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Research Progress of Fixed Bed Dehumidification System: A Mini

Review

Xin Xiao and Zhengliang Han
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Abstract: In recent years, the fixed bed dehumidification system has received extensive attention. Research shows that
the fixed bed can be combined with the vapor compression refrigeration system to replace the traditional air conditioning
(A/C) system, improve the dehumidification efficiency of the system and reduce energy consumption of A/C. In this
study, the optimization and improvement methods of the fixed bed dehumidifier in recent years are introduced in detail
firstly. It points out that adding heating/cooling devices to the fixed bed can greatly improve the dehumidification capacity
and efficiency of the system, which is the main method to improve the fixed bed currently; Optimizing the structure of
fixed bed is also an effective method, but the current research results have limited improvement on dehumidification
performance; Optimizing the regeneration mode of fixed bed can improve the utilization rate of renewable energy and
improving the overall dehumidification efficiency of the system, but the research in the direction is still insufficient; The
parallel double packed bed structure can ensure the continuous operation of the fixed bed to improve the
dehumidification efficiency of the system, but such systems are large in scale and high in cost. Then the dehumidification
performances of various systems are summarized and comprehensively compared. Finally, the future optimization and

improvement direction of the fixed bed is pointed out.
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1. INTRODUCTION

Nowadays, the energy consumption of
airconditioning (A/C) system is increasing. In order to
reduce energy consumption, the temperature and
humidity independent control system are studied,
among which the solid dehumidification A/C system is
one of the temperature and humidity independent
control A/C systems [1]. The solid dehumidification A/C
system combines the solid adsorption dehumidification
device with traditional refrigeration systems (such as
steam compression refrigeration system [2, 3], steam
absorption refrigeration system [4, 5]). The
dehumidification device realizes humidity control and
the refrigeration system realizes temperature control.
The solid dehumidification device usually uses low-
grade thermal energy as the driving energy, including
solar energy [6-8], waste heat [9-12] and so on, which
greatly reduces energy consumption and
environmental pollution [13]. Solid dehumidification
devices can generally be divided into desiccant wheel
(DW)[14-15], fixed (packed) bed [16, 17] and
desiccant-coated heat exchangers (DCHEs) [18, 19].
The DW can realize continuous dehumidification and
regeneration process with compact structure and wide
application. However, the DW cannot overcome the
influence of the adsorption heat released by the
desiccant during the dehumidification process, which
would cause the temperature of the desiccant and
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treated air to rise, increase the irreversible loss of heat
and mass transfer process, reduce the dehumidification
capacity of the system, and require the high
temperature of regenerative heat source [20, 21]. The
DCHEs can be coated with a limited amount of
desiccant, so the dehumidification capacity is low [22].
The fixed bed dehumidifier has a relatively simple
structure, low initial investment and operational cost, a
large number of filling desiccants and high
dehumidification capacity, so it has become a research
hotspot. However, the fixed bed cannot operate
continuously, and the contact between the flowing gas
and the solid desiccant is weak, resulting in a low heat
and mass ftransfer coefficient of the dehumidification
system, which affects the dehumidification efficiency of
the system [23, 24].

Therefore, many researches are devoted to
improving the design of fixed bed, solving the problems
of discontinuous operation of fixed bed and low heat
and mass transfer coefficient, so as to improve the
dehumidification efficiency of the system [23]. In this
study, the optimization and improvement methods of
fixed bed dehumidifier in recent years are introduced,
the dehumidification performance of each system is
comprehensively compared, and the future optimization
and improvement direction of fixed bed dehumidifier is
pointed out.

2. OPTIMIZATION AND IMPROVEMENT OF FIXED
BED

In order to solve the problems of discontinuous
operation of fixed bed and low heat and mass transfer
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coefficient, the optimization and improvement based on
single material packed bed and double material packed
bed are made in recent years.

