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Abstract: The purpose of this study is to compare different desiccant materials based 

desiccant wheel for air conditioning applications using a mathematical model. Seven desiccant 

material wheels are categorized into three groups. The results revealed that the desiccant wheel 

made of group 2 materials has a higher temperature-difference in comparison to other groups. So, 

these desiccant wheels cannot be recommended for air-conditioning applications. For higher 

ranges of process inlet temperature (40 to 50℃), moisture removal obtained from group 2 wheels 

is higher than the other wheels and also obtains approximately similar ∆T. But in lower ranges of 

process inlet temperature (10 to 20℃), group 3 wheels give higher MR with moderate ∆T. 

although the temperature difference is higher but, due to the higher moisture removal, group 3 

wheels can be the preferable choice. 

 

Keywords: Desiccant wheel Materials; Mathematical model; rotary dehumidifier; Solid 

desiccant. 

 

1. Introduction  

In air conditioning systems, controlled temperature (T) 

and relative humidity (RH) of the supply air play a key 

role in getting comfort conditions. Desiccant wheel-

based air conditioning systems (DWBACS) perform the 

same role to maintain the Temperature (T) and Relative 

humidity (RH) of the supply air1–3). Desiccant wheel 

regeneration is possible with solar heat or waste heat. 

Flat plate heat collector4) and Parabolic dish collector can 

also be utilized to collect solar heat5). For process air, it 

was observed that the RH of air decreases with an 

increase in temperature 'T'. The increase in 'T' of the 

process air increases the sensible load of the cooling unit 

of DWBACS and decreases the performance of 

DWBACS6),7). In literature, many researchers discussed 

the causes of an increase in the temperature difference 

(∆T) of process air of the desiccant wheel and identified 

that carry-over heat and heat of adsorption are the two 

main parameters that affect the temperature of the 

process air. Carry-over heat is associated with the 

rotating matrix when it comes from the hot region (hot 

air flow region) to the colder region (process airflow 

region). This heat originates from the hot regeneration air, 

and if higher regeneration (reactivation) temperature is 

maintained, then it increases the ΔT. But this can be 

controlled by decreasing the temperature of the air heater. 

The regeneration temperature required for the 

regeneration of the dehumidifier depends upon the type 

of adsorbent used in the wheel. The heat of adsorption is 

the second cause of an increase in ΔT8). The heat of 

adsorption is the heat which releases when moisture 

transfer takes place from air to desiccant due to vapour 

pressure difference. The transferred moisture is adsorbed 

on the surface and forms a single or multi-layer 

depending upon the isotherms. After that, adsorbed 

vapour enters into the micro-pores of the desiccant, and 

due to capillary action, condensation occurs and releases 

heat9). But, the heat of sorption is slightly more than the 

latent heat of condensation of water because the heat of 

sorption is the summation of the heat of wetting and 

latent heat10). The heat of wetting on the desiccant 

surface varies with the saturation vapour pressure level 

of the adsorbent. Hence, we can say that the heat of 

adsorption will be more when more moisture is adsorbed 

on the desiccant11). Conclusively, moisture removal (MR) 

and exit temperature of process air depend upon the 

specific surface area and pore diameter of the desiccant12) 

because it affects the capillary action and capillary action 

directly affects the heat of adsorption13). 

A lot of work has been conducted by several 

researchers on reactivation temperature and carry-over 

heat. Researchers14–17) studied the influence of 
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reactivation temperature on the dehumidification ability 

of the dehumidifier. They observed that the higher 

reactivation temperature is not desirable as it decreases 

the DCOP of the dehumidifier and increases the exit 

temperature of process air18). Silica gel and zeolite are the 

widely accepted desiccant wheel for use in the solid 

desiccant cooling system19). and these solid desiccants 

can be regenerated in the temperature ranges of 60 to 

120℃20). In higher reactivation temperature, the dried air 

temperature of the rotary dehumidifier is relatively 

higher than the lower reactivation temperature case due 

to carry-over heat. This problem can be reduced by 

searching low regeneration temperature desiccant wheel. 

Alternative low regeneration temperature desiccant 

materials have been used in the desiccant wheel in 

reference21). In this work, they compared the two 

desiccant wheel material super-adsorbent polymer and 

Zeolite (FAM-Z01 of 7.3 Å pore size) with existing silica 

gel rotary dehumidifier, and they found that in lower 

regeneration temperatures and humid environment, the 

super-adsorbent polymer rotary dehumidifier performs 

better than the silica gel desiccant wheel. In Research22) 

Polymer sorbent, activated carbon-based adsorbents, and 

silica gel water vapour absorption behavior were 

compared. Further, to reduce the effect of carry-over heat, 

the purge section was introduced by researchers23–25), and 

they reported that the purge section not only controls the 

(ΔT) but also reduces the consumption of regeneration 

energy. 

