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Abstract. This research study aims to remove the moisture from air
and investigate dehumidification performance of square channel
rotary solid desiccant wheel. The regeneration of desiccants wheel is
effectively served by using PCM integrated parabolic trough solar
collector. The PCM serve the purpose of storing the heat and utilised
during non-availability of solar energy thus increase the operational
hours of combined system. The experiments were performed by using
composite desiccants of different composition like, pure silica gel
(SG), SG -5A Molecular sieve (90-10) %, SG-LiCl (90-10) % and
SG-LiCl-5A Molecular sieve (80-10-10) % by mass with sector angle
of 270° and 90° for process and regeneration purpose. Different
process and regeneration mass flow rate of air in the range of 50 to
100 kg/hrs with desiccant wheel speed 10,20 & 30 rph are considered
to optimised the dehumidification performance. The results obtained
are discussed in this research article also the solar collector
performance analysed by integrating Paraffin wax as PCM for
increased operational hours characteristics.

Keywords: PCM (Phase Change Material), PTSC (Parabolic
Trough Solar Collector), Desiccants, Dehumidification

1 Introduction

Dehumidification of air or removal of water vapour present in air is the way to improve the
quality of air and thermal comfort for good health [1] and effective industrial processes
specially in the humid region. Water vapour present in the air has great concerns in various
industrial application, including food processing, textiles, chemical, pharmaceuticals,
cosmetics, paper making, grain storage etc. [2—6]. The interest in the research topic of
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dehumidification air to serve the purpose of lowering the humidity in industrial application.
For example, many industries like microelectronics requires a low RH to avoid corrosion,
short circuit [7,8]. In addition to this, humidity has concern in health and environment causing
discomfort to human and development of fungus and bacteria [9,10]. Therefor requirement
of dry air is essential for human as well as industrial application. Recently, different
technologies have been developed and used for dehumidification purpose, such as
dehumidification by condensation method, heating dehumidification, membrane-based
dehumidification, liquid desiccants dehumidification and adsorptive or solid desiccants
dehumidification. In condensation method air is cooled below its DBT (dew point
temperature) and condensed water vapour is removed from the air [11], the drawback of
condensation method causes the global warming and depletion of ozone layer by using non-
ecofriendly refrigerants and involve high cost of operations. Another heating
dehumidification, [12,13] in which RH of air is reduced by temperature difference by
circulation hot air. Advantages of heating dehumidification are its low investment cost and
operating cost. The disadvantages of hot air dehumidification method are requirement of
energy is high and it reduces only the local moisture content of air. A membrane-based
dehumidification method uses selective membrane through the moisture is separated by
transferring the water molecule from the higher concentration side of membrane to lower
concentration side.

This method requires low energy and has lower cost of maintenance, lower rate of
penetration, high cost of membrane fabrication and membrane having lower mechanical
strength [14]. The most used liquid desiccants for dehumidification are lithium chloride,
calcium chloride and lithium bromide removes the water particles from air by absorption
[15,16]. Solid desiccants dehumidification removes moisture from air by adsorption process
by passing air through solid desiccants. Adsorption dehumidification method is much
effective than other methods of dehumidification. To improve the capacity of
dehumidification, composite desiccants are also used. The advantage of solid desiccants is
regeneration at ambient condition by using low grade energy such as waste heat or solar
energy. A PTSC is used to produce hot air to serve the purpose of regeneration.

2 Experimental Set-up: PCM integrated PTSC Assisted Rotary
Solid Desiccant Dehumidifier

The experimental set-up consists of square channel rotary desiccant wheel assisted with PCM
integrated Parabolic Trough Solar Air Collector (PTSAC), which supply hot air for the
regeneration of desiccants in the rotary wheel. PTSAC uses mirror polished reflective surface
which focus the incoming solar energy on receiver tube and transfer heat to inside air flowing
through the tube. A paraffin wax as PCM is used inside the receiver tube for heat storage and
utilised this stored heat when solar energy is unavailable in sky, thus system operates for
longer time. An adjustable process air flow and regeneration air flow provided in rotary
desiccant wheel and receiver tube. Process air and regenerative air flows through the
combination of sector angle of 270° - 90° and 180° -180° of rotary desiccant wheel to
optimised the performance of dehumidifier. Experimentation is carried out for 10, 20 and 30
rph with composite desiccant. Process air passes over the desiccants in rotary wheel and
adsorb the moisture and get saturated. On other side hot air flows through the desiccants to
take away moisture adsorb by desiccants. Thus, desiccants get regenerated and cycle
continues for dehumidification of air. Experimental set-up is shown in fig.1a and 1b.



