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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The operation of a solid desiccant evaporative cooling system largely depends on the dehumidification ability of the desiccant 
wheel and mathematical models are an effective tool to predict the transport behaviour of this wheel. A complete theoretical model 
would account for both the gas-side resistance, which is due to the convective heat and mass transfer between the air and the 
desiccant surface, and the solid-side resistance, which is caused by the diffusion of moisture and conduction of heat through the 
solid desiccant layer. A mathematical model is developed by deriving the partial differential equations of mass and energy balance 
of a representative channel the desiccant wheel moving through the supply and regeneration air streams in a 360° circular path. 
The effect of these resistances at different operating conditions on the performance of the wheel is rarely investigated. In this paper, 
two heat and mass transfer models are presented, the first one incorporating gas-side resistance and the second one includes both 
solid-side and gas-side resistances. The models are compared with experimental data. It can be concluded that the gas-side 
resistance is of considerably higher significance compared to the solid-side resistances. 
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1. Introduction 

The desiccant evaporative cooling system is a potential and eco-friendly alternative to energy-intensive vapour 
compression chillers [1-3]. They are actually a thermally driven on an open cycle cooling system with a combination 
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of a desiccant wheel which is dehumidifier with the hygroscopic material, a heat recovery wheel, and evaporative 
coolers. At first, air is first dehumidified in the desiccant wheel to low humidity levels. Then it is cooled in in two 
stages with a sensible heat recovery wheel followed by the evaporative cooler.  

 
 As the success of the desiccant evaporative cooling system largely depends on the dehumidification performance 

of the desiccant wheel, often this wheel is considered the heart of this cooling system, A desiccant wheel uses a solid 
desiccant such as silica gel for dehumidification. The wheel matrix has several identical channels in the direction of 
the wheel’s axis of rotation.  The matrix supporting structure has a desiccant material coating on this surface. When 
the wheel rotates about its axis, two separate air streams, the supply air stream and the regeneration air stream passes 
through the top and bottom sections of the wheel. The supply air is dried by the desiccant, and hot regeneration air 
reactivates the desiccant to allow the continuous dehumidification process. The regeneration and supply air sides are 
separated by clapboard. The flow passage of air in a desiccant wheel is usually of sinusoidal shape. Usually, a desiccant 
wheel available commercially is as dehumidifying cassette consisting of a desiccant wheel, clapboard, wheel case and 
driving motor. 

 
The desiccant wheel used for dehumidification is quite similar to those commonly employed in heat recovery, but 

it rotates at lower speeds (10-25 revolutions per hour (rph)) [4]. This rotational speed allows the desiccant to adsorb 
moisture and minimises the amount of heat carried over from the hot regeneration air into the supply. 

 
Nomenclature 
 
Yg Humidity ratio of air inside the control volume 1 (kg/kg) 
Tg Temperature of air inside the control volume 1 (K) 
Yd Humidity ratio of air inside the control volume 2 (kg/kg) 
Td Temperature of air inside the control volume 2 (K) 
Wd Water vapour content of desiccant (kg/kg) 
ρg Density of air (kg/m3) 
ρd Density of desiccant (kg/m3) 
Dh Hydraulic diameter (m) 
Pin Perimeter of the channel (m) 
φd Relative humidity of air in the control volume 2 
cpg Isobaric specific heat capacity of air (J/kg/K) 
cpd Specific heat capacity of desiccant (J/kg/K) 
ct Combined specific heat capacity (J/kg/K) 
α Heat transfer coefficient (W/m2K) 
ug Velocity of supply air and regeneration air (m/s) 
Da Effective diffusion coefficient for ordinary and Knudsen diffusion 
Ds Surface diffusion coefficient 
qa Heat of adsorption (J/Kg) 
β Mass transfer coefficient (kg/m2K) 