In order to lower the ΔT of the rotary dehumidifier, 

several new designs of desiccant wheels were introduced 

by the researchers26). The idea of a diabatic rotary 

dehumidifier was introduced6). Similarly, Researchers7) 

invented the novel design of the desiccant wheel heat 

exchanger to lower ΔT, like a desiccant-coated heat 

exchanger (DCHE). 

This work is primarily related to the type of desiccant 

used in the rotary dehumidifier. Hence, it is necessary to 

introduce the characteristics of the different desiccant 

materials which have been studied in the literature. 

Numerous investigators mathematically and 

experimentally studied the various aspects of the 

different desiccant materials over the year. Heat and 

moisture transfer process of a composite rotary 

dehumidifier made of inert and desiccant material and 

investigated the moisture removal effectiveness of the 

adsorption and regeneration process27). The moisture 

removal ability of silica gel and composite desiccant 

(silica gel–CaCl2) was compared28), and they found that 

the hygroscopic capacity of the composite desiccant was 

much higher than the silica gel desiccant wheel. 

Performance of a novel silica gel haloid compound 

desiccant wheel at different operating conditions 

predicted16), and they found better performance in humid 

weather. Experiments were performed to assess the 

performance of a new zeolite rotary dehumidifier, which 

could have been regenerated at low regeneration 

temperature29). Experimentally and numerically studied 

the dehumidification effectiveness of new zeolite rotary 

dehumidifiers at a wide range of wheel inlet conditions30). 

Performance of 10 types of desiccant beds with different 

reactivation temperatures for different environmental 

conditions based on specific dehumidification power 

(SDP), COP, and dehumidification efficiency (DE) 

studied31). But the comparison of these desiccants for 

rotary dehumidifiers under other operating conditions (in 

addition to regeneration temperature) like rotational 

speed, regeneration, and process velocity has not been 

investigated yet. Furthermore, a comparison of various 

desiccant wheels to analyze the 'ΔT' of process air has 

not also been investigated yet.  Therefore, in this paper, 

seven different desiccant material namely, Silica gel-A, 

Silica gel-B, Silica gel-RD, CaCl2, LiCl, Composite 

silica gel-LiCl, and Composite silica gel-CaCl2, based 

wheels' performance has been compared by analyzing the 

'MR' and 'ΔT' of process air. Further, these materials also 

require a higher reactivation temperature to regenerate 

which results in a higher ∆T of these wheels compared to 

other desiccant wheels. Desiccant material economics go 

beyond their initial cost. Desiccant-based systems are 

economically viable due to regeneration, reusability, 

operational lifetime, energy consumption, and system 

efficiency. Some economic details of above selected 

desiccant materials are discussed in table 1. 

 

Table 1: Economic details of selected desiccant materials 
Silica gel-

A, B, and 

RD 

Silica gel is a popular desiccant due to its effectiveness 

and affordability. It's inexpensive. Silica gel is widely 

available and cheaper to produce than other desiccants 

Calcium 

Chloride 

It costs more than Silica gel. CaCl2 desiccants cost 

differently depending on purity and grade. They have a 

higher moisture absorption capacity than Silica gel, 

which can extend operating lifetimes and offset the 

higher initial cost. 

Lithium 

chloride 

Lithium chloride is another desiccant with high 

moisture absorption properties. However, LiCl 

desiccants tend to be more expensive than Silica gel 

due to the higher cost of lithium chloride as a raw 

material. 

Composite 

silica gel-

LiCl and 

Composite 

silica gel-

CaCl2 

They combine the moisture absorption of silica gel 

with the enhanced performance of the added desiccant 

material. The composition and manufacturing process 

of composite desiccants affect their economics. Due to 

processing and materials, composite desiccants cost 

more than individual desiccant materials.  

 

2. Mathematical model 

One-dimensional numerical model can be used for the 

modeling of the rotary dehumidifier because the 

thickness of the desiccant coated on the substrate is very 

thin i.e., order of 0.2 mm32). Further, a one-dimensional 

numerical model is easy to solve and also reduces 

computational time. The frontal cross-section of the 

rotary dehumidifier is shown in Fig. 1, which indicates 

that it has many uniform sinusoidal channels. The 

schematic diagram of one sinusoidal channel is shown in 

- 913 -



Performance Comparison of Different Desiccant Material Based Wheels for Air Conditioning Application 

 
Fig. 2(a) and 2(b), which indicates the substrate, 

desiccant layer, and dimensions of the channel.  

 

 
Fig. 1: Rotary desiccant wheel showing cross-section with 

many sinusoidal channels 

 

 
Fig. 2 (a): Sinusoidal channel indicating substrate, desiccant 

layer, and channel dimensions12) 

 

 
Fig. 2 (b): Differential control volume of air and desiccant 

wall of the sinusoidal channel12) 

 

Out of these channels, only one sinusoidal channel of 

length dx has been considered as differential control 

volume, as shown in Fig. 2(a) and fig. 2(b) for the 

derivation of heat and mass transfer equations. 

