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The utilization of geothermal energy needs to be improved to support energy 
diversification and sustainable environmental development. Applying heat pipes as a 
heat transfer device, will overcome several obstacles to increase the use of geothermal 
energy, especially low enthalpy geothermal energy. The objective of this study is to 
investigate the thermal performance of heat pipe usage for heat distribution from low 
enthalpy geothermal fluids to agricultural dryers. Geothermal fluid simulator (hot 
water) uses water that is heated by 9000 Watts heater and is flowed by a pump.  The 
heat pipe has a length of 700 mm OD 10 mm, while the heat pipe filling ratio is 50 %. 
In this experiment, the number of heat pipe used are 42 pieces. The condenser uses a 
total of 181 fins with a size of 76 x 345 mm. Fin from aluminum material with 0.105 
mm thickness is used in this experiment. The result show that the heat pipe could be 
carried out as a Heat Pipe Heat Exchanger (HPHE) in applications of low enthalpy 
geothermal heat. The value of HPHE effectiveness increases as the increase of hot 
water temperature on the side of the inlet evaporator and tends to decrease as the air 
velocity increases. The biggest HPHE effectiveness value is 61,427 %. 
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1. Introduction 
 

Fossil energy needs to be reduced with energy diversification by utilizing the dominant energy in 
a location [1]. Indonesia has a big geothermal energy potential which is about 29.000 MW and 
spreads over 312 locations from the island of Sumatra to the islands of Maluku [2]. This large energy 
potential needs to be utilized for energy diversification purposes. The types of geothermal reservoirs 
in Indonesia are often found in shallow depths [3-5]. The most easily seen and common type is 
hotspring [6].  

The utilization of geothermal energy needs to be improved to support energy diversification and 
sustainable environmental development. One of the utilization is for the dryer of agricultural 
products in the geothermal area [7,8]. Moisture for several agriculture products in the highlands and 
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heat sources for drying can be seen in Table 1. The use of solar energy for dryers will depend on the 
weather and can only be done during the day. The issue is that Indonesian tea as an export 
commodity was rejected on the European market, because the use of firewood as a source of drying 
energy causes tea to be contaminated with harmful compounds from firewood smoke [9]. Drying 
with geothermal energy is not affected by the weather and can reduce the use of firewood as is 
currently being done. This will be a large potential income for the region because dried plants will 
increase commodity prices [5].  

 
Table 1 
Moisture content of various agricultural product [10-12] 

Product Moisture content Max Allowable 
Temp. (°C) 

Drying 

Initial 
(%) 

Final 
(%) 

Source 
Energy 

Time 
(h) 

Cauliflower 80 6 65 solar  
Carrot 70 5 65 solar  
Cabbage 80 4 55 solar  
Potatoes 75 7 75 solar  
Chillies 80 5 65 solar 48 
Apples 80 24 70 solar  
Tomatoes 96 10 60 solar  
Ginger 80 10  solar 168 
Tea 
- ‘Teh Hijau’ 
- ‘Teh 

Hitam’ 
- ‘Teh 

Oolong’ 
- ‘Teh Putih’ 
- ‘Teh 

Wangi’ 

80 3  
 
Withering   
= 35 - 90  
Drying 1st   
= 93 - 130 
Drying 2nd  
= ≤ 330 
 

 
 
solar & 
firewood 

 
 
 

Spinach 80 10  solar  
Coffee 65 11  solar 288 

 
A common way to utilize the low enthalpy geothermal energy is by withdrawing it, thus it 

requires a pump or elevation so that it can flow. However, it has corrosive properties and has high 
silica content, so it takes an effort to protect geothermal fluid production pipes with high operational 
costs. Other constraints should also be addressed, such as residual water treatment, scaling and 
chemical deposition phenomena [13-15]. 