EPJ Web of Conferences 376, 04005 (2026) https://doi.org/10.1051/epjcont/202637604005
ICRAMEN 2026

Fig.1a Experimental Set-up Fig.1b Square channel rotary wheel

Fig. 1c and 1d are the integral part of PTSC, PCM module with longitudinal fins to improve
heat transfer rate between PCM and air through receiver tube are kept inside in receiver tube.
Heat stored in PCM are utilised to heat the air when intensity of solar energy is very low at
evening, thus continuous supply of hot air for regeneration purpose. This approach is very
effective when PTSC cannot produce hot air during non-availability of solar energy and leads
to extend the operational hours of system.

Fig.1c Receiver tube with PCM module Fig.1d PCM tube with three longitudinal fins
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Fig. 1e Cross-section of receiver tube
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3 Experimentation and Performance Analysis of PTSC

Experimentation performed on PTSC for different mass flow rate viz. 23.2 kg/hr, 49.8 kg/hr,
76.4 kg/hr,102.9 kg/hr and 122.9 kg/hr without using phase change material and with phase
change material; results were obtained on the basis of temperature difference and solar
collector efficiency are shown graphically and discussed in this section.

The instantaneous collector efficiency is given by,
nc=qu/(lotld)yWeLe . (1

If diffuse radiation is neglected, the instantaneous collector efficiency based on beam
radiation alone is given by,

nc=qu/lo* Wc* Lc=m * Cp (To -Ti)/ Io Ap

Where, nc = Collector efficiency
qu =m * Cp (To —Ti) = useful heat gain
Io = beam radiation
Ap =Wc Lc = Aperture area

3.1 Performance of PTSC (Parabolic Trough Solar Collector) without PCM

The readings were taken in the month of October 2025 from 9.00 hrs to 17.00 hrs in the
interval of 1 hour and shown in Fig.2a & 2b.

—8— ass flow rate of air = 23.2 kg/hr

—8-— Mass flow rate of air = 49.8 kg/hr
Mass flow rate of air = 76.4 kg/hr
Mass flow rate of air = 102.9 kg/hr

—8— Mass flow rate of air = 122.9 kg/hr
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Fig.2a Temperature differences obtained for different flow rate of air without using PCM
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Fig.2b Efficiency of PTSC for different flow rate of air without using PCM.

Above fig.2a shows that, maximum possible temperature difference is obtained when
available solar energy is maximum and varies with flow rate of air through receiver tube.
Maximum temperature difference of 49° C is obtained at 23.2 kg/hr and minimum
temperature difference of 23.6° C is obtained at 122.9 kg/hr at maximum available solar
intensity. The efficiency of PTSC for different mass flow rate air, viz-Efficiency1- 23.2 kg/hr,
Efficiency 2- 49.8 kg/hr, Efficiency 3- 76.4 kg/hr, Efficiency 4- 102.9 kg/hr & Efficiency 5-
122.9 kg/hr are shown in fig.2b. Maximum possible efficiency of PTSC is achieved without
using PCM is 42.4 % at maximum solar intensity shown in fig.2b.

3.2 Performance of Parabolic Trough Solar Collector with using PCM

The readings were taken in the month of October 2025 from 9.00 hrs to 18.00 hrs in the
interval of 1 hour to observe the effect of PCM used for heat storage. Fig. 3a & 3b shows the
experimental value of temperature difference obtained and efficiency of PTSC using PCM,
the maximum possible temperature difference of 50.6° C is obtained with lower flow rate of
air at 23.2 kg/hr and minimum temperature difference of 25° C is obtained with higher flow
rate of air at 122.9 kg/hr, which was 3.2 % and 5.9 % more respectively than without using
PCM for higher solar intensity as shown in Fig. 3a. On other hand the maximum possible
efficiency 46.8% is achieved shown in fig.3b which is 4.4 % more than that of without using
PCM and is maximum at maximum solar intensity and varies with flow rate of air.
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Fig.3a Temperature differences obtained for various mass flow rate of air with using PCM
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Fig.3b Efficiency of PTSC for various mass flow rate of air with using PCM.

