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Abstract

The present study aims to propose and evaluate a new hybrid system consisting of a desiccant cooling system and earth-
to-air heat exchanger (EAHE). The thermal performance of the proposed system is compared with the usual desiccant
cooling system and an evaporative cooler. The analogy method is used to model a desiccant wheel. To investigate the
heat transfer in EAHE and soil around it, the EAHE and soil around it are divided into several equal parts. The heat
transfer problem in the solution domain is solved using resistance-capacity models. The simulations are performed for
Tehran city using outdoor realistic weather data. The results reveal that in the proposed hybrid cooling system, the mean
temperature of the supplied air to room is 1.1 and 5.3 °C lower than that of the usual desiccant cooling system and the
evaporative cooler, respectively. The EAHE parametric analysis shows that by increasing the pipe length from 30 m to
50 m, the average cooling capacity of the overall system increases by 3.44%. It was also found that increasing the pipe
diameter does not affect the cooling capacity significantly. Increasing the volume flow rate value from 200 to 400 cfm

increases the average cooling capacity by 94.58%.
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1. Introduction

One of the most important challenges in the 21st
century is global warming, which threatens humanity
seriously [1]. Vapor condensation-based cooling
systems are among the common systems used for
cooling buildings. One of the most important
disadvantages of these systems is the high consumption
of electrical energy and the increase in CFC' emissions,
leading to global warming [2, 3]. Hence, an urgent
demand is to replace conventional cooling systems with
eco-friendly systems with lower energy consumption.
With awareness of this threat, engineers worldwide
have started research and efforts in designing modern
cooling systems with high energy efficiency and
minimal environmental impact [4]. The desiccant
cooling system is one of these modern systems. In
desiccant cooling systems, air dehumidification is
performed, followed by air cooling up to an acceptable
level by evaporative systems. Since this technique
works without common refrigerants, such as CFCs, and
can drive the cooling cycle with a low-temperature
energy source (e.g., industrial waste heat or solar
energy), it has attracted much attention [5]. Besides, the
EAHEs have also made an acceptable contribution to
new air conditioning systems due to their lack of
adverse environmental impacts, low operating costs,
and acceptable efficiency [6]. Figure 1 shows a
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desiccant cooling cycle consisting of two parts of
process and regeneration. In this system, the air first
enters the desiccant wheel from point 1, and its
humidity decreases. From point 2, this air enters the
heat recovery wheel, and its temperature decreases. As
the process air passes through the first evaporative
cooler from point 3, the air temperature decreases and

enters the building space.
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Figure 1. Desiccant cooling system.

In the regeneration part, the air leaving room is
directed to the second evaporative cooler. The air
exiting air from the second evaporative cooler pre-cools
the supplied air to the first evaporative cooler by
passing through the heat recovery wheel. In the next
step, the air temperature in the heat source increases to
reach the level necessary to revive the desiccant cooling
cycle. Finally, the air exits from this wheel to the
outside environment. This cooling cycle was
extensively analyzed numerically and experimentally.

Pandelidis et al. [7] investigated hybrid cooling
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system of desiccant cooling cycle and indirect
evaporative cooler. Using an indirect evaporative
cooler as a component before and after the desiccant
wheel reduced the regeneration temperature by about
40°C. Liang et al. [8] examined the performance of
combined ground source heat pump and a desiccant
cooling system. The overall coefficient of performance
of the system was 10.4. Serageldin et al. [9] studied the
effect of pipe diameter and pipe length on the
performance of EAHE. They found that increasing the
pipe diameter from 2 to 3 inches reduces the air
temperature by 1.7 °C. In addition, when the pipe length
increases from 1 m to 10 m, the air temperature
difference between the inlet and outlet of EAHE
increases from 2 to 5 °C. Yang et al. [10] studied the
performance of the EAHE in a region with hot summer
and cold winter conditions. Their results showed that
the EAHE pipe with diameter of 0.5 m and length of
100 m could provide cooling capacity above 3 kW.
The present study proposed a desiccant cooling system
coupled with EAHE. The main objective of the present
study is to examine the effect of EAHE on reducing the
temperature of the air entering the building and
increasing the cooling capacity of the system.

2. The proposed cooling cycle

The proposed cooling system is shown in Figure 2. As
shown in the figure, the EAHE is used in this hybrid
system to pre-cool the air entering the first evaporative
cooler.

EC HRW —

| 5 4 3 2 oW 1

} g’f — « “—

‘ Building EAHE Environment

ey B ST
Exhaust Air

[ 6 7 8 9 10

T EC

A s

Heat Source —

Figure 2. Schematic of the proposed system.