 

2.1 Assumptions followed for the derivation of the 

equations 

The following assumptions have been considered for 

the derivation of governing equation: 

1. The rotary desiccant wheel is divided into equal 

process and regeneration sectors. The desiccant wall 

is made of substrate material (glass fiber) and a 

desiccant layer as shown in Fig. 2(a). This wall is 

shared by two channels. 

2. The mathematical model is one-dimensional (axial) 

and transient. 

3. Solid side resistance, like conduction resistance and 

mass diffusion, have been neglected in moist air. 

Similarly, the diffusion of water vapour in the axial 

direction of the desiccant wall has been neglected. 

4. It has been assumed that there is no leakage of air 

streams from the different regions. 

5. The inlet conditions of the moist air have been 

assumed to be uniform.  

6. It has been assumed that the coefficient of heat and 

mass transfer between the desiccant wall and moist 

air is constant throughout the flow channel. 

Similarly, the thermophysical properties of moist air, 

desiccant, and substrate have also been kept constant.  

7. Due to low rotational speed, the centrifugal effect 

has been neglected. 

 

2.2 Heat and Mass Transfer Equations 

The differential control volume (CV) of Fig. 2(a) and 

2(b) is split into two parts i.e., CV of moist air and CV of 

the desiccant wall. The mass and energy conservation 

have been applied on the CV of the air and desiccant 

layer and derived two mass and two energy equations 

based on the above assumptions. These equations are 

presented below: 

Final mass conservation equation derived from the CV 

of moist air: 

[
∂Ya

∂t
+ u

∂Ya

∂x
] = [

hmPf(Yd − Ya)

ρdaAcsf

]           (1) 

Final mass conservation equation derived from the CV 

of the desiccant layer: 

[ϵρda

∂Yd

∂t
+ φρad

∂W

∂t
] =  [

hmPf(Ya − Yd)

Acsdl

]    (2) 

Final energy conservation equation derived from the 

CV of moist air: 
1

Pf

[
∂Ta

∂t
+ u

∂Ta

∂x
]

= [
h(Td − Ta) − hm(Ya − Yd)cpv(Ta − Td)

ρda(cpda + Yacpv)(Acsf)
] (3) 

Final energy conservation equation derived from the 

CV the desiccant layer: 

[{φρ
ad

− (φ + 1)ρ
m

}{φcpad − (φ + 1)cpm}

+ φρ
ad

cpwW]
∂Td

∂t
+ φρ

ad
cpwTd

∂W

∂t
 

−kd
∂2Td

∂x2 =

[
Pf{h(Ta−Td)+hm(Yd−Ya)cpv(Td−Ta)−hm(Yd−Ya)qads}

Acsdl
]       (4) 

The above four one-dimensional equations contain 

five unknown variables. The variables are 

𝑌𝑎 , 𝑌𝑑 , 𝑊, Ta, Td.  In order to solve equations (1) to (4), 

some initial & boundary conditions, the equation of 

isotherm, and other auxiliary equations are also required 

that are discussed in sections 2.3 and 2.4.   
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2.3 Boundary Conditions for Two-Sector Rotary 

Dehumidifier 

The following boundary conditions will be applicable 

for the above heat and mass transfer equations: 

For the process (adsorption) sector 

Tair(0, t)  =  Tprocess,in 
Yair(0, t)  =  Yprocess,in 

For the regeneration sector 

Ta(L, t)  =  Tregeneration,in 
Ya(L, t)  =  Yregeneration,in 

Initial Conditions for Two-Sector Rotary Dehumidifier 

Tair(x, 0)  = Ta0  

Tdesiccant(x, 0)  = Td0  

Yair(x, 0)  = Ya0  

Ydesiccant(x, 0)  = Yd0  

W(x, 0) = W0  

2.4 Auxiliary Equations 

The relation between specific humidity 𝑌𝑑, and relative 

humidity RH can be expressed as: 

                   
v d

d
aa v

d

vs

0.62188P 0.62188RH
Y

PP P
RH

P

= =
−

−

              (5) 

The saturation pressure 𝑝𝑣𝑠  of equation 5 is the 

function of temperature, and it can be related according 

to reference33): 

                         Pvs =   e
(23.196−

3816.44

Td−46.13
)
                 (6)               

To relate W and RH, the below sorption isotherm 

equation is used expressed in reference34): 

                          RHd =
R×

W

Wmax

1+(R−1)×
W

Wmax

                     (7)                                                                               

Equation (7) is a very important auxiliary equation. It 

contains term RHd, R, W and Wmax. The term R is called 

the separation factor; it determines the nature of the 

isotherm shape. The value of R and Wmax  for different 

desiccants is given in reference31). Similarly, the heat of 

adsorption (hads)for different desiccant materials is also 

given in reference31), also tabulated in the result 

discussion section. 

