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Abstract: The performance of a direct-expansion ground-source
heat pump(DX GSHP) system is theoretically analyzed. Compared
with the conventional ground-source heat pump ( GSHP), the DX
GSHP has a lower condensing temperature in the cooling mode and
a higher evaporating temperature in the heating mode, and the
ground heat exchanger (GHE) in the DX GSHP has a low
thermal resistance. Therefore, the coefficient of performance
(COP) of the DX GSHP is higher than that of the GSHP. In
addition, the system performance of the DX GSHP system is
higher than that of the conventional GSHP system because there
are no secondary solution loops and water circulating pumps in
the DX GSHP system. The experimental energy performance of
the DX GSHP system is also investigated based on the actual
operational data. The tested DX GSHP system is installed in
Xiangtan, China. The U-vertical GHE of the DX GSHP is buried
in a water well. The length and the outside nominal diameter of
the GHE are 42 m and 12. 7 mm, respectively. The experimental
results show that the maximum (COP) and the average COP of
the DX GSHP system in the heating mode are 5.95 and 4. 72,
respectively.
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s a renewable energy technology, the ground-source
heat pump ( GSHP) technology has received much at-
tention from the international community for its advantages
of energy-efficiency and environmentally cleanliness in re-
cent years. And the GSHP systems have already been widely
used in developed countries. By 2005, the installed capacity
in the world had reached 15 384 MWt and the energy use
had reached 87 503 TJ/year. Most of the GSHP systems
were installed in North America and Europe. Meanwhile, the
installed capacity in China was up to 631 MWt and the ener-
gy use was up to 6 569 TJ/year '™
A direct-expansion ground-source heat pump( DX GSHP)
is a type of ground-source heat pump. In the DX GSHP, a
refrigerant is circulated through a buried copper piping net-
work. Compared with the conventional GSHPs, the DX
GSHP without secondary solution loops and water circulat-
ing pumps is more efficient and energy saving. Besides, it is
well known that the coefficient of heat conductivity of cop-
per is much greater than that of thermoplastic piping net-
works such as PE pipes.
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There are numerous studies on the energy analysis of
GSHP systems'*"'"'. But few papers focus on the energy
analysis of DX GSHP systems. Thus, it is of necessity to
evaluate the performance of the DX GSHP systems. The
analysis results are helpful for realizing the energy efficiency
of the DX GSHP systems and promoting the application.

1 System Description
1.1 Experimental setup

The outside view of the DX GSHP system constructed in
2007 is shown in Fig. 1. The main characteristics of the ele-
ments are listed in Tab. 1, where the numbers in parentheses
correspond to the elements depicted in Fig. 2. Conversion
from a heating cycle to a cooling cycle can be obtained by a
four-way valve.

Fig.1 Outside view of experimental setup

Tab.1 Main characteristics of elements of DX GSHP system

Element Technical specification

Model: 2KC-05. 2
Model: A-W55824

Compressor( [ )
Qil extractor( II)

Inner copper pipe: outside nominal
diameter of 12. 7 mm, length of
11.5 m;

Outer plastic hose: inside nominal dia-
meter of 15mm, length of 11. 5m

Model: BAE 1-1/2 HCASFT1/
2 x5/80DF S/T

Double-pipe heat
exchanger( 1)

Throttling valve( IV)

Length: 42 m;
Outside nominal diameter: 12. 7 mm;
Geoth 1 heat exch:
cothermal heat exchanger( V) Type: U-vertical ground heat exchanger;

Material: copper
Model: B3-014

Note: The double-pipe heat exchanger acts as a condenser in the heating
mode and as an evaporator in the cooling mode.

Four way valve( V)

A refrigerant circuit is built on closed loop copper tubing
and the working fluid is R-22. The compressor discharges
the refrigerant into a desuperheater, which is used as a plate
heat exchanger in this study. During the test, the desuper-
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Fig.2 Schematic diagram of DX GSHP system

heater is not put into operation.
1.2 Measurement system

A data acquisition network is designed to characterize the
system performance. For this purpose, several sensors are set
up to monitor the most relevant parameters of the system.
Various data are regularly recorded for one period of opera-
tion as follows:

1) The temperatures are tested by using three-wire plati-
num resistance thermometers ( Pt100) with an accuracy of
£0.3C.

2) The water flow rates are measured by using a container
of 1.5 L and a stopwatch.