To reduce risks on the utilization of low enthalpy geothermal energy, the application of heat pipe 
to take energy without the need for withdrawal of geothermal fluid is one solution and can reduce 
the constraints mentioned above. Reliably, the use of heat pipes as a heat distributor has been widely 
used for cooling in batteries, nuclear, electric motors and rooms [16-18]. Kerrigan, et al., [11] 
conducted a study used radiator with heat pipe for the utilization of low enthalpi geothermal energy, 
which obtained the results that radiators used heat pipe had twice  the power density and reduce 
thermal mass compared to conventional radiator panels.  In a similar study, by modifying the amount 
of heat pipe and the amount of fin used, the power density increased almost threefold and 
significantly reduced the thermal mass[19]. The use of heat pipes for ice melting and snow 
applications utilizing heat from within the earth has also been done [20]. 

Because Indonesia has large potential of geothermal energy sources, heat pipe applications for 
geothermal energy utilization without withdrawal of the geothermal fluid is very attractive and has 
never been done before. Thus, the purpose of this study is to perform experimental tests of low 
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enthalpy geothermal energy utilization using heat pipes as conduits of heat for drying agricultural 
products around the hot spring resources. The investigation of the heat pipe performance for the 
heat transfer or heat pipe heat exchanger (HPHE) of low enthalpy geothermal fluid has a temperature 
between 60-80 °C to be used as a dryer of the agriculture product, carried out by varying velocity of 
air, geothermal fluid flow rate and it’s temperature.   
 
2. Methodology  
2.1 Heat Pipe Heat Exchanger Design 
 

The heat exchanger in this study uses a modification of the multi-fin heat HPHE in the previous 
study [21]. A module of the heat pipe heat exchanger is equipped with tubular heat pipes in a 
staggered arrangement. The modification is done by changing the condenser and evaporator area. 
The length of the condenser was changed to 35 cm from the previous 25.5 cm, while the length of 
the adiabatic side was changed to 10 cm from the previous 22 cm. Figure 1 shows the modified HPHE 
used in this study. 

 

      
Fig. 1. The Dimension of HPHE and fin 

 

The heat pipe length is 700 mm OD 10 mm, while the heat pipe filling ratio is 50%. The number 
of heat pipes in this experiment is 42 pcs. In the condenser section, the heat pipe was added to the 
fin with a size of 76 x 345 mm and was made with 0.105 mm-thick alumunium with a total of 181 pcs 
to optimize heat transfer to the air [22]. 

 

2.2 Experimental Setup 
 

The experimental setup and placement of the measuring instrument in this experiment can be 
seen in Figure 2 and the experimental rig in the laboratory can be seen in Figure 3. The geothermal 
fluid simulators are made by heating water with a heater capacity of 9000 W in certain tanks in 
accordance with geothermal temperatures found in locations in Indonesia, then simulating the flow 
of hot water by using pump flow as in Figure 1. The pump used is CNP pump type CDLF2-11 which is 
connected to the FM50 TECO type inverter to adjust the motor pump rotation or hot water flow. The 
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magnitude of the hot water flow is measured by a Dwyer UV-C112-SHD flow meter and adjusted to 
the large flow of hot water in several geothermal sources in Indonesia [4]. 

 

Thermocouple + NI c-DAQ + 

Module NI-9214

hot wire anemometer

RH Sensor + 

Interface Kit

PC

Motor 
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Heater
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ater 

flo
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Fig. 2. Experimental setup (a) the process scheme; (b) the placement of the 
measuring instrument 

 

 
Fig. 3. Experimental rig at the laboratory 

 

A unit of CKE type CDI-200 fan is used to suck hot air from the HPHE which is connected directly 
to the hot water. To change the size of the suction air, the fan is connected to the Delta VFD022S21D 
inverter. The air flow measurement uses a hot wire Lutron AM-4204 anemometer. Sensor relative 
humidity (RH) type THD-D Autonics is installed in the direction of flow before and after air passes 
through the HPHE. Whereas the fluid temperature measurement, as shown in Figure 2(b), uses a K 
type thermocouple with an accuracy of ± 0.1 ° C. The measurement results in the form of temperature 
and RH data will be recorded and stored using the National Instrument data acquisition system 
temperature module which is linked to the virtual VIEW Lab instrument program. 
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2.3 Experimental Design 
 

