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Abstract: This study reports on the investigation of the performance of single and two-stage
liquid and solid desiccant dehumidification systems and two-stage combined liquid and solid
desiccant dehumidification systems with reference to humid climates. The research focus is on a
dehumidification system capacity of 25 kW designed for room air conditioning application using
the thermal models reported in the literature. RD-type silica gel and LiCl are used as solid and
liquid desiccant materials, respectively. In this study, the application of proposed system for deep
drying application is also explored. Condensation rate and moisture removal efficiency are chosen
as performance parameters for room air conditioning application, whereas air outlet temperature is
chosen as performance parameter for deep drying application. Further, for a given range of operating
parameters, influences of air inlet humidity ratio, flow rate, and inlet temperature on performance
parameters of the systems are investigated. In humid climatic conditions, it has been observed that
a two-stage liquid desiccant dehumidification system is more effective for room air conditioning
application, and two-stage solid desiccant dehumidification system is more suitable for deep drying
application in the temperature range of 50 to 70 ◦C, while single-stage solid desiccant and two-stage
combined liquid and solid desiccant dehumidification systems are more effective for low temperature,
i.e., 30 to 50 ◦C deep drying application.

Keywords: liquid desiccant; solid desiccant; condensation rate; moisture removal efficiency;
deep drying; latent heat ratio

1. Introduction

Humans feel discomfort in humid climates due to excessive humidity (i.e., moisture content)
in the ambient air. Similarly, high humidity is also responsible for many other unwanted situations,
e.g., increase in air borne pollutants, damage of sophisticated instruments, and deterioration of
fruits and vegetables. Therefore, dehumidification of ambient air is required for various applications.
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For dehumidifying the ambient air, in recent years, the desiccant dehumidification system became very
popular due to reduction in energy consumption and effective utilization of low-grade renewable energy
sources [1]. Desiccant dehumidification systems are classified as solid and liquid desiccant-based
dehumidification systems. In a solid desiccant dehumidification system, ambient air is passed through
a solid desiccant wheel, where ambient air interacts with the solid desiccant material and adsorption
of water vapor takes place as shown in Figure 1a. In case of liquid desiccant dehumidification systems,
ambient air and liquid desiccant solution pass through a packed column in a counterflow direction.
Then, the ambient air and liquid desiccant solution interact with each other, and moisture is absorbed
by the desiccant solution, as shown in Figure 1b. Thus, ambient air and desiccant material get heated
during the adsorption/absorption processes due to the latent heat of condensation, exothermic reaction,
and sensible heat exchange. Later, the hot and dehumidified air coming out of the solid desiccant
wheel or liquid desiccant dehumidifier is sent into the air-conditioned space and the diluted desiccant
material is regenerated using low-grade thermal energy sources.Sustainability 2020, 12, x FOR PEER REVIEW 3 of 23 
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Figure 1. Schematic of (a) single-stage solid desiccant dehumidification (SSDD) system, (b) single-stage
liquid desiccant dehumidification (SLDD) system, and (c) two-stage solid desiccant dehumidification
(TSDD) system.

Several researchers have studied the performance of the single-stage solid desiccant
dehumidification system (SSDD) by conducting experiments [1–4] and by developing numerical
models [5–14]. Studies suggested that for a given dehumidification system capacity, in order to improve
the moisture adsorption capability and operate at low regeneration temperature, two stage solid
desiccant dehumidification system is preferable [2,3,5]. In two-stage solid desiccant dehumidification
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(TSDD) systems, ambient air is passed through two solid desiccant wheels, i.e., the ambient air is
initially dehumidified with a solid desiccant wheel and further dehumidified using a secondary solid
desiccant wheel as shown in Figure 1c. Very few researchers have studied the performance of the
two-stage solid desiccant dehumidification system and concluded that, although the system works at
low regeneration temperature, the dehumidified ambient air outlet temperature is high [1–3,5,9,10].

The performance of the TSDD system is also investigated by adding cooler between two solid
desiccant wheels, i.e., by externally cooling the dehumidified air before entering the secondary solid
desiccant wheel [1,10]. With this arrangement, moisture removal capacity is improved; however,
energy demand and pressure drop increases and operational flexibility decreases, leading to higher
operational and maintenance costs. Therefore, a single-stage liquid desiccant dehumidification system
(SLDD) is chosen as an alternative option for reducing the dehumidified air outlet temperature and
also for decreasing the pressure drop [15–24].

The SLDD system performs well as compared to the SSDD system, however, the moisture removal
rate is low as compared to TSDD system. Thus, in this manuscript, performances of two-stage
combined liquid and solid desiccant dehumidification system (CLSDD) and two-stage liquid desiccant
dehumidification system (TLDD) are compared focusing on the improvement in moisture removal
rate and reduction in dehumidified air outlet temperature. Further, for a designed dehumidification
capacity, performances of CLSDD and TLDD systems have been compared with the performance
of SSDD, TSDD, and SLDD systems for finding the most suitable system for room air conditioning
application. As observed from the literature that the dehumidified air outlet temperature of the SSDD
and TSDD systems are high, and moisture removal capacity of SLDD system is high compared to the
SSDD system. Hence, the potential use of SSDD, TSDD, SLDD, TLDD, and CLSDD systems for deep
drying application is also investigated in detail.

2. Materials and Methods

This section presents thermal models used for analysing the simultaneous heat and mass transfer
processes occurring in the desiccant dehumidification systems. A simplified thermal model developed
by Kiran et al. [19] is used for analysing the liquid desiccant based dehumidification system. Lithium
chloride (LiCl) is chosen as a liquid desiccant for this analysis. Figure 2 presents the heat and
mass transfer processes occurring along the height of the counter flow liquid desiccant dehumidifier.
The thermo-physical properties of the liquid desiccant and the ambient air are assumed to be constant.
Water vapour condensation process is assumed to occur in an adiabatic liquid desiccant dehumidifier.
Further, it is assumed that heat and mass transfer coefficients do not vary along the height of the liquid
desiccant dehumidifier.

The thermal and moisture effectiveness (ξT andξm) are defined using following relationships [15,19].