This system includes a desiccant wheel, heat
recovery wheel, EAHE, two evaporative coolers, and a
heat source.

2.1. Governing Equations

The analogy method was used to model the desiccant
wheel. It models the dehumidification process in the
desiccant wheel [11, 12]. Equations 1-4 are for the
analogy method [13].
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To model the heat recovery wheel, the equation of
this system is used considering the heating efficiency
[14]:

T, = T3 = pw (T2 — T7) Q)

For simulation of the EAHE and calculation of the
EAHE outlet air temperature, the hybrid model proposed
by Minaei et al.[15] was used. Due to the complexity of
the model, its description was beyond the scope of the
present paper, so for more detail, the reader refers to [15].

Considering the cooling efficiency of the evaporative
cooler 7,., the energy conservation equations in this
system are given as follows [16]:

Ty —Ts =Necr (Ta — wa,4) &)

Ts —T7 = Nec2 (Ts — Two,6) (10)

Equations 9 and 10 are written respectively for the
first and second cooler. Also, the power required for the
heater is determined as follows [17]:

Q = pVc,AT (11)

3. Results and Discussion

The study was conducted for the climate of Tehran, and
the simulation time was considered from April 21 to
September 22. Based on outdoor conditions in Tehran,
it is necessary to cool the building during this period.

Weather data and real environmental conditions of
Tehran, including temperature and relative humidity
taken from weather stations, were used for simulation.
In this study, the values and coefficients given in Table
1 are used.

Figure 3 shows the average temperature of the air
entering the room for the proposed hybrid system, the
usual desiccant cooling system, and the evaporative
cooler. As shown in Figure 3, the temperature of the air
entering the room for the hybrid cooling system is 1.1
and 5.3 °C lower than the usual desiccant cooling
system and the evaporative cooler, respectively. Figure
4 shows the average cooling capacity of the three
discussed cooling systems. According to this figure, the
average cooling capacity of the evaporative cooler, the
usual desiccant cooling system, and the proposed
hybrid system are 1.37 kW, 1.89 kW, and 2.03 kW,
respectively. The cooling capacity of the hybrid cooling
system is 7.4% more than the usual desiccant cooling
system.
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Table 1. The coefficients and values used in the

simulation.
Parameters Symbol Value
(Unit)

potentials efficiencies Mr1 0.14
Potentials efficiencies Nr2 0.75
Regeneration temperature Ty 80 (°C)
First DEC' saturation efficiency Nec,1 0.9
Second DEC saturation efficiency Nec,2 0.78
HRW sensible effectiveness Nhw 0.85
Rroom temperature Te 26.5 (°C)
EAHE pipe length L 30 (m)
EAHE pipe diameter D 15 (cm)
Cube feet per minutes CFM 200 (cfm)
Buried Depth Z 3 (m)
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Figure 3. The average temperature of the air entering
the room for three different systems.
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Figure 4. The average cooling capacity for three
different systems.

4. Conclusions

1. Direct evaporative cooler
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The present study proposed a new hybrid system
consisting of a desiccant cooling system and EAHE.
The results showed that the proposed system could
reduce the temperature of the air entering the building
to an acceptable level. The average temperature of the
air entering the building for the evaporative cooler, the
desiccant cooling system, and the proposed system
were 15.3 °C, 11.1 °C, and below 10 °C, respectively.
It was also observed that using EAHE along with the
desiccant cooling system increases the cooling capacity
of the system.
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Abstract
The present study aims to propose and evaluate a new hybrid system consisting of a desiccant cooling system and earth-
to-air heat exchanger (EAHE). The thermal performance of the proposed system is compared with the usual desiccant
cooling system and an evaporative cooler. The analogy method is used to model a desiccant wheel. To investigate the
heat transfer in EAHE and soil around it, the EAHE and soil around it are divided into several equal parts. The heat
transfer problem in the solution domain is solved using resistance-capacity models. The simulations are performed for
Tehran city using outdoor realistic weather data. The results reveal that in the proposed hybrid cooling system, the
average temperature of the entering air a room is 1.1 and 5.3 °C lower than that of the usual desiccant cooling system
and the evaporative cooler, respectively. The EAHE parametric analysis shows that by increasing the pipe length from
30 m to 50 m, the average cooling capacity of the overall system increases by 3.44%. It was also found that increasing
the pipe diameter does not affect the cooling capacity significantly. Increasing the volume flow rate value from 200 to
400 cfm increases the average cooling capacity by 94.58%.
Keywords: Earth-to-Air Heat Exchanger, Desiccant Cooling System, HVAC, Cooling, Relative Humidity
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