Experiments were carried out by varying the hot water flow rate 8.5, 12.5, 18 lpm (liter per 
minute), respectively. The hot water temperature varying by adjusting the controller with 
predetermined suggestions of obtained 60, 70, 80 °C until the steady conditions. And, air velocities 
are adjusted according to the size determined as part of the independent variables, 0.4,1.2, and 1.7 
m/s. For the value of its effectiveness, can be used the equation 1 to 4: 

 

𝑄𝑎𝑐𝑡 =  𝑚̇𝑐𝐶𝑝𝑐(𝑇𝑐,𝑜𝑢𝑡 − 𝑇𝑐,𝑖𝑛)                          (1) 

 

𝑄𝑚𝑎𝑥 =  𝑚̇𝑐𝐶𝑝𝑐(𝑇𝑒,𝑖𝑛 − 𝑇𝑐,𝑖𝑛)                          (2) 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 (𝜀) =  
𝑄𝑎𝑐𝑡

𝑄𝑚𝑎𝑥
            (3) 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 (𝜀) =  
(𝑇𝑐,𝑜𝑢𝑡−𝑇𝑐,𝑖𝑛)

(𝑇𝑒,𝑖𝑛−𝑇𝑐,𝑖𝑛)
           (4) 

 
3. Results  
3.1. Effect of variation in hot water flow and air velocity 

 
Experiments are carried out after the set-up of the testing tool is completed. The test is carried 

out by varying the temperature of the incoming hot water, the large flow of hot water, and the air 
flow. Figure 4 is a profile of 5 (five) temperatures recorded. Based on Figure 4, the temperature of 
the hot water reached a steady state after 5500 seconds. The variation of the test is taken, 
approximately, every 20 minutes for each variation. In every increase in air velocity, there is a 
decrease in the temperature of the hot water coming out of the heat pipe system. This shows that, 
by increasing the air stream velocity, more energy can be recovered from the hot water. However, 
on the contrary, with the increase in air gusts, the temperature of the air coming out of the 
composition of the heat pipe and fin will decrease. This is because the air contact time with HPHE is 
less, so the time to take the heat is also reduced[23]. So the air temperatur after passing through the 
HPHE also decrease. The temperature profile generated in this study is similar to previous studies 
[21,24]. 

Figure 5 shows the relative humidity values in the air in and out of the HPHE system. It can be 
seen that air humidity decreases with increasing air temperature after passing through the heat pipe 
system. The relative humidity of the outgoing air system of HPHE is also influenced by the humidity 
of the air entering the heat pipe system. The relative humidity of the air entering the HPHE depends 
on the relative humidity of the ambient air around the testing facility. Airflow with relatively high 
humidity when entering an HPHE condenser will result in a smaller temperature decrease. Heat 
absorption (sensible) results in a decrease in temperature in the air flow out of the condenser. A 
lower temperature decrease is affected by an increase in the condenser inlet temperature and a 
lower air intake speed. Higher airspeeds in the inlet will reduce the duration of heat transfer and as 
a result, the amount of heat absorbed will decrease [23,25]. This is because the mass convection 
coefficient is the function of the Reynold number and the relative humidity [26]. 
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Fig. 4. Temperature profiles for various flow hot water and air flow velocity in hot water inlet temperature 
60 °C 

 

  
Fig. 5. Profiles for relative humidity of various flow hot water and air flow velocity in 
hot water inlet temperature 60 °C 
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The relative humidity of the heat pipe system for this dryer application is a parameter considered 
during testing [27]. Therefore, the results of the comparison between the relative humidity of the air 
out of the heat pipe system and the ambient air will be a reference in selecting the right commodity 
to be dried using this system and will determine how long the commodity can be dried according to 
the expected drought value with the system. The effect of humidity produced, commodities to be 
dried, and the length of drying time using this system will be carried out in subsequent studies. 
 