ξT =
To

a − Ti
a

Ti
s − Ti

a
(1)

ξm =
ωo

a −ω
i
a

ωe −ω
i
a

(2)

The outlet parameters of the liquid desiccant dehumidifier are given as:
Air outlet humidity ratio:

ωo
a = ωi

a +
(
ωe −ω

i
a

)
(1− exp(−τmz)) (3)

Desiccant outlet concentration:
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l exp(γ
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a −ω
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)
) (4)
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Air outlet temperature:

To
a = Ti

a +
(
Ti

s − Ti
a

)1− exp

 −τhz

Cp,a +ω
avg
a Cp,v

 (5)

Desiccant outlet temperature:

To
s = Tavg

a +
(
Ti

s − Tavg
a

)
exp

 γz
Cp,s


τm

(
ωe −ω
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a

)(
Tavg

a − Tavg
s

) (Cp,vTavg
a + δ

)− τh


 (6)

where, τm = 1
z ln

(
1

1−ξm

)
and γ = Gs

Ga
.

Water vapor condensation rate (λ) for the liquid desiccant dehumidifier is given as:

λ = Ga
(
ωi

a −ωe
)
(1− exp(−τmz)) (7)

The number of the mass transfer unit (NTU) is defined as:

NTU =
αmz
Ga

(8)

where αm = Gaτm
as

; αm is the mass transfer coefficient at the interface.
Lewis number (Le) is quantified to analyse the simultaneous heat and mass transfer processes

during the fluid flow, as follows:
Le =

αh

αmcp,m
(9)

where αh = Gaτh
as

; αh is the heat transfer coefficient at the interface.
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Figure 2. Heat and mass balance along the counterflow liquid desiccant dehumidifier.

2.1. Solid Desiccant Wheel

The one-dimensional unsteady model of proposed by Chung et al. [6] is used for analysing the
solid desiccant based dehumidification system. RD-type silica gel is chosen as a solid desiccant for
the present analysis. Thermo-physical properties of the desiccant, ambient air, and heat/mass transfer
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coefficients across the desiccant wheel are kept constant. Ducts throughout the desiccant wheel are
assumed to be identical and uniformly disturbed. Further, ducts are also assumed to be adiabatic in
nature. The air-desiccant interface properties such as specific humidity at equilibrium, heat transfer
coefficient and mass transfer coefficients are calculated using Equations (A1)–(A5) presented in
Appendix A. Figure 3 shows the air duct, computational domain, and a cross-sectional view of the
desiccant wheel. Governing equations of the developed model are expressed as follows:
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Mass balance for the process air is given by Equation (10).

vρaAw
∂ωa

∂y
= φmP(ωs −ωa) (10)

Energy balance for the process air and mass balance for the desiccant material are given by
Equations (11) and (12), respectively.

vρaAw
(
Cp,a +ωaCp,v

)∂Ta

∂y
= φhP(Ts − Ta) (11)

ρaAw
∂Xw

∂t
= φmP(ωa −ωs) (12)

Energy balance for the desiccant material is given by the following relationship.

ρaAw
(
Cp,s + XwCp,w

)∂Ts

∂t
= φhP(Ta − Ts) +φmχP(ωa −ωs) (13)

The initial and boundary conditions are used for solving the abovementioned governing equations
of the solid desiccant wheel which are written as follows:

Initial conditions:
ωa(y, 0) = ωa,0

ωs(y, 0) = ωs,0

Xw(y, 0) = Xw,0

Ts(y, 0) = Ts,0

Ta(y, 0) = Ta,0


(14)

Boundary conditions:
Ta(0, t) = Ta,r

Ta(0, t) = Ta,p

ωa(0, t) = ωa,r

ωa(0, t) = ωa,p

 (15)
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2.2. Performance Indices

(a) Overall Heat Exchange (Qo)

Overall heat exchange (Qo) between the air and desiccant side is given as [22]:

Qo = ṁ aCp,m
(
To

a − Ti
a

)
+ ṁ aδ

(
ωo

a −ω
i
a

)
(16)

where Qsen = ṁ aCp,m
(
To

a − Ti
a

)
; Qlat = ṁ aδ

(
ωo

a −ω
i
a

)
; Qo = Qlat + Qsen; Cpm is the specific heat

capacity of moist air, and Qsen and Qlat are the sensible and latent heat exchanges between the air and
the desiccant.

(b) Latent Heat Ratio (ζ)

Latent heat ratio (ζ) defined by Equation (17) is the ratio of latent heat exchange (Qlat) to the
overall heat exchange (Qo) between the air and the desiccant sides [22].

ζ =
Qlat

Qo
(17)

(c) Moisture Removal Efficiency (ηm)

Moisture removal efficiency is stated as the amount of water vapour removed per kg of dry air
to the maximum possible amount of water vapour removed per kg of dry air along the liquid/solid
desiccant dehumidifier [22,23]. It is calculated as

ηm =

(
ωo

a −ω
i
a

ωs −ω
i
a

)
× 100(solid desiccant) =

(
ωo

a −ω
i
a

ωe −ω
i
a

)
× 100 (liquid desiccant) (18)

where ‘ωs’ is the humidity ratio of the air existing in equilibrium with the solid desiccant material and
‘ωe’ is the humidity ratio of saturated air, which is in thermal equilibrium with the liquid desiccant
solution [19].

2.3. Limitation of SLDD System

Influence of number of mass transfer units (NTU) on the variation of performance parameters
(condensation rate and the temperature difference between inlet and outlet) of the SLDD system is
investigated in detail using the model developed by Kiran et al. [19]. This investigation leads to the
analysis of dehumidification process with increase in the size (specific surface area and height) of the
liquid desiccant dehumidifier. In this analysis, air inlet parameters such as temperature, humidity
ratio, and flow rate are taken as 35 ◦C, 30 gwv/kgda, and 1.0 kg/s, respectively, whereas the desiccant
solution inlet parameters such as temperature, desiccant concentration, and flow rate are taken as
15 ◦C, 40 gwv/kgda and 2.0 kg/s, respectively. This study estimates the air outlet temperature and
condensation rate of the SLDD system using Equations (5) and (7) while assuming the NTU values
from 0.01 to 10 and Lewis number as unity. With increase in NTU value, the variation of condensation
rate and air temperature difference across the SLDD system are plotted in Figure 4. The condensation
rate and change in air temperature along the dehumidifier is significant up to a NTU value of 4.
Beyond this value, moisture removal rate is nearly constant in the SLDD system after certain height of
the liquid desiccant dehumidifier and specific surface area of the packing material (as the NTU is a
function of specific surface area and height). Therefore, other alternatives such as TLDD and CLSDD
systems are explored to increase the dehumidification capacity without increasing the size of the liquid
desiccant dehumidifier.
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Figure 4. Influence of dehumidifier NTU on condensation rate and air temperature change for
single-stage liquid desiccant dehumidification system.

