(=)

| //h\
= // —

200

100

0.62 O.(I)4 0.(I)6 0.(I)8 0.1I0 0.1I2
A4 /m
5 Re=2.15x 10" R AREHEEAL , 4 E 55
S8 Nu 5375
Fig. 5 Local Nu distribution in the upper half part of
plate at different rows at Re =2.15 x 10*

500

W R LR E
00im 0.1lm —*— Re=430
i £ —&— Re=. 3
400 —F {:} o Re=4.3 x 10

3 —®— Re=2.15 x 10*
—— Re=4.3 x 10*

0

_ 300

23_
200

100

e b L Lo L

0.02 0.04 0.06 0.08 0.10 0.12
AEFR/m

0

E6 A[E Re T 10 HRAL B4, 1R 35
EEB Nu 5345
Fig. 6 Local Nu distribution in the upper half part
of plate at the positions of the 10th row of plates

under different Re

3.3 HRERIEH bL et E HE RE R R0

S SCHARAE [ (AL @ 5 P AR ) [RI R & A9 LUAE
BCARRENLE . BT AR LE T Re X M kA%
PERERIRZNA o AT AT DU H AR A P RE R
Re HYHEINTIHE SR o FEAHIE] Re BOZRMF T BEGALL D 5
IS, A AR A% PR B o 4, AR RS A 3 I sl ), 4%
IAPERESS T [

[l 8 Sy Re =2.15 x 10" i AN [R] R N HE Tl 33
A IR LA e R B AN, B
BENELO 7 BORGOL T, B8 1 3 BUE U %
b e DX R, R AR R A% AR RE T e s B
FESA 3 Ik, ) e o R, SR O sl AR

R HH B oy b SR AR 0, P B A% A BE Rl
G R B SN2 T R, AR IR RE R e 5 T
TERRINLL S 5 I, A s il v, 48 o s SR, O B
e, N AL AP RE R B LE S 47

—a— alb=3

600 - —o— alb=4 et
—A— alb=5 ’
—v— alb=6
—— alb=T7

S 400 (,,"
200 /
0 / ‘

1 1 1
50 100 150 200 250
Rel/10°

E7 AEEHNET Re xR IR EHMERE R 2200
Fig. 7 Effect of Re on heat transfer performance of plate

bundle under different aspect ratios

B s L T aEm
0 09182837465564738392101110119129138147
(5 — e — e — e — — — e — — —_|
(a) a/b=7
e e
(b) a/b=5
T () alb=3 S

B8 Re=2.15x10"B REHEM L FHIEEN = E
Fig. 8 Velocity distribution cloud chart under different

aspect ratios at Re =2. 15 x 10"

PRI, 75 26 9% SCHIE AR SR I B2 8 338 > i RS 1
AREM B RAELPWERE . DI 5 B 69 Nu
S, MU GETHF BRI L 3 ~ T WA Nu &
IERE R 2 fios,

R2 AEEMLT Nu BIERE

Tab.2 Nu correction coefficients under different aspect ratios

a/b Nu fETEFE
3 0.949
4 0.986
5 1.000
6 0.976
7 0.889




5 4 1]

REREZ 45 s HERR AU I MR T 5 87

3.4 #EAK

it TREBILA 5 S5, ANIE Re F Pr T
T SCHENR AR AR Nu, FFARIEGE TS R LG SHE
WA A T EHCER T L AR N A
il 132 B LA A A% i R SCR 5 5
7 AH VT8 FIOCRE (1 TG ik 49 0 A Pro/Pr, o KR4S SC
BRLO 16, I ASEL Pr/Pr 9 0.25 YR, AT LA
5 YA 1t 2 PR R A0 T A o R EARSLR 1 5 i) T
XSRS B4 i AR A I TR AR 3 T o

K (12) XA S R TS
Nu, = ¢ Re]" Pr}(Pr/ Pr,)"” (12)

AUH  Nu, —BETAT V- 19 55 28 /R B Re— it 1 77 5 45
Pri— 3t M0 AAR P 2 38 5 R 10 B AR R
Pr —Fi BE T FE 8 22 (1935 R AR

5 MR IR] Re, I AN R Rh S0 1A ) 52 38 K
WsE Prffiin, DAAS S K TR V2 HT B
— SRR DL 7 ) RAE Rep =2 000 i 452 4L
Nu, 5 PrZ A5G R G5 R AN3K 3 FR.

