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ARTICLEINFO ABSTRACT

Article history: Solar Energy is the biggest energy on the earth, solar enegy in

. Indonesia can be utilized for variety of things. Based on solar radiation
Recgveq S(;ep())terger (1)2 gggi data collected from 18 locations in Indonesia, solar radiation for West
A et\n(sjeN ¢ ober 28, 5021 Indonesia area has reached 4,5 kWh/m2/day with monthly variation
ccepted November 2o, about 10%, while East Indonesia area has reached about 5,1

kWh/m2/day with monthly variation about 9%. Therefore, the solar
Keywords: energy can be utilized as the main source of energy for the
adsorptionrefrigeration cycle cooling machine to produce cooling
Evaporator  effect. In this research, the main component of this machine consist of
Collector/Adsorber  collector/adsorber, condenser, and evaporator. The surface area of
_Condenser  this collector/adsorber is about 1m2and tilted at 30°. The collector filled
Cooling Machine  with about 18,5 kg of activated carbon, meanwhile the evaporator filled
Solar Energy  with 5 Litres of methanol. The chilled media is 4 litres of water. This
experimental lasts for three days, divided by two periods that are
desorption process and adsorption process. The result from this
experiment was the collector can adsorb solar radiation with daily
average about 7.093.769,356 Joule and could decrease the water
temperature become 1,850C at first adsorption cycle, while the
ambience temperature about 26,9°C.
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1. INTRODUCTION

Energy needs in Indonesia are increasing along with the rapid development of technology today
(Antonov & Rahman, 2015). One of the energy that is needed today is electrical energy, however,
the construction of a power plant itself is not balanced with the use of electricity (Negara, 2011).
Indonesia is a tropical country, where one of the largest uses of electrical energy is in cooling or air
conditioning systems (Budiman, 2019). Besides, the rapid construction of commercial buildings in
big cities in Indonesia also affects the amount of electrical energy demand in terms of cooling
(Kusumawanto & Astuti, 2018). Therefore, the solution that is currently being developed is the use
of solar energy. Indonesia has a large enough potential for solar energy considering its
geographical location in the tropics (Buana & Center, n.d.). Based on solar radiation data collected
from 18 locations in Indonesia, solar radiation in Indonesia for the Western Region of Indonesia
(KBI) reaches 4.5 kWh/m2/day with a monthly variation of around 10%, while for Eastern Indonesia
(KTI) it is around 5.1 kWh/m2/day with a monthly variation of about 9% (Widayana, 2012). To take
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advantage of the potential of solar energy, thermal solar energy and photovoltaic solar energy
technologies have been known (Ramadhan et al., 2016). Thermal solar energy is generally used
for cooking, drying agricultural produce and heating water. Meanwhile, photovoltaic solar energy is
used to meet the needs of electricity, water pumps, television, telecommunications, and
refrigerators with a total capacity of about 6 MW (Pulungan et al., 2018). The development of
photovoltaic solar energy in Indonesia is primarily aimed at providing electrical energy in rural
areas (Bayu & Windarta, 2021). The geographical condition of Indonesia, which consists of small
islands and many remote ones, makes it difficult to reach by a centralized electricity network (Rosa
et al., n.d.). Thus, solar energy can be used to provide electricity in order to accelerate the village
electrification ratio (Kholig, 2015).

Because the efficiency of energy conversion is still better, this research is focused on the
utilization of solar energy thermally (Ambarita, n.d.). This is very supportive for the development of
a cooling machine, especially a cooling machine that is powered by solar power (Sambudi, 2016).
The application of this refrigeration machine covers a very wide field, including for household
purposes such as making ice, storing food and beverages, to the chemical and pharmaceutical
industries, agriculture, and so on (Rofi’ath, 2019). Various kinds of cooling machines with various
cycles can also be found in everyday life (Bhaskara, 2019). One type of cooling machine that is
often used is a vapor compression cycle cooling machine, where this cycle requires a refrigerant
called a refrigerant (D. D. H. Kusuma, 2015). However, in this research, a cooling machine is used
that utilizes the adsorption process in a cycle driven by solar power, where this cycle replaces the
principle of the vapor compression cycle (S. I. Kusuma, 2009). Adsorption is a process that occurs
when a fluid (liquid or gas) is bound to a solid and eventually forms a film (thin layer) on the surface
of the solid. In contrast to adsorption, where a fluid is absorbed by another fluid by forming a
solution (Syaugiah et al., 2011). From some of the things above, it shows that the use of solar
energy can be used as a background in this research (Harahap, 2019). Where one of the outlines
of this research is to capture solar energy radiation in thermal form and use it to produce cooling
(refrigeration) (Adha, 2021).