Experimentation is carried out with PCM till 17.00 hrs for different air flow rate and later the
effect of PCM is observed. PCM starts discharging and release the stored heat during
charging of PCM to air flowing through the receiver tube. Thus, continuous hot air is supplied
after nonavailability of solar energy. Thus operational hours of PTSC are considerable
extended by 56 minutes for lower air flow rate of 23.3 kg /hr and 32 minutes for higher air
flow rate of 122.9 kg/hr. Fig.3b shows the efficiency of PTSC for different flow rate of air
as: efficiency 1 — 23.3 kg/hr, efficiency 2 — 49.8 kg/hr, efficiency 3 — 76.4 kg/hr, efficiency 4
—102.9 kg/hr & efficiency 4 — 122.9 kg/hr. Fig.3c shows the significant effect Paraffin Wax
as PCM used for heat exchange on extending time duration for supply of hot air for
regeneration of desiccants.
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Fig. 3¢ Effect of Paraffin Wax (PCM) on Operational hours

4 Experimentation and Performance Analysis of square channel
Solid Desiccants Rotary Dehumidifier

Experimentation performed on solid desiccants rotary dehumidifier wheel with different
wheel speed 10, 20 & 30 rph, process air and regeneration air sector angle of 900 and 2700
with air flow rate 50 kg/hr and 100 kg/hr. The results obtained are discussed and tabulated in
this section. Regenerative air supplied to desiccant through parabolic trough solar collector
(PTSO).

The moisture removal rate is expressed by,
MRR =Wpi—-Wpo L 3)

Where MRR is the rate of moisture removal, Wy; and Wy, are humidity ratio at inlet process
air and outlet process air.

The humidity ratio of moist air is given by equation [17,18].
W =0.62198 RH+Ps/ (Pb—RH+*Ps) ... “)
Where - RH = % of Relative Humidity
Ps = water vapour saturation pressure
Pb = atm. pressure in bar.

Water vapor saturation pressure is given by [19].

3816 .44 )

(23'1% (T+273)—46.13

P.=e

Where, T is DBT (Dry Bulb Temperature) ° C.

Adsorption rate is shown by following equation [20].
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RA=mp (Wpi-Wpo) . (6)

4.1 Performance of square channel Solid Desiccants Rotary Dehumidifier

The performance test was conducted on square channel solid desiccants rotary dehumidifier
in the month of October/November 2025 from 9.00 hrs to 17.00 hrs. Composite desiccant
used for the experimentation are i) 90% silica-10% molecular sieve 5A, ii) 90% silica-10%
LiCl & iii) 80% silica-10% LiCI-10% molecular sieve SA and solid desiccant used is silica.
Thus, four desiccants are used for dehumidification and regeneration of solid and composite
desiccants takes place by using hot air produce with the help of PCM integrated PTSC. The
results were obtained are depicted in table.1. Op & Or are the sector angle of process air and
regeneration air respectively while mp & mr are the flow rate of process and regeneration air
in kg/hr. The optimum adsorption capacity of composite desiccant (Si-LiCl-Molecular sieve
5A) and regeneration temperature of air through PTSC after 1 hour of test performance for
10 rph wheel speed, 8p = 2700 & 6r = 900 and mp = 100 & mr=50 is shown in fig.4.