3 FTREWRAE Re, =2 000 BFHY Nu, F0 Pr,
Tab.3 Nu, and Pr, of different substances at Re, =2 000

SRR Pry Nu,
=K, 0.744 2 39.06
K 6.990 9 240.08
A ALk 0.805 8 41.76
A5 0.7210 38.07
g 0.727 3 38.25
— S Ak 0.727 2 38.39
kG 16.285 7 417.65

XFEC(12) 2245 PR R) B R 45075 2105 (13) L
HAMRIIAE R (13) #3508 0. 781 35, M &
ProA8% n 39 0. 531 35, 814 R> =0. 999 , 8 & 4
L3 g O

lg Nu, = 1gC' + (n +0.25)lg Pr, (13)

FRRAZS SO SRR 5, AFAN[A] Re, T B9 Nu AH,
XX (12) ZE AP [R) B OO B, J8F no = 0,531 3548,
AR (14) , LU Ig(Nu,/Pr® ™) gl b5 IgRe,
R AR AR X B ST LA B ¢ Fl m, BG4
WE(9) B, MR Re fE 1 ~ 500,500 ~ 1 000,
1 000 ~200 000 43 3 B, il 4 R AT 0.99, %%
LG LRl 3 BRaR A IUSEERMN:

lg (Nu,/ Pro™'®) = lg (¢ Pr.>®) + m lg Re,
(14)
Nu, = 0.16 Re®* Pr¥* (Pr,/ Pr,)"*,
Re; =1 ~ 500 (15)
Nu, = 0.19 Re?* Pr*% (Pr/ Pr,)">,
Re; = 500 ~ 1000 (16)
Nu, = 0.28 Re?™ Pr*% (Pr/ Pr,)">,
Re; = 1000 ~ 200 000

(17)
3r —u—Re, 1~500 ,o/.
-
A— Re, 1500~1000 o~
© Re, 71000~200000 ! 4 ¢
— 2r »
a 4
g .
::-—4  J
\3; 1rF
£
=0
0 -
-1 1 1 1 1 1
1 2 3 4 5 6

lgRe,

B9 SREMMAER

Fig. 9 Piecewise linear fitting results

3.5 XHMRRES XHIREREHMEERT L

10 Sy A[R] Re 1 Pr T SCHEN A 5 SCHER 4 R
FEREREXT . Rl DL H, Re < 1.2 x 10* i,
BRI [ 45 3R B4 4% APk RE AT s Re #F 1.2 x 107 ~
3 x 10" Z [a] B, B S $A0E BE Itk 5 T [ 45 5 24
Re >3 x 10* i, M R AL A i R e 5 T I 45 o 25%
PRI, ER A3 56 T AROR A RE L TR R

750
—a— XHERR

600 - o HERE R

450
3
=

300

150

0 / 1 1 1 1
50 100 150 200
Re/10?

B 10 XHRFRESXHREERERERRIIE
Fig. 10 Comparison of heat transfer performance between

cross row plate bundle and cross row round tube bundle



- 88 - w3 TR 2023 4
4 7 B PR J] VR ZE T AR ,2020,45(24) 242 —244.
Zm Tk

(1) SCHERR AR AR A% PPk e Bl 2 B HER 3
3SR, Yk 3] — & UG e ket TRE . A
Al Re 4 T8 2 MHEBUR R, Re = 4.3 x 10° B 75
13 HE,Re =2.15 x 10° A} 77 12 HE,Re =4. 3 x 10* i} 7
9 HE, i Re = 4.3 x 10° Bif g 52 ik A B %E By BEAL T
7 ko

