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RINGKASAN

Ground Source Heat Pump (GSHP) System merupakan sistem permesinan yang digunakan untuk
pemanasan dan pendinginan dengan aplikasi yang sangat luas antara lain : pengkondisian udara pada
bangunan, suplai air panas dan aplikasi pada pertanian. Aplikasi yang paling banyak digunakan dari
sistem ini adalah untuk pengkondisian udara (pendinginan dan pemanasan) pada bangunan perumahan
dan komersial.

Pengembangan beberapa tipe dari Ground Heat Exchanger (GHE) yang merupakan bagian dari sistem
GSHP dan modifikasinya telah membantu dalam mengembangkan pemahaman tentang GHE untuk
sistem pengkondisian udara yang dikenal dengan Ground Source Cooling System. Sekarang ini GHE tipe
spiral mendapatkan perhatian yang luas terkait dengan tingginya pertukaran panas dari GHE dengan tanah
sekitarnya.

Penelitian ini bertujuan untuk mengembangkan sebuah GHE tipe spiral yang baru dan mempelajari unjuk
kerjanya selama 3 (tiga) tahun periode penelitian yang diusulkan. Penelitian ini akan melalui studi
numerikal dan eksperimental. Pada tahun kedua ini, studi tentang unjuk kerja GHE tipe spiral dengan
kedalaman dangkal, 5 meter, diteliti. Perbandingan unjuk kerja GHE tipe spiral dengan dengan tipe
konvensional dilakukan. Pengembangan GHE tipe spiral dengan kedalaman yang rendah dilakukan
dengan berbagai variasi kondisi operasi dan konfigurasi. Selanjutnya, studi numerik tentang rangkaian
GHE baik dalam kondisi seri maupun parallel dilakukan. Studi eksperimental tentang kondisi termal dari
tanah juga dilakukan.

Simulasi tentang GHE tipe spiral pada berbagai kondisi dan perbandingan dengan tipe lainnya telah
dilakukan. Beberapa hasil penelitian telah dihasilkan seperti analisis unjuk kerja GHE tipe spiral pada
kedalaman dangkal telah diterima (accepted) pada jurnal terindeks Scopus, Journal of Mechanical
Engineering (JMechE). Hasil-hasil penelitian dan rencana penelitian selanjutnya telah didiskusikan
dengan international partner, Prof. Akio Miyara, di Saga University Japan. Selain itu, berpartisipasi pada
JSRAE Annual Conference di Tamagawa University Tokyo Japan untuk melihat perkembangan terbaru
terkait penelitian ini. Hasil-hasil lainnya telah didaftarkan pada konferensi internasional 4 tahunan bidang
Heat Transfer, IHTC Beijing. Hasil penelitian ini juga telah ditambahkan kedalam draft buku ajar,
Ground Heat Exchangers for Air Conditioning Applications.

Selanjutnya, beberapa pengujian eksperimental dan analisis unjuk kerja akan dilakukan pada rencana
penelitian selanjutnya.
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BAB I PENDAHULUAN

Penggunaan sumber energi yang ramah lingkungan dan terbarukan sekarang ini merupakan suatu
tantangan untuk membuatnya menjadi teknologi yang attraktif dengan biaya yang efektif.
Penggunaan energi geotermal telah dikenal sebagai solusi untuk mengurangi emisi gas rumah
kaca seperti karbon dioksida (CO,), sulphur dioksida (SO,), dan Nitrogen Oksida (NOy) di
atmosfir. Sumber energi ini berdasarkan ASHRAE (2011) dikategorikan antara lain: 1)
Temperatur tinggi (> 150 °C), untuk pembangkit listrik; 2) Temperatur rendah dan menengah (<
150 °C), untuk pemanfaatan langsung; dan 3) Temperatur < 32 °C, untuk aplikasi sistem pompa
kalor yang berbasis tanah yang secara internasional dikenal dengan sistem ground-source heat
pump (GSHP).