Nusselt number can be expressed according to 

reference26)   

 

                            Nu =
(Nut+Nuh)

2
                          (8)      

                                                             

Nut = 1.1791 [1 + 2.7701 (
a

b
) − 3.1901 (

a

b
)

2

−

1.9975 (
a

b
)

3

− 0.4966 (
a

b
)

4

]                                 (9) 

Nuh = 1.903 [1 + 0.455 (
a

b
) + 1.2111 (

a

b
)

2

−

1.6805 (
a

b
)

3

+ 0.7724 (
a

b
)

4

− 0.1228 (
a

b
)

5

]         (10) 

Since heat and mass transfer occur simultaneously 

between air and desiccant, so Sherwood number is also 

required to relate with the Nusselt number. The formula 

of Sherwood Number is: 

                      Sh =
hmDhf

Dm
                                        (11) 

In order to relate the heat transfer coefficient with the 

mass transfer coefficient, the Colban Chilton analogy is 

used, and according to this analogy Sherwood Number 

and Nusselt number are related as: 

          Sh =  Nu × Le1/3                           (12) 

The Lewis number (Le) is equal to 1 for the water 

vapour air mixture 

Sh =  Nu 

 
hmDhf

Dm

=
hDhf

k
 

                          hm =
hDm

k
                     (13) 

The coefficient of diffusion of water vapour in the air 

can be expressed according to the reference33): 

 

             Dm =
2.302

105 ×
P0

Patm
× (

T

T0
)

1.81

            (14) 

 

Where,P0 = 98000 Pa, and T0 = 256 K 

 

2.5 Method of Solution  

 
Fig. 3: Program flow chart of two-sector rotary dehumidifier 

 

The governing equations of sections 2.2 and 2.4 have 

been solved with the help of partial differential equation 

solver software named "FLEXPDE" with appropriate 

boundary conditions. In this study, the rotary 

dehumidifier has been divided into equal process and 

regeneration sectors. So, two programs code have been 

prepared for the process and regeneration sector in the 

script of the software FlexPDE. These programs are 

linked to each other as governing equations are linked. 

The Program flow of the chart of FlexPDE for two-sector 

rotary dehumidifiers is given in fig. 3. 
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3. Validation of mathematical model with 

experimental results 

The developed model has been solved by FlexPDE 

software, and the results found from the FlexPDE have 

been validated with the experimental results conducted in 

the research35). In research35) Yp, out/Yp, in has been 

experimentally analyzed at different rotational speeds, 

and variation is plotted, which is shown in Fig. 4. In 

order to conduct the experiments, the following operating 

conditions and desiccant wheel specifications were used, 

which are shown in Table 2. 

In order to analyze Yp, out/Yp, in at different rotational 

speeds, the same input conditions of Table 2 have been 

entered in the script of FlexPDE, and results are plotted 

and merged in Fig. 4 for comparison. It is observed that 

the same trend of the curve has been obtained for both 

the simulation and experimental results. The maximum 

deviation of mathematical (simulation) results from the 

experimental data35) is less than 10% in the specified 

ranges of the speed of Fig. 4. So, it is a good agreement 

between simulation results and experimental values.  An 

optimal rotational speed of the dehumidifier is required 

for minimum exit humidity ratio, but this optimal speed 

is different for each condition of the experimental and 

numerical results. 

 

Table 2: Operating conditions and wheel specification used for 

conducting experiments35) 

No. 

of 

EXP 

Inlet 

humidity 

ratio 

(kg kg-1) 

Inlet 

process 

temperature 

(℃) 

Inlet 

Regeneration 

temperature 

(℃) 

DW 

specifications 

for 

conducting 

the 

experiments 

EXP 

I 
0.009 25 80 

L=0.2 m 

b=0.0032 m 

a=0.0018 m 

𝛿𝑑=0.0002 m 

Process area 

/Regeneration 

area=3.3 

EXP 

III 
0.00805 25 160 

Process and regeneration inlet velocity= 1m/s 

 

 
Fig. 4: Comparative plot of Yp, out/Yp, in vs N for simulation 

and experimental results according to Table 2 

 

4. Results and discussion 

In this analysis, seven different desiccant 

wheels(materials) have been compared based on 

moisture removal and ∆𝑇 andcategorized into three 

groups due to their similar nature. Group 1 includes three 

types of silica gel, i.e. silica gel B, silica gel 3A, and 

silica gel RD while group 2 includes Calcium Chloride 

(CaCl2) and Lithium Chloride (LiCl). Group 3 considers 

two composite desiccants, which are silica gel- lithium 

chloride and silica gel- calcium chloride. The term MR 

and ∆𝑇 are the two performance indices of the desiccant 

wheel, which are plotted at different operating conditions 

in section 4.1. The term MR can be defined as,  𝑀𝑅 =
𝑌𝑝,𝑖𝑛 − 𝑌𝑝,𝑜𝑢𝑡 . Similarly, ∆𝑇  can be defined as, ∆𝑇 =
𝑇𝑝,𝑖𝑛 − 𝑇𝑝,𝑜𝑢𝑡. 

