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Abstract: The weather of the United Arab Emirates region poses a considerable challenge in terms of the
extreme summers where average ambient temperature exceeds 45 °C. The extreme summers result in greater
power consumption by the air conditioning systems widely used in the region, the continual increase in energy
demand and greenhouse gas emissions decree for efficient use of renewable energy resources. Thus there a is
growing necessity to improve the geo-thermal techniques in order to cut-down on power consumption for
refrigeration and air conditioning applications. The Vertical Looping Method was employed in the
implementation of direct exchange ground source heat exchanger. This paper presents the experimental results
on the performance of the system with medium as still air, water and sand. The experimental result shows that
the highest coefficient of performance of 3.72 achieved when the bore hole is filled with water.
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I.  Introduction

Air source heat exchangers utilize the outside air as a heat sink to supply cooling to a building. One of
the largest geothermal systems in Europe that provided heating and cooling by geothermal energy storage to a
building area of close to 200.000 m2 in Nydalen was proposed by R. Curtis et al. [1]. In many areas, the air
temperature fluctuates fundamentally during the time prompting a lessening in framework effectiveness, the
proficiency of a heat exchanger diminishes as the distinction between the indoor and outside temperatures
expands. On the other hand, at a moderately shallow profundity, the ground temperature basically stays
consistent at a moderate temperature (e.g., 15-25 °C) as the year progresses. Maeir Zalman Olfman et al. [2]
proposed an experiment the depth dependence of the ground temperature response to heating by a deep vertical
borehole ground heat exchanger by comparing experimental results to various models of ground heat exchange.

The ground can give reliably high effectiveness when it is utilized as the heat source or sink for a
ground source heat exchanger (GSHE). Huajun Wang et al. [3] proposed direct-expansion ground source heat
pump (GSHP) system in typical clay soils for space heating of a building in Jinzhou, China. It uses R-22 as the
refrigerant, consisting of four single U-shaped copper ground heat exchangers with a uniform depth of 20 m. A
special circular bend is designed on the copper tube to enhance the lubricant oil return of the scroll compressor.

Leslie Johns et al. [4] explained a GSHP shallow system of cooling capacity 6000 Ton at Tulane
University. A 2000 Ton capacity chiller was required extracting humidity from the building. The GSHP system
capital cost was $ 32 million. Tulane would save at least $ 400 K or 33% of the previous heating, ventilating,
and air conditioning (HVAC) maintenance costs, reduced energy consumption by 2700 million kWh, reduced
energy expenditures by $ 189.5 million, and reduced emission by 26 % or 14,175 metric ton/year.

The performance of the GSHE with horizontal configuration was analysed experimentally and
analytically by Nabiha Naili et al. [5] at the research and technology center of energy (CRTE), in northern
Tunisia. The results showed that the utilization of the ground source heat pump is appropriated for cooling
building in Tunisia, which is characterized by a hot climate.

This paper presents the design, development and testing of an air conditioning system with ground
source heat exchanger (ACSWGSHE). The effective heat exchanger design will play important role in
improving the overall coefficient of performance (COP) of the system. The performance of ACSWGSHE with
conventional split air conditioner system was compared.

1. Design & Fabrication Of ACSWGSHE
A 1.5 Ton split air conditioner (AC) has been considered for development of ACSWGSHE. The
condenser of conventional split AC has been modified to act as GSHE. The heat exchanger was placed in a bore
hole of diameter 0.2 m and 15 m depth in the ground as shown in the Fig. 1. The diameter of tube is 10 mm and
material used was copper. The heat exchanger is in the form of helical coil. The refrigerant used was R-22.
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Fig.1. Schematic diagram of ACSWGSHE system

2.1 Calculation of condenser length

The following equations are used to determine the heat transfer coefficient on refrigerant and water side from
Thirumaleshwar M. [6]:

To determine heat transfer coefficient for Refrigerant R-22

Nu, = 0.023 x Re®8 x Pro3 (1)
Rep=(uxD)/v 2)
VEUXV ?3)
Pro=(Cox ) /K 4
Nu = (hixD)/K (5)
To determine heat transfer coefficient for water

p=1/Ts (6)
Grp=(D®x g x Bx dy)/ v? (7
Pr=(uxCp)/K (8)
Nu = 0.53 x (Grp x Pr20.25 9
Nu=(hox D)/ K (10)
U= (hixho)/(hi+ho) (11)
Qk=UxAxdr (12)

By using above equation the effective length of the ACSWGSHE condenser is 35 m.