2.1. Single Material Packed Bed

Based on single material packed bed, the heat and
mass transfer performance and dehumidification
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efficiency are improved by optimizing the system
structure design. Shamim et al. [16] designed a new
type of multi-layer fixed bed adhesive free dehumidifier,
as shown in Figure 1a, which used silicon based high-
purity spherical gel as adsorbent and combined with
the steam compression system to improve the
dehumidification efficiency while reducing power
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Figure 1: (a) Multilayer fixed bed dehumidifier [16], (b) Double-stage DDB [22], (c¢) Double-stage solid dehumidifier [25], (d)
Multi tray packed fixed bed [26], (e) Packed bed with Z-annular flow configuration [27].

consumption. When the thickness of bed D was 1 mm,
the air velocity v was 0.6 m/s, and the moisture content
of inlet air w, was 16.5 g/kg, the average
dehumidification efficiency of the system in the first 10
mins was 35.96% higher than that of the traditional
dehumidifier wheel. When the D was 1 mm and the v
was 0.9 m/s, the maximum pressure drop of the device
was 20 Pa/m, which was nearly 98% lower than that of
the traditional dehumidifier. He et al. [22] studied a
double-stage desiccant dehumidification box (DDB), as
shown in Figure 1b. Compared with single-stage DDB,
the device had stable dehumidification performance.
Under the condition of 27.3 °( and 62.8% relative
humidity (RH), the maximum dehumidification capacity
of double-stage DDB was 3.9 g/kg, about 1.44 times of
single-stage DDB, and its maximum dehumidification
efficiency was 27.8%. Yang et al. [25] also studied a
double-stage solid dehumidifier, as shown in Figure 1c.
With the condition of 25.2 °( and 56.4%~74.9% RH, the
maximum dehumidification efficiency of the system was
22.2%, twice of the single-stage solid dehumidifier
under the same working condition; The average
dehumidification efficiency was 11.1%, 2.8 times of the
single-stage solid dehumidifier under the same working
condition. Abd-Elhady et al. [26] designed a solid

dehumidification system with multi tray packing, as
shown in Figure 1d. The system greatly increased the
contact area between desiccant and air, and the
dehumidification capacity was about 27% higher than
that of conventional packed bed. Compared with the
conventional DW, the pressure drop of the system was
reduced by about 87%, and the energy consumption
was significantly reduced. In addition, the moisture
absorption of the system could reach about 80% of the
saturation state after 2000 s of startup, and the
dehumidification rate was greatly improved. Yeboah et
al. [27] designed a packed bed with Z-annular flow
configuration, as shown in Figure 1e. The structure
enhanced the moisture absorption capacity of the
packed bed, and the bed temperature was 4.22~5.47 (
lower than that of the conventional packed bed,
reducing the impact of adsorption heat on the
dehumidification performance. However, the end plate
of the device blocked the air flow, leading to flow
reversal, so its pressure drop was higher than that of
the traditional packed bed.

Several researches improved the heat and mass
transfer performance and dehumidification efficiency by
adding coolers, heaters and other devices to the fixed
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bed. Ramzy et al. [17] added an intercooler in the
packed bed to improve the utilization rate of the drying
agent at the tail layer of the bed, as shown in Figure
2a. The dehumidification efficiency of the dehumidifier
increased from 41%, 43%, and 47% of the traditional
fixed bed to 75%, 79%, and 94% at 1000s under the
conditions that the airflow temperature T was 27 °(, 28
°(, 27 °(, and v was 0.8 m/s, 0.68 m/s, and 0.61 m/s,
respectively. When the bed length was 0.05~1 m, the
best position of intercooler to obtain the maximum total
adsorption mass was 0.45<y/L<0.65, where y was the
axial position of the intercooler and L was the bed
length. Finocchiaro et al. [28] added finned tube heat
exchanger to the packed bed. As shown in Figure 2b,
the silica gel was gathered between the fins. The heat
exchanger cooled the silica gel during the
dehumidification process to reduce the impact of the
adsorption zone, so as to improve the dehumidification
efficiency of the fixed bed. Long et al. [29] added a
finned tube heat exchanger to the fixed bed, as shown
in Figure 2c. During the adsorption dehumidification
process, the gas flowed through the heat exchanger for
cooling and then exchanged heat with silica gel, which
could reduce the impact of adsorption heat. At the
temperature of 35 ‘( and RH of 75%, the maximum
dehumidification capacity of the device was 19.53 g/kg,
1.3 times of the traditional fixed bed. The maximum
dehumidification efficiency was 72.3%, increased by
26.4%, and the increase rate was 49.67%; At the
temperature of 22 ‘( and RH of 65%, the maximum
dehumidification capacity of the device was 7.93 g/kg,
1.4 times of the traditional fixed bed. The maximum
dehumidification efficiency was 73.9%, increased by
43.8%, and the increase rate was 145.51%. Yeboah et
al. [30] combined the helically coiled oscillating heat
pipes (HCOHPs) using ethanol, methanol and
deionized water as working fluids with the packed bed,
as shown in Figure 2d. HCOHPs was used to eliminate
the heat released by the desiccant adsorbed water
vapor, thus reducing the temperature of the packed
bed and improving the adsorption performance of the
desiccant. The results showed that the maximum
average bed temperature can be reduced by 14 °(.
However, the heat and mass transfer performance of
the system was affected not only by the overall thermal
resistance, but by the thermal resistance between the
evaporator and vessel wall, so the device needed to be
further optimized. Yu et al. [31] reduced the impact of
adsorption heat by adding water heating and cooling
devices to the multi-layer fixed bed non binder
dehumidifier to improve the dehumidification efficiency