 

Table 3: Different thermo-physical properties of solid desiccant 

materials31) 

Desiccants 

𝑐𝑝𝑎𝑑 

(kJ/

kg-

K) 

𝑘𝑑 

(W/

m-

K) 

𝜌𝑎𝑑 

(kg/

m3) 

𝑊𝑚𝑎𝑥 

(kg/

kg) 

𝑞𝑎𝑑𝑠 

(kJ/

kg) 
𝜀 

G
ro

u
p

 1
 

Silica gel 

B 

0.92

1 

0.19

8 
790 0.4 

236

2 
0.5 

Silica gel 

3A 

0.92

1 

0.17

4 
770 0.35 

238

0 
0.56 

Silica gel 

RD 

0.92

1 

0.19

8 
800 0.37 

237

0 
0.44 

G
ro

u
p

 2
 

CaCl2 
0.62

0 
0.21 

215
0 

0.33 
367
5 

0.01 

LiCl 
1.13

2 
0.65 

206

8 
0.43 

295

7 
0.08 

G
ro

u
p

 3
 Silica gel/ 

LiCl 

0.92

4 

0.23

9 
875 0.6 

247

6 
0.36 

Silica gel/ 

CaCl2 

0.86

6 
0.32 976 0.55 

262

0 
0.41 

 

Various properties of desiccants are given in Table 3. 

Physical structures of Group 1 material are given in 

Table 4 to explain the adsorption phenomenon based on 

surface area and pore size. Since the adsorption capacity 

of any desiccant material depends upon the type of 

isotherm. Silica gel RD is in the category of type-I 

isotherm because it performs better at lower RH due to 

higher specific surface area and less pore size. Contrarily, 

silica gel B is in the category of isotherms which have 

higher adsorption capacity at higher RH because of its 

lower specific surface area and larger pore diameter as 

explained in the research13). 
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Table 4: Physical structures of group 1 material31) 

 

Table 5: Specifications of the rotary dehumidifier 

Rotary dehumidifier length, L(cm) 2 

Diameter of the desiccant wheel, D(cm) 37 

Ratio of process area to regeneration area  1:1 

Thickness of the sinusoidal channel wall, 

δ(mm) 

0.2 

Pitch of flow passage of sinusoidal channel, 

b(mm) 

3.2 

Height of flow passage of sinusoidal 

channel, a(mm) 

1.8 

Volume ratio of desiccant, (𝜑) 0.7 

 

Further, to solve one-dimensional heat and mass 

transfer equations using FlexPDE following the 

specification of the desiccant wheel is required which is 

given in Table 5, and these specifications of the rotary 

dehumidifier have been used for finding the results at 

different operating conditions which are given in Table 6 

and discussed in section 4.1. 

 

Table 6: Variation of operating parameters and fixed value used 

for the analysis 

Name of Operating 

Parameters 

Parametric 

variations 

Fixed 

value 

Process inlet air temperature 

(℃) 
15-50 30 

Process inlet specific humidity 

(kg kg−1) 
0.005-0.035 0.024 

At 30℃ DBT and 0.024 kg of 

water vapour/kg of dry air, the 

value of RH in % 

 

- 

90% 

Inlet regeneration air 

temperature (℃) 
60-160 60 

Rotational speed of the wheel 

(rph) 

5-40 10 

Process air inlet velocity 

(m s−1) 

1-6 4 

Regeneration air inlet velocity 

(m s−1) 

1-6 2 

4.1 Analysis of Different Desiccant Wheels at 

Different Operating Conditions 

4.1.1 Analysis of the MR and ∆𝐓 of process air at a 

different rotational speed of the wheels 

 
Fig. 5: Graph of MR with N for different desiccants wheels 

 

Fig. 5 shows the comparison of different desiccant 

wheels with rotational speed (N), and it is observed that 

in between 15 to 40 rph, group 3 wheels have higher 

moisture removal than the other wheels because Group 3 

materials are Composite of silica gel-LiCl and Composite 

of silica gel-CaCl2. Added materials (LiCl and CaCl2) 

enhaunce the moisture absorption property of silica gel. 

The trend of MR is almost similar for group 1 wheels and 

it is observed that silica gel B yields slightly higher MR 

compared to other materials of group 1 because the 

wheel is operating at a higher RH (90%) as per Table 6. 