Aplikasi yang paling dikenal sekarang ini adalah untuk pemanasan dan pendinginan ruangan
pada perumahan dan bangunan komersial dengan menggunakan sistem GSHP. Sistem ini
memberikan efisiensi yang tinggi dibanding dengan sistem pompa kalor yang berbasis udara
yang secara internasional dikenal dengan sistem air source heat pump (ASHP). Ground Heat
Exchanger (GHE) digunakan pada sistem GSHP sebagai alat penukar kalor antara air sirkulasi
dengan tanah sekeliling. Tiga parameter penting dalam mempelajari kinerja alat penukar kalor

ini adalah konduktivitas termal, tahanan termal dari borehole dan temperatur tanah sekeliling.

Untuk pengembangan GHE tipe spiral yang baru diperlukan studi yang mendalam. Beberapa
faktor seperti geometri optimum dari GHE tipe spiral dan kondisi operasi pada aplikasi sangat
dibutuhkan dalam membuat design guideline. Studi numerikal dan eksperimental dibutuhkan
untuk menggambarkan karakteristik dari faktor tersebut diatas. Pengembangan Ground-source
Cooling System di Indonesia membutuhkan studi yang komprehensif terkait sifat-sifat termal
tanah dan desain GHE tipe spiral serta konfigurasinya dalam aplikasi. Studi ini akan
membandingkan data-data dari berbagai tipe GHE untuk mengetahui karakteristik GHE

berdasarkan data di Japan dan Indonesia.

Tujuan Penelitian

Tujuan utama dari penelitian ini adalah untuk mengembangkan GHE tipe spiral yang baru untuk
sistem pengkondisian udara. Target final yang diharapkan adalah rekomendasi desain dari GHE

tipe spiral yang baru sekaligus membangun jaringan kerjasama penelitian internasional.



Tujuan penelitian dapat diuraikan sebagai berikut:

1. Mempelajari sifat termal dan karakteristik tanah di Makassar, Indonesia

2. Mempelajari berbagai faktor terkait untuk mengembangkan GHE tipe spiral yang baru
untuk ground-source cooling system.

3. Mengembangkan dan memasang GHE tipe spiral

4.  Mempelajari peformansi GHE berdasarkan data eksperimental

5. Menganalisis energi dan exergi dari ground-source cooling system

Output Penelitian

Target utama dari penelitian ini adalah mengembangkan GHE tipe baru dari modifikasinya untuk
ground-source cooling sistem. Hasil dari penelitian akan dipublish pada prosiding konferensi

internasional dan jurnal ilmiah internasional setiap tahunnya.



BAB II TINJAUAN PUSTAKA

Sistem GSHP digunakan secara luas dalam aplikasi sebagai pemanas dan pendingin ruangan,
suplai air panas dan aplikasi pada bidang pertanian. Pemanfaatan yang paling banyak dikenal
adalah aplikasi sebagai pendingin dan pemanas ruangan pada bangunan perumahan dan

komersial.

Beberapa penelitian telah dilakukan untuk mempelajari sistem GSHP ini. Pengembangan baru
yang inovatif telah dilakukan oleh peneliti-peneliti internasional dan hasil penelitian mereka
telah dipublish secara internasional. GHE yang digunakan dalam sistem GSHP dapat dibagi

menjadi GHE yang dipasang secara horizontal dan vertikal seperti yang ditunjukkan pada
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Gambar 1. GHE dipasang secara horizontal dan vertikal (Kavanaugh and Rafferty, 2014)

Diagram skematik GHE tipe spiral yang digunakan dalam sistem GSHP ditunjukkan pada
gambar 2. GHE tipe ini mempunyai kenerja yang tinggi dibandingkan tipe konvensional.
Walaupun demikian, kinerja yang tinggi dari GHE ini hanya dapat diperoleh pada
kondisi-kondisi tertentu seperti kedalaman borehole, sistem operasi dan konfigurasi bentuk

spiralnya.

Gambar 2. Diagram skematik dari GHE tipe spiral oleh Man et al. (2010) and Cui et al. (2011)



Persoalan mendasar pada GHE adalah biaya instalasi dan borehole untuk tipe vertikal dan
keterbatasan area tanah yang tersedia untuk tipe horizontal. Penelitian ini akan mengembangkan
GHE tipe spiral dengan kedalaman rendah dari borehole untuk mengatasi persoalan tersebut.
Untuk mencapai maksud tersebut, tahapan penelitian telah disusun dan pelaksanaan penelitian
telah dan sedang dilakukan. Beberapa hasil penelitian telah diperoleh untuk mendukung

pengembangan GHE tipe spiral ini.