2.  Transport mechanism in a desiccant wheel 

The transport phenomena occurring in a desiccant wheel has been an area of interest to many researchers, and 
several studies are available. There are many physical processes are involved in the adsorption of water vapour into 
the hygroscopic matrix from the air which offers resistances to vapour transfer from the gas side to the solid phase. 
These heat and mass transfer resistances can be classified into two groups, namely, gas-side and solid-side resistances. 
Gas-side resistance is the resistance of the vapour transported from the bulk gas to the surface of the solid desiccant, 
whereas solid-side resistance is the resistance of the transport of the adsorbed molecules into the pore structure of the 
desiccant material from the surface of the desiccant [5-11]. Gas-side resistance is mainly due to convective heat and 
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mass transfer between the air and the desiccant. Solid-side resistance is due to heat conduction and mass diffusion 
within the desiccant. The vapour can diffuse through pores of the desiccant in three different ways, namely, by ordinary 
diffusion, Knudsen diffusion, and surface diffusion. Usually, all these mass transfer mechanisms are represented using 
Fickian type expressions with different diffusion coefficients, Do, Dk and Ds. These coefficients can be estimated by 
the following expressions [4]: 

 
Do = 1.758 x 10−4 𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑

1.685

𝑃𝑃𝑃𝑃𝑎𝑎𝑎𝑎
                                                                           (1) 

Ds = 1
ζ

Do   exp(−0.9740x 10−3  𝑞𝑞𝑞𝑞𝑎𝑎𝑎𝑎
𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑

 )                                            (2) 

Dk = 97 a    �𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑
𝑀𝑀𝑀𝑀1
�
1/2

                                                                                  (3) 

with Td being the temperature of desiccant (K), pa is the atmospheric pressure, ζ is the tortuosity of the path of the 
pore,  a is the pore radius,  M1 is the molecular weight of water and qa is the heat of adsorption. 

 
A large number of mathematical models have been developed to predict the heat and mass transfer behaviour in air 

dehumidification applications with rotary desiccant wheels, and a comprehensive literature review of all of these 
models was done by Ge et al. [12]. But there have only been a few investigations on the influence of solid-side 
resistance on performance. The first one was by San [13], and this study considered only the surface diffusion among 
the solid-side resistances, but the major processes (Knudsen and ordinary diffusions) were not considered. The effect 
of axial diffusion was studied by Sphaier et. al. by comparing the results for various aspects of the ratios and Biot 
numbers [15]. In this work, it was concluded that axial heat and mass diffusion was negligible in most cases, and was 
significant only for a thicker desiccant substrate with elevated thermal conductivity. However, the study did not include 
other parameters like the variation in flow velocity flow, rotational speed and regeneration temperature. Therefore, in 
this current work, to further investigate the effect of solid-side resistance, results are obtained for both models with 
different values of air velocity, rotational speed, and desiccant layer thickness and regeneration temperature. 

3. Derivation of governing equations 

The desiccant wheel can be considered as a set of identical axial channels coated with desiccant. When one-
dimensional laminar air flow occurs through a desiccant wheel, each channel will have identical behaviour, and a 
theoretical model of a single channel will be able to predict the performance of the whole wheel.  The partial 
differential equations that represent these transport mechanisms will be set up to describe a single desiccant-coated 
flow channel, traversing through the respective supply and regeneration air streams in a 360° circular path. Even 
though the heat and mass transfer within the wheel will be in all three dimensions, simplifications are needed to enable 
the analysis [5-6]. Consequently, the following assumptions are made. To investigate the significance of the two 
resistances categorised as gas-side and solid-side resistances, two different models, namely the gas-side resistance 
(GSR) model and the gas and solid-side resistance (GSSR), are developed. 

3.1. Gas- and solid-side resistance model 

As the name indicates, a gas-side resistance (GSR) model of the desiccant wheel considers only the convective 
resistance in the bulk flow and so the resistances due to heat conduction and mass diffusion in the wheel are neglected. 
The control volume is separated into two parts: one is the air passage, and the other one is the desiccant layer. Figure 
1 shows a desiccant wheel and the computation/domain of the model. The governing equations can be derived by using 
the principle of the conservation of mass and heat in these control volumes [17]. All these equations will have a 
mass/energy storage term, the rate of mass/energy variation term and source terms which will differ according to the 
resistances included and the dimensions of the heat and mass transfer considered. 
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Fig 2. Channel cross-section with control volume for modelling 

                                     
Fig 1. Desiccant wheel and computation domain of the model 

For the mathematical formulation of the problem, various assumptions are required.  A channel of desiccant wheel 
is assumed sinusoidal and coated with silica gel, and the dehumidification and regeneration sections are of equal size. 
Various thermodynamic properties of the matrix such as thermal conductivity, heat and mass transfer coefficients and 
heat of adoption of silica gel are of the matrix is assumed to be constant. Also, conduction and mass diffusion in the 
air is negligibly small. The air flow within the channel is laminar as generally the hydraulic diameter of the channel is 
small, less than 5 mm and the velocity of flow is less than 3 m/s. The assumption of Lewis number as 1 makes the 
thermal and mass diffusivities equal. 