At higher RH silica gel B performs better due to its 

desirable physical structure presented in Table 4. The 

nature of silica gel B of group 1 is a similar trend in 

further cases also.  There is a significant effect of speed 

on group 3 from 5 to 20 rph, after this rise in moisture 

removal decreases and the curve becomes flat. However, 

for group 1 wheels, the curve starts flattening at a higher 

speed compared to group 3. Because the heat of 

adsorption of group 3 is higher than group 1 and the 

higher speed (beyond 20 rph) is too fast to remove the 

desiccant heat properly. Due to this, the vapour pressure 

difference starts decreasing and the curve starts flattening. 

This trend has been also concluded in the research36). 

 

 
Fig. 6: Graph of temperature difference with N for different 

desiccant wheels 

Type of 

Silica Gel 

Surface 

Area per 

gram 

(m2/g) 

Volume 

of 

porous 

(ml/g) 

Average 

Diameter 

of pore 

(nm) 

Silica gel B 476 0.61 4.78 

Silica gel 3A 606 0.45 3.0 

Silica gel RD 650 0.35 2.1 
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There is less effect of rotational speed on group 2 

material, because, after 15 rph, MR is almost constant. 

Because the heat of adsorption of group 2 wheels is large 

which heats the desiccant surface, and due to this 

equilibrium is reached between air and desiccant surface. 

Further, a speed beyond 15 rph may be too fast to 

remove the heat of the desiccant properly. If we compare 

all three groups, then it can be observed that in the lower 

range of speeds group 2 and group 3 are better wheel 

choices. But overall group 3 is more suitable for better 

moisture removal. 

Fig. 6 shows that of nature of the curve for temperature 

difference is similar to the MR. Here group 2 wheels 

have a larger temperature difference among all desiccants 

due to the larger heat of adsorption. Since the 

regeneration temperature is the same (60 ℃ ) for all 

materials, so almost the same heat is transferred to the 

dehumidification zone from the regeneration zone. Also, 

a lower value of thermal conductivity and specific heat is 

not in favor of carry-over heat. Hence, only the heat of 

adsorption plays a dominant role to increase the 

temperature of dehumidified air and this explanation is 

also applicable to further results of ∆𝑇. The MR of group 

2 is lower than group 3 in most of the rotational speeds. 

As we know, an increase in temperature difference 

unnecessarily increases the cooling load of DWBACS. 

For less temperature difference, group 1 will be a 

suitable wheel, but the MR of this type of wheel is low. 

Therefore, for higher MR and moderate temperature 

differences, group 3 can be selected as the better wheel. 

 

4.1.2 Analysis of MR and ∆𝐓 of process streams at 

different regeneration stream velocity 

 
Fig. 7: Graph of MR with regeneration stream velocity for 

different desiccant wheels 

  

Fig. 7 shows the comparison of different desiccants 

with regeneration stream velocity, and it can be observed 

that 2 m/s is the optimum value of the regeneration 

stream velocity for group 1 and 3 wheels. While the 

optimal regeneration stream velocity for group 2 wheels 

lies on the higher regeneration velocities. A higher 

regeneration energy is required to remove the condensed 

vapour from the desiccant pores because it includes 

latent heat of vaporization also and the group 2 materials 

have higher condensed vapour due to higher heat of 

adsorption. Therefore, in the ranges of higher 

regeneration stream velocity, proper regeneration takes 

place and that increases the MR. However, higher 

regeneration stream velocity is not desirable because it 

increases the pumping power of the fan. Although the 

MR of group 2 is more in the ranges of higher velocity, 

Even then group 3, is preferable because of moderate 

MR and less pumping power than group 2 wheels.   

 

 
Fig. 8: Graph of temperature difference with regeneration 

stream velocity for different desiccant wheels 

 

A similar trend of the curve is also obtained for 

temperature difference which is shown in Fig. 8. But 

from Fig. 8 it can be observed that the temperature 

difference of process air for group 2 is more than the 

other desiccants due to the larger heat of adsorption 

which is not desirable. Therefore, it can be concluded 

that group 3 material is the best choice for the selection 

of the desiccant for the rotary dehumidifier. Further, Fig. 

7 and Fig. 8 indicate that CaCl2 has a relatively lower 

moisture removal than LiCl but the temperature 

difference of CaCl2 is relatively higher than LiCl due to 

more heat of adsorption. 

 

4.1.3 Analysis of the MR and ∆𝐓  of process air at 

different regeneration air temperature 

Similar to the previous case, here also there is very 

less influence of regeneration air temperature on group 1 

wheels. Fig. 9 shows that the MR of group 1 slightly 

increased from 50 to 60℃ and then becomes constant. 