3. Demonstration of Systems

Demonstration of TLDD and CLSDD Systems

Figure 5 presents the TLDD system consisting of two liquid desiccant dehumidifiers and CLSDD
system consisting of a liquid desiccant dehumidifier and a solid desiccant wheel. Initially, in both the
TLDD and CLSDD systems, the desiccant solution and ambient air interacts in a counterflow direction
and desorbs moisture to the desiccant solution. Later, the dehumidified air is further dehumidified in
the TLDD system using a secondary liquid desiccant dehumidifier (Figure 5a). Whereas in the CLSDD
system, the dehumidified air is further dehumidified using a solid desiccant wheel (Figure 5b). Thus,
deep dehumidified ambient air comes out of both the CLSDD and the TLDD systems.
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Figure 5. Schematic of (a) two-stage liquid desiccant dehumidification system, and (b) two-stage
combined liquid and solid desiccant dehumidification systems.
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4. Results

In this section, the performance comparison among the SSDD, TSDD, SLDD, TLDD, and CLSDD
systems for room air conditioning and deep drying applications is presented with reference to humid
climates. Condensation rate and moisture removal efficiency are chosen as performance parameters for
room air conditioning application, whereas the outlet air temperature is considered as a performance
parameter for deep drying application. The operating parameters and their range chosen for the
parametric analysis of the dehumidification systems are given in Tables 1 and 2.

Table 1. Operating parameters and their range is chosen for the parametric analysis.

Parameters Operating Range Reference Values

Liquid Desiccant Solid Desiccant Liquid Desiccant Solid Desiccant

Desiccant Material LiCl–H2O RD Silica gel LiCl–H2O RD Silica gel
Desiccant Wheel revolutions per hour (RPH) - - 24

Regeneration Temperature (◦C) - - 90
Air Inlet Temperature (◦C) 28–35 35 35

Solution Inlet Temperature (◦C) - 30 -
Solution Concentration (kgLiCl/kgsol.) - 40 -

Solution Flow Rate (kg/s) - 2 -
Relative Humidity (R.H.) (%) 57–85 75 75

Air Flow Rate (kg/s) 0.9–1.7 1 1

Air Humidity Ratio (gwv/kgda) 20 (Ta −28 ◦C & R.H. −57%) −30 (Ta
−35 ◦C & R.H. −85%)

26.3 (Ta −33 ◦C &
R.H. −75%)

26.3 (Ta −35 ◦C &
R.H. −75%)

Table 2. Specifications of the solid and liquid desiccant dehumidification systems.

Specifications Liquid Desiccant Dehumidifier Solid Desiccant Dehumidifier

Regeneration Area - 25% of the desiccant wheel area
Lewis Number 1 -

Desiccant Wheel Diameter (m) - 0.7
Desiccant Wheel Length (m) - 0.2

Area Ratio (Ar/Ap) - 1/3
Packed Tower Height (m) 0.6 -
Dehumidification System

Capacity 25 kW

4.1. Room Air Conditioning Application

Desiccant dehumidification systems can be preferred in humid climatic conditions for maintaining
the comfort conditions inside a building. Using moisture removal efficiency and condensation rate as
the performance parameters, the performance of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems
are analysed.

For a designed dehumidification system capacity, effects of air inlet parameters (i.e., air flow
rate, air inlet humidity ratio, and air inlet temperature) on condensation rate and moisture removal
efficiency of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems are shown in Figure 6.

For a given inlet condition (Tables 1 and 2), Figure 6a,b shows the influence of air flow rate
on condensation rate and moisture removal efficiency of the systems. From Figure 6a and Table 3,
it is observed that with increase in air flow rate, condensation rate increases for all the desiccant
dehumidification systems. This is due to the fact that as the condensation rate increases, rapid removal
of moisture from the ambient air takes place at the air-desiccant interface by which air humidity ratio
gradient decreases and maintains higher potential for transfer processes. It is also observed in Figure 6a
that as the air flow rate increases from 0.9 kg/s to 1.7 kg/s, the condensation rate increases by 38%,
50%, 43.7%, 47.8%, and 50% for the SSDD, TSDD, SLDD, CLSDD, and TLDD systems, respectively.
Further, it is found that at a given air flow rate of 1.7 kg/s, the condensation rate is about 8, 12, 16, 23,
and 25 g/s and the moisture removal efficiency is about 25%, 35%, 44%, 61%, and 64% for the SSDD,
TSDD, SLDD, CLSDD, and TLDD systems, respectively (see Figure 6a,b for detail). From this analysis,
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it is realized that the TLDD system performs better as compared to other dehumidification systems.
From Figure 6b and Table 3, it is observed that with increase in air flow rate, there is an insignificant
variation in moisture removal efficiency.Sustainability 2020, 12, x FOR PEER REVIEW 10 of 23 
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Figure 6. Effect of air inlet (a) flow rate on condensation rate, (b) flow rate on moisture removal efficiency,
(c) temperature on condensation rate, (d) temperature on moisture removal efficiency, (e) humidity
ratio on condensation rate, and (f) humidity ratio on moisture removal efficiency; for SSDD, TSDD,
SLDD, TLDD, and CLSDD systems.
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Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 6).