The objectives of this study are: (a) To increase the effectiveness of the adsorption
refrigeration machine in the previous test by modifying the components of the adsorber and
evaporator. (b) Calculate the intensity of radiation that reaches the collector component. (c)
Knowing the minimum water temperature that can be achieved. (d) Calculating the efficiency of the
adsorption refrigeration machine. (e) Calculating the value of the Coefficient of Performance (COP)
of the cooling engine. The benefits of this research include: (a) Produce cooling machines that are
energy efficient and environmentally friendly (b) Meet the need for refrigeration equipment in areas
not yet covered by electricity (c) As a discourse and reference in refrigeration systems that can be
developed for research which is further.
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2. RESEARCH METHOD
2.1 Research Implementation Method

In the implementation of this research, activities are carried out which include the following stages:

'
/ Studi Nteratur dan jurnal /
v

Perancangan dan Pembuatan Ulang Adsorber dan Evaporator

|le&
"
Pemasangan Mesin Pendingin

Pengujian mesin
pendingin

‘

Data hasil pengujian:
- Temperatur

- Tekanan

Figure 1. Research Flowchart
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3. RESULTS AND DISCUSSIONS

3.1. Test Result Data

Table 1. Test Result Data

Koleknoe Kondenwor Evag Invensias

Waks ) ¥ 1 ) TZ"" Radias
e | P O e TOC) P (bar) (C) Surye

wli'Cy oun'C) (Wo'y
X0 64,33 . 004 AL7s I e I b A I L4s 2133 ‘ a4
1830 867 Qall 3137 | 2K.78 1943 0is 1922 0.0
1900 | o ' all "~u.¢~.x‘ 7K . 1831 - 013 ‘ 1847 . 0.6
1930 ‘ 4407 ' o1t . 2969 . 74 ‘ 17,598 ‘ 0is . 1 . 0.0
2000 . 39Nl ' alt .2‘.'_.’1 A T8 . 1507 A 01s . 1754 A 0.6
2030 3875 - ort 2844 | 2708 | 1825 | s - 1800 | LU
2100 | 49 A ol 2801 ' 26,1 . 1X46 ' s 1x2 6
2130 | .24 A ole 2703 . 248 IS . 0is 1824 0n
2200 33.57 - al? 2047 . 26.26 . 1861 . Ly . 1836 . 0.6
2230 . 29 ' (AL | 12 . 26,03 . 1568 - ix - 1X44 . 0.6
Zi00 ‘ 223 . Q.20 A:(L‘)S ' 2581 ' 176 ‘ 20 ' 1882 ‘ 0.6
2330 335 ' 021 v:h.M ' 25,58 . 185 V 021 - 155 . 0.6
RCUTE VR T . 023 :ﬁ‘,‘“. 25,3 . 1891 ‘ 022 ' 1K ' o
0030 o1 ' 024 26,12 . 25,13 . 1895 ' 023 IR 6
010 954 A 025 v:ﬁ.-!i | a9 - 19.06 | 2s . 1RAS | 06
0130 ' N7 . 027 ':.‘.58 | 28068 | 1913 A 024 ' 1893 ' 0.6
(1200 ‘ po QL) . 028 .2.“.11 [ 225 ‘ 1921 ‘ 02s ‘ 1901 ' 0.0
0230 | 2752 - 024 ':.\N . 2423 . 1928 . 2s . 194 . 060
Q300 | 26M8 A asl ‘:;“ ' 2.m v lv,m- 03t ' 19,17 ' 0.6
0330 | 2818 | 032 | M3 | 23,7 1943 ' w3 1925 0h
A | 258 ‘ 033 .:JL" . 23.% . 1951 . 32 1933 0.8
0430 | 2433 - 038 2.34%. 2533 | 19.5% A 34 V 1941 ' 06
U500 ‘ 2410 - 036 ‘::-w . 2311 ‘ 1966 ‘ u3s ‘ 195 ‘ 0.0
Us 30 ‘ 2426 ' Q37 - 2356 - 232 | 2014 A w37 ‘ 20,06 . 0.6
0600 | 2414 ' 039 ‘:,UJ . 34e . 2018 - (40 . 20,15 A 0.6
0630 2392 ‘ Q40 ‘13}7 | 2308 | 2022 | 039 2037 il
070 39 ‘ 042 2387 . 2343 2031 . 043 2027 256
730 . 24,12 ‘ 043 43 . 2817 .‘1L36. 04s . 2033 . M2