Table 1. Average Adsorption Rate for Composite Desiccant

Average Adsorption Rate (kg/hr)
0.8 silica
| 0.9silica | 8T O
Wheel Process and . 0.9 silica Lithium
. . Air Fow Rate gel + 0.1
Speed | Regeneration air gel+ 0.1 P Chlorode
(kg/hr) e Lithium .
(RPH) sector angle (°) Silica | molecular Chloride (LiCh+
sieves SA . 0.1
(LiCD)
by mass by mass molecular
y sieve SA
by mass
mp = m=50 0.09 0.11 0.15 0.21
Op= 0r=180
mpy =100 & m=100 | 0.16 0.23 0.26 0.29
10
mp =100 & m=50 | 0.23 0.26 0.30 0.36
mp = m=50 0.12 0.14 0.19 0.25
O0p =270 & 6r=90
mp =100 & m~=100 | 0.25 0.27 0.31 0.43
mp =100 & mr=50 | 0.27 0.32 0.46 0.61
mp = m=50 0.08 0.10 0.13 0.19
Op= 6r=180
mp =100 & m~=100 | 0.13 0.22 0.24 0.27
20
mp =100 & m=50 | 0.21 0.25 0.28 0.33
mp = m=50 0.09 0.10 0.17 0.22
O0p =270 & 6r=90
mp =100 & m~=100 | 0.21 0.25 0.28 0.39
mp =100 & m=50 | 0.23 0.29 0.42 0.56
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mp = m=50 0.05 0.06 0.12 0.17
Op=6r=180
mp =100 & m=100 | 0.11 0.18 0.22 0.25
30
mp =100 & m=50 0.14 0.22 0.26 0.31
mp = m=50 0.08 0.09 0.15 0.20
0p =270 & 0r=90
mp =100 & m=100 | 0.13 0.20 0.25 0.37
mp =100 & m=50 0.19 0.23 0.38 0.52
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Fig.4 Adsorption rate of Silica and Composite Desiccants

5 Results and Discussions

The objective of experimentation is analysed and compare dehumidification capacity of silica
gel and composite desiccants rotary dehumidifier for different parameters such as rotational
speed, process and regeneration sector angle, different process and regeneration flow rate
using PCM integrated PTSC. Dehumidification capacity of pure silica gel, 0.9 silica gel-0.1
molecular sieves 5A, 0.9 silica- 0.1LiCl and 0.8 silica- 0.1 LiCl- 0.1 molecular sieves 5A by
mass were evaluated. The results obtained are summarised as:

*  The temperature difference obtained using the (paraffin wax) PCM is more than the
difference in temperature obtained without PCM

*  The efficiency of the solar collector is increased by 1% to 8 % for different air flow
rates by using the paraffin wax.

*  With the help of PCM (Paraffin Wax), the operation hours of the solar collector are
increased up to 39 to 56 minutes for different flow rate of air.

* The best performance of rotary desiccant wheels was obtained at process sector
angle 6p = 270° & regeneration sector Or = 90° for 10 rph with flow rate of 100 kg/hr
at process sector and 50 kg/hr regeneration sector of composite desiccant (80%
silica-10% LiCl-10% molecular sieves 5A) with maximum average
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Average Adsorption rate (kg/hr)

0.00

dehumidification capacity of 0.61 kg/hr which is significantly higher than other
desiccants used.

Experimental results show that the adsorption rate (Moisture removal rate from
process air) is higher at process sector angle 6p = 270° & regeneration sector Or =
90° than at process sector angle Op = 180° & regeneration sector Or = 180°.

Moisture removal rate also depends on the regeneration temperature of the air in the
regeneration sector.

Moisture removal rate in process air is higher at a higher regeneration temperature
of regenerative air.

The average dehumidification capacity of silica and composite desiccants used are
represent in fig.5. It is clearly seen that dehumidification capacity is higher at lower
wheel speed of 10 rph

mp= mp= mp= mp= mp= mp= mp mp= mp= mp= mp= mp=
mr=50 100& 100& mr=50 100& 100& mr=50 TDOE I00& mr=50 100& 100&
mr=100 mr=50 mr=100 mr=50 mr=100 mr=50 mr=100 mr=50

mp= mp=
mr=50 100& 100&
mr=100 mr=50

mp= mp= mp=
mr=50 100& 100&
mr=100 mr=50

&p=Br=180 Bp=270 & Br=90 8p=Br=180 Bp=270 & @r=90 Bp=Br=180 Bp=270 & @r=90

10 RPH 20 RPH 30 RPH

m Average Adsorption rate (kg/hr) - Silica gel

m Average Adsorption rate (kg/hr) - 90% silica gel + 10% malecular sieves

Average Adsorption rate (kg/hr) - 90% silica gel + 10% Lithium Chlorode (LiCl)

Average Adsorption rate (kg/hr)- 80% silica gel + 10% molecular sieves + 10% Lithium Chlorode (LICI)

Fig.5 Average dehumidification capacities of silica and composite desiccants at different flow rate and
sector angle.
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