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source from sunlight. However, uncertain weathers become one of the factors which
slows down the drying process. Therefore, the purpose of this research is to find and
utilize an alternative energy to solve the drying process problem. One of energy
sources which is possible to be used for those criteria is geothermal energy especially
with low enthalpy that usually is used for daily activities such as bathing, cooking, and
warming houses. In this research, Heat Pipe Heat Exchanger (HPHE) which consists of
42 straight heat pipes with staggered configuration is used for utilizing geothermal
energy. The heat pipe has a length of 700 mm OD 10 mm with filling ratio of 50% and
added by 181 pcs of aluminum with dimension size of 76 x 345 x 0.105 mm as a fin.
Geothermal fluid is simulated by water that heated by 9000 watt heater. Temperature
of hot water with range of 50, 60, and 70°C and air speed of 0.2, 0.4, 0.6 m/s are
variations for the experiment. The result shows that the highest effectiveness of HPHE
is 78.8% with the temperature of 70°'C and 0.2 m/s air speed while the lowest
effectiveness is 68.8% with the temperature of 50'C and 0.6 m/s air speed. Other than
that, the drying process with the temperature of 70°C and 0.6 m/s air speed is the
fastest while the slowest is at 50°C and air speed of 0.2 m/s. This result proves that
increasing the temperature and air speed lead to the less time needed for the drying
process.
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1. Introduction

Coffee is one of the most commonly consumed beverages in the world [1]. Besides of its taste,
consuming coffee in certain dose can prevent hypertension, coronary heart disease, inflammation,
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and breast cancer [2,3]. Indonesia is the fourth biggest coffee producer which exports 11.1 million
bags between 2016/2017. But Indonesia’s coffee productivity is lower than Vietnam which has
smaller area [4]. Low productivity of coffee in Indonesia is caused by post-harvest process especially
drying which the moisture content is reduced up to 12% (w.b.) [5]. Most coffee producer in Indonesia
still use sunlight energy which has some limitations especially due to the uncontrollable weather [6].
This uncontrollable situation causes drying process take longer drying period [7]. Also, open air sun
drying has a potential of contamination with dust and insects [8]. Therefore, a new heat energy
source is needed for the drying process.

Indonesia is a country with more than 200 volcanoes which are located along Sumatra, Java, Bali,
and the eastern islands of the country with an expected potential of about 28 GWe composed of 312
geothermal potential locations, but the utilization of this geothermal energy is still low [11,12].
Mostly, geothermal energy (GE) in Indonesia are characterized as low enthalpy geothermal and have
shallow depth such as hot spring which is utilized for bathhouse, cooking, building heating, and
agricultural drying [13-15]. Therefore, GE as a renewable energy can be used in drying processes as
a heat source replacing the high energy costs of fossil fuels [16]. The distribution of GE in Indonesia
is shown in Figure 1.
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To optimize the utilization of GE, a heat transfer technology that has high efficiency/effectiveness
is needed. Heat Pipe Heat Exchangers (HPHEs) have become very efficient because they are very
compact and have the possibility for adjusting the transferred heat flux [18]. HPHEs are heat transfer
devices which transfer heat passively without any moving parts, that work by phase change and
vapour diffusion principal [19]. It consists of closed tubes that are filled with a proper working fluid.
The heat pipes can be classified into three types: a conventional heat pipe (CHP), a two phase closed
thermos syphon (TPCT) and an oscillating heat pipe (OHP) [20]. Therefore, the purpose of this
research is to find and utilize alternative energy to solve the process problem in coffee beans drying.
The alternative energy used in this experiment to the coffee beans drying is from geothermal energy
and it will be extracted with heat pipe heat exchanger.

2. Methodology
2.2 Proposed Coffee Drying System
2.2.1 Heat pipe design

In this experiment, straight/tubular type heat pipes are used as a component of heat exchanger.
Heat pipe length is 70 cm OD 1 cm while the length of the condenser is 35 cm and the length of the
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adiabatic side is 10 cm (Figure 2). The heat pipes are made from copper with the wick in the form of
sintered copper and the filling ratio of water as working fluid is 50%.
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Fig. 2. Heat Pipe’s Design
2.2.2 Heat pipe heat exchanger design

The HPHE used for this experiment is the same as in the previous study [22]. The HPHE consists
of 42 tubular heat pipes with staggered arrangement and 181 pcs of the fin. The Fin is made from
aluminium with a thickness of 0.105 mm with a size area of 76 x 345 mm. Glass wool and
polyurethane is used as insulator in the adiabatic area. Figure 3 shows the HPHE used in this study.
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Fig. 3. Heat Pipe Heat Exchanger’s Design