of the system, as shown in Figure 2e. Under the
conditions of 7=27 °(, v=0.9 m/s and w,=10.01 g/kg and
14.88 g/kg respectively, the maximum dehumidification
efficiency of the dehumidifier was 24% and 33% higher
than that of the traditional fixed bed. Yang et al. [32]
connected DN20 water pipes to the fixed bed, and
introduced water at different temperatures into water
pipes during dehumidification regeneration, reducing
the impact of adsorption heat and increasing the
regeneration amount, as shown in Figure 2f. The
results showed that under the conditions of T=38 °(,
RH=56% and inlet air flow q=320 m°/h, the total
dehumidification capacity of the system was 520 g
when 28 °( water was introduced in the
dehumidification stage, which was 1.17 times of the
conventional system, and its regeneration capacity was
1.12 times of the conventional system. Hung et al. [33]
designed a desiccant tray with water cooling/heating
coils inside to reduce the impact of adsorption heat in
the dehumidification process and improve the
regeneration efficiency. When T7=25~40 ‘(, wy=15~20
g/kg and air mass flow rate g, was 0.15~0.5 kg/s, the
dehumidification performance of the system was
improved by 10~40% compared with the conventional
system. During regeneration, when the water
temperature was 55~75 ‘(, the regeneration time could
be shortened by 180 mins.
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Figure 2: (a) Intercooling packed bed [17], (b) Cooling packed bed [28], (c) Internal cooling solid desiccant bed [29], (d)
Schematic of the three HCOHPs integrated with the packed bed [30], (e) Schematic diagram of air dehumidification system [31],

(f) Structure diagram of fixed bed with water pipes [32].

Other researches improved the utilization rate of

regenerative heat source, reduced the energy
consumption of regeneration and improved the
dehumidification  efficiency by changing the

regeneration mode of fixed bed. Yang et al. [34]
designed a solid desiccant bed with direct solar
regeneration, as shown in Figure 3a. The device
carried out the regeneration of desiccant through solar
radiation, improved the heat utilization efficiency of
solar energy, and reduced the energy consumption of
regeneration. Under the conditions of 34.5~35.6 ‘( and
89.8%~90.4% RH, the average dehumidification
efficiency of the dehumidification device in the one h

Glass cover
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was 10.04%, and the average dehumidification
capacity was 3.26 g/kg; The maximum dehumidification
efficiency was 13.24%, the maximum dehumidification
capacity was 4.3 g/kg, and the average effective
dehumidification time was 2 h. Yang et al. [35] used
solar/microwave combined regeneration to improve
energy utilization efficiency and reduce regeneration
energy consumption, as shown in Figure 3b. Under the
condition of 26.09 ‘( and 89.23% RH, the maximum
dehumidification capacity of the dehumidifier was 14.1
g/kg, the maximum dehumidification efficiency was
68%, and the maximum dehumidification rate was
0.294 g/(kg-s).
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Figure 3: (a) Solid desiccant bed with direct solar regeneration [34], (b) Solid desiccant bed with solar/microwave combined