But for group 2, MR increased up to the endpoint, i.e., 

120℃. The reason for this has been already discussed in 

the previous case. If we have a higher regeneration 

temperature, then we may go for the selection of group 2 

but it also increases the regeneration energy of the wheel 

thus it may decrease the DOCP of the dehumidifier. For 

group 3, MR increases from 50 to 80℃ and then becomes 

steady. Further, its MR is slightly higher than CaCl2 but 

slightly lower than LiCl. But its suitability to lower 

regeneration temperature without compromise in MR, 

recommends group 3 as the better choice. 
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Fig. 9: Graph of MR with regeneration air temperature for 

different desiccant wheels 

 

 
Fig. 10: Graph of temperature difference with regeneration 

air temperature for different desiccant wheels 

 

Fig. 10 shows that there is very little influence of 

regeneration air temperature on a temperature difference 

of group 1 wheels, and a moderate effect on group 3 i.e. 

up to 50 to 70℃,  but a significant effect on group 2 

wheels. Therefore, group 2 materials can be considered 

temperature-sensitive materials, especially CaCl2 due to 

their larger heat of sorption. In this case, also group 3 

materials can be considered better desiccants because 

MR is higher in lower regeneration temperature ranges 

which increases the overall COP of the system. Another 

benefit is that increase in temperature difference is also 

less than group 2 which will reduce the cooling load of 

the DWBACS system.  

 

4.1.4 Analysis of the MR and ∆𝐓  of process air at 

different process stream velocity 

As it is well-known fact that a rise in process stream 

velocity reduces moisture removal due to less residence 

time. Fig. 11 shows that MR is higher for group 2 wheels 

and the effect of process velocity is also greater on group 

2 wheels compared to groups 3 and 1. Because the higher 

velocity of the process section properly removes the heat 

of adsorption of the desiccant. 

 

 
Fig. 11: Graph of MR with process stream velocity for 

different desiccant wheels 

 

 
Fig. 12: Graph of temperature difference with process stream 

velocity for different desiccants wheels 

 

Fig. 12 shows that there is a greater impact of process 

velocity on a ΔT of process air, especially for group 2 

and 3 wheels. Here the maximum ΔT for process air of 

group 2 wheels is very high i.e. 25 to 30℃. This is only 

because of higher heat of adsorption and more contact 

(residence) time of air in the sinusoidal channel, as 

regeneration temperature is already fixed in the lower 

side i.e. 60℃ . For group 1 and group 3 wheels, this 

temperature difference is 10 to 15 ℃ , respectively. 

However, in all the above cases the temperature 

difference is less than 10 ℃ for all wheels because 

process velocity is fixed on the higher side i.e. 4 m/s. 

Therefore, we can choose group 3 as a better desiccant 

wheel since, in the higher process velocities, the 

temperature difference is less than 5℃ and MR is also 

higher than group 1. But higher process velocity also 

increases the fan power. Hence, the optimum process 

stream velocity should be in the range of 2 to 3 m/s.  

 

4.1.5 Analysis of the MR and ∆𝐓 of process air at a 

different process inlet temperature 

As we know, the rise in process air inlet temperature 

reduces MR since the difference of vapour pressure in 

the moisture transfer zone decreases with an increase in 

temperature. Fig. 13 shows that the influence of process 

inlet temperature on group 2 and group 3 wheels is 
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higher than on group 1. The MR of group 1 and 3 wheels 

becomes very low when we increase the beyond 40℃. 

Therefore, in the higher range of process inlet 

temperature, i.e. above 40℃, group 2 materials are better 

desiccants. 

 

 
Fig. 13: Graph of MR with process inlet temperature for 

different desiccant wheels 

 

Fig. 14 shows the effect of process inlet temperature 

on theΔT for different desiccants, and it has been found 

that the temperature difference is higher for group 2 

wheels due to the larger heat of adsorption. Also, the 

effect of process inlet temperature on group 2 is higher 

than in groups 1 and 3. In between 10 to 35℃, group 3 

material can be considered as a better desiccant due to 

moderate MR and less ∆T , while in the higher 

temperatures, group 2 materials can be considered as 

better desiccants because, in this range, group 2 have 

higher MR than the group 1 and 3. At this condition 

increase in ΔTfor group 2 is less than 6 ℃ , which is 

considerable because this value is comparatively less 

than from all the above cases. 

 

 
Fig. 14: Graph of temperature difference with process inlet 

temperature for different desiccant wheels 

 

4.1.6 Analysis of MR and ∆𝐓  of process air at 

different process inlet humidity ratio 

 
Fig. 15: Graph of MR with process inlet humidity ratio for 

different desiccant wheels 

 

Fig. 15 shows that MR rises with a rise in process inlet 

humidity ratio for all desiccants. Specifically, the MR of 

group 2 material start flattening with the increase in 

humidity, but this does not happen for group 1 and 3. 

Because group 2 has a higher heat of sorption, 

consequently vapour pressure difference between air 

streams and desiccant walls decreases, and the curve 

starts flattening. At low humidity and very high humidity, 

group 2 and 3 material has higher MR than group 1 

material. But between 0.015 to 0.025 kg kg−1 , LiCl of 

group 2 has maximum MR. The MR of LiCl varies from 

very low value to very high value (0.0031827310 

kg kg−1 ) when the process inlet humidity ratio varies 

from 0.01 to 0.035kg kg−1. Therefore, we can conclude 

that the process inlet humidity ratio has a greater impact 

on the MR of LiCl than the other desiccants.  

