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ARTICLE INFO ABSTRACT

B 3 Nowadays, keeping environment at comfort zone with conventional cooler become
Article history:
Received 29 October 2016 expensive, especially in wide and semi outdoor spaces. Evaporative cooler which offer
Received in revised form 1 December 2017 . .
Accepted 9 December 2017 a healthy, non-harmful materials, and low cost can be an alternative to keep

Available online 10 December 2017 environment healthy and comfortable. The objective of this experiment is to

determine and compare the performance of direct evaporative cooler embedded with
heat pipes and without heat pipes. Heat pipes are placed in the section before cooling
pad and work as indirect stage. Evaporator sections of heat pipe are placed before
cooling pad and the condenser section are placed in the addition sump. The results
shows that the saturation efficiency of both system increase along with the increase in
inlet temperature and decrease along with the decrease in relative humidity. The
saturation efficiency also decrease along with the increase in air velocity. The results
also shows that the saturation efficiency of modified evaporative cooler using heat
pipe is higher than direct evaporative cooler. The addition of heat pipes can increase
the saturation efficiency of direct evaporative cooler up to 1.03 without addition more

power consumption.
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1. Introduction

Providing air at comfort zone to wide and semi-outdoor space always need consideration. To
control air at comfort zone in wide and semi-outdoor space using air conditioner with high cooling
capacity will increased the energy consumption. Energy consumption in a building, approximately
reach 40 to 50% energy demand [1]. This high energy consumption means higher cost is spent for air
conditioning. As the cost is higher, lots of wide and semi-outdoor space do not have air conditioning
system. They depend on ventilating system to provide indoor comfort air. Besides that, the human
ability to adapt in higher thermal condition become another reason not to use air conditioner in this
space. However, thermal condition can influence the performance of our activities. That’s why,
controlling air of wide and semi-outdoor space at comfort zone still necessary, especially in the room
with high occupancy. Industrial building such as factory with large number of employee also need air
conditioner to control air at comfort zone. De Angelis et al. [2] have studied the comfort zone of the
employee. They found that the comfort zone varied among the human, depend on the metabolism.

They also found that the range of comfort zone is around 23-33°C. Lipczynska et al. [3] also have

conducted a research about comfort zone and found that the performance of employees are higher

at room temperature of 26°C.

Evaporative cooler is not new cooling device, it has also been used over millennia. The working
principle of evaporative cooler is it lower air temperature through water evaporation process.
Evaporative cooler are classified as direct evaporative cooler, indirect evaporative cooler, two stage
evaporative cooler, M-cycle, and dew-point indirect evaporative cooler [4]. In direct evaporative
cooler, air flow through wetted cooling pad, the heat of air is used to evaporate water in cooling pad.
The latent heat of evaporation cause the decreasing of air temperature and increasing of humidity of
air. With that characteristic, direct evaporative cooler is well occupied in dry and humid climate, in
the wide space, and in semi-outdoor building. Many researcher have already studied evaporative
cooler. Bishoyi and K. Sudhakar [5] have conducted experimental study to evaluate performance of
direct evaporative cooler in composite climate of India. They varied the cooling pad type, comparing
Honeycomb cooling pad and Aspen cooling pad. Their result showed that the energy efficiency and
cooling capacity of Honeycomb cooling pad is better than Aspen cooling pad. A.M. Alkalibi [4] have
studied the internal two-stage evaporative cooler by experimentally comparing the performance of
direct evaporative cooler with the internal two-stage evaporative cooler. This study also comparing

theoretically the performance of internal two-stage evaporative cooler with direct and external two-
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stage evaporative cooler. Al-Juwayhel Fl et al [6] also conducted an experiment to investigate the
performance of two-stage evaporative cooler. R. Boukhanouf et al [7] conducted an experiment and
investigate the performance of heat pipe based indirect porous ceramic evaporative cooler. Heat
pipe placed across the wet and dry channel of evaporative cooler as heat exchanger device. The result
of their experiment showed that the addition of heat pipe as heat exchanger device give benefit in
term of heat transfer effectiveness to the system. The temperature of product air in the dry channel

decrease up to 5 °C.