(2) X AR Jm F AL Ak BE 34T 20 BT, B AR HE o2
G, JRil Nu S 538 5w N # . 2Y Re
BRI TESE 2 HEA AL 4 AR B 55 Y Re B
B, 7RSS 4 HEG B AN PGR B B o . 2R 1 HEAR I
AE5 e HEAE PR BEAS 7], MAFE PR A B A Ak DL S diE o
S E AR KRAAL I, ARIF] Re 55440, FEAR AAH ]
7 A% IAAEBE 43 AT AHARL, {H Re B, 1% #APEfiE
i

(3) SR AR DN L X 1% PR RE 1Y 52 ), A R
TEREDNLL R 5 AL I B e, BN L R F /T
5 B AGRPEREIS 23055 . A ARG LR 3 ~ T BN
Nu A& TE 2 %0554 0. 949 ,0. 986, 1. 000,0. 976 Fil
0.889,

(4) ZEREHLL R S AT, 4t Re £ 1 ~
500,500 ~ 1 000,1 000 ~200 000 3 [l N H B 3% {4
Nu AN 5 CHE B AL R E 17 % L
KHL, 24 Re >3 x 10* i, Mok % # 1k A Ho R4S A 4R

5 25% ,

SE

(L] ARSCH: BIRYT, kAL, 5. sty e R i MO [T ].
INAR KA M (M) ,2021,51(5) 276 - 83.

DU Wen-jing, ZHAO Jun-zhe, ZHAO Li-xin, et al. Review and
prospect of the development of heat exchanger structure [ J]. Jour-
nal of Shandong University ( Engineering Science Edition) ,2021,
51(5):76 - 83.

(2] k4%, EIAE, TREGER, 55, RN TR R SUE MU AR 0

LAI Zhen,GUO Peng-yan,ZHANG Rui-zhu, et al. Research status
of sawtooth and corrugated plate-fin heat exchangers [ J]. Automo-
bile Applied Technology,2020,45(24) :242 - 244.
B WL IRZP, SRR, A MR A O e A P B M R I
BAFFE[T]. REIEAT Y515 L ,2007(2) 105 - 110.
DUAN Rui, XU Zhi-ping, MA Hu-gen, et al. An experimental study
on the heat transfer performance and resistance characteristics of
the oval-tube heat exchanger [ J]. Energy Research and Informa-
tion,2007(2) :105 - 110.
ROFFORAREY, T M. KRR A i B R A R T
73 [ 1. $hfesh S T8 ,2018,33(12) ;30 - 35.
WU Xuan, ZHAO Ling-ling, GAO Teng. Numerical simulation on
the heat exchange and flow resistance of water drop-shaped tube
[J]. Journal of Engineering for Thermal Energy and Power,2018,
33(12):30 -35.
RAA: TRFERE, 5 7T H1L AN B A A% B e R B Y
W L)) A2 02,2013 ,41(1) .9 - 14.
ZHU Dong-sheng, TAN Xiang-hui, ZENG Li-ding. Heat transfer
and pressure drop performances of twisted oval tubes [ J]. Chemi-
cal Engineering,2013,41(1) .9 - 14.
IRLL. AR AR I S WIS D). A BT
~#,2010.
HE Zhao-hong. Study on flow resistance and heat transfer in rec-
tangle tube bundle heat exchanger [ D]. South China University of
Technology,2010.
VI , AR GAL . MR i V& BE AR v AL AL BT S [T ] R
AP ,2007 (1) .79 - 81,48.
QING De-fan, ZOU Jia-zhu. Evaluation and its application of the
enhanced heat transfer on twisted tube condensator [ J]. Fluid Ma-
chinery,2007 (1) ;79 - 81,48.
P SCA. Ay [M L bt s 580 i, 2019.
TAO Wen-quan. Heat transfer [ M ]. Beijing: Higher Education
Press,2019.
LR R SR N R XS AL M) JE S B R
#t,1986.
JKYKAYCKAC A A. Convective heat transfer in heat exchanger
[ M]. Beijing:Science Press,1986.

(31

M i)