2.2.3 Experimental setup

In this experiment, geothermal fluid as the heat producer is simulated by heated water with a
heater capacity of 9 kilowatts and flowed with a pump which is connected to the inverter. Air for
drying is flowed with a fan connected to the inverter so that air flow can also be adjusted. HPHE and
all supporting equipment that have been arranged are then assembled in experiment tools as shown
in Figure 4.
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Fig. 4. Schematic diagram of coffee drying
experimental set up

The sensor used and its placement can be seen in Figure 5. Type K thermocouple connected to
NI-cDAQ 9214 module is placed in the evaporator / inlet of the incoming hot water HPHE (Twater,),
Evaporator outlet / hot water that exits HPHE (Twater,0), condenser inlet / hot air enters HPHE (Tair,i),
condenser outlet / hot air that exits HPHE (Tair,m), and air out drying tray (Tair,0). The relative humidity
sensor uses the THD-D Autonics type connected to NI-cDAQ 9201 module and placed in the HPHE
condenser inlet (RHair,i), HPHE condenser outlet (RHair, m), and the drying chamber outlet tray (RHair,0).
Load Cell with the capacity of 1000 grams is connected to NI-cDAQ 9237 module and used for
measuring the weight reduction of coffee in the drying tray. The tray area is 360 x 360 mm?. Labview
software is installed and used for signal recorded from the DAQ in real time.
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Fig. 5. Schematic placement of
measuring instruments
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2.2 Experimental Procedure

Papandayan’s coffee variety is chosen as a sample because it is located near to geothermal
source, Papandayan volcano. A hundred grams of coffee are put into the tray for the drying process.
This number of mass is chosen due to the dimension of the tray. This experiment is conducted for 1
hour after the experimental set up achieved stable temperature. The variable of this experiment is
temperature (50, 60, and 70°C) and air speed (0.2, 0.4, and 0.6 m/s). While the flow of hot water is
set at a value of 18 litres/second. This value is the value for optimal hot water flow in previous studies
[22]. The condition of wet and dried coffee on tray is shown in Figure 6.

e

(a) (b)
Fig. 6. (a) Wet coffee, (b) Dried Coffee

2.3 Coffee’s Moisture Content Measurement

Moisture content is defined as how much water is contained in a commodity. Coffee’s moisture
content is measured with 1SO 6673 standard about coffee’s moisture content measurement with
105°Ctemperature [21]. To calculate the moisture content, there are two methods: dry base and wet
base. The formula for the calculation of moisture content is shown in Eq. (1) and Eq. (2).

weight of wet cof fee—weight of dry cof fee
weight of dry cofee

Moisture Content (dry basis) = x100% (1)

weight of wet cof fee—weight of dry cof fee
weight of wet cof fee

Moisture Content (wet basis) = x100% (2)

2.4 HPHE Effectiveness

The effectiveness of heat exchanger is defined as the ratio of the actual heat transfer rate to the
maximum possible heat transfer rate [23].

m.Cp air.(Th(air)-Tc(air))
T .Cp min.(Th(water)—Tc(air))

(3)

In this research, minimum mCp is air's mCp. So, the equation will be

_ (Th(air)-Tc(air)
- Th(water)—Tc(air)
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2.5 Moisture Ratio

Moisture Ratio is used for determining the time needed for the drying process. The formula for
determining moisture ratio is

MR = ZL=Me (5)
My— M,

M = Moisture content at certain time (%, db)

Me = Moisture content equilibrium (%, db)

Mo = Moisture content initial (%, db)

MR = Moisture ratio

While M. is calculated by formula

_ (awMmck)
M, = [(1—kaw)(1+ckay,—kaw)] (6)
c = c,exp (R;:b) (7)
k
k= k,exp (RT;) (8)

where a,, is water activity, Tap is absolute temperature (K), and R is universal gas constant (8.32 kJ
mol? K1). But, based on previous research that had been done by Purnomo et al., [24], because of
the value of RH is unstable during the experiment and the value of Mcis too small, M. is negligible
for finding MR. For coffee, the moisture ratio is reduced to 66.58%.

3. Results
3.1 The Condition of Temperature and Relative Humidity (RH)

The temperature profile of the water enters the HPHE, water exits the HPHE, the air enters the
HPHE (ambient), the air exits the HPHE or enters the drying tray, and the air out of the drying tray in
this test can be seen in Figure 7(a). Hot water inlet area evaporator of HPHE is maintained at 50°C. A
steady state is achieved after the heater has been turned on for about 1 hour.

