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Figure 1 (Color online) Dehumidification system for suspension bridge main cables.
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Figure 2 (Color online) Heat-mass coupling transfer during dehumi-
dification of the main cable.
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Figure 3 Solution flowchart.
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Table 1 Main cable data of Runyang Changjiang River Suspension Bridge
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G LEZ 22 H 4% (mm) FLIRE B (m) EQLITES R AT 2 TFIKE
1 23368 5.3 20% 125 0.2 0.8 6.3%
2 23368 5.3 20% 190 0.2 0.8 6.8%
F 2 B KL BRBE ST 5% S5
Table 2 Dehumidification data and local climatic data of Runyang Changjiang River Suspension Bridge
Gns RRSTEREY (WmD)  FREEREEY (C) WBGES (ms) BHUHEEms) SRR BSIRE(C)  #ERIEI(Pa)
1 175 15.7 3.5 0.02 0.35 20 1100
2 175 15.7 3.5 0.04 0.35 20 1690

a) WIREHRE . 2023447 M T K BASE ST 58 8 1~12 7 & H Y14, http://www.mapsdgis.com/a/radiation/2296-gis-5.html
b) HRXSGEIR L. 1981~20104F 45 1 H SEH SR 47K, https://data.cma.cn/forecast/index.html
¢) LIRS, I KIT A B KM 5IX 7 s SR G 1 H(20234F 1~12 A 1), https://www.njgxjh.com/zhenjiang/jdhs25396.html
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Table 3 Factors and levels of response surface experiments

WREE k) R A
-1 0 1
EHTRIE (W/mY) A 0 307.5 615
W (K) B 273.15 293.15 313.15
ISR (m/s) C 2 5 8
HEAHE (/s) D 0.02 0.06 0.1
BEA AR B E 0.1 0.25 0.4
AR (K) F 293.15 313.15 333.15
WA (Pa) G 102000 103000 104000
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-2.00 x 10 °G* (16)
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Figure 4 (Color online) The effect of air inlet velocity and
environmental temperature on the rate of water evaporation from the
inside of the main cable.
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Figure 5 (Color online) The effect of air inlet temperature and inlet
velocity on the rate of water evaporation from the inside of the main
cable.
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Figure 6 (Color online) The effect of environmental wind velocity
and solar radiation intensity on the rate of water evaporation from the
inside of the main cable.
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Figure 7 (Color online) The effect of environmental temperature and
environmental wind velocity on the rate of water evaporation from the
inside of the main cab.
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Figure 8 (Color online) The effect of solar radiation intensity and
environmental temperature on the rate of water evaporation from the
inside of the main cable.
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Figure 9 (Color online) Evaporation rate increase in each season after
increasing the surface absorption rate of the main cable.
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Study of the heat and mass transfer characteristics of the main cable
dehumidification process under internal and external environments

XU Yang', CUI Ming', WEI Yong', NI Ya', YANG ZhenHua’,
DU GaoMing3 & ZHENG ZhangJ ing1

Main cable dehumidification is one of the most important tasks in the maintenance of suspension bridges. The accurate prediction of
the characteristics of the main cable dehumidification process is a prerequisite for developing an efficient dehumidification system.
However, the internal structure of the main cable is complicated, and the main cable dehumidification process is significantly affected
by the natural environment and operating conditions. Therefore, a more comprehensive heat and mass transfer model for main cable
dehumidification is constructed in this paper. This model integrates the coupling effects of internal air supply parameters (i.e., inlet
speed, inlet relative humidity, inlet temperature, and inlet pressure) and external environmental factors (i.e., solar radiation intensity,
environmental temperature, and environmental wind velocity) on the main cable dehumidification process of suspension bridges. The
sensitivity of each parameter is analyzed via the response surface methodology. The results show that relative humidity and velocity
of inlet air, environmental temperature, and solar radiation intensity are the main factors affecting the evaporation rate of water in the
main cable. The discussion of the interaction of the aforementioned factors on the evaporation rate reveals that increasing the inlet
velocity can enhance the evaporation rate. However, the upward trend of the evaporation rate plateaus as the inlet velocity continues
to increase. The enhancement of the evaporation rate by increasing the inlet velocity becomes more significant with the increase in
environmental and inlet temperatures. Moreover, increasing the environmental wind velocity decreases the evaporation rate.
However, the downward trend of the evaporation rate with the increase in environmental wind velocity gradually plateaus, and the
velocity at the flattening point is approximately 6 m/s. The decrease in evaporation rate due to the increase in environmental wind
velocity becomes more pronounced with the increase in environmental temperature and radiation intensity. Furthermore, the increase
in solar radiation intensity can effectively improve the evaporation rate, and the effect is more prominent at higher environmental
temperatures. The solar radiation intensity increases from 0 W/m’ to 615 W/m’, and the evaporation rate increases by 26.3% at an
ambient temperature of 313.15 K. This increase in evaporation rate is 9.7 times that of the increased evaporation rate at an ambient
temperature of 273.15 K. The increase in the surface absorption rate of the main cable can further improve the dehumidification
efficiency of the main cable using solar energy. Taking Runyang Bridge as an example, when the absorption rate increases from 0.2 to
0.9, the evaporation rate increases by 11%—18% in different seasons. This paper provides a more comprehensive theoretical basis and
engineering guidance for the development and improvement of the main cable dehumidification system.

main cable dehumidification, internal and external environment, response surface, convective heat transfer,
convection mass transfer, solar radiation
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