regeneration [35].
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2.2. Double Material Packed Bed a common improvement method is to use parallel

double packed bed structure.
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Figure 4: (a) Circulation diagram of fixed bed based on two finned tube heat exchangers (HX1, HX2) [36], (b) Dehumidification
system based on two silica gel packed beds and eight control valves [37], (¢) Humidity control system based on two silica gel
packed beds [38], (d) System diagram of parallel fixed bed [39], (e) Humidity control system based ontwo cylindrical packed

beds [40].

Pistocchini et al. [36] designed a fixed bed
dehumidification system based on two finned tube heat
exchangers, and its operational diagram was shown in
Figure 4a. The system reduced the gas supply
temperature by implementing the quasi isothermal
adsorption and desorption processes. On the premise
of ensuring the dehumidification rate, the system could
maintain a constant air flow direction during the
adsorption-desorption phases. When the fin spacing
was 4 mm, under the conditions of T7=28.1 ‘( and
wo=13.8 g/kg, the average dehumidification capacity of
the system was 7.3 g/kg, the coefficient of performance
(COP) was 0.43, and the energy efficiency ratio (EER)
was 33.1. Ramzy et al. [37] designed a
dehumidification system consisting of two desiccant
beds and eight control valves, as shown in Figure 4b.
Under the conditions of wy=18 g/kg and v=0.75 m/s,
when the required outlet moisture content was less
than 12 g/kg, the cycle efficiency of the
dehumidification system was 0.27. In addition, when
the particle size of silica gel was 2 mm, under the
condition of wy=18 g/kg and v=0.75 m/s, if the inlet air
at 50 °( was pre-cooled to 25 °( in advance, the
circulating efficiency of the system could be increased
from 0.26 to 0.33. Cazzaniga et al. [38] designed a
humidity control system consisting of two silica gel
packed beds. As shown in Figure 4c, two kinds of
airflow (regeneration and cooling) alternately passed
through each bed layer, and the system could provide
the required humidification capacity under the outdoor
conditions with temperature of 0 °( and moisture
content of 3.4 g/kg. The disadvantage was that if the
outdoor conditions became worse (high temperature
and low humidity ratio), the outlet regeneration

temperature would be higher than 30 °(, causing
discomfort to the human body. Zhao [39] designed a
parallel adsorption/desorption column structure. As
shown in Figure 4d, two adsorption columns performed
adsorption and desorption respectively, ensuring the
continuous operation of the fixed bed. Under the
conditions of T=40°(, wp=29.74 g/kg, q=150 mh, the
maximum dehumidification capacity of the system was
4.496 g/kg, and its effective dehumidification time was
140 mins. At the regeneration temperature of 90 °(, the
system could complete regeneration within 20 mins.
Antonellis et al. [40] built a humidity control system with
two cylindrical beds filled with spherical silica gel beads
and four directional valves, as shown in Figure 4e.
Through the position change of the four directional
valves, the process and regeneration airflow alternately
passed through the two beds to ensure the continuous
operation of the system. When the return air
temperature of the building was 20 °( and the humidity
content was 5.8 g/kg, the air humidity supplied to the
building could increase from 1.5 g/kg to 5.3~6.1 g/kg,
and its regeneration temperature was about 60 ‘(.

Based on the above research results, Table 1 gives
a brief summary, from which the difference of
dehumidification performance of various fixed bed
devices can be seen, providing a certain reference
value for future research on the fixed bed.

