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Abstract: The use of air conditioning (AC) systems has greatly improved human comfort since the 20th century. However,
challenges like the greenhouse effect, global warming, and increased energy consumption pose significant problems. To address
these issues, a common solution is the use of desiccants to absorb air humidity, though regenerating them with a boiler requires
additional energy. This study investigates the application of Heat Pipe Heat Exchanger (HPHE) to harness wasted heat as a
preheating medium in a regeneration system. Solutions of calcium chloride (CaCl;) desiccants, ranging in concentrations of 36%,
49%, and 62%, coupled with flow rates of 0.1, 0.15, and 0.2 liters per minute, were employed to evaluate both the effectiveness
and the visual quality of the regeneration system. Results showed the highest temperature difference with a 62% concentration
desiccant at a flow rate of 0.15 liters/minute, approximately £2.35°C. The regenerator and dehumidifier achieved peak
effectiveness at a concentration of 62% and a flow rate of 0.2 Ipm, recording values of 23.56% and 45.31%, respectively. This
research proposes a practical solution for recovering wasted heat in AC regeneration systems, reducing energy consumption, and
improving desiccant utilization efficiency.
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1. Introduction

Utilizing air conditioning (AC) systems has been a method
employed to enhance human comfort since the early 20th
century [1]. However, the existence of issues such as the global
warming, greenhouse effect, and the rising demand for energy
raises a substantial concern, particularly in the context of tall
buildings [2].

Addressing this challenge involves employing desiccants,
materials capable of absorbing moisture from the air, thereby
regulating humidity levels (RH) [3]. In comparison to
conventional compression systems, this approach offers
numerous advantages, such as decreased energy consumption
and the elimination of refrigerants like CFCs, HFCs, and

others, which have the potential to contribute to global
warming [4].

The operational concept of desiccants involves a mass
transfer process wherein moisture migrates due to a vapor
pressure contrast among the air and the desiccant material [5].
Liquid desiccants exhibit superior absorption capabilities and
require a lower regeneration temperature (40°C - 70°C) [6] in
contrast to solid desiccants (60°C - 115°C) [7]. Consequently,
the utilization of liquid desiccants can significantly reduce
energy consumption compared to solid desiccants [8].

Lithium Chloride (LiCl) is distinguished for being the most
stable liquid desiccant, with the lowest vapor pressure and
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dehydration concentrations falling between 30-40%.
Nevertheless, its relatively higher charge sets it apart from
other liquid desiccants [9].
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Figure 1. Heat pipe arrangement and dimensions

Calcium Chloride (CaCl2) presents itself as an economical
and widely employed liquid desiccant solution known for its
environmental friendliness [10]. Lithium Bromide (LiBr)
shares similar characteristics with LiCl but commands a higher
price [11]. While numerous studies have explored the
application of liquid desiccants in cooling systems [12]-[14],
emphasizing the regeneration process, a boiler is utilized to
change a less concentrated desiccant solution into a more
potent one, necessitating extra energy for this conversion.

Research on desiccants employing an energy recovery
wheel [15] faces a drawback where the adsorption and residual
heat discharged during the wheel's operational cycle markedly
restrict the dehumidification process and overall energy
efficiency. Furthermore, employing an energy recovery wheel
presents difficulties in utilizing low-temperature heat sources,
including waste heat generation and solar thermal energy.

Investigations into the rejuvenation of liquid desiccant
solutions through the utilization of a Heat Pipe Heat
Exchanger (HPHE) demonstrated favorable outcomes in
contrast to regenerators lacking HPHE [16]. The findings
indicate that incorporating HPHE facilitates the recovery and
utilization of wasted heat, leading to enhanced regeneration
performance, effectiveness, and thermal efficiency within the
liquid desiccant regeneration system. This improvement is
notably significant, showing a 26.5% increase compared to the
liquid desiccant regeneration system lacking HPHE.

Given this, the study aims to propose a resolution by
recuperating wasted heat within the regeneration system
through the use of HPHE. The recovered heat is subsequently
reintroduced into the regeneration system as a preheater,

effectively addressing concerns related to energy consumption.

Additionally, the research seeks to examine the impact of
HPHE on the efficiency of the dehumidifier and the
regenerator during the regeneration process of a calcium
chloride (CaCl2) liquid desiccant solution with concentrations
varying from 36%, 49%, and 62%.

