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#OEON T RRUNGE X ES 5 E 2R R A R AR, B T — B TR G S UGE XA 03, 8 i e i o 1
3 HPEAIK I 2 LHHEE KR B 2 2RISR ¥ 2085 i B BB KR FIK 28 & AR AR . AT R I DB K AR
PERS IR ARG XML EEARARR , JAGER/K R P ARG . IR 40 C KWL A 35 Ha B, TR A M URGE KA 2
PR K AR M 30,45,60 m¥/h I IARER KRS 3 4.74,3.95,3.56 °C, SHUGE XS A L (TR IRIE 3 50 2.22,
1.50,1.05 °C) , /KIERESH—EFEAET 2.52,2.45,2.51 C; ANFPEFR AR XTI AY/K 28 4 5043 318 0.098,0.106,0.142 ke/s. T
TR R UAGE X A5 AT B oK 78 %, E— A AR s v 38 (1 R KR, 8 B TR T2 IS B e iR B i v 20k
01 BSEAE AT hy2s BB 1 REH AR RS 4R
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Experimental study of operating performance of a mechanical draft dry—wet hybrid cooling tower

WANG Mingwei' , ZHANG Xiaonan??,SUN Quanquan',JIAO Zongchang' , MENG Qingliang',
ZHANG Yongzhen', LI Ming', LIU Tiantian**, HE Suoying®"*
(1.Shandong Casen Heat Transfer Technology Co., Ltd., Weifang 261055, China;2.School of Energy and Power Engineering,
Shandong University, Jinan 250061, China;3.Shandong Engineering Research Center for High—efficiency Energy Storage
and Hydrogen Energy Utilization, Shandong University, Jinan 250061, China )

Abstract:To address the issue of inadequate cooling capacity of mechanical ventilation air—cooled towers during the summer
season, a kind of mechanical ventilation cooling tower with dry and wet combined ventilation is proposed,and the variation rules
of water temperature and evaporation of cooling tower under 3 groups of circulating water flow,2 groups of inlet water temperature
and 2 groups of fan frequency are studied experimentally. It has been discovered that a decrease in circulating water temperature
is correlated with an increase in circulating water flow rate and a decrease in both inlet water temperature and fan frequency.
When the inlet water temperature of the tower is 40 “C and the fan frequency is 35 Hz, the circulating water temperature drop of the
combined dry and wet mechanical ventilation cooling tower is 4.74,3.95,3.56 “C when the circulating water flow rate is 30,45,
60 m’/h, respectively. Compared with the mechanically ventilated air cooling tower (the circulating water temperature drop is
2.22,1.50,1.05 C respectively ) ,the water temperature drop is further reduced by 2.52,2.45,2.51 °C . The water evaporation
of different circulating water flow rates is 0.098,0.106,0.142 kg/s, respectively. It can be seen that the dry and wet combined
mechanical ventilation cooling tower can further reduce the water temperature out of the air—cooling tower with the help of a small
amount of water evaporation, which helps to improve the cooling capacity of the air—cooling tower in the summer high temperature
period, and the research results can provide theoretical guidance for energy saving and efficiency improvement of air cooling tower.

Key words : mechanical draft dry cooling tower; wet media;packing direct evaporative pre—cooling; exit temperature of hot water;

water evaporation rate
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Tab.1 Basic parameters of dry and wet combined

cooling tower and V—fin tube heat exchanger

ZH EAgIEN

WE Ho/m 4.52
9 B/m 4.47
KL He/m 3.95
REE S Hym 0.65
$ARAS = Hy /m 3.30
V Ak as Je fo/ (©) 60
EHREL n, 8
BHEEL n, 4
BHHEEE n,, 50
AL n,, 4
HAER L/m 2.60

RIS FEHIE T 3 AMEH KT 2 Hik s
AR LR 2 ZHRBUIIR A HIEE I 5 KR Ak
RN . 3 AR /K I &40 310 60,
45,30 m’/h;2 2 KR 430k 45,40 C;2 41X
B 5338 35,50 Hzo
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Fig.1 Experimental system
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Fig.2  Direct evaporative precooling system of packing
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Tab.2 Measuring parameters and instruments
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Fig.3 Measuring point layout
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Fig.4 Arrangement of air temperature and humidity

measurement points after pre—cooling in the experiment
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Tab.3 Water temperature and water evaporation of

exit tower under different circulating water flow

TEERAK MBL BRI ERROK KGR

SR WE I WER KR KR WK kKE)
(m®-h™') Hz C C C (kg's’])

