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[ Abstract] In order to strengthen the heat-mass transfer performance of humid air-spray water outside staggered tube bundles
(STB), an analytical model was constructed for heat-mass transfer performance of humid air-spray evaporative cooling in staggered tube
bundles based on the coupled method of DPM ( discrete phase model) and Wall film model. The verification results show that the error
was less than 1. 1% for simulation and parameter results. Meanwhile, the influences were studied for three key structural parameters on
heat-mass transfer performance. The results show that the heat transfer performance is improved between tube wall and spray water with
the increase of longitudinal and transverse spacing of tube bundles. However, the mass transfer performance decreases of humid air-
spray water with the increase of transverse spacing. Meanwhile, Nusselt number increases by 33. 3% with the increase of longitudinal
spacing from 30 to 70 mm, increases by 73. 5% with the increase of transverse spacing from 10 to 50 mm. Besides, the heat transfer
performance proves to be better when contact area increases between tube bundle and spray water with larger pipe diameter. At a cer-
tain transverse and longitudinal spacing, the lowest humid air temperature and highest enthalpy are located on the maximum pipe
diameter (24 mm) , and its decreasing and increasing degrees are 11. 2% and 35. 6% , respectively. The above results can provide a
theoretical basis for optimizing the structure of staggered tube bundles and improving the heat-mass transfer efficiency.

[ Keywords] staggered bundles; heat- mass transfer; evaporative cooling; operating parameters

RV I E 2 SR AU, BTz /mit(AiﬂiMPE’J%%% IA%‘{T%’&FM/" I EL
BT A T ) Tl 25 B ARG IR SR Y e AR R T AR A AN B TR B R
PR 200 20 35 J2 — Fb i R0 A9 28 R v A B A, ﬁ%ﬁﬁ~%ﬁﬁﬁﬁﬁlﬂiﬁ?@ﬁ%\ﬁﬂiﬁqﬂi R
w0 TG B B S e, ANTIXE IS R % A B P, AT TR G o Y A% 3 A

K B 20240722 EiTHHE: 2024-11-17

EEUWH . 1AM T 1 (jxsq2023101064 )

FE—1EE . KER(1996—) , B DUK , BEVE K3 A Wit TRRIN, BF5EJ7 ) 34428 . E-mail  fukang_2@ 163. com,
CEEEE . R (1984—) 5 DU, HOR-FoN 18 202 . AFSE O 1 AL G . E-mail: mhq2014@ qq. com,

¥ FE Mk . www. stae. com. cn



B A 5T R

6352 Science Technology and Engineering

2025,25(15)

L,

H AT, VP 258 38 6 58 B 45 TR TR A 0 A% 5T e Pk
TR Z i7" BRI R g, S
(A AL T3S B B, {45 5 PR TR A7 A 1 22 1)
B, BN, Zheng %51 WF 5T F W | S OK -4 BE [A] 4%
PAE G WA AR WK L BE RN K I
K s WK -1 25 A R A% i R B H 32 258 AT R 1 R
Wi, Heyns 25" F 5T 4% 5 26 B M K 18 25 < el %
JIF BN 52 25 03 5 10 572 ) 340 R S bk 7K O i
Ko HHTXT AR I () 4% T A% T I 42 1) B AN 72
53, KT K -1 23 SR A% 5 2R BOR BTk K -4 B
LR E M R 2 257, ARV 5
Mraw g AARIE , S 1 8 41 U 9 38 48 4 R R Y
FERAL i, BB BLHL S T A 3 T 2, Gan
214 ] DPM ( discrete phase model ) #5 BUAF 58 1
SARTNAE I AH R 3, 2R 17, SCHR Aok B0 S F2
Bk, FEOT AL RAFAEIR 2 Karmakar 2510
T VOF # 8Y (volume of fluid model) , #1377 =
YK V48 AR S I B0 A AL E AT AIF 5, (H 2 AR R A
AN R I8 2 R P R I R IR R ), IR IR
HIEW MR ZE K AE . S b A2 R A PR T) Y g
WRAK BB AR JE Bt 78 98 25 AP I K 28R ORI
23 S AT IR K TR A RS T S A ™ TR S ) 54U
ER MR

2 B R, KT DPM 5 Wall film A5 5055
BRI, T 75 FE T OK A T Bl B YR A K
H K ZE ST BRI 25 A W K TR A R T
G NRE  H TS KRN SRS R AL
AL TR o BB A s 32 AR B T A0, s Ak
G T 7k, FE R AL 25 R 5 S 00 B e a4 7 %)
HLEIE

1 BIBRBVET

1.1 YIEEEEL

ZROCHR [ 14 ] Pk (R3S B 8 R S5 1, gl ST Bl
2R 1 P, 228 MRETR, BARSS AN 1 (a)
s

T L=2B % 38 55 8 a4k — 4 - i 4544
(T BT EAE 7 ) #4720 M, SO G FR P Okt
Ho12 PEATEE Q0 1(b) iR,
1.2 HFEHE

CEA G R IE Y T R VB R K78

—

1550

v o

DRWEHOK ;. 20 Bt SRR IEERE ; 440K ;
SHENM; CHEREIKHIKE ; TRGHDKHKE; 8H B ;
OHWEHOKE 3 100 KA

(a) ZRHEHE RLHR B

MWasme 1t
(b) B e — M R
1 REEE AR LR T

Fig. 1 Geometric model of staggered tube bundles
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Fig. 2 Diagram of the state of spray water
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Table 2 Parameters of different spray water

TR A

temperature working conditions

T,/ T,./ RH, G/ G/
T ' ' ' X
K K % kg (m’+s) '] [kge(m?+s) ']
286.1 289.2 85 0.8 1.92
288.7 288.0 51 0.8 1.92
203.7 2911 45 0.8 1.92
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Table 3 Comparison between simulation and experimental
results of wall temperature ( top layer)

T LRAIR TS RS /%
1 18.5 18.6 0.5
17.2 17.3 0.6
20.4 20.5 0.5
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Table 4 Comparison between simulation and experimental
results of wall temperature ( bottom layer)

T8 LRAIR B %6 /%
1 17 17.1 0.6
2 15.8 15.8 0
3 18.9 18.7 1.1
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Fig. 6 Comparison results of water film flow patterns
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