2. Methods

2.1. Preparation of liquid desiccant solution

In making a desiccant solution with a certain concentration,
it is necessary to compare the weight of the substance to be
dissolved with the volume of the substance to be made, which
can be calculated using the following formula:

a
W—mxv (l)

where W is Weight of substance to be dissolved (gram), v is
Volume to be made (ml), a is Concentration to be made (%).

2.2. Design and test setup

In this research, an HPHE is configured with eight tubular
heat pipes composed of copper featuring sintered copper wicks.
The operational fluid is water, with a 50% filling ratio. Each
heat pipe has a length of 200 mm and an outer diameter of 10
mm, comprising a 90 mm evaporator section, a 10 mm
adiabatic section, and a 100 mm condenser section. To
improve the heat transfer area, 50 aluminum fins are added to
the condenser side of the heat pipe, each having a thickness of
0.1 mm and dimensions of 30 mm x 60 mm. The configuration
of the heat pipes is depicted in Figure | to visually present the
design.

K-type thermocouples were employed and linked to the NI-
cDAQ 9214 module, strategically positioned at key points
such as the regenerator's inlet and outlet, the heat pipes within
the evaporator and condenser, and the entered and exited of
the dehumidifier. These thermocouples are essential for data
acquisition, and the signals are transmitted to a computer
equipped with LabView, enabling real-time recording of all
sensor outputs. Figure 2 illustrates the specific sensors utilized
and their corresponding locations.



https://doi.org/10.53893/ijmeas.v1il1.231 3

Pump 1

Weak solution tank

rotameter Heater
" Polymer hollow
Hot wire
/ X’am 4 + fibre module
) Termp Tem
Strong solution tank Regenerating Temp Temp Temp ambient air
air  =—f -+ — b —
Fam 3
Pump 2 Intake air remp Temp
Fan1l
|2..: Fan2

Figure 2. Test setup

This investigation integrates two solution reservoirs

assigned for the storage of weak and strong desiccant solutions.

The receptacle for the weak desiccant solution is designed to
retain the solution used in the dehumidification process,
reaching saturation as it absorbs water vapor from the air. On
the other hand, the container for the strong desiccant solution
is dedicated to preserving the desiccant solution intended for
use in the dehumidification process.

For the dehumidification process to take place, hollow fiber
polymer, comprising 10 tubes each measuring 100 mm in
height, is employed as the boundary among the liquid
desiccant solution and the surrounding air. These polymer
tubes, constructed from polyvinyl chloride (PVC), incorporate
pineapple fibers and possess a diameter of 16 mm. Each tube
features 18 holes, each measuring 4 mm in diameter,
distributed along the wall. The design and dimensions of the
hollow fiber are depicted in Figure 3.

The procedures in this investigation commenced by
activating the desiccant circulation pump, as well as the heater
and fan on both ducting systems. A centrifugal pump was
employed to transfer the strong desiccant solution with
concentrations of 36%, 49%, and 62% to the fiber
dehumidifier. The desiccant flow rate was configured at 0.1,
0.15, and 0.2 liters/minute, while the airflow within the
ducting was set at 3 m/sec. Due to gravity, the desiccant
solution also traversed the dehumidifier fiber, ultimately
reaching the weak desiccant storage tank.

Temperature measurements were executed using wind flow
temperature sensors positioned at the ducting's entrance and
exit. K-type thermocouples were employed to measure the
temperature of the liquid desiccant solution as it entered and
exited the dehumidifier fiber. Comprehensive recording of
temperature data persisted throughout each trial until a stable
state was attained.

|

exhaust air

A series of tests encompassing varied variables, as outlined
in Table 1, were conducted, resulting in nine test variations.
The considered variables encompassed  desiccant
concentration and desiccant flow velocity, with the extent of
variation aligned with previous research by Saffa Rifat et al
[1].