30 35 40 3526 474  0.098
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244 VI IR BB IR A TR, 0 2 7K O
K, KZE R R, KRR, BRI
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0.098,0.106,0.142 kg/s.,
222 HEEIKIRSZ R A3 BT

F 4 GG KL 60 m¥/h KALTIR Ry
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Tab.4 Exit water temperature and water evaporation

at different inlet water temperature
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Tab.5 Water temperature and water evaporation of
exit tower at different fan frequencies

MEAK KM gHE KFE TEFRK KGR
SR i ORI KR kiR R R
(m®-h™") Hz C (kg's_l) (m® -h™) (kg's’l)

45 35 40  36.05 3.95 0.106

e 45 50 40 35.67 4.33 0.120

IR AT, KL OR , HHIE KR . X
JE PR, DAHILAI =R g , 94 S0 ) e KUK i
ESIEVE T SO I Rl T IS e R BT R S
BRI K A 45 m¥/h KR 40 <CIY

THUF, RS 50 R 35,50 Hz B, H K
W43 59K 36.05,35.67 C, BTG R 7K 36 [ 43 1) Ky
3.95,4.33 C; it T AT HLIGE WS 58 kIR,
TENGFRK R 45 m/h JEEE KR 40 CRY T
LT, Y XML 43 31128 35,50 Hz B, HILGHE X
2 IE I K IR 430 R 38.50,37.93 °C, fEFR/K
TS 3 1.50,2.07 °Co KBUSRARBRA , Ik % &
R, UMK BRI . MiFEKIRYI 40 C
I, XoF 0L 7K 28 B 43 A 0.106,0.120 ks
2.3 RES

IR, B AP T00F B8 5 25 IR AT
5 NI, SESE RN R I IR A 6 NI, TR
2SRRI A 2 AT, I A R IR A
6 NI Ao A T U/ IR 2, SIS OT
FEEAE A I I0 (A I e, AH EE T BAR  o, %(E
4 B R B T /N 8200 R 180 5 R 2 R
iR ZEMAT 00T, G5 R L3 6.

*x6 HWIRE
Tab.6 Experimental error

2H ﬁé@@%% LIk ﬁ“‘ijt$i’]
WHER KR bRz
HIEKIR /°C -50~100  0.25% 0.270
HEES KR /°C -50~100  025%  0.250
PEMOKFE /(m® +h™')  0~250  +0.50%  0.210
KRR (kges™) 0.011

T R B R RINR 22  ARifE 25 s T 00

n

5= Z(Xi—f)z/(n—l)T2 (5)

=1
A IR SN X AR S B 1Y
15:,}: (X1+X2+"'+Xn ) Ino
FIbrEE o, TR

0'm=s/rL1/2 (6)
3 #ig

(1) PEA /K I B | S K TR A L KUBTLAA
SRR, A8 PR AL /)N 5 I P K I /N | i
PE AR AT KBTI 2R, 7K 78 & /N, 7K
e,

(2) ZEPEES KR M 40 G KL 35 He
AT EA K550 30,45,60 m/h B, T
VIR A ML AR X2 5 P 706 A A LR 433 Ry
4.74,3.95,3.56 °C, SHUHGE 7S R IEHH EE (TH 3
IR AT R 2.22,1.50,1.05 °C) , 7K i B 32—



22 FLUID MACHINERY

Vol. 53, No.2, 2025

AR T 2.52,2.45,2.51 Co ARG & XF
N 7K 78 % B3R 0.098,0.106,0.142 kefs.

TR A 2 LA XA H135 7] £ Bl /K 1
R RS R R R R KR A7 B T T
23V B I IR I B ENRE T, A e S R
RER RIS T

(1] whoi, dh, XU, 45 O XU I bk 2% & v itk

RS 108 e AR RE RO SZ MR [ ] U AL, 2022,
50(10) :38 - 46.
HAN Q,FENG L,LIU Y X,et al.The influence of
crosswind on the thermal performance of cooling tower
with spray evaporative pre-cooling of the inlet air[J].
Fluid Machinery,2022,50 (10) :38 - 46.

[2] HESY,GURGENCI H,GUAN Z Q,et al. Pre-cooling
with munters media to improve the performance of
natural draft dry cooling towers [ J ] .Applied Thermal
Engineering,2013,53 (1):67-717.

[3] KROGER D G,BERGLES A E.Air-cooled heat
exchangers and cooling towers: Thermal—flow
performance evaluation and design [M].Tulsa:
Pennwell Corporation,2004.

(4] SREIR, KM, B . 2RV HE R X S F
g (] dilve 523 (i) ,2013,27 (1) :33 - 38.
ZHANG Y D,XUAN Y M, HUANG X.Study on the
progress of adaptive partition of the evaporative cooling
(1] Refrigeration & Air Conditioning,2013,27 (1):
33 -38.