The following summarizes the data on the intensity of solar radiation and temperature obtained
during the test (2 September — 3 September 2016).

Table 2. Recap of Component Temperature and Radiation Intensity

ity ds Badae Surva (W &) I. Bpoaie | C) 140 1 Kook i C) I Keidxei O) I Kia (T
Hn Mk Mo A Mo Neby Mn
- . Maks
oot - g | Ko | K2 | Kea )| - n | m 0| oo | Ay | b | ol | lewh -
| 19 04 DRPEIS] 19 | AS QM| IS | EELR | Bk RE &6 TE | N BB | Ne)] 2
i | h [ L ITAL] 630 | A4 | ITAN | IS | X071 | 3600 | 2290 | 2@ | 134 IS | 2% | 26 | s | 2111
] ™ (A 2UAD | 2006 | ITES | ITAT QOGN | INEE | KOS | 36T | A0 | BU JAs6L]I0LIS [IBE ] 210 | AR | 214K

int. J. MECOMARE, Vol.10, No. 3, November 2021: pp 111-120



int. J. MECOMARE ISSN2301-4148 a 115

3.2. Graphic Analysis
After all the data is collected, the next step is to process the data.
3.2.1. Effect of Radiation Intensity on Component Temperature

The following is a graph of the intensity of solar radiation for 3 days of testing.
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Figure 2. Graph of Comparison of Actual With Theoretical Radiation Intensity On Day Two.

Meanwhile, in Figure 4.2. The theoretical radiation intensity condition on the second day did not
look much different from the radiation intensity during the test, which reached 832.4 W/m2K
theoretically and 838.1 W/m2K when doing the test.
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Figure 3. Graph of Comparison of Actual With Theoretical Radiation Intensity on Day Three

Meanwhile, the effect of solar radiation intensity on the temperature of each component is shown in
the following graph.
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Figure 4. Graph of Solar Radiation Intensity and‘ Temperature of Test Components on Day One
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Figure 5. Graph of Solar Radiation Intensity and Temperature of Second Day Testing Components
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Figure 6. Graph of Solar Radiation Intensity and.Temperature of Third Day Testing Components

The highest radiation intensity on the first day of testing was 588.1 W/m? at 13:41 WIB, the second
day was 838.1 W/m?® at 13:23 WIB, and the third day was 854.4 W/m? at 12:38 WIB. From Figures
4.4, 4.5, and 4.6 it can be seen that the radiation intensity has the most effect on the collector
temperature, the condenser is quite affected by the radiation intensity but not so significantly, as
well as the evaporator does not appear to be affected at all by the radiation intensity at all. From
Figure 4.3, on the third day the theoretical radiation intensity conditions and during the test were
also not much different, where the theoretical radiation intensity reached 833.23 W/m?K and the
radiation intensity during the test reached 854.4 W/mK.