Table 1. Testing matrix

Desiccant Air . Desiccant Air Flow
Humidity
No Flow Rate Temperature %) Concentrate Rate
(pm) €0 ’ (%) (m/s)
1 0.1 27-32 55-175 36, 49, 62 3
2 0.15 27-32 55-175 36, 49, 62 3
3 0.2 27-32 55-175 36, 49, 62 3

To determine the effectiveness of the dehumidifier, the
following formula may be employed:

Ta,in— Td,out
fa = Ta,in= Tsolin (2)
Where:
€4 = dehumidifier effectiveness (%)
T4in = dehumidifier inlet air temperature (°C)
T4owr = dehumidifier outlet air temperature (°C)
Tsorin = inlet desiccant temperature (°C)

To determine the efficiency of the regenerator, the
effectiveness value can be computed using the subsequent
formula:

Qactual __ max[(Te,in_ Te,uut)»(Tc,aut —T¢,in)l

gr - Qmax Te,in_ Tc,in (3)
Where:
& = regenerator effectiveness (%)
T.in = evaporator inlet temperature (°C)
Teowr = evaporator outlet temperature (°C)
T.in = condenser inlet temperature (°C)
Teowx = condenser outlet temperature (°C)
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Figure 3. Design and dimensions of hollow fiber polymer

3. Result and Discussions

Figure 4a illustrates the temperature profile of the
regenerator on both the evaporator and condenser sides, along
with the dehumidifier temperature at the inlet and outlet,
considering variations in desiccant solution concentrations of
36%, 49%, and 62% at a desiccant flow rate of 0.1
liters/minute. The graph reveals that the highest temperature
difference in the dehumidifier is associated with the 62%
concentration of the desiccant solution, reaching
approximately +1.68 °C. Consequently, the most efficient
dehumidification process at a flow rate of 0.1 liters/minute is
observed when employing a desiccant solution with a 62%
concentration. Additionally, each variation exhibits a decline
in temperature from the evaporator side towards the HPHE
condenser, indicating the absorption of heat by the HPHE
evaporator from the entering desiccant solution into the
regenerator, which is then conveyed to the HPHE condenser
side for utilization as a preheater in the regenerator.

In Figure 4b, the regenerator temperature profile, both on
the condenser and evaporator sides, and the dehumidifier
temperature at the inlet and outlet are depicted for desiccant
solution concentrations of 36%, 49%, and 62%, considering a
desiccant flow rate of 0.15 liters/minute. The graph reveals
that the highest temperature difference in the dehumidifier is
observed with the 62% concentration of the desiccant solution,
amounting to approximately +2.35 °C. This underscores the
optimal dehumidification process at a flow rate of 0.15
liters/minute when utilizing a desiccant solution with a 62%
concentration. Similar to the previous scenario, there is a
temperature decrease from the evaporator side to the HPHE
condenser, indicating heat absorption by the HPHE evaporator
out of the entering desiccant solution into the regenerator,
subsequently flowing to the HPHE condenser side for use as a
preheater in the regenerator.

In Figure 4c, the temperature profile of the regenerator on
both the evaporator and condenser sides, as well as the
dehumidifier temperature at the inlet and outlet, is presented

for variations in desiccant solution concentrations of 36%,
49%, and 62%, considering a desiccant flow rate of 0.2
liters/minute. The graph illustrates that the highest temperature
difference in the dehumidifier is associated with the 62%
concentration of the desiccant solution, reaching
approximately +2.50 °C. This emphasizes the most effective
dehumidification process at a flow rate of 0.2 liters/minute
when employing a desiccant solution with a 62%
concentration. As observed in the previous instances, there is
a temperature reduction from the evaporator side towards the
HPHE condenser, indicating the absorption of heat by the
HPHE evaporator from the entering desiccant solution into the
regenerator, subsequently transferring to the HPHE condenser
side for utilization as a preheater in the regenerator.
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Figure 4. Temperature profile of various desiccant concentration variations (36%, 49%, 62%) with (a) flow rate of 0.1 liter/min, (b) flow rate of 0.15 liter/min,

(c) flow rate of 0.2 liter/min.

