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Experimental Study on the Performance of a Wraparound Loop Heat Pipe Dehumidification System
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Abstract: Objective Aiming at the large energy consumption of traditional condensing dehumidification systems, this
study proposed a method to improve the dehumidification efficiency using a wraparound loop heat pipe dehumidification
system and investigated the influence of inlet air state parameters on the performance of this dehumidification system.
Methods Firstly, the experimental test bench of the wraparound loop heat pipe dehumidification system was constructed in
a constant temperature and humidity laboratory. Secondly, through the pre-cooling experiment of the wraparound loop heat
pipe dehumidification system, the energy-saving effect during the dehumidification process was analyzed. Finally, the
influence of state parameters such as inlet air velocity, dry bulb temperature, and relative humidity on the
dehumidification performance of the wraparound loop heat pipe dehumidification system was analyzed. Results The
experimental results showed that the wraparound loop heat pipe dehumidification system can pre-cool the inlet air, and
with the increase of inlet air temperature, the pre-cooling temperature and energy-saving amount gradually increase,
indicating that the pre-cooling effect reduces the total energy consumption of the system during the dehumidification
process. Additionally, the dehumidification capacity per unit input power of the system showed a trend of first increasing
and then decreasing with the increase of inlet air velocity, while it increases with the increase of inlet air dry bulb

temperature and relative humidity. Conclusion The wraparound loop heat pipe dehumidification system can achieve good

W H 91:2023-05-25 i1 H 1:2023-08-18  SCHE4'S : 1672-058X(2025) 05-0124-07

Fe I H < [ 5 A AR SL B TR0 H (51736007).

G T B EE(1996—) , B LRIDE A it NS STRB N I HARBFSE.

HIE1ES BRI (1977—) | 5 BI#EZ W4 S0, W @S RE RN FH AR 5T Email ; shrechen@ 126. com.

5 DTS ST B, . SRSl S RE R GEMERESCIRTFE [ ] SR TR A4l ( A SRR ERR) ,2025,42(5) :124-130.
CAO Guangyide, CHEN Shuai, HU Chao. Experimental study on the performance of a wraparound loop heat pipe dehumidification
system[ J]. Journal of Chongqing Technology and Business University (Natural Science Edition), 2025, 42(5): 124-130.

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



%54

USRE S AR EBRERER AN X B 125

energy-saving effects through pre-cooling during the dehumidification process. Under the condition of unchanged other

parameters, the increase of inlet air dry bulb temperature or relative humidity will enhance the dehumidification efficiency

of the system. Meanwhile, to ensure a higher dehumidification efficiency of the dehumidification system, it is necessary to

control the inlet air velocity within the range of 1.5 m/s ~2.0 m/s.

Keywords: wraparound loop heat pipe; inlet air state parameters; dehumidification
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Fig. 2 Composition of wraparound loop heat pipe

dehumidification system
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Fig.3 Schematic diagram of experimental system
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Table 2 Energy savings in the pre—cooling process

#uE A FREE/C R4 g £/C FAE/(KW - h)
25 1.7 0. 407
27 1.8 0.462
29 1.9 0.525
31 2.0 0. 593
33 2.2 0.703
35 2.3 0.793
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Table 3 Test results of air velocity experiment
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Fig. 5 Influence of inlet air velocity on system

dehumidification
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Table 4 Test results of temperature experiment

BE/  WERE/ WAREF/ REMAGEREEZ/
C kg - h! kW kg« (h - kW)™
25 1.347 1.729 0.779
27 1.784 1. 800 0.991
29 2.220 2.043 1. 087
31 3.892 2.949 1.320
33 4.319 3.080 1. 402
35 5.443 3.468 1. 569
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Table 5 Test results of humidity experiment

MTRE, REBE/ WABER/ FEMAGRLREE/
%RH kg - h! kW kg + (h-kw)™
60 2.220 2.043 1.087
70 3.783 2.615 1.430
80 4.925 2. 808 1.754
90 6. 595 3.056 2.157

FEANTR] B BRI JE T 00T, A7 1 1 28 RORGE X
WGP AE R R SR BRI IERESC S, S2 5013 2

HUEASE R ER L AT NI E S iTa A M e i PO
ML AZ AN 7 FroR

HT & 7 AT PO BRI AR G B A D R R
ik =g R DO RiTAl A= OR DI IR )| P 5w M R i o S
JEE AN 28 XU AR [, 28 0 X e SR e g | 25 R
ATV NI AN R ENS W R VA Y AT RN o
R, BRIRAS R M

ey
o

—a—25C
——27C
5F—a—29°C

—31°7C

g
W

| ——33°C
—«-35°C

g
=

—_
(=]
T

60 70 80 90 /%
HE 2 S AR /% RH

E7 #OZSEMNEENRERIEEHZNT

Fig. 7 Influence of inlet air relative humidity on system

e
n

dehumidification

5 8 #©

PGe ] RS BRI 22 8 TT LA 2o TV 4 P ik 2>
TSR TATT | AT H AL S8 v BERR I 7 SR AR T B i o
FEOURERE, A RAFM W REROR . a0 ST
BRI FA R B 25 1, PR 28 2 Il B A BRI R 5t
(1 B Bl A D) BT kB o 11 XU 38 K e RS
hk /b, HaE 2 SRR 1.5~2.0 m/s X[l AR S
Wi R GEARAF IR R I SR 4 AT R B i, 7 AR ] 3k
F X A 2 SO XR E N 3 12 0T 3Kl B i
5, PREEE ] 0 AE B 2R 8 1 B i A D 8 R
TR, P BRIT RERHR AT

%75 3CHiK (References) :

[1] IHREREEFTREMIR O, o B @ 50 BeAF B R R 5T
ety 2023[ M. JbT: H ST AR, 2023.
Building Energy Research Center of Tsinghua University.
Annualreport on China building energy efficiency 2023 [ M].
Beijing: China Architecture & Building Press, 2023.