3. CONCLUSION AND PERSPECTIVE

The energy consumption of A/C is increasing day by
day. The goal is to reduce the energy consumption of
A/C and improve the system efficiency. The traditional
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Table 1: Comparison of Dehumidification Performance of Fixed Beds Devices [16-17, 22, 25, 29, 31-36, 39]
. Increase Increase
Maximum Maxi P Average A P
Type of o . dehumidifi | Maximum | rateof | o, g | Average | rate o
fixed Optimizatio Eenvironment cation dehumidif | maximum cation dehumidif average Refer
beds n method condition capacityl(g- ication | dehumidifi capacityl( ication | dehumidific | ence
paciiyilg efficiency cation pacliyiig efficiency ation
kg™) g ‘kg™) . .
efficiency efficiency
mfl’j VTT'I 6"; g'/ig - - - 7.07 42.85% 35.96% [16]
Optimization M
of fixed bed | T=27.3°(, RH=62.8% 3.9 27.8% 44% - - - [22]
structure
T=25.2'(,
RH=56.4% (74 9% - 22.2% 100% - 11.0% 180% [25]
=00.47%~/4.97%
T=27"'(, v=0.8 m/
(. v=08mis - - - - 75% 82.93%
T7=28°(, v=0.68 m/s - - - - 79% 83.72% (17]
T=27°(, v=0.61 m/s - - - - 91% 100%
T=35"(,
‘ 19.53 72.3% 49.76% - - -
Single RH=70%
material N T=22' [29]
packed | Addition of e 7.93 73.9% | 14551% - - -
bed cooling/heati RH=65%
ng device
T=27'(. v=0.9 o
m/s. wp=10.01 g/kg ) ) 24% ) ) )
[31]
T=27'(. v=0.9 o
m/s. wo=14.88g/kg ) ) 33% ) ) )
T=38°(, o
RH=56%. =320 m*h ) ) ) ) ) 7% (32]
T=25~40 '(, wo,=15~20 o
g/kg. Gn=0.15~0.5kg/s i . - - - 10-40% (33]
i at T=34.5~35.6'(, RH=89
Optimization > 9 - 9 -
p J 89%~90.4% 3.26 10.04% 4.3 13.24% [34]
regeneration T=26.09
. o i i i i
mode ‘(. RH=89.23% 14.1 68% [35]
Double Parallel . Tiﬁi; " - - - 73 - - [36]
material double » Wo=19.5g/kg
packed | packed bed T=40 (. wo=29.74
= ~ 0= .
bed structure gkg. g=150 m/h 4.496 - - - - - [39]

A/C dehumidification system consumes a lot of energy
and has low operating efficiency. Solid adsorption
dehumidification provides a new direction for the
research of dehumidification system. In this study, the
optimization and improvement methods of fixed bed
dehumidifier in recent yearsare introduced in detail,
and the dehumidification performances of various
devices are comprehensively compared. The summary
is as follows:

at present, which can greatly improve the heat
and mass transfer characteristics of the system,
and greatly improve the dehumidification
capacity and efficiency of the system. Among the
above systems, the maximum dehumidification
capacity can reach 19.53 g/kg, the maximum
dehumidification efficiency can reach 73.9%, and
the average dehumidification efficiency can
reach 91%.

1. Adding the heating/cooling devices to the fixed 2.
bed is still the mainstream optimization method

The structure optimization of fixed bed is also a
hotspot research direction. The mass transfer
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characteristics of the optimized fixed bed have
been greatly improved. In the above research
results, the average dehumidification capacity of
the system can reach 7.07 g/kg, the average
dehumidification efficiency can reach 42.85%,
and the increase rate  of average
dehumidification efficiency can reach 180%.

3. At present, there is little research on the
regeneration method of fixed bed. The main
method is to use solar energy and microwave for
regeneration. Optimizing the regeneration
method can improve the regeneration efficiency,
and the overall dehumidification efficiency of the
system to a certain extent. The maximum
dehumidification efficiency of the system can
reach 68%.

4. The parallel double packed bed structure can
ensure the continuous operation of the fixed bed
and improve the dehumidification efficiency of
the system. The average dehumidification
capacity of the system can reach 7.3 g/kg.
However, such systems are bulky and costly.

In the future, adding heating/cooling devices to the
fixed bed is still an effective method. However, for
different systems, the specific location of the
heating/cooling devices and the specific temperature of
the heating/cooling loads to be studied. For the
structure of fixed bed, there are few optimization
methods at present, and the improvement of
dehumidification capacity and efficiency of the
optimized system is limited. More optimized structures
need to be studied by researchers. At present, the
regeneration mode of fixed bed is still dominated by
solar energy, and the feasibility of other regeneration
modes and the coupling of regeneration modes need to
be studied. The parallel double packed bed structure
can ensure the continuous operation of the system, but
the structure is large in volume and high in cost, so the
structure needs to be optimized to reduce the occupied
space and cost.