 

 
Fig. 16: Graph of temperature difference with process inlet 

humidity ratio for different desiccant wheels 

 

Fig. 16 shows the influence of inlet humidity on 

temperature difference(ΔT) of process air where we can 

observe that the maximum temperature difference occurs 

for CaCl2 material however the maximum moisture 

removal occurs for LiCl desiccants. The influence of 

process inlet humidity ratio on a temperature 

difference(ΔT) of process air is similar to the above case. 
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As per Fig. 16, LiCl cannot be considered a better 

desiccant because its ∆T  is also higher, which is not 

desirable in the DWBACS system. Further, in the higher 

RH environment, LiCl may mix with air, and that may 

cause the loss of desiccant coating. Therefore, in this 

case, also group 3 materials can be considered as a 

superior desiccant due to higher MR and moderate ∆T. 

 

5. Conclusions 

In this study, the influence of different desiccant 

wheels has been investigated at altered operating 

conditions by solving a one-dimensional mathematical 

model with the help of FlexPDE. The following 

conclusion is made from the comparison of different 

desiccant wheels. 

1. Group 2 desiccant wheels have considerably higher 

∆T than the other wheels. The maximum value even 

reaches up to 30℃. Hence, group 2 wheels cannot 

be recommended for air conditioning applications. 

2. In terms of energy consumption and MR also, group 

3 wheels and LiCl wheel performs better than the 

other wheels. Because, in lower regeneration 

temperatures (50 to 70℃)  and lower regeneration 

velocities (1 to 2 m/s), the MR of group 3 wheels is 

higher than the other wheels. But ∆T obtained from 

the LiCl wheel is also higher. Since the lower 

regeneration temperature and lower regeneration 

velocities are the assessment of lesser energy 

consumptions. Hence, group 3 wheels can be 

recommended for air conditioning based on energy 

consumption also. 

3. In the case of higher ranges of process inlet 

temperature (40 to 50℃), MR obtained from group 2 

wheels is higher than the other wheels and also 

obtains approximately similar ∆T. But in lower 

ranges of process inlet temperature (10 to 20℃), 

group 3 wheels give higher MR with moderate ∆T. 

 

4. In the areas of very low humidity (0.05 to 0.013 

kg/kg) and high humidity (beyond 0.02 k/kg at 

30℃) also, group 3 wheels perform (higher MR and 

moderate∆T) better than the other desiccant wheels 

 

6.  Future work scope 

In future, research can be done on use of desiccant 

material on different operating conditions like Hot and 

humid, Hot and dry, Cool and humid, Cool and dry. 

 

Nomenclature 

a                channel height (mm) 

Acsdl          cross-sectional area of the desiccant layer 

Acsf           cross sectional area of flow passage of one    

channel (m2) 

b               pitch of the channel (mm) 

cp    specific heat at constant pressure (J.kg-1.K-1) 

cpw         specific heat of liquid water (J.kg-1.K-1) 

cpm    specific heat of substrate (matrix material)   

                 (J.kg-1.K-1)  

D              diameter of desiccant wheel (m) 

𝐷ℎ𝑓           Hydraulic diameter of channel (m) 

𝐷𝑚            mass diffusion coefficient of water vapour    

                 in the air (-) 

hfg            latent heat of vapourization (J.kg-1)                 

hm   mass transfer coefficient (kg.m-2.s-1) 

H             convective heat transfer coefficient  

                (W/m2K) 

K  Thermal conductivity (W.m-1.K-1) 

L  Wheel Length (m) 

Pf   Perimeter of a flow passage (m) 

𝑊𝑚𝑎𝑥    maximum water content in desiccant   

                (kgadsorbate kgadsorbent
-1) 

x   axial direction  

Y             humidity ratio of the air (kg kg-1)  

 

Greek symbols 

ρ  density (kg.m-3) 

𝜖             porosity (-) 

θ  fraction angle (Degree)  

                   

𝛿𝑑 channel wall thickness (mm)  

𝜑           volume ratio (-) 

 

Subscripts 

a air  

atm         atmospheric 

d             desiccant 

ad           adsorbent 

da           dry air  

f             flow passage 

m           matrix material 

p             process air 

r              regeneration air 

v            vapour 

0            initial state 

 

Abbreviations 

DW Desiccant wheel 

DCOP dehumidification coefficient of 

performance 

DWBACS desiccant wheel-based air conditioning 

system 

EXP experimental 

MATH mathematical 

PDE partial differential equation 

RS regeneration sector 

SDP specific dehumidification power 

SIM simulation 

PS process sector 
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