Air Inlet Parameters

Air Flow Rate

(kg/s) (
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systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
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Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 
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Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 
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gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
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and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
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TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
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compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
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to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
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Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
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Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
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TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
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condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
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by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
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CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
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(gwv/kgda) ( ) 
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(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 
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(gwv/kgda) ( ) 
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(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 
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Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

Air Outlet Temperature (◦C)
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 
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condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
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Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 
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gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    
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Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 
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gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 
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Single–Stage SDS    
Two–Stage SDS    
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Notes: —Increment; —Decrement; —Intermediate (no change). 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
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desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 
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Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
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Two–Stage LSDS    
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Single–Stage LDS    
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Notes: —Increment; —Decrement; —Intermediate (no change). 
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gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
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efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
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Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 
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(°C) ( ) 
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From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

Sustainability 2020, 12, x FOR PEER REVIEW 11 of 23 

moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

Two–Stage SDS
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

Two–Stage LSDS
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

Notes:
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

—Increment;
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
CLSDD systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is 
observed that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared 
to SSDD and TSDD systems, and liquid desiccant dehumidifier performs better compared to the 
solid desiccant wheel at higher air humidity ratio. 

Table 3. Effects of air inlet parameters on condensation rate and moisture removal efficiency (Figure 
6). 

Air Inlet Parameters  

 
Air Flow Rate 

(kg/s) ( ) 

Air Humidity Ratio 

(gwv/kgda) ( ) 

Air Temperature 

(°C) ( ) 
Range 0.9 (kg/s)–1.7 (kg/s) 20 (gwv/kgda)–30 (gwv/kgda) 28 (°C)–35 (°C) 

Condensation Rate (g/s) 
Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Moisture Removal Efficiency (%) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    
Air Outlet Temperature (°C) 

Single–Stage LDS    
Two–Stage LDS    

Single–Stage SDS    
Two–Stage SDS    

Two–Stage LSDS    

Notes: —Increment; —Decrement; —Intermediate (no change). 

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 
gwv/kgda, condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 

—Decrement;
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moisture transfer rate from air to desiccant material. Further Figure 6d shows that, as the air inlet 
temperature increases from 25 to 35 °C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, 
and CLSDD systems are about 44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is 
understood that with increase in air inlet temperature, there is a significant decrease in moisture 
removal efficiency in the SSDD, TSDD, and CLSDD systems, and there is a marginal decrease in this 
efficiency for the TLDD and SLDD systems. This indicates that the sensible heat transfer rate is 
predominant at the air desiccant interface for the solid desiccant material as compared to the liquid 
desiccant material. Further, Figure 6d shows that for a given temperature of 25 and 35 °C, the 
moisture removal efficiencies are about 39% and 20% for the SSDD system, 57% and 36% for the 
TSDD system, 42% and 40% for the SLDD system, 60% and 59% for the TLDD system, and 67% and 
58% for the CLSDD system, respectively. Thus, it is realized that the TLDD system performs well 
compared to other dehumidification systems. 

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on 
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification 
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained 
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence, the 
potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air 
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and 
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For a given inlet condition (Tables 1 and 2), the effect of air inlet temperature on condensation rate
and moisture removal efficiency is shown in Figure 6c,d. It can be seen from Figure 6c and Table 3
that with increase in air inlet temperature, the condensation rate decreases in all the dehumidification
systems. It happens because, as the air inlet temperature increases, the temperature difference between
the ambient air and the desiccant solution decreases. As a result, the vapor pressure difference decreases
and the condensation rate also decreases. In addition, it is also found from Figure 6c that, with an
increment in air inlet temperature from 28 to 35 ◦C, the decrement in condensation rate is about 33%
for the TLDD system, 17% for the CLSDD system, 58% for the TSDD system, 27% for the SLDD system,
and 20% for the SSDD system. It is observed from this analysis that the CLSDD system performs better
than other desiccant dehumidification systems. It is due to less reduction in desiccant temperature in
the liquid desiccant dehumidification system and deep moisture adsorption capabilities of the silica
gel material.

It is also observed from Figure 6c that for a given temperature of 35 ◦C, the condensation
rate for SSDD, TSDD, SLDD, TLDD, and CLSDD systems are about 5.7, 7.5, 7.8, 12, and 12.6 g/s,
respectively. From this analysis, it is understood that for the given air temperature range (Tables 1 and 2),
the condensation rate is high for the CLSDD system and low for the SSDD system as compared to
other desiccant dehumidification systems. The moisture removal efficiency is high at low air inlet
temperature, which can be seen in Figure 6d and Table 3. It is because the desiccant material is cooled
to a lower temperature at low air inlet temperature, thereby increasing the moisture transfer rate from
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air to desiccant material. Further Figure 6d shows that, as the air inlet temperature increases from 25
to 35 ◦C, the percentage decrements in SSDD, TSDD, SLDD, TLDD, and CLSDD systems are about
44%, 32%, 1%, 0.7% and 13%, respectively. From this analysis, it is understood that with increase
in air inlet temperature, there is a significant decrease in moisture removal efficiency in the SSDD,
TSDD, and CLSDD systems, and there is a marginal decrease in this efficiency for the TLDD and SLDD
systems. This indicates that the sensible heat transfer rate is predominant at the air desiccant interface
for the solid desiccant material as compared to the liquid desiccant material. Further, Figure 6d shows
that for a given temperature of 25 and 35 ◦C, the moisture removal efficiencies are about 39% and 20%
for the SSDD system, 57% and 36% for the TSDD system, 42% and 40% for the SLDD system, 60% and
59% for the TLDD system, and 67% and 58% for the CLSDD system, respectively. Thus, it is realized
that the TLDD system performs well compared to other dehumidification systems.

For a given inlet condition presented in Tables 1 and 2, the effect of air inlet humidity ratio on
condensation rate is shown in Figure 6e,f. It is found from Figure 6e that for all dehumidification
systems, the condensation rate increases with increase in air inlet humidity ratio. It can be explained
by the fact that as the air inlet humidity ratio increases, the air vapour pressure increases. Hence,
the potential for moisture removal from air increases. From Figure 6e, it is also observed that at high air
inlet humidity ratio of 30 gwv/kgda, the condensation rate for SSDD, TSDD, SLDD, TLDD, and CLSDD
systems are about 6.8, 10, 13.2, 19.6 and 18.8 g/s, respectively. From this investigation, it is observed
that the SLDD, TLDD, and CLSDD systems exhibits higher condensation rate as compared to SSDD
and TSDD systems, and liquid desiccant dehumidifier performs better compared to the solid desiccant
wheel at higher air humidity ratio.