BAB III. METODE PENELITIAN

Penelitian dilakukan untuk mengembangkan GHE tipe spiral yang baru untuk ground-source
cooling system. Studi numerikal dan eksperimental sedang dilakukan di Laboratorium Energi
Terbarukan Program Studi Teknik Mesin Universitas Hasanuddin berkolaborasi dengan

Laboratorium Termal Saga University Japan.
Indikator Kemajuan dari penelitian ini dapat dilihat dari output penelitian sebagai berikut:

(1) Diskusi Ilmiah dan Publikasi pada Prosiding Konferensi Internasional (tahun ke-1, 2 dan 3)
(2) Publikasi [lmiah pada Jurnal Internasional (tahun ke-1, 2 dan 3)

(3) Guideline rekomendasi desain



BAB IV. PELAKSANAAN PENELITIAN
Penelitian tentang pengembangan sebuah GHE tipe spiral yang baru sedang dilakukan di laboratorium

Energi Terbarukan Program Studi Teknik Mesin Universitas Hasanuddin.
Kegiatan penelitian yang dilakukan antara lain:

1)  Analisis unjuk kerja GHE tipe spiral dengan kedalaman dangkal untuk mengetahui karakteristik
GHE ini.

2)  Analisis unjuk kerja GHE tipe spiral yang dipasang pada kondisi seri dan paralel dengan berbagai
konfigurasi serta membandingkan dengan tipe lainnya.

3)  Studi eksperimental tentang kondisi termal.

A. Unjuk kerja GHE tipe spiral pada kedalaman rendah

Skema dari GHE tipe U-tube dan spiral-tube ditunjukkan pada gambar 3. Kedua GHE dipasang pada
kedalaman 5 m. Model tiga dimensi, grid dan meshing dari GHE tipe spiral-tube ditunjukkan pada

gambar 4.
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Gambar 3. Skema GHE tipe konvensional dan Spiral
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Gambar 4. Model tiga dimensi, grid dan meshing dari GHE tipe spiral

Karateristik perpindahan panas dari GHE tipe Spiral

Gambar 5 menunjukkan laju perpindahan panas dalam kondisi aliran laminar dan turbulen dari beberapa

GHE dengan pengisi pasir Silika dan GHE dipasang pada tiang beton.

Laju perpindahan panas rata-rata dari GHE tipe spiral dengan pengisi pasir Silika adalah 46.9 W per

meter borehole pada kondisi aliran laminar dan 64.6 W per meter borehole pada kondisi turbulen.

Laju perpindahan panas rata-rata dari GHE tipe spiral yang dipasang pada tiang beton adalah 49.6 dan
68.5 per meter borehole pada kondisi aliran laminar dan turbulen. Pemasangan GHE pada tiang beton
menunjukkan sedikit peningkatan unjuk kerja dibandingkan dengan GHE dengan pengisi pasir Silika. Hal
ini disebabkan karena perbedaan konduktivitas termal yaitu: 1.4 W/mK untuk pasir Silika dan 1.65

W/mK untuk tiang beton.
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Gambar 5. Karakteristik perpindahan panas dari GHE tipe spiral



B. Submit Paper to Journal of Mechanical Engineering (JMechE)
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C. Rangkaian Simulasi Numerik untuk pengembangan Shallow Borehole Depth of GHE tipe Spiral

pada kondisi seri dan parallel
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C. Peralatan untuk Studi Eksperimental
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BAB V. KESIMPULAN

Pelaksanaan penelitian tahun ke-2 dari periode penelitian selama 3 (tahun) untuk mengembangan sebuah
GHE tipe spiral yang baru telah dilakukan di Laboratorium Energi Terbarukan Program Studi Teknik
Mesin Universitas Hasanuddin. Studi tentang unjuk kerja GHE tipe spiral dengan kedalaman dangkal, 5
meter, diteliti. Perbandingan unjuk kerja GHE tipe spiral dengan dengan tipe konvensional dilakukan.
Pengembangan GHE tipe spiral dengan kedalaman yang rendah dilakukan dengan berbagai variasi
kondisi operasi dan konfigurasi. Selanjutnya, studi numerikal tentang rangkaian GHE baik dalam kondisi

seri maupun parallel dilakukan. Studi eksperimental tentang kondisi termal dari tanah juga dilakukan.