Fig. 2 shows the photograph of condenser coil, fabricated using copper tube of diameter 10mm. The tube is bent
in the form of helical shape and to maintain the gap between consecutive coils, spacers are bronzed as shown in
Fig. 2.
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1.2 Material Testing

In the UAE, the ground water constitutes of considerable amounts of salts which are corrosive in nature
[7]. The salinity levels are found maximum and it will reach up to 15740 Ls at sabkha by the beach areas. Thus,
it was necessary to study the reaction of copper with samples of ground water of different salinity levels. It was
found that the copper tube was reacted with 5% saline water solution. Therefore, it is necessary to have nickel
coating on copper tube to avoid corrosion in the bore hole. The nickel coating was preferred as it will offer low
thermal resistance for heat transfer and also cheaper than other coatings.
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2.3 Testing of ACSWGSHE

The various parameters like condenser, evaporator, indoor and outdoor air temperate measured by
using dry bulb and wet bulb thermometers. Pressure at suction and discharge side of the compressor was
measured using compound pressure gauges. The power consumption was measured using energy meter. The
underground temperature was measured using thermocouple at a depth of 15 m below ground level.

2.4 Testing of conventional split air conditioning system
Before modification the conventional split air conditioning system was tested for 50 hours. The various
test readings are shown in Table 1. The readings are for test cycle of 2 hours.

Table 1 Test cycle of conventional split air conditioning system

Power
SINo Time Temperatures(°C) consumption
o (hours) Room Ambient Evaporator exit

DBT WBT DBT WBT DBT WBT (kwh)
1 12.15 21.5 18.4 28.9 24.4 12.3 11.2
2 12.30 21.1 18.3 27.5 23.7 115 10.6
3 12.45 20.5 17.7 33.8 25.2 10.9 10.1
4 13.00 11.3 10.3 32.9 25.2 11.3 10.3
5 13.15 20.6 175 33.2 25 11.6 10.3 5.3
6 13.30 20.8 17.2 35.4 25.9 115 10.9
7 13.45 21 17.3 35.8 25.2 11.7 10.6
8 14.00 21.1 17.4 34.6 25.5 11.3 10.4
9 14.15 21.1 17.5 33.5 25.9 11 10.3

2.5 COP Calculation for conventional split air conditioning system by using tested data

m=pXAXV (13)
Qo=mxCpxdT (14)
COP = Q,/Power (15)

By using equations (13), (14) and (15) COP = 2.11, thus the COP of the system was found to be 2.11.

2.6 Testing Of ACSWGSHE with Still Air

After integrating the heat exchanger in place of condenser which was kept under the ground at 15 m
depth, the system was tested for its performance. It was observed that there was no ground water at the depth of
15 m at the location of Manipal University Dubai campus, G04, Dubai International Academic City, UAE.
Initially this system was tested with still air present in the bore hole.

The condenser temperature increased abruptly due to poor convection heat transfer between copper
tube and the ground as medium was still air. After few minutes, the compressor was stopped due to excess
heating of the condenser.

2.7 Testing of ACSWGSHE system bore well filled with water
The bore well is filled with water and tests were conducted. The various readings of the system are as
given in Table 2.The readings are for test cycle of 2 hours.

Table 2 Test cycle of ACSWGSHE system bore well filled with water

. . Power
Time Suction Discharge Temperatures(°C) consumption
SI.No. pressure pressure - -
(hours) (psi) (psi) Room Ambient Evaporator exit
DBT WBT | DBT WBT | DBT WBT (kWh)
1 09.15 50 150 22.8 17.7 30.5 235 16 14.7
2 09.30 50 160 22 17.4 31 225 14.8 13.3
3 09.45 50 165 21.8 17 32 224 13.5 12.6
4 10.00 50 170 21.9 17.1 32.7 22.2 13.3 12.5
5 10.15 50 175 22 17.3 333 23.1 13 12.4 3.2
6 10.30 50 175 22.3 17.3 33.9 23.1 12.1 12.6
7 10.45 50 175 224 17.1 34 22.1 12.4 12.8
8 11.00 50 177 22.1 17.1 34.1 224 12.2 12.8
9 11.15 50 180 22.2 17.2 345 21.8 12.3 12.2

2.8 COP Calculation for ACSWGSHE bore well filled with water by using tested data from table 2
By using equations (13), (14) and (15), thus the COP of the system was found to be 3.72
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2.9 Testing of ACSWGSHE system bore well filled with sand
The bore well is filled with sand and tests were conducted. The various readings of the system are as
given in Table 3.The readings are for test cycle of 2 hours.