3.2 HPHE Performance 
 

It can be seen from Figure 6, from the 27 variations of testing that have been done, the largest 
effectiveness of the HPHE occurs in variations in testing at 80 °C hot water temperature with flow 18 
lpm and air velocity 0.4 m/s. Whereas for the smallest effectiveness occurs in the variation of testing 
in the testing of hot water temperature of 60 °C with a flow of 12.5 lpm and the air velocity of 1.7 
m/s. 

The higher the temperature of hot water flowing, the higher the heat capacity that can be 
transferred by the heat pipe system. This is due to the influence of the latent heat of the working 
fluid in the heat pipe, where with the temperature getting hotter, the latent heat will be smaller. The 
efficiency of the heat pipe will also be better if it works at high temperatures, therefore the greater 
the heat given at the side of the evaporator, the greater the heat released on the side of the 
condenser. The greater the air velocity on the condenser side will affect the contact time between 
air and fin in each heat pipe arrangement so that the small air velocity causes the effectiveness of a 
larger heat pipe system. The characteristic pattern of effectiveness value is consistent with the results 
of research conducted by Nandy Putra et al., [24]. 

 

 
Fig. 6. Effectiveness of each test 

 
Figure 7 shows the difference in air temperature before passing and after passing through the 

condenser (ΔTc = Tc, i - Tc, o). It can be seen that the increase in the temperature of the hot water 
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used and the decrease in air velocity passing through the HPHE in this test will increase the value of 
ΔTc which will be useful as a reference for the purpose of drying in subsequent studies. 

 

 
Fig. 7. The magnitude of the ΔTc for each variation of the test 

 
4. Conclusions 
 

The value of HPHE effectiveness increases with the increase of hot water temperature on the side 
of the inlet evaporator and tends to decrease when the air velocity increases. The biggest HPHE 
effectiveness value is 61.427 %. This value is obtained when using a variety of tests, namely the 
temperature and flow of hot water entering the evaporator side is 80oC and 18 lpm with suction 
airspeed of 0.4 m/s. Meanwhile, the smallest effectiveness of the HPHE was 23.727 % and was 
obtained when using a variety of tests, namely the temperature and flow of hot water entering the 
evaporator side was 60oC and 12.5 lpm with a suction airspeed of 1.7 m / s. The variation of the test 
on the greatest effectiveness value also resulted in the highest temperature difference between the 
incoming and outgoing air of HPHE, namely △Tc = 30.91 oC, where this value will be a parameter in 
determining the length of drying time to be carried out in future research. According to Table 1, the 
used low enthalpy geothermal energy as a source of drying energy with heat pipe can be applied for 
agriculture product dryers. 
 
Acknowledgement 
The author would like to thank Directorate of Research and Community Engagements Universitas 
Indonesia (DRPM UI) for funding this research through the PITTA 2018 scheme with contract number 
2452/UN2.R3.1/HKP.5.00/2018 and the ESDM Ministry for the scholarship awarded to the third 
author.  
 
 
 

0,4 0,6 0,8 1,0 1,2 1,4 1,6

5

10

15

20

25

30

d
e
lt
a
 T

c
 (

o
C
)

velocity of air (m/s)

 ( Temp ;  Flow) brine = 60oC ;  8,5 lpm

 (Temp ;  Flow) brine = 60oC ;  12,5 lpm

 (Temp ;  Flow) brine = 60oC ;  18 lpm

 (Temp ;  Flow) brine = 70oC ;  8,5 lpm

 (Temp ;  Flow) brine = 70oC ;  12,5 lpm

 (Temp ;  Flow) brine = 70oC ;  18 lpm

 (Temp ;  Flow) brine = 80oC ;  8,5 lpm

 (Temp ;  Flow) brine = 80oC ;  12,5 lpm

 (Temp ;  Flow) brine = 80oC ;  18 lpm



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 56, Issue 1 (2019) 68-77 

76 
 

References 
[1]  Indonesia, Presiden Republik. "Peraturan Presiden Republik Indonesia Nomor 5 Tahun 2006 Tentang Kebijakan 