Kegiatan penelitian yang dilakukan antara lain:

4)  Analisis unjuk kerja GHE tipe spiral dengan kedalaman dangkal untuk mengetahui karakteristik
dari tipe GHE ini.

5)  Analisis unjuk kerja GHE tipe spiral yang dipasang pada kondisi seri dan paralel dengan berbagai
konfigurasi serta membandingkan dengan tipe lainnya.

6)  Studi eksperimental tentang kondisi termal.

Simulasi tentang GHE tipe spiral pada berbagai kondisi dan perbandingan dengan tipe lainnya telah
dilakukan. Beberapa hasil penelitian telah dihasilkan seperti analisis unjuk kerja GHE tipe spiral pada
kedalaman dangkal telah diterima (accepted) pada jurnal terindeks Scopus, Journal of Mechanical
Engineering (JMechE). Hasil-hasil penelitian dan rencana penelitian selanjutnya telah didiskusikan
dengan international partner, Prof. Akio Miyara, di Saga University Japan. Selain itu, berpartisipasi pada
JSRAE Annual Conference di Tamagawa University Tokyo Japan untuk melihat perkembangan terbaru
terkait penelitian ini. Hasil-hasil lainnya telah didaftarkan pada konferensi internasional 4 tahunan bidang
Heat Transfer, IHTC Beijing. Hasil penelitian ini juga telah ditambahkan kedalam draft buku ajar,

Ground Heat Exchangers for Air Conditioning Applications.
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LAMPIRAN OUTPUT PENELITIAN

1. Jurnal Paper accepted in Journal of Mechanical Engineering (JMechE) terindeks
Scopus

2. Participated in JSRAE Conference, Tamagawa University Japan

3. Paper submitted to The 16th International Heat Transfer Conference (IHTC),
International Conference 4 tahunan bidang Heat Transfer terindeks Scopus

4. Buku Ajar
Ground Heat Exchangers for Air Conditioning Applications
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Performance of Shallow Borehole of
spiral-Tube Ground Heat Exchanger

Jalaluddin
Rustan Tarakka

Department of Mechanical Engineering, Hasanuddin University, Tamalanrea,
Makassar 90245, Indonesia

FEmail jalaluddin had@yahoo.com

Akio Miyara

Department of Mechanical Engineering, Saga University, 1 Honjomachi, Saga-shi
840-8502, Japan

ABSTRACT

The use of geothermal energy has been recognized as a possible solution for reducing emissions. This
energy source 1s an environmentally friendly energy source with wide range of applicability such air
conditioning and hot water heating. A ground heat exchanger (GHE) is used in the air conditioning
system to exchange heat with the ground. This study present an investigation of thermal
performance of shallow spiral-tube GHE buried in the 5 m depth. The performance of this GHE is
Investigated by numerical method using CFD code. The performance of the spiral-tube GHE is 46.9
Watt per meter borehole depth in laminar flow and 64.6 Watt per meter borehole depth in turbulent
flow. Comparison between the spiral-tube and the conventional U-tube GHEs shows the possibility to
reduce borehole depth and installation cost. Using the spiral-tube GHE can reduce the borehole about
a half compared with using the conventional U-tube GHE. Shallow spiral-tube GHEs can be arranged
In series and parallel configurations to meet the needs in the application.

Keywords: ground heat exchanger, shallow spiral-tube GHE, performance.
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Introduction

The ground source heat pump (GSHP) system is a promising technology for cooling and heating
building in the world with wide range of applications such as for space heating and cooling, hot water
supply and applications in the agricultural field. The well-known application of the GSHP system is
for space heating and cooling in residential and commercial buildings. The heat exchange
performance of the ground heat exchanger (GHE) is an important subject of GSHP system design.
Operating the GHEs with different models and various conditions shows the different characteristic
in their heat exchange rates. The performance of three types of GHEs namely U-tube, double-tube,
and multi-tube GHEs have been investigated experimentally. The double-tube GHE has the highest
heat exchange rate [1]. Operating the GHEs with different operation modes such as short-time period
of operation, discontinuous and continuous operation shows the different characteristic in their heat
exchange rates [2, 3]. The performances of multiple-tube GHEs with a number of pipes installed
inside the borehole have been investigated. The result shows that thermal interferences between the
pipes affect its performance [4]. The effect of different inlet water temperatures and borehole depths
of the GHEs also affect its performance [5]. In the hot weather like Indonesia, the GSHP system is
used for space cooling as an air conditioning system as known as ground-source cooling system. The
hybrid GSHP system was applied for air conditioning system in hot weather condition such Hongkong
[6]. Experimental test,energy and exergy analysis of the ground-source cooling system with
horizontal GHE have been carried-out in Tunisia [7, 8].The utilization of GSHP is appropriated for
cooling building in hot climate such Tunisia.