Heat pipes are heat transfer devices with high heat transfer capacity. Heat pipes have compact
size and do not require external power supply[8, 9]. Heat pipes have wide application and widely
used in thermal management device. Heat pipe also used in heating, ventilation, and air conditioning
system (HVAC). In HVAC system, heat pipe usually being used as heat transfer device for heat
recovery. Saud Ghani et al [10] have conducted an experimental investigation about the usage of
double heat pipe heat exchangers in air conditioning application. They have investigated the usage

of double heat pipe condenser and evaporator in an air conditioning system serving 45 m? balanced

[ Formatted: Superscript

calorimeter of 2.24 kW heat load. The result shows that double heat pipe can reduce the compressor
work and increase the system coefficient of performance (COP).Haitao Wang et al [11] have studied
the efficiency of secondary heat recovery of heat pipe heat exchanger. They compared the energy
consumption of secondary heat recovery HPHE AC system and the common heat recovery HPHE AC

system. They found that secondary heat recovery HPHE AC system has an energy saving advantage.

As stated before, evaporative cooler can be configured as hybrid system, direct and indirect
evaporative cooler combined in one system [12]. Besides that, combination direct evaporative cooler
and indirect heat exchanger also studied by several researcher. Jain [13], Azhar [14] conducted an
experiment and studied the saturation efficiency of two stages evaporative cooler. Heidarinejad [15]
also studied the cooling performance of two stage evaporative cooler and found the efficiency varied

in arange 108-111%.

The usage of heat pipe in the evaporative cooler is still in consideration. In this study, heat pipes
are used as indirect stage of two stage direct evaporative cooler. The objective of this study is to
investigate experimentally the performance of direct-indirect two stages evaporative cooler using

heat pipe as indirect stage.

19



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences Penerbit

Volume XX, Issue X (2018) XX-XX Akademia Baru

2. Methodology

2.1. Modified Evaporative Cooler

The direct evaporative cooler was modified in this experiment. A row of heat pipes are
embedded in the duct section before the cooling pad. This modification was purposed to make the
system work double processes, remove sensible heat from air and change sensible heat into latent
heat as water moisture. Heat pipes are used as the heat transfer element in this experiment. The
heat pipe used in this experiment was made of cooper with a length of 700 mm and 10 mm in outer
diameter. Water is used as heat pipes working fluid with 50% filling ratio. The heat pipe is divided
into three parts, evaporator with a length of 300 mm, adiabatic with a length of 150 mm, and
condenser with a length of 250 mm. Twenty five of heat pipes are arranged in a row. The heat pipe
module configuration can be seen in Fig.1. The condenser part is submerged in addition sump with
a dimension of 680 x 230 x 420 mm (see Fig.2.). The evaporation part is installed in inlet duct which

hawve-has cross section dimension of 635 x 300 mm and length of 1000 mm.

30cm

15cm

25cm

Fig. 1. Heat pipes dimension and configuration

The second part of this experiment is commercial direct evaporative cooler. The evaporative
cooler used in this experiment is Aolan AZL06-ZC13B. In the back face area, evaporative cooling pad
with dimension of 635 x 670 x 100 mm is mounted. In the front face area, diffuser with dimension of

490 x 400 mm is mounted. The evaporative air cooler used 1-phase axial fan to draw air through
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cooling pad and circulate air to cooled space. The schematic of modified direct evaporative cooler

using heat pipe can be seen in Fig. 2.