From Figure 6e, it is found that with an increase in air inlet humidity ratio from 20 to 30 gwv/kgda,
condensation rate for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems increases by 34%, 25%,
52%, 75%, and 56% respectively. From this analysis, it is understood that with an increase in air
humidity ratio, the condensation rate in the TLDD system is more effective compared to other
dehumidification systems.

From Figure 6f, it is observed that with increase in inlet air humidity ratio, moisture removal
efficiency increases for the SLDD and TLDD systems, decreases for the SSDD and TSDD systems,
and remains almost constant for the CLSDD system. This indicates that the moisture transfer capability
variation is insignificant for the solid desiccant-based dehumidification system compared to the liquid
desiccant-based dehumidification system, i.e., the variation in moisture removal rate for the solid
desiccant material is negligible at higher air humidity ratios. From Figure 6f, it is also seen that as
the air inlet humidity ratio increases from 20 to 30 gwv/kgda, moisture removal efficiency decreases
by 24% and 28% for the SSDD and TSDD systems and increases by 17% and 20% for the SLDD and
TLDD systems. Further, it is found that at air inlet humidity ratio of 30 gwv/kgda, the moisture removal
efficiencies for the SSDD, TSDD, SLDD, CLSDD, and TLDD systems are 22%, 33%, 48%, 60% and 69%,
respectively. From this analysis, it is concluded that the moisture removal efficiency is high for the
TLDD system.

By investigating the influences of air inlet parameters, i.e., air flow rate, air inlet humidity ratio,
and air inlet temperature on condensation rate and moisture removal efficiency, it has been concluded
that the TLDD system is more effective for room air conditioning application in humid climates as
compared to other desiccant dehumidification systems. Further, it has also been concluded that
in humid climates, for improving the system performance all the dehumidification systems should
operate at high air flow rate and low air inlet temperature.

It has been found that the TLDD system is more effective in room air conditioning application.
Therefore, in this section for a designed dehumidification capacity of 25 kW and for a given range of
operating parameters and inlet condition presented in Tables 1 and 2, a profound numerical analysis
on TLDD system is carried out by investigating the interactive effect of air inlet parameters on latent
heat ratio, as shown in Figure 7. It is found that the latent heat ratio is high at high air flow rate
and humidity ratio and at low air inlet temperature. This is due to rapid interaction of bulk air with
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the desiccant solution at the interface at high air flow rate, high water vapor content present in the
ambient air at high humidity ratio, and high temperature difference between the ambient air and the
desiccant at low air inlet temperature. Further, it is also observed that maximum latent heat ratio for
the interactive effect of air inlet humidity ratio and temperature is 0.87, for the interactive effect of air
flow rate and temperature is 0.81 and for the interactive effect of air inlet humidity ratio and flow
rate is 0.83. From this analysis, it is realized that the interactive effect of air inlet humidity ratio and
temperature has a higher impact on the performance of the TLDD system.Sustainability 2020, 12, x FOR PEER REVIEW 13 of 23 
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4.2. Drying Application

The drying process is essential for various applications, e.g., for storage of agricultural products,
wood, timber, and dairy items. Conventionally, the solar dryers are used for drying these products.
However, solar dryers may not be efficient in humid climates due to the high relative humidity
(i.e., ranging from 70–90%) and due to low solar intensities (i.e., ranging from 100–500 W/m2).

It has been found in the literature that the thermally driven desiccant dehumidification systems
can provide optimum performance in case of drying applications [25,26] as well as various associated
agricultural applications [27–30]. Therefore, desiccant-based dehumidification system is investigated
in this study to enhance the deep drying process in humid climates. For a designed dehumidification
system capacity of 25 kW, the performance of SSDD, TSDD, SLDD, TLDD, and CLSDD systems are
compared. Further, analysed the suitable desiccant dehumidification system for industrial deep drying
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processes and for drying the agricultural products below 70 ◦C. In order to analyse and compare
the performance of aforementioned systems for deep drying application, dehumidified air outlet
temperature is chosen as a key performance indicator.

Figure 8 and Table 3 present the effects of air inlet parameters, i.e., air flow rate, air inlet humidity
ratio, and air inlet temperature on air outlet temperature of the abovementioned systems. It is observed
from Figure 8a and Table 3 that for a given inlet condition (Tables 1 and 2), with an increase in air inlet
humidity ratio, the variation in air outlet temperature is negligible. This happens because as the air
inlet humidity ratio increases, the moisture content present in the ambient air increases, but the air
inlet temperature remains the same. As a result, there is an insignificant variation in sensible heat
exchange occurring at the air desiccant interface. Further from Figure 8a, it is found that for a given
inlet air humidity ratio of 30 gwv/kgda, the outlet air temperature of the SSDD, TSDD, SLDD, TLDD,
and CLSDD systems are about 52, 64, 33, 31, and 48 ◦C, respectively. From this investigation, it is
realized that the TSDD system has a higher outlet temperature, and the TLDD system has a lower
outlet temperature as compared to other desiccant dehumidification systems.
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Figure 8. Effect of air inlet (a) humidity ratio on air outlet temperature, (b) flow rate on air outlet
temperature, and (c) temperature on air outlet temperature; for all the SSDD, TSDD, SLDD, TLDD and
CLSDD systems.

The effect of air flow rate on the air outlet temperature of the SSDD, TSDD, SLDD, TLDD,
and CLSDD systems is shown in Figure 8b and Table 3. It can be seen from Figure 8b that with increase
in air flow rate for SLDD and TLDD systems, there is a marginal increase in air outlet temperature.
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This can be explained by the fact that as the air flow rate increases, the bulk air will interact with the
desiccant solution due to rapid air flow, thus maintaining constant temperature gradient at the air
desiccant interface, and ultimately, the air outlet temperature will increase. In this case, the temperature
difference between the air and the desiccant solution is 3 ◦C (Ta > Ts) (Tables 1 and 2). For that reason,
there is a marginal increment in air outlet temperature. If the temperature difference between the air
and the desiccant solution is high, then the variation of air flow rate will have a significant impact on
air outlet temperature of the single-stage and two stage liquid desiccant dehumidification system.