3) The pressures of the refrigeration system are tested by
using pressure sensors with an accuracy of less than 0. 5% .

4) The electrical power inputs to the compressor and the
circulating pump are measured by using a wattmeter with an
accuracy of +0.5% of the nominal value.

Except for the water flow rates, all the data mentioned
above are monitored and controlled by a data-acquisition
system. These data are recorded at one-minute intervals by a
data logger. To deal with a large number of the experimental
data, a custom software package is developed to automatically
perform necessary database matching and statistical analysis.

2 Analysis

The coefficient of performance( COP) of the GSHP unit
(COP,) can be calculated by

COP1=% (1)

comp

where Q. is the heat transfer rate from the indoor units;
W omp 18 the power consumption rate of the compressor. In
this study, we define a new COP to evaluate the cooling per-
formance of the overall system including the heat pumps, the
water circulating pumps and the fans in the outdoor and in-
door units. Thus, the coefficient of performance of the whole

HP system( COP,) can be calculated by

Qcond
COP, = "0 (2)

comp pump

where W, is the power consumption rate of the water cir-

culating pumps. Q. , can be calculated by

cond

Qcond = meW ‘ Ti - To ‘ (3)

where m is the mass flow rate of water; ¢, is the specific
heat capacity of water; 7, and T, are the inlet and outlet wa-
ter temperatures, respectively.

Because there are no secondary solution loops and water
circulating pumps in the DX GSHP system, the energy effi-
ciency of the HP unit is equal to that of the whole HP sys-
tem. And this is an important reason for the high system per-
formance of the DX GSHP system.

Generally, the cycle efficiency of a heat pump system is
strongly affected by the condensing temperature in the cool-
ing mode. In other words, with the decrease of the conden-
sing temperature, the heat pump system becomes more effi-
cient because it consumes less power. Without secondary so-
Iution loops, the condensing temperature of the DX GSHP
system is about 5 C lower than that of the conventional
GSHP system. Fig. 3 describes the simplified pressure-
enthalpy diagram of the cycles for the comparison of the
conventional GSHP system and the DX GSHP system. It can
be seen that compared with the conventional GSHP system,
the DX GSHP system spends less power because the temper-
ature of the condenser is much lower. On the other hand, the
evaporating temperature of the DX GSHP system is higher
than that of the conventional GSHP system in the heating
mode. All of these indicate that the DX GSHP system has a
better performance than the conventional GSHP system.
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Fig. 3 Simplified pressure-enthalpy diagram of coventional
GSHP and DX GSHP systems in cooling mode

3 Case Study

The tests were conducted on the DX GSHP system under
steady-state conditions in the heating mode on July 24th,
2008. The daily average values of nine measurements from
13:05 to 24:00 with a time interval of one minute are listed
in Tab. 2.

Tab.2 Experimental results of the system

Parameter Nominal value
Condensation pressure/MPa 1. 945
Condensing temperature/ C 50. 1
Evaporating temperature/ C [4.8,13.5]
Evaporation pressure/MPa [5.80,7.55]

Temperature of GHE inlet/ C 13.53

Temperature of GHE outlet/ C 8.4

Pressure of GHE inlet/MPa 0.755
Pressure of GHE outlet/MPa 0.580
Current of compressor/A 2.05
Inlet water temperature/ C 30.0
Outlet water temperature/ C 46.9
Mass flow rate of water/(kg-s™") 0. 052
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Based on Eqgs. (1) to(3) and the measured data from the
experiments, the average coefficient of performance of the
DX GSHP system in the heating mode is calculated to be
4.72 during the testing period. The highest value reaches
5. 95, which is relatively higher than that of the conventional
GSHP system.

4 Conclusions

The theoretical and experimental energy analyses of the
DX GSHP system are presented in this paper. The following
conclusions can be drawn out:

1) Because there are no secondary solution loops and wa-
ter circulating pumps in the DX GSHP system, the energy
efficiency of the HP unit is equal to the whole HP system.
This is an important reason for the high system performance
of the DX GSHP system.

2)In the cooling( heating) mode, the condensing( evapora-
ting) temperature of the DX GSHP system is lower( higher)
than that of the conventional GSHP system, indicating that
the DX GSHP system has a better performance than the con-
ventional GSHP system.

3) The average coefficient of the performance of the DX
GSHP system in the heating mode is 4. 72 during the testing
period. The highest value reaches 5.95, which is relatively
higher than that of the conventional GSHP system.
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