(5] BR&F, B, S vE, 55 . Bl oo T 2R R 2D

23 PEMILZE PR R 2 S PR 2 A [0 ] S AR B,
2022,50(9) :7 - 13.
CHEN M,HUANG X,JIN Y F,et al.Performance
test and applicability analysis of indirect evaporative
cooling air conditioning unit for data center [J].Fluid
Machinery,2022,50(9) :7 - 13.

(6] WM, 208, ZHTH, 45 . AR RV AR K LA A Ja

L PERES S IR [0]. AL 54,2020, 71 (38
T 1) :236 - 244.
CHANG J P,HUANG X,AN M M, et al.Analysis of
principle, performance and applicability of indirect
evaporative water chiller [J].CIESC Journal, 2020,
71 (Sup.1) :236 - 244.

(7] Reede, s E, wf . S AR RS A S 10 4S
1 5 P R S A 5 (0. T AR BILAR, 2023,51 (1)
13-17.

SONG X L,HAN Y,HUANG X.Structure and

performance experimental study of vertical tube

[11]

[13]

[14]

[15]

indirect evaporative cooler [J].Fluid Machinery,
2023,51(1):13 - 17.

BTN, SO, TR, A5 BE O s T Ao 5K
1) 1 2 v s A AR RE RSG5 (0] . WAL
ik, 2022,50 (12) :7 - 13.

JIN R Y,HUANG X,WANG Y.Experimental study
on heat transfer performance of polymer plate-fin
indirect evaporative cooler for data center [J].Fluid
Machinery,2022,50 (12) :7 - 13.

ZALEWSKI W, GRYGLASZEWSKI P A .Mathematical
model of heat and mass transfer processes in
evaporative fluid coolers [ J ] .Chemical Engineering
and Processing-Process Intensification, 1997;36 (4)
271 - 280.

CUCE P M,RIFFAT S.A state of the art review of
evaporative cooling systems for building applications
[J]. Renewable & Sustainable Energy Reviews, 2016,
54:1240 - 1249.

SRTTUT . 28 A TV 3 N2 ¥ B I PR RE DAk B 22
oA [D ). 5Frs - AR5, 2019.

ZHANG G H.Performance optimization and economic
analysis of pre-cooled natural draft dry cooling towers
[D] .Jinan: Shangdong University,2019.

CHEN H C,YU S Z,ZHU G H,et al.Research on
evaporative cooling medium for large generator [ C]//
Proc.17th IEEE International Conference on Electrical
Machines and Systems (ICEMS) , Hangzhou,
PEOPLES R CHINA,2014:2369 — 2371.

KRR B, BRI R . 23 20 IR 40 B ORI Y 4
M sg e B ) ][R]0 R o 4l (BARE TR R
1995 (6) :648 - 653.

ZHANG Q M,CHEN P L.Heat and mass transfer
performance of a domestic product of sprayed corrugated
cellulose media [J ] .Journal of Tongji University
(Natural Science ) ,1995 (6) :648 - 653.

AR, INEE I, L. B AR R I R R S
BEE ()], R ARS8 T2, 2007 (5) -7 - 10.

GAO F D,SUN F Z,WANG K.Development and study
of cooling tower fill in power plant [J].Power System
Engineering,2007 (5) :7 - 10.

P, PN, R ], 4 R T OB R R T8 T
1 A RIS B KB AT AR [
KPBHAE4]R,2017,38 (11) :3022 - 3028.

HE S Y,SUN F Z,GAO M,et al.Performance
optimization of natural draft day cooling tower using
wetten-medium evaporative per-cooling [ J].Acta

Energiae Solaris Sinica,2017,38 (11 ) :3022 - 3028.
(T#% 73 )



Wi, A PERIZB T IR A R G A RE K2R R S A SR 73

heat exchanger under heat and release storage condition
[J] Fluid Machinery,2023,51 (6) :46 — 52.

[17] 23R, BRI, 1, 45 . BB / B4 H SR A

A7 J A LR A A KA FAE L R B N [T
3 S E B, 2024,42 (3) :8 - 17.
LI C,HUANG X L,JIN W P, et al.Regulation of phase
behavior in gelatin/konjac glucomannan blend films
and application in heat-seal packaging [ J] .Packaging
and Food Machinery,2024,42 (3) :8 - 17.