—_— - - I I

| Heat pipe .
. Tin,1I

|Coo|ing pad |

(Heat Pipe Heat Exchanger)  (Direct Evaporative Cooler)

Fig. 2. Schematic of modified direct evaporative cooler
2.2. Experimental Setup

The experiment begin by turning on the direct evaporative cooler. The fan speeds are adjusted
to two variations, low speed and high speed. Outdoor air is simulated by draw air through heater in
the inlet duct. The heat generated by heater is adjusted using a PID controller. The inlet temperature
variation used in this test were varied from 36 to 45°C with increment of 3°C. The air velocity
variations used in this test were 0.8 m/s and 1.43 m/s. Water from the sump of evaporative air cooler
is circulated through water hoses to the top part of evaporative cooler using submersible pump. Six
K-type thermocouples are used to measure air temperature in the inlet duct (T in), space between
heat pipe and cooling pad (T in,1), between cooling pad and fan (T mid), in the outlet duct (T out), in
the water sump (T Sump) and in the addition sump (T Sump,1). Two humidity sensor are used in this
experiment. The humidity sensor used in this experiment are Autonics humidity sensor type THD-
DD1-V. A National Instrument Data Acquisition Module was used to assist the temperature and
humidity measurement. The direct evaporative cooler without heat pipe experiment is conducted
with the same experiment setup except the absence of heat pipe and one thermocouple between
heat pipe and cooling pad. Fig. 3 shows the experiment setup for modified direct evaporative cooler

with heat pipes.
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The process that occurred in the modified direct evaporative cooler began by hot air drawn
through evaporator section of the heat pipes. The condenser section of heat pipes was submerged
in the addition sump water to dispose heat from air. After the first process, the air was flown to the
cooling pad section. The air velocity was varied by adjusting the fan speed. Low fan speed delivered
0.8 m/s air and high fan speed delivered 1.43 m/s air. The experiment was carried out for four hours

each arra ngement.

(-1 | Evaporative

Temperature
controller

NI DAQ9201

g .

NIDAQ 9214

J NI cDAQ 9174

Computer

Fig.3. Schematic of experimental setup

3. Results
3.1 Temperature Profile

Figure 4 shows the temperature profiles at measured position of direct evaporative cooler
without heat pipe (DEC) and modified direct evaporative cooler with heat pipe (HP DEC). The graphs
obtained from experiment in which the fan speed was set at low and high speed and the air inlet
temperature was varied from 32°C to 36°C. From the figure 24 (b) and (d), can be seen that Tin,1 has

22



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume XX, Issue X (2018) XX-XX

lower temperature than the inlet air temperature Tin. This decreasing temperature is the result of
sensible heat being absorbed by the heat pipes. The decreasing temperature varied depend on inlet
air temperature. The higher the inlet temperature, the greater the decreasing temperature. From
the experiment, the decreasing temperature value by heat pipe are 0.32, 0.45,0.58, and 0.69 °C for
low fan speed ( 0.8 m/s air velocity) and 0.27, 0.41, 0.54, and 0.60 °C for higher speed (1.43 m/s air
velocity). From this result, can be seen that the heat pipe reduce small amount of heat in the first
stage.

50 50
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451 | TMid 571 Tout |
—~—T Out N Tin1 (i Bvaes]
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Fig. 4. Temperature profile at (a) low fan speed DEC (0.8 m/s air velocity), (b) low fan speed HP DEC
(0.8 m/s air velocity), (c) high fan speed DEC (1.43 m/s air velocity), (d) high fan speed HP DEC (1.43
m/s air velocity),

Figure 5 shows the temperature difference of inlet temperature and air temperature after
leaving cooling pad between two systems, direct evaporative cooler and modified direct evaporative
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cooler with heat pipes. It can be seen that the temperature difference is greater at higher
temperature for both system. This is the result of air characteristic in which hot and dry air is easier
to contain moisture. At hot and dry air, more water evaporate to the air which cause more heat from
the air being used to change water into moisture. From the figure, also can be seen that the
temperature decrease of modified evaporative cooler is greater than direct evaporative cooler at low
and high fan speed (0.8 m/s and 1.43 m/s air velocity). This results show that the modified
evaporative cooler remove more heat than direct evaporative cooler. The decreasing temperature
of both systems are greater at low fan speed (0.8 m/s air velocity). This results show that the system
is also affected by air velocity through the system.

20
—&— Low fan speed DEC y )
—&— Low fan speed HP DEC

18 -{|—A— High fan speed DEC
—w— High fan speed HP DEC] .