Table 3 Test cycle of ACSWGSHE system bore well filled with sand

. isch Power

SINo Time Slrjgst;%?e g:zgssrrge Temperatures(°C) consumption
77| (hours) (psi) (psi) Room Ambient Evaporator exit
DBT WBT DBT WBT | DBT WBT | (kWh)

1 10.30 32 155 25.1 21.6 37 29.2 22.1 20.1
2 10.45 40 170 25.1 21.8 37 29 21.7 20.1
3 11.00 40 180 25.1 21.6 37.2 29.1 21.7 20.1
4 11.15 40 180 24.8 21 374 28.9 19.9 21.3
5 11.30 45 190 24.8 21 38.2 28.6 21.2 19.7 4.5
6 11.45 50 200 25 215 37.6 28.3 21.4 20.2
7 12.00 50 220 23.7 20.2 38.4 28.4 20.2 18.8
8 12.15 50 230 23.6 19.9 38 27.8 20 17.9
9 12.30 55 230 235 19.8 38.1 28.2 17.4 17.4

2.10 COP Calculation for ACSWGSHE system bore well filled with sand by using tested data table 3
By using equation (13), (14) and (15), thus the COP of the system was found to be 1.07

I11. Results And Discussion

The various tests were conducted on conventional split air conditioner and ACSWGSHE. The power
consumption and COP are compared for 6 hours of test run as shown in Fig. 3 and Fig. 4 respectively. The
power consumption and COP of conventional split air conditioner, ACSWGSHE bore well filled with water and
ACSWGSHE bore well filled with sand were compared.

The power consumption of 29 % lower than conventional split air conditioner when ACSWGSHE bore
well filled with water. Similarly COP of 43 % higher ACSWGSHE bhore well filled with water than
conventional split air conditioner.
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Fig. 3. The comparison of Power consumption of Convention Air condition system, ACSWGSHE filled
with water and ACSWGSHE filled with sand.
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Fig. 4. The comparison of COP of Convention Air condition system, ACSWGSHE filled with water and
ACSWGSHE filled with sand.
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Fig. 5 shows the variation of underground temperature readings are for test cycle of 3 hours. In
ACSWGSHE system bore well filled with sand, the condenser coil temperature was increased gradually from
26.9 °C to 71 °C due to improper heat exchange between condenser and ground.
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Fig. 5. Time Vs Underground temperature.

V. Conclusions
The ACSWGSHE system was tested in an open hole 15 m deep and 0.2m diameter. It was initially
tested with still air. The next test was conducted with water at ambient temperature filled in the hole. Finally it
was tested by filling up the hole with sand. The COP of the system increased from 2.11 to 3.72 when bore hole
was filled with water. But, when the ACSWGSHE system was tested after filling with sand, the COP reduced
considerably due to lack of heat transfer from the condenser coil to the ground. The power consumption of the
air conditioning system reduced by 29% when the air cooled condenser of conventional air conditioning system
was replaced by ACSWGSHE when it was tested with water in bore hole. The initial cost for the ACSWGSHE
system is considerably higher as compared to the conventional system. However over a longer period of time,
the energy conservation and in effect, the savings are significant. Thus it can be concluded that the
ACSWGSHE system when incorporated into centralized air conditioning systems will effectively reduce the
consumption of energy when the condenser is placed at depths where there is sufficient presence of water in the
bore hole.
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Nomenclature

Nuh Nusselt number

Reh Reynold’s number

u velocity of Refrigerant R-22 m/s

Cp Specific heat KJ/kg K
u Dynamic viscosity N s/m?
K Thermal conductivity W/(mK)
Prh Prandtl number

Tf Fluid temperature °C

B volumetric thermal expansion coefficient 1/k

U Overall heat transfer coefficient wW/m® K
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