 
A representative channel with the air control volume and desiccant control volume is shown in figure 2 is used for 

deriving the governing equations for the model. The control volume 1 (CV1) is in the air and control volume 2 (CV2) 
is in the desiccant. Based on the above assumptions, the mass and energy conservation equations can be derived. Here 
Yg and Yd represent the humidity ratio in CV1 and CV2, and Tg and Td represent the temperature in these control 
volumes. Wd is the uptake of water which is the mass of water vapour adsorbed per unit mass of the desiccant. 

 
With these assumptions, the mass and energy balance equations for the air and desiccant control volumes can be 

derived as given below. 
The equation for the mass balance of CV1:  
 

1
𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔
∗  𝜕𝜕𝜕𝜕𝑌𝑌𝑌𝑌𝑔𝑔𝑔𝑔

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
+  𝜕𝜕𝜕𝜕𝑌𝑌𝑌𝑌𝑔𝑔𝑔𝑔

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
      =     4 𝛽𝛽𝛽𝛽

𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔 𝐷𝐷𝐷𝐷ℎ
�𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑 −  𝑌𝑌𝑌𝑌𝑔𝑔𝑔𝑔�        (4) 

The equation for the energy balance of CV1:  
1
𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔
∗  𝜕𝜕𝜕𝜕𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
+     𝜕𝜕𝜕𝜕𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
    =    4𝛼𝛼𝛼𝛼

𝑢𝑢𝑢𝑢𝑔𝑔𝑔𝑔 𝐷𝐷𝐷𝐷ℎ 𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑔𝑔𝑔𝑔
(𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑 −  𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔)       (5) 

The equation for the mass balance of CV2:  
𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔 

𝜕𝜕𝜕𝜕𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

+ 𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑 
𝜕𝜕𝜕𝜕𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

=  𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔 Da
𝜕𝜕𝜕𝜕2𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕2

+   𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑 Ds
𝜕𝜕𝜕𝜕2𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕2

+   β𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
 𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑

(𝑌𝑌𝑌𝑌𝑔𝑔𝑔𝑔 −  𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑  )      (6) 

The equation for the energy balance of CV2:  
 

𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑   𝑐𝑐𝑐𝑐𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

   =    𝜆𝜆𝜆𝜆𝑑𝑑𝑑𝑑   𝜕𝜕𝜕𝜕
2𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕2

 +    𝛼𝛼𝛼𝛼𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
 𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑

(𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔 −  𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑)  +    𝑞𝑞𝑞𝑞𝑎𝑎𝑎𝑎𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑   
𝜕𝜕𝜕𝜕𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

         (7) 

Equations 4, 5, 6 and 7 will be the governing equations for the GSSR model. 
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3.2. Gas-side resistance model 

For the gas-side resistance model, the solid-side resistances are neglected. So, the mass and energy balance 
equations (Equations 4 and 5) in CV1 remain the same, but the diffusive and conductive terms of Equations 6 and 7 
will not be there. Therefore, the second and third terms in the right-hand side of Equation 6 and the first term in the 
right-hand side of Equation 7 will disappear, and the new equations will be as given below:  

 
Mass balance in CV2:  
 

𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔 
𝜕𝜕𝜕𝜕𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

+ 𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑 
𝜕𝜕𝜕𝜕𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

=  β𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
 𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑

(𝑌𝑌𝑌𝑌𝑔𝑔𝑔𝑔 −  𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑  )       (8) 

Energy balance in CV2:  
 

𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑   𝑐𝑐𝑐𝑐𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

   =       𝛼𝛼𝛼𝛼𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑛𝑛𝑛𝑛
 𝐴𝐴𝐴𝐴𝑑𝑑𝑑𝑑

(𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔 −  𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑)  +    𝑞𝑞𝑞𝑞𝑎𝑎𝑎𝑎𝜌𝜌𝜌𝜌𝑑𝑑𝑑𝑑   
𝜕𝜕𝜕𝜕𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

           (9) 

Therefore, Equations 4, 5, 8 and 9 will form the governing equations for the GSR model. 