NOMENCLATURE

D Thickness of fixed bed (mm)
T Inlet air temperature (°()

v Inlet air velocity (m/s)

y The axial position of the intercooler (mm)

L Length of fixed bed (mm)

wo Moisture content of inlet air (g/kg)
q Inlet air volume flow (m3/h)

gm Inlet air mass flow (kg/s)

ACKNOWLEDGEMENTS

This work was sponsored by Yunnan Provincial
Rural Energy Engineering Key Laboratory (Grant No.
2022KF001). Dr. Xin Xiao also thank for the Course

Construction Project of English Teaching for
International Students.

REFERENCES

[1] Jani D B, Mishra M, Sahoo P K. Experimental investigation

on solid desiccant-vapor compression hybrid air-conditioning
system in hot and humid weather [J]. Applied Thermal
Engineering, 2016, 104: 556-564.
https://doi.org/10.1016/j.applthermaleng.2016.05.104

[2] Marifios Rosado D J, Rojas Chavez S B, DE Carvalho J A, et
al. Comparison between the steam compression refrigeration
system with intercooler and with compressor scale system: A
case study [J]. Energy Conversion and Management, 2019,
183: 406-417.
https://doi.org/10.1016/j.enconman.2018.12.111

[3] Islam M A, Mitra S, Thu K, et al. Study on thermodynamic
and environmental effects of vapor compression refrigeration
system employing first to next-generation popular
refrigerants [J]. International Journal of Refrigeration, 2021,
131: 568-580.
https://doi.org/10.1016/}.ijrefrig.2021.08.014

[4] Kadam S T, Kyriakides A S, Khan M S, et al. Thermo-
economic and environmental assessment of hybrid vapor
compression-absorption refrigeration systems for district
cooling [J]. Energy, 2022, 243: 122991.
https://doi.org/10.1016/j.energy.2021.122991

[5] Hong S J, Bae K J, Nguyen T N, et al. Development of
thermally-driven hybrid LiBr-water absorption system for
simultaneously supplying steam and refrigeration effect [J].
Applied Thermal Engineering, 2022, 201: 117792.
https://doi.org/10.1016/j.applthermaleng.2021.117792

[6] Rambhad K S, Walke P V, Tidke D J. Solid desiccant
dehumidification and regeneration methods - A review[J].
Renewable and Sustainable Energy Reviews, 2016, 59: 73-
83.
https://doi.org/10.1016/j.rser.2015.12.264

[7] Bleibel N, Ismail N, Ghaddar N, et al. Solar-assisted
desiccant dehumidification system to improve performance of
evaporatively cooled window in hot and -humid climates [J].
Applied Thermal Engineering, 2020, 179: 115726.
https://doi.org/10.1016/j.applthermaleng.2020.115726

[8] Jin S X, Yu QF, LI M, et al. Quantitative evaluation of carbon
materials for humidity buffering in a novel dehumidification
shutter system powered by solar energy [J]. Building and
Environment, 2021, 194: 107714.
https://doi.org/10.1016/j.buildenv.2021.107714

[9] Sun XY, Chen J L, Zhao Y, et al. Experimental investigation
on a dehumidification unit with heat recovery using desiccant
coated heat exchanger in waste to energy system [J].
Applied Thermal Engineering, 2021, 185: 116342.
https://doi.org/10.1016/j.applthermaleng.2020.116342




Progress of Fixed bed Dehumidification System: A Mini Review

Journal of Solar Energy Research Updates, 2022, Vol. 9 119

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

[20]

[21]

[22]

(23]

Li X, Chen J, Sun X, et al. Multi-criteria decision making of
biomass gasification-based cogeneration systems with heat
storage and solid dehumidification of desiccant coated heat
exchangers [J]. Energy, 2021, 233: 121122.
https://doi.org/10.1016/j.energy.2021.121122