A GHE is used in the GSHP system to exchange heat with the ground. The spiral-tube GHE is
gaining interest in recent years. Analytical solutions of spiral coil ground heat exchangers have
developed by Man et al. [9], Cui et al. [10], Man et al, [11] and Li and Lai [12]. The classical
approaches, i.e. the line heat source model and the “hollow” cylindrical heat source model, are no
longer valid for thermal analysis and design of the GHE with spiral coils in foundation pile. A “solid”
cylindrical source model has been developed considering the radial dimension and the heat capacity
of the borehole or pile [9]. Cui et al. [10] developed the ring-coil source model taking into account the
discontinuity of the heat source and the impact of the coil pitches. However, this model does not
simulate the heat transfer of fluid circulating inside spiral coil pipe. A spiral heat source model has
been developed for better thermal analysis by Man et al. [11]. Comparison study of helical GHE with
triple U-tube [13] and double U-tube [14] GHEs were carried out. It is found that the helical GHE
provided better thermal performance than others.

The spiral-tube GHEs have been proven by a number of studies that providing a better
performance. Various models of spiral-tube GHEs installed in a borehole and concrete pile were
simulated [15, 16]. Heat exchange rate and pressure drop along the pipe as an important parameter
in design of the GSHP system are discussed [17]. For deep vertical spiral-tube GHE, large investment
cost is needed. Pumping power due to pressure drop and ineffective of outlet pipe due to thermal
interference should be considered. A shallow spiral-tube GHE is taking interest because of providing
the possibility to reduce a borehole depth. Performance and distance between shallow spiral-tube
GHESs have been studied [18]. Determining the distance between GHEs (spacing) and its effect on the
heat transfer rate becomes as an important issue. However, there is a limited number of works on
shallow spiral-tube GHEs. In addition, an optimum design of horizontal ground heat pump systems is
also investigated for spiral-coil-loop heat exchangers [19]. Horizontal GHE usually needs a large of
land area. If a large of land area is not available, using a number of shallow spiral-tube GHEs can be
used as alternative solution.
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In order to study the possibility to use shallow spiral-tube GHESs, this work present an
investigation of thermal peformance of shallow spiral-tube GHE. Performance comparison of this
GHE with the conventional U-tube GHE is also presented. Reducing the borehole depth is attractive
economically due to reducing installation cost. The models of the U-tube and spiral-tube GHEs were
built and simulated. The heat exchange rates of the GHEs are investigated.

Ground Heat Exchanger System

The schematic diagrams of the conventional U-tube and spiral-tube GHEs are shown in Figure 1.
Polyethylene pipes were used as the tubes of the GHEs. A U-pipe is inserted in the borehole and
buried in the ground at a depth of 20 m in the conventional U-tube GHE. In the spiral-tube GHE, a
spiral pipe is used as the inlet tube of the GHE and a straight pipe is used as the outlet tube. The
spiral-tube GHE is inserted and buried in the ground at a depth of 5 m. The boreholes were backfilled
with silica-sand. In addition, the spiral tube was also installed using concrete pile foundation as
shown in Figure 1(b).

Outlet Inlet
-

Ground level tfried (2101 I:Ic_l C{)uljl et
Silica sand \ __ Ground level Ground level
Silica Concrete
Steel pipe pile \ sand pile ‘\‘

(SS400) Steel pipe
pile
(SS400)

5 m depth

Polyethylene

U-tube é_z
A ¥

spiral-tube

Polyethylene J E

(a) U-tube (b) Spiral-tube

Fig. 1. The schematic diagrams of the conventional U-tube and spiral-tube GHEs

Simulation Set-Up

Three-dimensional model of GHE

Three-dimensional unsteady-state models were built and simulated using the CFD-code, FLUENT in
order to investigate heat exchange from the GHEs system to the ground around the borehole. The
software uses a finite volume method to convert the governing equations to numerically solvable
algebraic equations. Figure 2 shows the three-dimensional model of spiral-tube GHE.