It is also observed from Figure 8b that with increase in air flow rate, there is a significant decrease
in air outlet temperature for the SSDD and TSDD systems. It is due to the fact that as the air flow rate
increases, the moisture adsorption capability of solid desiccant material increases. Thus, the solid
desiccant material latent heat dissipation capability increases, but the sensible heat dissipation capability
and the thermal energy needed for regeneration of solid desiccant material remains constant. As a
consequence, more amount of moisture is adsorbed, but the low amount of moisture is desorbed from
the solid desiccant material. Therefore, the latent heat dissipation capability decreases, and the sensible
heat exchange from the desiccant solution to the ambient air remains constant. Therefore, the air outlet
temperature decreases for the SSDD and TSDD systems.

In the case of the CLSDD system, with increase in air flow rate, the air outlet temperature decreases
(Figure 8b). From this analysis, it is understood that as the air flow rate increases, the heat and mass
exchange processes across the solid desiccant wheel will have a significant impact on the air outlet
temperature of the CLSDD system. For an air flow rate of 1.7 kg/s, the air outlet temperature is about 49,
62, 33, 32, and 47 ◦C for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems, respectively (Figure 8b).
From this investigation, it is observed that compared to other desiccant dehumidification systems,
the SSDD and TLDD systems have higher and lower air outlet temperatures, respectively.

For the inlet condition presented in Tables 1 and 2, Figure 8c and Table 3 show the influence of air
inlet temperature on the air outlet temperature of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems.
The outlet air temperature increases for all the dehumidification systems with increase in the inlet air
temperature. This may be explained by the fact that as the air inlet temperature increases, the sensible
heat exchange between the desiccant solution and ambient air increases, but the latent heat exchange
remains constant due to constant air humidity ratio. Hence, the air outlet temperature increases.

From Figure 8c, it is found that at an air inlet temperature of 25 ◦C, the outlet air temperature is
higher for the CLSDD system as compared to the SSDD system. Further, it is also found that as the
air outlet temperature crosses beyond 27 ◦C, the SSDD system temperature is higher as compared to
the CLSDD system. This happens because for a given desiccant dehumidification system capacity,
at low temperature (i.e., at 25 ◦C), the latent heat exchange between the air and the desiccant is more
effective in SSDD system compared to CLSDD system. However, with increase in air inlet temperature,
the latent heat dissipation capabilities of the CLSDD system will be higher than the SSDD system. It is
due to the effective deep dehumidification process involved in the CLSDD system, i.e., ambient air
desorbs more amount of moisture due to the combination of the liquid desiccant dehumidifier and
solid desiccant wheel. Hence, at high temperatures, the SSDD system is more effective than the CLSDD
system for deep drying application. As the air inlet temperature increases beyond 33 ◦C, the TLDD
system exhibits higher air outlet temperature as compared to SLDD system. It is because the sensible
heat exchange between the liquid desiccant and the ambient air is higher in case of TLDD system as
compared to the SLDD system. This is due to the combination of two liquid desiccant dehumidifiers
in the TLDD system, i.e., moisture absorption capability of liquid desiccant material is constant in
both systems but in case of the TLDD system, as the ambient air enters into two liquid desiccant
dehumidifiers connected in series (Figure 5a); therefore, the temperature change will be higher in the
TLDD system compared to the SLDD system.

It is found that for an air inlet temperature of 34 ◦C, SSDD, TSDD, SLDD, TLDD, and CLSDD
systems has air outlet temperature of 53, 67, 33, 34, and 50 ◦C, respectively. From this analysis, it is
found that the TSDD system has a higher air outlet temperature, and the SLDD system has a lower
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air outlet temperature. Further, it is also found that an increase in air inlet temperature from 25 to
35 ◦C, the air outlet temperature increases by 6, 9, 4, 8, and 4 ◦C for the SSDD, TSDD, SLDD, TLDD,
and CLSDD systems, respectively. From this investigation, it is observed that for an increase in air
inlet temperature, the change in air outlet temperature is high for the TSDD system and low for the
CLSDD and SLDD systems as compared to other desiccant dehumidification systems.

From Figure 8, it has been concluded that the TSDD system will be more effective in humid
climatic conditions as compared to other desiccant dehumidification systems for deep drying of
industrial processes and for low temperature drying of agricultural products. Further, for deep drying
application, performance of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems can be increased by
operating at low air flow rate and high air inlet temperature.

Table 4 provides different drying applications based on air outlet temperature of the desiccant
dehumidification systems. From this table, it can be observed that these systems possess a huge
potential for drying application. It is relied from Table 4 that the desiccant dehumidification system can
be chosen as an alternative for drying the agricultural products without losing its nutritional content.
Moreover, in humid climates, depending upon the required air outlet temperature (as discussed in
Table 4), these dehumidification systems can be selected as an alternative for drying clothes, for clay
brick production, for preservation of dry fruits, etc.

Table 4. List of various drying applications depending upon the air outlet temperature of the SSDD,
TSDD, SLDD, TLDD, and CLSDD systems.

Sl. No. Type of Dehumidification
System

Air Outlet
Temperature (◦C) Application

1. SSDD 48–53 For laundry application and for drying agricultural
products like Paddy, wheat, corn, etc.

2. TSDD 59–65 For Clay brick production and drying vegetables like
green chilli, red chilli, capsicum, etc.

3. SLDD 30–35 Preserving fruits like Apple, tomato, grape, etc. and
for drying vegetables like carrot, cabbage, peas, etc.

4. TLDD 30–33 Agricultural and livestock applications

5. CLSDD 44–50 For drying clothes and for drying dry fruits like
cashew, pista, fig, etc.

4.3. Comparison for Room Air Conditioning and Drying Applications

The performance comparison is made for the SSDD, TSDD, SLDD, TLDD, and CLSDD systems
by choosing the maximum and minimum air inlet parameters. The obtained results are presented
in Table 5. The comparison of heating and dehumidification processes for the SSDD, TSDD, SLDD,
TLDD, and CLSDD systems is depicted in the psychrometric chart shown in Figure 9. Figure 9 and
Table 5 prove that a solid desiccant dehumidification system has higher air outlet temperature and
lower moisture removal capacity as compared to the liquid desiccant dehumidification system.