3.3. Auxiliary Equations 

It can be noticed that the governing equations have five unknown variables, Yg, Yd, Wd, Tg and Td. To solve these 
simultaneous equations, one of the variables has to be eliminated. This can be done by relating the equilibrium 
humidity ratio of air, Yd, to the water content, Wd, and the temperature of the desiccant, Td. In this case, an equilibrium 
isotherm relationship of silica gel can be used as it shows the  uptake of water vapour as a function of relative humidity 
of air which is a function of the humidity ratio and the temperature. 

The equilibrium humidity content of regular density silica gel is governed by the following isotherm relationship 
[5]: 

𝜑𝜑𝜑𝜑 = 0.0078 − 0.05759𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑 + 24.16554𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
2 − 124.78𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑

3 +  204.226 𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑
4        (10) 

 
where Wd is the water content, and  
φ is the relative humidity of the air. 
The heat of adsorption is determined by using the following expression [1]: 

 

𝑞𝑞𝑞𝑞𝑎𝑎𝑎𝑎 =  � −12400𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑 + 3500       𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑 ≤ 0.05
−1400𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑 + 2900           𝑊𝑊𝑊𝑊𝑑𝑑𝑑𝑑 > 0.05               (11) 

 
Using psychrometric relationships, the relative humidity and humidity ratio are given below [2]: 

 
𝜑𝜑𝜑𝜑
𝑌𝑌𝑌𝑌𝑑𝑑𝑑𝑑

+ 1.61𝜑𝜑𝜑𝜑 = 10−6𝑒𝑒𝑒𝑒
5294

𝑇𝑇𝑇𝑇𝑑𝑑𝑑𝑑�         (12) 
 

Since the channel geometry is assumed to be sinusoidal, the following expression can be used to calculate the 
hydraulic diameter [12]: 
 

𝐷𝐷𝐷𝐷ℎ =   𝑎𝑎𝑎𝑎 �1.0542 − 0.466 ∗ �𝑎𝑎𝑎𝑎
𝑏𝑏𝑏𝑏
� −  0.1180 ∗ �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
2

+ 0.1794 �𝑎𝑎𝑎𝑎
𝑏𝑏𝑏𝑏
�
3
− 0.043 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
4
�       (13) 

The convective heat and mass transfer coefficients can be calculated from the Nusselt number and the Lewis number 
respectively. For the sinusoidal-shaped channel, these coefficients can be calculated using the following expressions: 

 

𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇 = 1.1791 ( 1 + 2.7701 �𝑎𝑎𝑎𝑎
𝑏𝑏𝑏𝑏
� − 3.1901 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
2
−  1.9975 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
3
− 0.4966  �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
4
      (14) 
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𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 1.903 ( 1 + 0.455 �𝑎𝑎𝑎𝑎
𝑏𝑏𝑏𝑏
� + 1.2111 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
2
−  16805 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
3
− 0.7724  �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
4
−  0.1228 �𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏
�
5
 (15) 

 
𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢 = (𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢𝑇𝑇𝑇𝑇 + 𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢)/2               (16) 

 
𝑁𝑁𝑁𝑁𝑢𝑢𝑢𝑢 =  𝛼𝛼𝛼𝛼

𝜆𝜆𝜆𝜆𝑎𝑎𝑎𝑎𝐷𝐷𝐷𝐷ℎ
          (17) 

 
𝐿𝐿𝐿𝐿𝑒𝑒𝑒𝑒 =  𝛼𝛼𝛼𝛼

𝜌𝜌𝜌𝜌𝑔𝑔𝑔𝑔β 𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑔𝑔𝑔𝑔
          (18) 

3.4. Boundary and initial conditions 

The initial and boundary conditions for the governing equations are given Table 1below. The wall boundaries are 
assumed as adiabatic and impermeable. 