(18] /e, BRIGESC, 8555, 45 . BS I S CO, ffRER ZEh

HFEREVYERERY S 2S00 [) ] TRIAALI, 2024,
52(6):49 - 57.
YAO X Y,CHEN X W,HUANG Y,et al.Dynamic
analysis of the performance of filled-bed cooling storage
in transcritical carbon dioxide energy storage systems
[ 7] Fluid Machinery,2024,52 (6) :49 — 57.

(191 R, T, T2, % maig i g se e fl
St AL AR B WL B[], R ) 4% #5,2023,40(8)

A5 A

44 - 52.

WU Z W,WANG T,WANG Y L,et al. Shell-side heat
transfer enhancement effects and mechanisms of heat
exchangers with high-efficiency tubes [ J ] . Pressure
Vessel Technology,2023,40(8) :44 — 52.

[20] LIU J,WANG F H,CAI W L,et al.Numerical study
on the effects of design parameters on the heat transfer
performance of coaxial deep borehole heat exchanger
[J ] .International Journal of Energy Research,2019,
43(12) :6337 - 6352.

YEE N5 (1981) 55, BRI, NS HEA T, 75
R A dhib 2 SRR AR AR SRR IR T G2 E - mail:
guwei4532@126.com,

BASES AR (1969) |, 55, 322 N A BE S5 3T AR TR
TER B RSB A T, 38 45 Hbdik : 300300 R HEHT AR X T
[ 1 189 5 K HE b A H & A7 BR 23 7] ,E - mail : congpd 168@126.

come

A BTS2 45 L ARZE 0T Th T I A AR G Pk Al M S5 VR A2 s [ ] JRARHILG, 2025,53 (2) :65 - 73.
GU W,CONG P D, LI B,et al.The influence of thermal reservoir seepage on the heat exchange performance and stratum temperature recovery in
medium-deep borehole exchanger systems [J] .Fluid Machinery,2024,53 (2) :65 - 73.

(E#F 22 7)

[16] FREFSE . HUBGE KT IR 5 Ve 2035 0 e PP e K
HB TR (D] ¥ : AR K%, 2022,
XU M F.Study on heat transfer performance and
operation regulation of mechanical draft dry—wet hybrid
cooling tower [D] .Jinan: Shandong University,2022.

(171 PEREH. B B S W S R 5 VR T 28 v B 4
TIPERERIBHUBTSE [D ] 5FR - IR K, 2023.
PANG H M.Simulation on thermal performance of
natural draft dry cooling towers under the coupling
effect of windbreaks and spray pre-cooling [ D ]. Jinan:
Shandong University,2023.

(18] ZRJr 4R, A, XIAH I . b v 2 F1-F- S8 A AR
T2 ()], SmArRHS1h 4 T, 2013,41(5)
45 - 48.
LI Q H,YU J,LIU J Y,et al.Discussion standard
deviation and standard deviation of the mean value [ J ] .
Mental Materials and Metallurgy Engineering,2013,
41(5):45-48.

(19] R, XUBE, FHE R, 45 AN 5B A
ZERFEI L [T] . R J1%545%,2023,40 (4) : 80 - 86.
XIE C F,LIU H,YIN Q B,et al.Shape and position

A5 AER

tolerance control method of nuclear power steel
containment [ J | Pressure Vessel Technology,2023,
40 (4) :80 - 86.

[20] ZEMRH ARG, 5 AR, 45 . XL D A 0 A F 5

eI N g e (1], HEREHLAR T 7 27 41, 2024,
42(8):778 — 784.
LIGY,YU Y,WANG Y C,et al.Research progress
and development trend of wind farm power prediction
[J].Journal of Drainage and Irrigation Machinery
Engineering, 2024 ,42 (8):778 — 784.

[21] JCGM/WGI.Evaluation of measurement data guide
to the expression of uncertainty in measurement:
JCGM 100:2008 [ S ] .Joint Committee for Guides in
Metrology ,2008.

YEZ B A U (1984) , 5, Wy BT AR, 3228 v &)
BEATRETT KB ARIISE , E - mail : wangmingwei@casen—group.com

BEEE AT (1987) 9, W, BIUR, EE N FLh
e i Al 55 B Y REME S, 38 1 ik - 250061 1h AR 4 D R T )
TXZ T 17923 SR KF T HhILALX ,E - mail : suoyinghe@

hotmail.com.

T, SRR, A4 5 — PRI UG XA 202 AT R RIS ST [ ] TR, 2025,53 (1) : 16 - 22.
WANG M W,ZHANG X N,SUN Q Q,et al.Experimental study of operating performance of a mechanical draft dry—wet hybrid cooling tower [1].

Fluid Machinery,2024,53 (1) : 16 - 22.