The temperature of hot water outside the evaporator area of the HPHE has different temperature
approximately of 0.8°C with the temperature of hot water inlet the evaporator. This indicates that
the HPHE evaporator is successful in absorbing heat from incoming hot water, the amount of which
depends on the amount of air velocity or the amount of heat released in the HPHE condenser area.
The heat released in the area of the HPHE condenser will be used to heat the inlet air that is used to
dry the coffee beans.

The condition of RH in the system can be seen from Figure 7(b). As we can see, RH is getting lower
as the temperature is increasing. From this condition, the air is being dry enough to do the drying
process and reduce the moisture content of the coffee.
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Fig. 7. (a) Temperature condition, (b) RH condition

3.2 Change of Coffee Beans Mass Measured

Heated air after passing through the HPHE condenser is used to dry the coffee beans that are in
the drying tray. The air that passes through the coffee beans successfully evaporates water that is
outside the skin and inside the coffee beans. This can be indicated that coffee beans experienced a
decrease in weight after exhaling hot air during the drying process. The change of mass measured
happened because the water contained in coffee is evaporated and transferred during the drying
process. The change of coffee beans mass can be seen in Figure 8, wherefrom a hundred kg of coffee
beans, the mass reduces approximately until 50 gram after 4 hours drying process.
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Fig. 8. Change of Mass Measured
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3.3 Effectiveness of HPHE

The performance of the HPHE system can be seen from the value of its effectiveness. From Figure
7(a), Eq. (3), and Eq. (4), it can be calculate the value of the effectiveness, and can be seen that the
greatest effectiveness of HPHE occurs at variations of air velocity of 0.2 m/s with a hot water
temperature of 70°C and flow: 18 Ipm with the effectiveness of 78.8%. While for the smallest
effectiveness occurs at variations of air velocity of 0.6 m/s with a hot water temperature 50°C and
flow: 18 Ipm with effectiveness 67.3% (Figure 9). It can be seen that the increase in the temperature
of the hot water received by the evaporator of the HPHE will increase the value of ATc. However,
increasing the speed of the air flow will reduce the value of ATc. Because the convection heat transfer
coefficient (h) is a function of the fluid velocity, when the air velocity increases, the convection
coefficient of the heat transfer of the HPHE condenser section will also increase. The HPHE system
has the ability to transfer heat at a fixed optimum value. When the heat value (q) released in the
HPHE condenser section remains constant, the convection heat transfer coefficient value increases
because the air velocity increases. With a fixed area of heat (A) heat transfer, according to the
convection heat transfer equation: ¢ = h. A. AT, the value of ATc will decrease.

= Temperature of Water 50°C
80 - ¢ Temperature of Water 60°C
| 4 Temperature of Water 70°C|

78 @ A
764 5
X °
§74- -
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2 72 =
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Fig. 9. Effectiveness of HPHE

3.4 Reduction of Moisture Ratio (MR)

The measured moisture content of the coffee beans before being placed into the drying tray is
approximately 55% - 56% of the wet base (w.b.). The mass of the coffee beans decreases, as can be
seen in Figure 8, used to calculate the value of MR with used Eq. (1), Eq. (2), and Eqg. (3) above. The
trend of the decrease in the moisture ratio (MR) is used as an indicator to determine the duration of
the drying process to achieve the expected water content of the coffee beans. After running the
experiment for 4 hours, the result of the comparison of the MR value patterns of all the test variations
can be seen in Figure 10. The results shows that the fastest drying process occur with condition
temperature of 70°C with v=0.6 m/s while the slowest at the temperature of 50°C with v=0.2 m/s. It
happened because drying process is affected by the relative humidity and temperature. The higher
temperature will affect to the less RH. The less RH means the less humidity in the air will affect to the
faster drying process.
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Fig. 10. Reduction of moisture ratio

4. Conclusions

The use of Heat Pipe Heat Exchanger with geothermal as source of energy for the drying process
is suitable to be implemented to reduce the consumption of fuel and electricity as heat producer.
The highest effectiveness of HPHE for the drying process in this experiment is 78.8% with the
condition of the temperature of 70°C with air velocity of 0.2 m/s, while the lowest is 67.3% with the
condition of the temperature of 50°C with air velocity of 0.6 m/s. The fastest drying process
(reduction of moisture ratio) occurred when the experiment run at the temperature of 70°C with air
velocity of 0.6 m/s while the slowest occurred with the condition of the temperature of 50°C with air
velocity of 0.2 m/s. Higher temperature and air speed will impact to less time needed for the drying
process.
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