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Fig.1 Schematic diagram of the 4 types of the hydrophilic
finned-tube evaporators
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Table 1 Basic structural parameters of the hydrophilic finned-tube
evaporators
R P Wy,
[ S N o
Wi S g il T
Outer o S Contact
Tube rows . Transverse Longitudinal _. '°.
diameter . . Fin thickness . angle
DA tube pitch  tube pitch 5/ spacing o
mm P, /mm P, /mm mm S, /mm
4 10 25.3 22 0.12 2 25
R2 FKBREZRLRLEHSH
Table 2 Structural parameters of the hydrophilic
finned-tube evaporators
, . ZH Hfir i fE
3 - )
By Fin types Parameter Unit Values
e AL AT Wit fi o, ° 45
Plain fin with vortex generator BEh mm 1.75
Wavy fin BELEE W, mm 1.4
F4&55 % S, mm 2
FFEEB F Tragwi e S, mm 1.12
Slit fin KAl D, mm 18
JE 4 D, mm 16
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Table 3 Calculation condition parameters

A% & Variate A Values
NS E Inlet air velocity u, ;,/m-s ™ 12,34
ZSMXHESE Inlet air relative humidity RH/% 80,85,90,95
SN Inlet air temperature T,;,/C 12
R BEIR . Wall temperature of tinned tube T,;,/C 3
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Table 4 Verification of grid system independence

st TR Ht B IR FEHER T
Fin types Grid number Nusselt number Nu Friction factor f°
noan 123292 3.2322 0.056 8
PTE):I 251 860 3.2473 0.0569
am i 496 536 3.2537 0.0569
. 120 636 5.3697 0.0599
Q 5]
ﬂis’lé%)# 182728 5.376 6 0.0617
itiin 394 800 54428 0.0617
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Heat and moisture transfer properties of four hydrophilic finned-tube
evaporators for dehumidification in greenhouse

GUAN Yong'*, ZHAO Shengying?, GUO Yanlong?, LIN Yuanshan!, HU Wanling!, CHEN Chong®

(1. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
2. Qingdao Haier Strauss Water Co., Ltd., Qingdao 266100, China)

Abstract: Efficient dehumidification has been one of the technical problems to restrict the high-quality development of the
greenhouse industry in China. It is a high demand to dehumidify and recover the heat energy in the process of dehumidification
during winter. Among them, the airside thermal and humidity transfer properties of finned-tube evaporators have had direct
impacts on the performance of the entire dehumidification system in the greenhouse. In this study, the heat transfer models
were established for the evaporators under both low temperatures and high relative humidity. Four hydrophilic finned-tube
evaporators were taken with the plain fin, the plain fin with vortex generator, wavy fin, and slit fin. The numerical simulation
was verified to compare the experimental data. The thermal and humidity transfer properties of four evaporators were assessed
for the refrigeration dehumidification systems in the greenhouse using various parameters, including the heat transfer capacity,
Nusselt number, friction factor, dehumidification capacity per area, and the enhanced heat-transfer factor. The results showed
that average relative errors of less than 3% were achieved in the Nusselt number and friction factor of the models for the grid
system. There were the higher Nusselt number, heat transfer capacity, friction factor of the air side in the plain fin with vortex
generator, the wavy fin, and the slit fin, compared with the plain fin. The largest heat-transfer capacity and friction factor of the
slit fin were achieved under the same inlet air velocity and relative humidity conditions. The friction factor also decreased
significantly with the increase of inlet air velocity, with an average decrease of 26.06%, 24.87%, 21.10%, and 29.06%,
respectively. By contrast, there was a relatively small effect of the relative humidity on the friction factor. The slit fin exhibited
the highest heat transfer capacity and friction factor, whereas, the plain fin displayed the lowest under the same conditions. The
other three types of fins improved the convection heat transfer on the air side of the evaporator, due to their unique structure.
The dehumidification capacity was augmented with the rise in the inlet air velocity and relative humidity. The wavy fin shared
the greatest average increase in the dehumidification capacity per area, with 8.68% and 7.60%, respectively, at inlet air velocity
and relative humidity. The wavy fin-tube evaporator presented the highest average enhanced heat transfer factor of 1.084 and
1.041, respectively, under the conditions of inlet air velocity and relative humidity, indicating the most favorable thermal and
humidity transfer properties. Hence, the wavy fin-tube evaporator was recommended for dehumidification at low temperatures
and high relative humidity in the winter of cold regions, when the inlet air velocity exceeded 2 m/s and the relative humidity
was over 80% in the greenhouse environment. The findings can provide a strong reference for the design and application of the
hydrophilic finned-tube evaporators in the refrigeration dehumidification systems in the greenhouse.

Keywords: greenhouse; numerical analysis; evaporators; dehumidification; thermal-humidity transfer properties
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