Energi Nasional." Jakarta: Batan Pertahanan Nasional (2006).  
[2]  Fauzi, Amir. 2015. Revision of Geothermal Resources Classification in Indonesia Based on Type of Potential Power 

Generation. Paper read at Proceedings World Geothermal Congress, 19-25 April 2015, at Melboourne, Australia. 
[3]  (EBTKE), Direktorat Jenderal Energi Baru Terbarukan dan Konservasi Energi. 2016. Buku Potensi Panas Bumi. 

Jakarta: Kementerian Energi dan Sumber Daya Mineral.  
[4]  Pikra, Ghalya, Nur Rohmah, Rakhmad Indra Pramana, and Andri Joko Purwanto. "The electricity power potency 

estimation from hot spring in Indonesia with temperature 70-80 C using organic Rankine cycle." Energy Procedia 
68 (2015): 12-21.  

[5]  Prasetya, Novrisal, Defry Erwinsyah Umra Lubis, Dharmawan Raharjo, Nenny Miryani Saptadji, and Heru Berian 
Pratama. "Smart geo-energy village development by using cascade direct use of geothermal energy in Bonjol, West 
Sumatera." In IOP Conference Series: Earth and Environmental Science, vol. 103, no. 1, p. 012004. IOP Publishing, 
2017.  

[6]  Haenel, R., L. Rybach, and L. Stegena. "Fundamentals of geothermics." In Handbook of terrestrial heat-flow density 
determination, pp. 9-57. Springer, Dordrecht, 1988.  

[7]  Afuar, W., B. Sibarani, G. Abdurrahman, and J. Hendrarsakti. "Design of Tomato Drying System by Utilizing Brine 
Geothermal." In IOP Conference Series: Earth and Environmental Science, vol. 42, no. 1, p. 012020. IOP Publishing, 
2016.  

[8]  Zlatanović, Ivan, Mirko Komatina, and Dragi Antonijević. "Low-temperature convective drying of apple cubes." 
Applied Thermal Engineering 53, no. 1 (2013): 114-123.  

[9]  Wilda Fizriyani, Nidia Zuraya, "Produk Teh Indonesia Ditolak di Eropa," Republika, 21 November, 2017.  
[10]  Prakash, Om, Vinod Laguri, Anukul Pandey, Anil Kumar, and Arbind Kumar. "Review on various modelling 

techniques for the solar dryers." Renewable and Sustainable Energy Reviews 62 (2016): 396-417.  
[11]  Fudholi, Ahmad, Kamaruzzaman Sopian, Mohd Hafidz Ruslan, M. A. Alghoul, and M. Y. Sulaiman. "Review of solar 

dryers for agricultural and marine products." Renewable and sustainable energy reviews 14, no. 1 (2010): 1-30. 
[12] Pertanian, Direktorat Pengolahan Dan Pemasaran Hasil Perkebunan Direktorat Jenderal Perkebunan Kementerian. 

2017. Pedoman Penanganan Pascapanen Tanaman Teh. edited by Direktorat Jenderal Perkebunan. Jakarta. 
[13] Franco, Alessandro, and Maurizio Vaccaro. "On the use of heat pipe principle for the exploitation of medium–low 

temperature geothermal resources." Applied Thermal Engineering 59, no. 1-2 (2013): 189-199. 
[14]  Pambudi, Nugroho Agung, Ryuichi Itoi, Rie Yamashiro, Boy Yoseph CSS Syah Alam, Loren Tusara, Saeid 

Jalilinasrabady, and Jaelani Khasani. "The behavior of silica in geothermal brine from Dieng geothermal power 
plant, Indonesia." Geothermics 54 (2015): 109-114.  