It is also observed from Table 5 that the SLDD and TLDD systems are more feasible for room air
conditioning application. However, for deep drying application, SSDD, TSDD, and CLSDD systems are
more suitable. It is also found that the SSDD and CLSDD systems can be used for low temperature deep
drying application (30 ◦C < Ta < 50 ◦C), and TSDD system can be used for high temperature deep drying
application (50 ◦C < Ta < 70 ◦C). Further, it is also observed that for a given dehumidification system
capacity, to improve the moisture removal rate, the CSLD system is better as compared to the SSDD
system in low temperature deep drying application. Whereas, in a room air conditioning application,
the TLDD system is found to be better compared to the SLDD system. Further, the summary of present
investigation for performance assessment of solid and liquid desiccant dehumidification systems for
room air conditioning and deep drying applications is depicted in Figure 10.
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Table 5. Summary of performances of single or two-stage liquid/solid/liquid and solid desiccant
dehumidification systems at different inlet conditions.

Case 1: Single-Stage Liquid Desiccant Dehumidification System

Inlet Parameters Outlet Parameters

Air Flow Rate
(kg/s)

Air Temperature
(◦C)

Relative Humidity
(%)

Condensation Rate
(g/s)

Air Outlet Temperature
(◦C)

1 28 57 4.9 30
1 28 85 8.9 30.4
1 35 57 13.7 33.6
1 35 85 8.1 33.1

1.7 28 57 8.2 30.4
1.7 28 85 14.8 31
1.7 35 57 22.4 34.6
1.7 35 85 13.5 33.7

Case 2: Single-Stage Solid Desiccant Dehumidification System

Inlet parameters Outlet Parameters

Air Flow Rate
(kg/s)

Air Temperature
(◦C)

Relative Humidity
(%)

Condensation Rate
(g/s)

Air Outlet Temperature
(◦C)

1 28 57 4.7 48.1
1 28 85 6.0 48.9
1 35 57 9.7 53.4
1 35 85 5.2 52.9

1.7 28 57 8.3 45.6
1.7 28 85 10.1 47.4
1.7 35 57 10.0 52.5
1.7 35 85 8.7 51.4

Case 3: Two-Stage Liquid Desiccant Dehumidification System

Inlet Parameters Outlet Parameters

Air Flow Rate
(kg/s)

Air Temperature
(◦C)

Relative Humidity
(%)

Condensation Rate
(g/s)

Air Outlet Temperature
(◦C)

1 28 57 7.1 30.2
1 28 85 12.9 30.6

1 35 57 19.8 32.2
1 35 85 11.8 31.8

1.7 28 57 11.9 30.5
1.7 28 85 21.6 31.2
1.7 35 57 32.9 33.2
1.7 35 85 19.7 32.4

Case 4: Two-Stage Solid Desiccant Dehumidification System

Inlet Parameters Outlet Parameters

Air Flow rate
(kg/s)

Air Temperature
(◦C)

Relative Humidity
(%)

Condensation Rate
(g/s)

Air Outlet Temperature
(◦C)

1 28 57 7.4 59.7
1 28 85 8.9 61.1
1 35 57 12.4 64.3
1 35 85 7.8 64.1

1.7 28 57 12.1 55.5
1.7 28 85 14.9 58.4
1.7 35 57 15.5 63.4
1.7 35 85 12.9 61.2

Case 5: Two-Stage Liquid and Solid Desiccant Dehumidification System

Inlet Parameters Outlet Parameters

Air Flow Rate
(kg/s)

Air Temperature
(◦C)

Relative Humidity
(%)

Condensation Rate
(g/s)

Air Outlet Temperature
(◦C)

1 28 57 5.8 46.9
1 28 85 9.0 47.3
1 35 57 21.9 49.6
1 35 85 14.4 49.2

1.7 28 57 9.3 44.6
1.7 28 85 14.6 45.5
1.7 35 57 36.6 48.9
1.7 35 85 33.8 47.5
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5. Discussion

From the results, it was found that the TLDD system is a more appropriate choice for room air
conditioning as compared to other studied options, i.e., SSDD, SLDD, TSDD, and CLSDD. The SSDD
and CLSDD systems are appropriate for relatively lower regeneration temperature (i.e., 30 to 50 ◦C)
deep dehumidification applications, whereas the TSDD system is appropriate for relatively higher
regeneration temperature (i.e., 50 to 70 ◦C) deep dehumidification applications. It was found that
performance of the studied systems (i.e., SSDD, TSDD, SLDD, TLDD, and CLSDD) is positively
impacted by increasing the air flow rate and humidity ratio, and at lower air inlet temperature for room
air conditioning application. In other words, studied systems are best suitable for higher humidity
regions that receive heavy annual rainfall. For deep drying application, the studied systems (i.e.,
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SSDD, TSDD, SLDD, TLDD, and CLSDD) performed relatively better at lower air flow rate and higher
air inlet temperature. In terms of the benefits and advantages of the conducted study, desiccant
dehumidification systems can be chosen as an alternative for industrial deep drying processes and for
low temperature drying of agricultural products (below regeneration temperature 70 ◦C) in humid
climatic conditions. Finally, from the viewpoint of research highlights, the results of the study indicated
that interactive effects of humidity ratio and temperature have an impact on the performance of the
studied liquid and solid desiccant dehumidification systems.

Environment and Sustainability Issues

The liquid desiccants used in SLDD, TLDD, and CLSDD systems are corrosive in nature and
may impact the environment and health hazardous if the liquid desiccants are exposed to the drying/

air-conditioned space, whereas solid desiccants used in the SSDD, TSDD, and CLSDD systems are more
environmental friendly. The sustainability/life expectancy of both the solid and liquid desiccant-based
dehumidification systems are about 10–15 years after that the performance of these systems gets
deteriorated. Further, the limitations of the liquid desiccant dehumidification system are that a small
portion of liquid desiccant is evaporated into the atmosphere, and there is a requirement of liquid
desiccant makeup in the system for each circulation of desiccant solution, whereas in the case of
solid desiccant dehumidification system, the system applicability/utilization for large-scale capacities
beyond 50 kW capacity is a limitation due to desiccant wheel structure.