Yamaguchi S, Saito K. Numerical and experimental
performance analysis of rotary desiccant wheels [J].
International Journal of Heat and Mass Transfer, 2013, 60:
51-60.
https://doi.org/10.1016/j.ijheatmasstransfer.2012.12.036

Chu P, Hu Q, Chen J, et al. Performance analysis of a pilot-
scale municipal solid waste gasification and dehumidification
system for the production of energy and resource [J]. Energy
Conversion and Management, 2022, 258: 115505.
https://doi.org/10.1016/j.enconman.2022.115505

Liu L, He Z H, Chen J C, et al. Development on solid
composite desiccants for desiccant cooling systems [J].
Advances in New and Renewable Enengy, 2017, 5(5): 377-
385. (In Chinese)

Chen L, Shi Q. Experimental study and performance analysis
on a closed-cycle rotary dehumidification air conditioning
system in deep underground spaces [J]. Case Studies in
Thermal Engineering, 2022, 37: 102245.
https://doi.org/10.1016/j.csite.2022.102245

Biker M S, Parlamis H, Alwetaishi M, et al. Experimental
investigation on the dehumidification performance of a
parabolic trough solar air collector assisted rotary desiccant
system [J]. Case Studies in Thermal Engineering, 2022, 34:
102077.

https://doi.org/10.1016/j.csite.2022.102077

Shamim J A, Hsu W L, Kitaoka K, et al. Design and
performance evaluation of a multilayer fixed-bed binder-free
desiccant dehumidifier for hybrid air-conditioning systems:
Part | - experimental [J]. International Journal of Heat and
Mass Transfer, 2018, 116: 1361-1369.
https://doi.org/10.1016/j.ijheatmasstransfer.2017.09.051

Ramzy A, Abdelmeguid H, Elawady W M. A novel approach
for enhancing the utilization of solid desiccants in packed bed
via intercooling [J]. Applied Thermal Engineering, 2015, 78:
82-89.

https://doi.org/10.1016/j.applthermaleng.2014.12.035

Lee JG, Bae K J, Kwon O K. Experimental investigation of
the solid desiccant dehumidification system with metal
organic frameworks [J]. International Journal of Refrigeration,
2021, 130: 179-186.
https://doi.org/10.1016/}.ijrefrig.2021.06.020

Liu L, Kubota M, Li J, et al. Comparative study on the water
uptake kinetics and dehumidification performance of silica
gel and aluminophosphate zeolites coatings [J]. Energy,
2022, 242: 122957.
https://doi.org/10.1016/j.energy.2021.122957

Jeong J, Yamaguchi S, Saito K, et al. Performance analysis
of four-partition desiccant wheel and hybrid dehumidification
air-conditioning system [J]. International Journal of
Refrigeration, 2010, 33(3): 496-509.
https://doi.org/10.1016/}.ijrefrig.2009.12.001

He H B, Li Y, Dai Y J, et al. Experimental investigation of
solar heating and humidificationsystem with desiccant rotor
in winter [J]. Acta Energiae Solaris Sinica,2015,36(7):1690-
1696. (In Chinese)

He F, Yang W, Ling Z. Comparative investigation on
performance of single-stage and double-stage desiccant
dehumidification boxes under hot-humid climatic conditions
[J]. International Journal of Refrigeration, 2023, 146: 1-14.
https://doi.org/10.1016/j.ijrefrig.2022.10.015

Abd-Elhady M M, Salem M S, Hamed A M, et al. Solid
desiccant-based dehumidification systems: A critical review
on configurations, techniques, and current trends [J].
International Journal of Refrigeration, 2022, 133: 337-352.
https://doi.org/10.1016/}.ijrefrig.2021.09.028

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

Vivekh P, Kumja M, Bui D T, et al. Recent developments in
solid desiccant coated heat exchangers - A review [J].
Applied Energy, 2018, 229: 778-803.
https://doi.org/10.1016/j.apenergy.2018.08.041

Yangw S, Ling Z P, Li Y, et al. Performance comparison of
single-stage and double-stage solid desiccant
dehumidification systems in the southern humid and hot
regions [J]. Journal of Refrigeration, 2022, 43(2): 107-114.
(In Chinese)