Table 1: Boundary and Initial conditions 

4. Results 

The governing equations for the gas-side resistance (GSR) model and the gas and solid-side resistance (GSSR) 
model are solved using COMSOL Multiphysics which is finite element analysis, solver and simulation software for 
coupled partial differential equations. The inlet condition of the supply air used in this model is 0.0142 kg/kg dry air 
as humidity ratio and 35oC as the temperature. The reaeration temperature is 120o C, and the air velocity is 2m/s. Since 
the supply air and regeneration sections are assumed to be equal, angles for both sections will be 180o, and the ratio 
between the area of supply air section and regeneration air (SR ratio) is 0.5. 

 
The validation of the two numerical models is shown in Figures 3 and 4 by plotting the outlet humidity ratio and 

temperature results for a revolution of the wheel and its comparison with Brillhart’s experimental results [16]. It can 
be observed that the model has good agreement with the experimental outlet humidity ratio and temperature. As in the 
case of previous theoretical studies [17-19], the deviation of the humidity ratio curve from the experimental value can 
be attributed to greater experimental uncertainties at the beginning of the dehumidification period. The figures also 
demonstrate that, at the selected operating conditions, the effect of solid-side resistance is negligible. 

 

       
      Fig 3. Comparison of humidity ratio with Brillhart’s                                            Fig 4. Comparison of temperature results with  
       Experimental results                                                                                                  Brillhart’s experimental results 

For the supply air section  For the regeneration section 
Yg(t,0) = Yg in  Yg(t,0) = Yg in1 

Tg(t,0) = Tg in  Tg(t,0) = Tg in1 
Td (0, x) = Td (tr, L-x)  Td (0, x) = Td (tp, L-x) 
Wd (0, x) = Wd (tr, L-x).  Wd (0, x) = Wd (tp, L-x). 
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5. Comparison of models 

Figures 5 and 6 show the variations in the outlet humidity ratio and temperature of the GSR and GSSR models for 
different input values of velocity during the dehumidification process. The velocity values are varied between 2 m/s 
and 3 m/s. At 2 m/s, the outlet humidity ratios of both GSR and GSSR models follow closely, but at the higher value 
velocity, there is a large difference between the profiles. The temperature profiles for both models are close to each 
other at a velocity of 3 m/s, whereas there is only a slight variation at the lower velocity.  

 
   Fig 5. GSR and GSSR model outlet humidity ratio results                       Fig 6. GSR and GSSR model outlet temperature for  
   at different velocities                                                                                      different velocities  
 
Figure 7 and 8 shows the outlet humidity ratio and temperature profiles for the GSR and GSSR models at rotational 

speeds 10 and 30 rph. In these cases, there is a significant deviation between both models’ humidity ratio profiles 
particularly at 30rph, but the temperature profiles match closely. 

Fig 7. GSR and GSSR model HR at different   rotational speeds         Fig 8. GSR and GSSR model temperature at different rotational speeds  
      
When the thickness of the desiccant layer is changed to 0.25 mm from 0.15 mm, there is no significant difference 
between the two models’ results, but when a thickness of 0.35 mm is used, there is a significant deviation between 
the GSR and GSSR models as shown in Figures 8 and 9. 

Fig 9. GSR and GSSR model results for desiccant layer thickness 0f 
0.25 mm 

Fig 10. GSR and GSSR model results for desiccant layer thickness of 
0.35 mm 
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The GSR and GSSR models do not show much difference when the regeneration temperature is changed which is 
indicated in Figure 11 and 12. 

        
    Fig 11. GSR and GSSR model HR at different                                        Fig 12. GSR and GSSR model temperature at  
        Regeneration temperatures                different regeneration temperatures 

6. Conclusions 

The two numerical models of a counter flow desiccant wheel, the GSR and GSSR models were developed and the 
results have been compared with published experimental data, which showed close agreement. The variation of all the 
output parameters was analysed and discussed. The two models were used to investigate the relative importance of 
solid-side resistances and gas-side resistances, and it was found that the GSR model gave reasonably accurate results 
for most of the cases and both models gave almost identical results. However, at different rotational speeds, velocities 
of flow and thicknesses of the desiccant layer, there was some variation between the models, which showed the 
significance of solid-side resistance in these cases. 
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