[2]  BAXUK, A8, < XUm H AR = P T Bk HE AR i PR 3R K HC 13

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



130

ERIHAFFR(AARFER)

%40 %

[4]

[5]

[6]

[7]

[8]

WIBFSE[J]. PR TR R A4 (HARFIEhR), 2023, 40(2):
7-14.

CHEN Huan, MU Ying. Research on the influencing factors
and forecasting of carbon emissions in Chongging under the
“double carbon” target[J]. Journal of Chongging Technology and
Business University (Natural Science Edition) , 2023, 40 (2):
7-14.

XGEE, 5k, TTAL. 25 SRR A BRI Pt BB RSt 20 BT AERAR
FISEPRIAE[J]. BlefmiR, 2015, 60(27): 2631-2639.

LIU Xiao-hua, ZHANG Tao, JIANG Yi. Performance
improvement in air dehumidifiers: From ideal to actual[]J].
Chinese Science Bulletin, 2015, 60(27): 2631-2639.

ey PR W I 1R s VA R GEAN [ By A 2 r 3 e ]
L PE RS, 2021, 47(15): 157-158.

GAO Jun-feng. Economic analysis on different dehumidification
methods of comfort-oriented air-conditioning system [ J ]. Shanxi
Architecture, 2021, 47(15): 157-158.

ONG K S. Review of heat pipe heat exchangers for enhanced
dehumidification and cooling in air conditioning systems[J].
Low-Carbon Technologies, 2016, 11(3): 416-423.

YAU Y H. Application of a heat pipe heat exchanger to
dehumidification enhancement in a HVAC system for tropical
climates: A baseline performance characteristics study [ J].
Thermal Sciences, 2007, 46(2): 164-171.

JOUHARA H, MESKIMMON R. Experimental investigation of
wraparound loop heat pipe heat exchanger used in energy
efficient air handling units[J]. Energy, 2010, 35(12): 4592-
4599.

2B, T8, U SRR AR X 2 PR LA BRI TR RE
Wi RIS [T IV 5238, 2011, 11(5): 59-61, 13.

LI Xin-mei, WANG Ke-yong. Experimental study on the
influence of U-type heat pipe exchanger on the dehumidification
performance of air-conditioning unit[J]. Refrigeration and Air-
Conditioning, 2011, 11(5): 59-61, 13.

A, RO, EA I, S5 30 A SORE S HOT A S
[l B P BRI R GEERE AR [J]. B AU R & 24 (T
B AR, 2014, 14(2): 34-38.

JIANG Zhong-lei, ZHAO Xiao-bao, WANG Ruo-lin, et al.

[10]

[11]

[12]

[13]

[14]

[15]

Effects of inlet air state parameters on performance of cooling
dehumidification system with heat tube air regenerator[]J].
Journal of Nanjing Normal University ( Engineering and
Technology Edition), 2014, 14(2): 34-38.

B, TR, W9, A5 AR P XA A R TR 3R T
RS IR ST (1], TR B4R, 2018,
39(5): 1032-1038.

DUAN Lian, XU Yong-tian, HAN Ji-tian, et al. Experimental
study on boiling heat transfer of different surface evaporators in
two-phase-closed  thermosyphon[J]. Journal of Engineering
Thermophysics, 2018, 39(5): 1032-1038.

k¥, XIbede, oo, 45, TR A ST P S W R ikt
JrEk[]]. Bl s, 2011, 41(1): 1-8.

ZHANG Tao, LIU Xiao-hua, ZHANG Hai-giang. Design method
of temperature and humidity independent control air conditioning
system[]]. Heating Ventilating & Air Conditioning, 2011, 41(1):
1-8.

FFER, A, 0, S R FLARGR N LI 1 S
SUBA RIS B0 O 58 (). AR HLAR, 2021, 49 (9):
83-89.

QI Hao, LI Ying, WU Yi-ming, et al. Numerical simulation
and experimental study on air distribution with local perforated
ceiling air supply in artificial environment room([J]. Fluid
Machinery, 2021, 49(9): 83-89.

LA . R S A R AR N DR T ROR R[],
HEARI &, 2022, 49(12): 67-69.

GAN Liang-yue. Key points of thermal insulation construction
technology in wall of constant temperature and humidity
laboratory[J]. Building Technology Development, 2022,
49(12): 67-69.

GB/T 40397-2021, 2B KUBRIBALS]. At E AR
AL, 2021.

GB/T 40397-2021, Household outdoor air dehumidifier[S].
Beijing: Standards Press of China, 2021.

GB/T 19411-2003, BR¥BHL[S]. b5T: o E bR fi 1 R A,
2003.

GB/T 19411-2003, Dehumidifiers[ S]. Beijing: Standards Press of

China, 2003.

DAL : 2R

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