Sadaa i adlC

(a) U-tube (b) Spiral tube

Fig. 2. Three-dimensional model of spiral-tube 25



All the related geometric parameters and material thermal properties for the GHEs are listed in
Table 1. The ground profiles around the borehole consist of Clay and its properties are presented in

Table 2.

Table 1 Geometric parameters and material thermal properties of the GHEs

Parameters Value

Unit

Inlet and outlet pipes of the GHESs, U-pipe and Spiral-pipe

(material: Polyethylene)

Outer diameter, do 0.033 m

Inner diameter, d; 0.026 m

Thermal conductivity, kg 0.35 W/(m K)

Specific heat, cp 2300 J/ikg K

Density, p 920 kg/m3

Leg spacing for U-Tube GHE, x 0.02 m

Pitch for Spiral-tube GHEs, p 0.1 m

Grout (material: Silica sand)

Thermal conductivity, kgrout 1.4 W/(m K)

Specific heat, cp 750 J/kg K

Density, p 2210 kg/m3

Concrete pile

Density, p 2200 kg/m3

Specific heat, cp 1000 J/ikg K

Thermal conductivity, Kconcrete-pile 1.65 W/m.K
Table 2 The properties of the ground

Parameters Value Unit

Clay (temperature: 293 K. water content: 27.7%)

Density, p 1700 kg/m3

Specific heat, cp 1800 J/ikg K

Thermal conductivity, kciay 1.2 W/m.K
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A constant and uniform temperature was applied to the top and bottom surfaces of the model.
Variation of ground temperature near the surface due to ambient climate effect is negligible. Initial
ground temperature is assumed to be constant at 17.7 °C (290.85 K). The flow rate of circulated water
was set to 2 /min for laminar flow and 8 1/min for turbulent flow. The GHEs models were simulated
in 24 h operation and inlet water temperature was set to be constant of 27 °C (300.15 K). For
turbulence model, k-epsilon two equation models were applied in the FLUENT simulation set-up.
Scaled residuals for turbulence models were monitored. Turbulence specification method is use
turbulence intensity, 1=0.16(Repn) V5.

Grid and meshing

Three-dimensional hybrid mesh generation was applied in the GHE model. Numerical mesh of the
borehole and ground is shown in the Figure 3. The mid-view shown in the Figure 3 (b) is in the
cross-section of 2.5 m depth of the borehole and ground. Meshing around the borehole is shown in the
Figure 3 (d).

a) Model b) Mid-view of the

c¢) Top-view of the Model d) Magnified around
the borehole

Fig. 3. Grid and meshing of the spiral-tube GHE

In order to validate the model of GHE, the grid for U-tube GHE was generated using gambit to
perform grid independence test. The GHEs were simulated in 24 h continuous operation and its heat
exchange rate was investigated. The cell number of the grid is shown in Table 3. The heat exchange
rate of the grid 2 in which the total cell number of 197581 shows the same results as the finest grid 3
and 4 as shown in Figure 4. Then, the grid 2 was applied in the model.

The comparison of simulation result of the heat exchange rate of the GHE models with experimental result shows
the reasonable agreement. Small differences between the numerical and experimental were caused by discrepancies
of several uncertain factors such as local ground thermal properties, boundary and initial conditions, etc. The
deviation of heat exchange rate between the experimental and simulated results is in the range of 2-18 %.

Table 3 The cell number of the Grid

GHE type Grid 1 Grid 2 Grid 3 Grid 4

U-tube 46446 197581 438346 388681
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Fig. 4. Heat exchange rates of the U-tube GHE experimentally and numerically

A similar hybrid mesh is applied in the spiral-tube GHE as mention above for each component.

Heat exchange rate

The thermal performances of the spiral-tube GHEs were investigated by calculating their heat exchange rates
through the water flow. The heat exchange rate is calculated by the following equation

Q = riwc AT D

where m is flow rate, ¢y is specific heat, and A7'is the temperature difference between the inlet and
outlet tubes of circulated water.