The regenerator's effectiveness value is derived by
analyzing the temperature data at the regenerator's inlet and
outlet, as well as the HPHE temperature on both the evaporator
and condenser sides connected to the regenerator, in
accordance with equation 3. The impact of diverse flow rates
(0.1 Ipm, 0.15 Ipm, 0.2 lpm) across different variations of
desiccant solution concentrations (36%, 49%, 62%) on the
regenerator effectiveness is described in Figure 5.
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Figure 5. Effect of flow rate in liquid desiccant solution (0.1 Ipm, 0.15 Ipm,
0.2 Ipm) on regenerator effectiveness at various concentrations (39%, 49%,
62%)

The graph above clearly shows that the peak regenerator
efficiency occurs by using a 62% concentrated desiccant
solution with a flow rate of 0.2 liters per minute, achieving a
23.56% level. Notably, an anomaly is observed in the
utilization of a flow rate of 0.2 liters per minute, where the
regenerator effectiveness values are nearly identical across
each concentration. This anomaly may be attributed to the
exceeding of the maximum desiccant absorption rate from the
heater at the 0.2 liters per minute flow rate. In such cases, the

heat absorption is not optimal, leading to nearly equal
temperature differences between the evaporator side and the
condenser side of the regenerator. Consequently, the
regenerator effectiveness value becomes uniform at a flow rate
of 0.2 liters per minute.

Figure 6 illustrates the impact of different concentrations
of calcium chloride (CaCl2) liquid desiccant solutions,
featuring predetermined variations of 36%, 49%, and 62%, on
the regenerator's effectiveness at varying flow rates (0.1 Ipm,
0.15 Ipm, 0.2 Ipm).
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Figure 6. Effect of concentration in liquid desiccant solution (36%, 49%,
62%) on regenerator effectiveness at various flow rates (0.1 lpm, 0.15 Ipm,
0.2 Ipm)

Reviewing the chart reveals that as the concentration of the
liquid desiccant solution grows, so does the regenerator's
efficiency. This correlation stems from the enhanced capacity
of the desiccant solution to absorb greater heat as its

concentration increases, resulting in an increased effectiveness
of the regenerator.
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The computation of the dehumidifier's effectiveness
involves processing temperature data at the dehumidifier's
inlet and outlet, along with the temperature of the liquid
desiccant solution entering the dehumidifier, using equation 2.
Figure 7 portrays the influence of different flow rates (0.1 lpm,
0.15 1pm, 0.2 lpm) across various concentrations of desiccant
solution (36%, 49%, 62%) on the dehumidifier's effectiveness.
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Figure 7. Effect of flow rate in liquid desiccant solution (0.1 Ipm, 0.15 Ipm,
0.2 Ipm) on dehumidifier effectiveness at various concentrations (39%, 49%,
62%)

In each desiccant solution concentration, there is a
noticeable improvement in the dehumidifier's effectiveness,
indicating that an increase in the desiccant flow rate leads to a
more substantial absorption of water vapor from the air by the
desiccant. However, an anomaly is observed in the 36%
concentration desiccant solution. It is evident that the
effectiveness sees minimal improvement when transitioning
from a flow rate of 0.1 liters per minute to 0.15 liters per
minute. This anomaly might be attributed to the residual
desiccant solution within the device that has not completely
dried, leading to a mixture of saturated desiccant solution from
the previous experiment with the new desiccant solution.

Consequently, this can diminish the dehumidification
capability of the system.
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Figure 8. Effect of concentration in liquid desiccant solution (36%, 49%,
62%) on dehumidifier effectiveness at various flow rates (0.1 lpm, 0.15 lpm,
0.2 Ipm)

Figure 8 illustrates the influence of different
concentrations of liquid calcium chloride (CaCl2) desiccant
solutions, with predetermined variations of 36%, 49%, and

62%, on the effectiveness of the dehumidifier at varying flow
rates (0.1 Ipm, 0.15 Ipm, 0.2 Ipm).

The graph illustrates that an elevation in the concentration
of the liquid desiccant solution corresponds to an escalate in
the dehumidifier's effectiveness. This phenomenon occurs
because as the concentration of the liquid desiccant solution
rises, there is a heightened capacity to absorb more water
vapor from the air, consequently amplifying the effectiveness
value.

4. Conclusion

The carried-out experiments generate noteworthy findings,
indicating a significant association between the concentration
of the desiccant solution and the temperature difference. An
elevation in concentration results in an increased temperature
difference, attributed to the heightened capability to
effectively absorb more water vapor through the HPHE. This,
in turn, contributes to the enhanced effectiveness of both the
regenerator and dehumidifier. Furthermore, an augmentation
in the flow rate is observed to coincide with an increased
efficacy value in both the regenerator and dehumidifier
sections, owing to an improved rate of humidity absorption.
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