Abd-Elhady M M, El-Sharkawy | |, Hamed A M, et al.
Performance evaluation of a novel multi-tray packed bed
solid desiccant dehumidification system [J]. International
Journal of Refrigeration, 2022.
https://doi.org/10.1016/j.ijrefrig.2022.12.001

Yeboah S K, Darkwa J. Experimental investigations into the
adsorption enhancement in packed beds using Z-Annular
flow configuration [J]. International Journal of Thermal
Sciences, 2019, 136: 121-134.
https://doi.org/10.1016/j.ijthermalsci.2018.10.027

Finocchiaro P, Beccali M, Gentile V. Experimental results on
adsorption beds for air dehumidification [J]. International
Journal of Refrigeration, 2016, 63: 100-112.
https://doi.org/10.1016/}.ijrefrig.2015.10.022

Long B Y. Study on dehumidification and regeneration
performance of internal cooling solid desiccant bed
regenerated by waste heat of cabinet [D]. Guangdong
University of Technology, 2020. (In Chinese)

Yeboah S K, Darkwa J. Experimental investigation into the
integration of solid desiccant packed beds with oscillating
heat pipes for energy efficient isothermal adsorption
processes [J]. Thermal Science and Engineering Progress,
2021, 21: 100791.

https://doi.org/10.1016/j.tsep.2020.100791

Yu L, Shamim J A, Hsu W L, et al. Optimization of
parameters for air dehumidification systems including
multilayer fixed-bed binder-free desiccant dehumidifier [J].
International Journal of Heat and Mass Transfer, 2021, 172:
121102.
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121102

Yang L J, Li W, Chen L N, et al. Effect of fixed adsorption
bed structure on regeneration and dehumidification [J].
Journal of Refrigeration, 2015, 36(2): 101-105.(In Chinese)

Hung B N, Nuntaphan A, Kiatsiriroat T. Effect of internal
cooling/heating coil on adsorption/regeneration of solid
desiccant tray for controlling air humidity [J]. International
Journal of Energy Research, 2008, 32(11): 980-987.
https://doi.org/10.1002/er.1405

Yang W S, Wu Y F, Wang Z Y, et al. Dehumidifying property
testing of a solar directly regenerated solid dehumidification
bed [J]. Renewable Energy Resources, 2016, 34(3): 332-
338. (In Chinese)

Yang W, Wang W, Ding Z, et al. Performance study of a
novel solar solid dehumidification/regeneration bed for use in
buildings air conditioning systems [J]. Energies, 2017, 10(9):
1335.

https://doi.org/10.3390/en10091335

Pistocchini L, Garone S, Motta M. Air dehumidification by
cooled adsorption in silica gel grains. Part |: Experimental
development of a prototype [J]. Applied Thermal
Engineering, 2016, 107: 888-897.
https://doi.org/10.1016/j.applthermaleng.2016.06.103

Ramzy A K, Kadoli R, T.P A B. Experimental and theoretical
investigations on the cyclic operation of TSA cycle for air
dehumidification using packed beds of silica gel particles [J].
Energy, 2013, 56: 8-24.
https://doi.org/10.1016/j.energy.2013.03.048

Cazzaniga E, Colombo L, Antonellis S D. Preliminary
experimental and numerical analysis of a silica gel packed
bed humidification system[C]//E3S Web of Conferences,




120 Journal of Solar Energy Research Updates, 2022, Vol. 9

Xiao and Han

2019, 111: 06044. [40] Antonellis S D, Colombo L, Freni A, et al. Feasibility study of
https://doi.org/10.1051/e3sconf/201911106044 a desiccant packed bed system for air humidification [J].
[39]  Zhao H. Preparation of biomass-based solid adsorbent and Energy, 2021, 214(3): 119002.
its dehumidification performance in fixed Bed[D]. Yunnan https://doi.org/10.1016/j.energy.2020.119002
Normal University, 2020. (In Chinese)
Received on 14-11-2022 Accepted on 23-12-2022 Published on 28-12-2022

DOI: https://doi.org/10.31875/2410-2199.2022.09.11

© 2022 Xiao and Han; Zeal Press.

This is an open access article licensed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium,

provided the work is properly cited.