The heat exchange rate per unit length of borehole depth is defined as the following equation and it is
used to express the performance of each GHEs.

0=0/L ©

where L is the depth of each GHE.

Results and Discussions

Temperature distribution

Borehole temperature distribution

The heat buildup in the ground surrounding the borehole contributes to the thermal performance of
GHEs. Figure 5 shows the borehole temperature distribution at x = 0.1 and 0.25 m (distance from
borehole axis) and z = 2.5 m depth of spiral-tube GHE backfilled with silica sand in the laminar and
turbulent flows. The borehole temperatures increase with operation time. It is due to the large of
rejected heat to the ground and increasing temperature of the ground.

28



Water temperature distribution

Water temperatures of the spiral-tube GHEs through the depth with sand backfill and concrete pile
in the laminar and turbulent flows are shown in the Figure 6. Inlet water temperatures for the GHEs
were set to be constant of 27 °C (300.15 K). Water flows through the inlet and outlet pipes. The water
temperature decreases in the flow direction due to heat. In the laminar flow, the high reduction in the
water temperature in the spiral tube is due to the low flowrate of the water. The relatively small
change in temperature in the outlet pipe is because of the thermal interference from the inlet pipe. In
addition, the water temperature distribution is slight different between the GHE backfilled with
silica sand and installed in the concrete pile due to their thermal conductivities.
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Fig. 5. Borehole and ground temperature
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Heat exchange characteristics of spiral-tube GHEs

Figure 7 shows the heat exchange rate in the laminar and turbulent flows of the GHE backfilled with silica sand and
installed in a concrete pile. Heat exchange rate of the spiral-tube GHE backfilled with silica sand in average is of
46.9 W per meter borehole depth in laminar flow. In turbulent flow, its performance in average is of 64.6 W per
meter borehole depth. Heat exchange rate in average of spiral-tube GHE installed in a concrete pile are 49.6 and
68.5 W per meter borehole depth in laminar and turbulent flows respectively. Installing the GHE in the concrete pile
increases slightly its performance compared with that of silica sand backfill. It is due to the high thermal
conductivity of concrete pile compared with that of silica sand. Thermal conductivities of silica sand and concrete
pile are 1.4 W/m K and 1.65 W/m K respectively.
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Fig. 7. Heat exchange rate of the GHEs

The cross-sectional temperature contours of the GHE backfilled with silica sand at 2.5 m depth for
laminar and turbulent flows are shown in the Figures 8 and 9. The contours of the GHE installed in
concrete pile at 2.5 m depth for laminar and turbulent flows are shown in the Figures 10 and 11. Heat
rejected from the GHE to the ground is not uniform through the depth and cross-sectional. Water
circulates through the spiral pipe and heat rejected to the ground. It causes non-uniform of
temperature contours around the borehole.

o

b) Top-view
N

¢) Magnified around the borehole ~ ¢ Magnified around the borehole

Fig. 8. The cross-sectional Fig. 9. The cross-sectional
temperature contours at 2.5 m temperature contours at 2.5 m
depth for laminar flow depth for turbulent flow
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a) Isometric view b) Top-view a) Isometric view b) Top-view

d) Magnified around the borehole e) Magnified around the borehole
Fig. 10. The cross-sectional Fig. 11. The cross-sectional
temperature contours at 2.5 temperature contours at 2.5 m
m depth for laminar flow depth for turbulent flow

Comparison with the conventional U-tube GHE

Performance comparison of the shallow spiral-tube GHE with the conventional U-tube GHE is
discussed. Heat exchange rate of shallow spiral-tube GHE backfilled with silica sand is of 46.9 W per
meter borehole depth in laminar flow and of 64.6 W per meter borehole depth in turbulent flow. This
GHE is buried in the ground at a depth of 5 m. It means that rejected heat to the ground is 234.5 W in
the laminar flow and 323 W in the turbulent flow. For performance comparison, the heat exchange
rates of the conventional U-tube GHESs buried in the ground at a depth of 20 m are presented. Its heat
exchange rate from experimental data [1] is 24.9 W per meter borehole in laminar flow and 31.5 W
per meter borehole in turbulent flow. In addition, its heat exchange rate from simulation result is
20.1 W per meter borehole in laminar flow and 32.5 W per meter borehole in turbulent flow [16].
These results from simulation data show that rejected heat to the ground is 402 W in the the laminar
flow and 650 W in the turbulent flow. Based on its amount of rejected heat to the ground, the rejected
heat of 2 (two) shallow spiral-tube GHEs with 5 m depth is approximately same with that of 1 (one)
conventional U-tube GHE. It will reduce the borehole depth about 10 m. This fact indicates that the
borehole can be reduced about a half by using shallow spiral-tube GHE. Shallow spiral-tube GHEs
can be arranged in series and parallel configurations to meet the needs in the application.