6. Conclusions

In this paper, the performances of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems are
analysed for a designed dehumidification system capacity of 25 kW. In order to investigate the
simultaneous heat and mass transfer processes occurring in a liquid desiccant dehumidifier and a solid
desiccant wheel, LiCl and RD silica gel are chosen as liquid and solid desiccant materials, respectively.
Condensation rate and moisture removal efficiency are chosen as the performance parameters for room
air conditioning application, and air outlet temperature is chosen as a performance parameter for deep
drying application. For a given range of operating parameters, the influences of air inlet parameters,
i.e., air inlet temperature, air flow rate, and air inlet humidity ratio on condensation rate, moisture
removal efficiency, and air outlet temperature are studied in detail and following conclusions are made:

• For a designed dehumidification system capacity, the TLDD is more suitable for room air
conditioning application compared to other dehumidification systems.

• The SSDD and CLSDD are suitable for low temperature deep drying application, i.e., from 30 to
50 ◦C. The TSDD system is suitable for high temperature deep drying application, i.e., from 50 to
70 ◦C.

• Performances of the SSDD, TSDD, SLDD, TLDD, and CLSDD systems are enhanced at high air
flow rate and humidity ratio and at low air inlet temperature for room air conditioning.

• In deep drying application, the performance of the SSDD, TSDD, SLDD, TLDD, and CLSDD
systems are better at low air flow rate and high air inlet temperature.

• The interactive effect of air inlet parameters on latent heat ratio of the TLDD system is investigated.
From this investigation, it is observed that interactive effects of air inlet humidity ratio and
temperature have a greater impact on the performance of the TLDD system.

• In humid climatic conditions, desiccant dehumidification system can be chosen as an alternative
for industrial deep drying processes and for low temperature (below 70 ◦C) drying of
agricultural products.

The dehumidification system selection methodology described in the present study can be used
as a reference tool for selection of dehumidification system for various application.
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Nomenclature

as Specific surface area per unit volume (m2/m3)
αh heat transfer coefficient along liquid desiccant dehumidifier (W/m2K)
αm mass transfer coefficient along liquid desiccant dehumidifier (kg/m2s)
ζT logarithmic function of thermal effectiveness
ζm logarithmic function of moisture effectiveness
τh function of heat transfer coefficient and air mass flux
τm function of mass transfer coefficient and air mass flux
Aw Area of solid desiccant wheel (m2)
CLSDD Two-stage combined liquid and solid desiccant dehumidification system
Cp Specific heat at constant pressure (kJ/kg–K)
G Mass flux or flow rate per unit cross sectional area (kg/m2–s)
h enthalpy (kJ/kg)
Km Thermal conductivity of solid desiccant material (W/m–K)
LDD Liquid desiccant dehumidifier
LDD Liquid desiccant dehumidifier
Le Lewis number
ṁ Mass flow rate of ambient air (kg/s)
NTU No. of mass transfer units
P Perimeter (m)
Qlat Latent heat exchange (kW)
Qo Overall heat exchange (kW)
Qsen Sensible heat exchange (kW)
R. H. Relative humidity (%)
SDD Solid desiccant dehumidifier
SLDD Single-stage liquid desiccant dehumidification system
SSDD Single-stage solid desiccant dehumidification system
T Temperature (◦C)
TLDD Two-stage liquid desiccant dehumidification system
TSDD Two-stage solid desiccant dehumidification system
v Velocity of ambint air (m/s)
Xw Water content of desiccant material (kgwv/kgdes.)
z Height (m)
ζ latent heat ratio
ρ density (kg/m3)
φd relative humidity at the solid desiccant wall (%)
φh heat transfer coefficient across solid desiccant wheel (W/m2K)
φm mass transfer coefficient across solid desiccant wheel (kg/m2s)
φr equilibrium relative humidity (%)
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χ heat of adsorption (kJ/kg)
U mass diffusion coefficient (m2/s)
β desiccant concentration (kgdes./kgsol.)
γ ratio of mass flux of working fluid and air
δ latent heat of vaporization (kJ/kg)
λ evaporation/condensation rate (g/m2s)
ξ effectiveness
ω humidity ratio (kgv/kgda)
Subscripts
a air
atm atmospheric
avg average
da dry air
des desiccant
e equilibrium
i inlet
m moisture
o outlet
p process air
r regeneration
s solution
Superscripts
sv saturated water vapor
T thermal
v water vapor
w water

Appendix A

In the present study, a comparison between SSDD, TSDD, SLDD, TLDD, and CLSDD is made for 25 kW
designed dehumidification system capacity, using the developed thermal models reported in the literature [6,19].
Additionally, in this study, no experimental comparison is carried out.

The thermo-physical properties of ambient air, saturated water vapor, and desiccant material are taken from
Chung et al. [6] and Ge et al. [8]. The equilibrium relative humidity (φr) on the surface of the RD silica gel is
calculated using Equation (A1).

φr = 0.0078− 0.05759Xw + 24.16554Xw
2
− 124.78Xw

3 + 204.226Xw
4 (A1)

The saturated water vapor pressure (Psv) is obtained from the Antonine [7] equation, which is available as a
MATLAB function [31] and is represented in Equation (A2) as:

Psv = exp
(
23.196−

3816.44
Ts − 46.13

)
(A2)

Humidity ratio of the air existing in equilibrium with the desiccant (ωs) is obtained (φd = φr) from Equation (A3)
given in literature as [7]:

ωs =
0.62218φd

Patm
Psv
−φr

(A3)

The heat and mass transfer coefficients across the solid desiccant wheel (φh and φm) are determined using
Equations (A4) and (A5), accordingly [7].

φh =
KmP
4Aw

(A4)

φm = ρa
ShyP

4Aw
;
(
Nuy = Shy

)
(A5)

where Nu is a Nusselt number, Sh is Sherwood number, Km is thermal conductivity (W/m-K) of solid desiccant
material and ‘U’ is mass diffusion coefficient (m2/s).
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