[15]  Pambudi, Nugroho Agung, Ryuichi Itoi, Saeid Jalilinasrabady, and Khasani Jaelani. "Exergy analysis and optimization 
of Dieng single-flash geothermal power plant." Energy Conversion and Management 78 (2014): 405-411.  

[16]  Kusuma, Mukhsinun Hadi, Nandy Putra, Anhar Riza Antariksawan, and Ficky Augusta Imawan. "Investigation of the 
thermal performance of a vertical two-phase closed thermosyphon as a passive cooling system for a nuclear reactor 
spent fuel storage pool." Nuclear Engineering and Technology 49, no. 3 (2017): 476-483.  

[17]  Putra, Nandy Setiadi Djaya, Trisno Anggoro, and Adi Winarta. "Experimental Study of Heat Pipe Heat Exchanger in 
Hospital HVAC System for Energy Conservation." International Journal on Advanced Science, Engineering and 
Information Technology 7, no. 3 (2017): 871-877.  

[18]  Putra, Nandy, Bambang Ariantara, and Rangga Aji Pamungkas. "Experimental investigation on performance of 
lithium-ion battery thermal management system using flat plate loop heat pipe for electric vehicle application." 
Applied Thermal Engineering 99 (2016): 784-789.  

[19]  Kerrigan, K., H. Jouhara, G. E. O’Donnell, and A. J. Robinson. "A naturally aspirated convector for domestic heating 
application with low water temperature sources." Energy and Buildings 67 (2013): 187-194.  

[20]  Zorn, Roman, Hagen Steger, and T. Kolbel. "De-icing and snow melting system with innovative heat pipe 
technology." In Proceedings World Geothermal Congress, Melbourne, Australia, pp. 19-25. 2015. 

[21] Muhammaddiyah, Syahrul, Adi Winarta, and Nandy Putra. 2018. "Experimental Study of Heat Pipe Heat Exchanger 
Multi Fin for Energy Efficiency Effort in Operating Room Air System." International Journal of Technology 9, no. 2 
(2018): 422-429. 

[22]  Qin, Yap Zi, Amer Nordin Darus, Che Sidik, and Nor Azwadi. Numerical analysis on natural convection heat transfer 
of a heat sink with cylindrical pin fin. Vol. 695. Trans Tech Publications, 2015.  

[23]  Hassan, M. A. M. "Investigation of performance of heat pipe as heat exchanger using alternative refrigerants." 
Journal of Energy Engineering 139, no. 1 (2012): 18-24.  



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 56, Issue 1 (2019) 68-77 

77 
 

[24]  Putra, Nandy Setiadi Djaya, Trisno Anggoro, and Adi Winarta. "Experimental Study of Heat Pipe Heat Exchanger in 
Hospital HVAC System for Energy Conservation." International Journal on Advanced Science, Engineering and 
Information Technology 7, no. 3 (2017): 871-877.  

[25]  Danielewicz, J., M. A. Sayegh, B. Śniechowska, M. Szulgowska-Zgrzywa, and H. Jouhara. "Experimental and 
analytical performance investigation of air to air two phase closed thermosyphon based heat exchangers." Energy 
77 (2014): 82-87. 

[26]  Zhang, Jiehei, Ajaykumar Gupta, and John Baker. "Effect of relative humidity on the prediction of natural convection 
heat transfer coefficients." Heat transfer engineering 28, no. 4 (2007): 335-342.  

[27]  Goh, Li Jin, Mohd Yusof Othman, Sohif Mat, Hafidz Ruslan, and Kamaruzzaman Sopian. "Review of heat pump 
systems for drying application." Renewable and Sustainable Energy Reviews 15, no. 9 (2011): 4788-4796. 

  