Conclusions

Performances of the shallow spiral-tube GHE are investigated by numerical method using CFD code.
From the results of this study, the following conclusions are drawn:

1. The performances of spiral-tube GHE are 46.9 and 64.6 W per meter borehole depth in laminar
and turbulent flows, respectively.

2. Installing the GHE in the concrete pile increases slightly its performance compared with that of
silica sand backfill.

3. Based on the performance comparison, using the shallow spiral-tube GHE can reduce the
borehole about a half compared with using the conventional U-tube GHE.
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4. 5 Spiral Tube Ground Heat Exchangers
4.5.1 Performance of Shallow Borehole of spiral-Tube Ground Heat Exchanger

ABSTRACT

The use of geothermal energy has been recognized as a possible solution for reducing emissions. This
energy source 1s an environmentally friendly energy source with wide range of applicability such air
conditioning and hot water heating. A ground heat exchanger (GHE) is used in the air conditioning
system to exchange heat with the ground. This study present an Investigation of thermal
performance of shallow spiral-tube GHE buried in the 5 m depth. The performance of this GHE 1s
Investigated by numerical method using CFD code. The performance of the spiral-tube GHE is 46.9
Watt per meter borehole depth in laminar flow and 64.6 Watt per meter borehole depth in turbulent
flow. Comparison between the spiral-tube and the conventional U-tube GHEs shows the possibility to
reduce borehole depth and installation cost. Using the spiral-tube GHE can reduce the borehole about
a half compared with using the conventional U-tube GHE. Shallow spiral-tube GHESs can be arranged
In series and parallel configurations to meet the needs in the application.

Keywords: ground heat exchanger, shallow spiral-tube GHE, performance.
Introduction

The ground source heat pump (GSHP) system is a promising technology for cooling and heating
building in the world with wide range of applications such as for space heating and cooling, hot water
supply and applications in the agricultural field. The well-known application of the GSHP system is
for space heating and cooling in residential and commercial buildings. The heat exchange
performance of the ground heat exchanger (GHE) is an important subject of GSHP system design.
Operating the GHEs with different models and various conditions shows the different characteristic
in their heat exchange rates. The performance of three types of GHEs namely U-tube, double-tube,
and multi-tube GHEs have been investigated experimentally. The double-tube GHE has the highest
heat exchange rate [1]. Operating the GHEs with different operation modes such as short-time period
of operation, discontinuous and continuous operation shows the different characteristic in their heat
exchange rates [2,3]. The performances of multiple-tube GHEs with a number of pipes installed
inside the borehole have been investigated. The result shows that thermal interferences between the
pipes affect its performance [4]. The effect of different inlet water temperatures and borehole depths
of the GHEs also affect its performance [5]. In the hot weather like Indonesia, the GSHP system is
used for space cooling as an air conditioning system as known as ground-source cooling system. The
hybrid GSHP system was applied for air conditioning system in hot weather condition such Hongkong
[6]. Experimental test, energy and exergy analysis of the ground-source cooling system with
horizontal GHE have been carried-out in Tunisia [7,8]. The utilization of GSHP is appropriated for
cooling building in hot climate such Tunisia.

A GHE is used in the GSHP system to exchange heat with the ground. The spiral-tube GHE is
gaining interest in recent years. Analytical solutions of spiral coil ground heat exchangers have been
developed by Man et al. [9], Cui et al. [10], Man et al, [11] and Li and Lai [12]. The classical
approaches, i.e. the line heat source model and the “hollow” cylindrical heat source model, are no
longer valid for thermal analysis and design of the GHE with spiral coils in foundation pile. A “solid”
cylindrical source model has been developed
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