Temperature Decrease (°C)

36 38 40 42 44 46
Inlet Temperature (°C)

Fig. 5 Inlet and leaving cooling pad temperature difference of Direct Evaporative Cooler (DEC) and
Modified Direct Evaporative Cooler with Heat Pipe (HP DEC)

3.2 The effect of inlet temperature to saturation efficiency

The performance of modified direct evaporative cooler using heat pipe can be investigated by
comparing the saturation efficiency of both system. The saturation efficiency is the ratio of inlet-
outlet temperature difference and wet bulb depression. Figure 6 shows the saturation efficiency of
direct evaporative cooler and modified direct evaporative cooler with heat pipes. From the figure can
be seen that fan speed affect the efficiency both of the system. Operating the system at low fan
speed (0.8 m/s air velocity) lengthen the contact between air and water which cause the efficiency
at low fan speed greater than at high fan speed (1.43 m/s air velocity). This results similar with the
result obtained by other researchers [1]. The saturation efficiency of combination of heat pipe and
direct evaporative cooler can exceed 100% at higher temperature. This results show that heat pipe
can increase the performance of direct evaporative cooler. From the figure, also can be seen that the
efficiency between two system have a great difference. This difference not only caused by heat pipe
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effect but also caused by relative humidity difference. The smaller relative humidity value, the more
water vapour can be contain in the air. This mean more heat being used to change water into vapour.

1,10
1,05 4
10] ¢ ——%— > — v
> 0,954
2
@ 0,90
L _
& 085 -
45 0,80
S 0,754
2
g 0,70
0,65 —=— DEC low fan speed
0.60 —e— HP DEC low fan speed
] —4— DEC low fan speed
0,55 - —v— HP DEC low fan speed
0,50 T r . . ;

36 38 40 42 44 46
Inlet Temperature (°C)

Fig. 6 Saturation efficiency of Direct Evaporative Cooler (DEC) and Modified Direct Evaporative
Cooler with Heat Pipe (HP DEC)

The saturation efficiency of both system also affected by inlet temperature. The saturation
efficiency increase along with increasing temperature. From the figure 7, the increase of temperature
causes decrease in relative humidity (RH) and increase wet bulb temperature. As the wet bulb
temperature increase, the maximum heat can be removed from air also increase. The result is the
saturation efficiency of direct evaporative cooler increase. From the figure, also can be seen that the
saturation efficiency of modified direct evaporative cooler with heat pipes are higher than direct
evaporative cooler, this is in accordance with the theory.

50

|—=— Low fan speed DEC
AN |-®— Low fan speed HPDEC
45 4 . |—4— High fan speed DEC
R | -¥— High fan speed HPDEC

40

354

RH (%)

304

25 R

20 T T T T T
36 38 40 42 44 46

Inlet Temperature (°C)

Fig. 7 Inlet air relative humidity of direct evaporative cooler and modified direct evaporative cooler
with heat pipe
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4. Conclusions

This experimental data and analysis give explanation about the effect of inlet air parameter such
as temperature, humidity, and air flow to the performance of direct evaporative cooler and modified
direct evaporative cooler with heat pipe. According to this research, the saturation efficiency of both
system increase along with inlet temperature increase but decrease as the relative humidity and air
velocity increase. The greatest saturation efficiency of the system obtained when the direct
evaporative cooler combined with heat pipe. The greatest saturation efficiency value is 1.03. The
greatest reduced Dry bulb temperature from the inlet to outlet is 18.15 °C which obtained when the
system is operated at low fan speed (0.8 m/s air velocity) and highest inlet temperature (45 °C).
Temperature difference between inlet air and point after air leaving cooling pad have a biggest value
(19.15 °C) when operated at low fan speed (0.8 m/s air velocity), highest inlet temperature, smallest
relative humidity, and combined with heat pipe. Considering the design of the heat pipe and the
result in this experiment, it still have plenty chance to improve the heat pipe design for direct
evaporative cooler.
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