3.3. Data Processing

Research on solar adsorption cycle cooling machines has already been carried out in various
countries and several people from the USU Department of Mechanical Engineering have also done
it. Therefore, this study is also based on these studies and from the results of these studies several
conclusions can be drawn such as: (1) The most commonly used collectors are flat plate and
parabolic evacuated tubes, but among the two collectors the most frequently used is the flat plate
type because it is more economical, easy to maintain and quite efficient. (2) The condenser used is
an air cooled condenser so that the condensation process takes place due to natural convection.
(3) The evaporator used is in direct contact with the cooled water (direct cooling). (4) The main
component materials (collector/absorber, condenser and evaporator) commonly used are copper or
stainless steel. (5) The activated carbon-methanol pair has been widely used in previous studies.
Because the final temperature obtained is able to reach temperatures below 0oC. The resulting
Coefficient of Performance (COP) is also high. (6) The optimum mass of activated carbon to be
filled into the collector is 20 — 26 kg/m2. (7) The ratio of effective absorption to methanol is only
0.26 kg/kg activated carbon. In other words, for 1 kg of activated carbon it is only able to absorb a
maximum of 26% of the mass of activated carbon used. (8) The collector slope angle reference for
the equator (Indonesia) is + 300. condenser and evaporator) which is commonly used is copper or
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it can also use stainless steel. (5) The activated carbon-methanol pair has been widely used in
previous studies. Because the final temperature obtained is able to reach temperatures below 0oC.
The resulting Coefficient of Performance (COP) is also high. (6) The optimum mass of activated
carbon to be filled into the collector is 20 — 26 kg/m2. (7) The ratio of effective absorption to
methanol is only 0.26 kg/kg activated carbon. In other words, for 1 kg of activated carbon it is only
able to absorb a maximum of 26% of the mass of activated carbon used. (8) The collector slope
angle reference for the equator (Indonesia) is = 300. condenser and evaporator) which is
commonly used is copper or it can also use stainless steel. (5) The activated carbon-methanol pair
has been widely used in previous studies. Because the final temperature obtained is able to reach
temperatures below 00C. The resulting Coefficient of Performance (COP) is also high. (6) The
optimum mass of activated carbon to be filled into the collector is 20 — 26 kg/m2. (7) The ratio of
effective absorption to methanol is only 0.26 kg/kg activated carbon. In other words, for 1 kg of
activated carbon it is only able to absorb a maximum of 26% of the mass of activated carbon used.
(8) The collector slope angle reference for the equator (Indonesia) is = 300. Because the final
temperature obtained is able to reach temperatures below 00C. The resulting Coefficient of
Performance (COP) is also high. (6) The optimum mass of activated carbon to be filled into the
collector is 20 — 26 kg/m2. (7) The ratio of effective absorption to methanol is only 0.26 kg/kg
activated carbon. In other words, for 1 kg of activated carbon it is only able to absorb a maximum of
26% of the mass of activated carbon used. (8) The collector slope angle reference for the equator
(Indonesia) is = 300. Because the final temperature obtained is able to reach temperatures below
0oC. The resulting Coefficient of Performance (COP) is also high. (6) The optimum mass of
activated carbon to be filled into the collector is 20 — 26 kg/m2. (7) The ratio of effective absorption
to methanol is only 0.26 kg/kg activated carbon. In other words, for 1 kg of activated carbon it is
only able to absorb a maximum of 26% of the mass of activated carbon used. (8) The collector
slope angle reference for the equator (Indonesia) is + 300. for 1 kg of activated carbon is only able
to absorb a maximum of 26% of the mass of activated carbon used. (8) The collector slope angle
reference for the equator (Indonesia) is = 300. for 1 kg of activated carbon is only able to absorb a
maximum of 26% of the mass of activated carbon used. (8) The collector slope angle reference for
the equator (Indonesia) is + 30°.

Based on the conclusions above, it is used as the basis for this research which can be
described as follows: (1) The collector used is a flat plate type.
(2) The condenser used is an air-cooled condenser with the addition of fins in the form of a
horizontal flat plate with the aim of accelerating the process of heat transfer from the condenser to
the ambient air. (3) The evaporator used is in direct contact with the cooled water. Therefore, at the
bottom of the evaporator there is the addition of fins (trapezoidal grooves) with the aim of
increasing the surface area of contact of the evaporator wall with the cooled water so as to
accelerate the process of absorption of heat/heat from the water. The mass of the evaporator used
= 2.3 kg. (4) The main material of the component (collector/absorber, condenser and evaporator)
used is stainless steel with consideration of lighter and cheaper although its conductivity is lower
than copper but still optimally used in adsorption cycle refrigeration machines. (5) The adsorbent
used is ordinary/technical activated carbon with consideration of a more affordable price, widely
available and easy to obtain. While the adsorbate/refrigerant is pro-analyst methanol (purity
99.9%). The use of pro-analyst methanol due to its high purity is expected to be optimally adsorbed
by activated carbon. (6) For a collector with an absorber surface area of 1m2, then: The optimum
mass of activated carbon used is 20kg — 26kg. In the previous test, the mass of activated carbon
used was 25kg. However, to increase absorption effectiveness, In this study, the collector
thickness was reduced by half from the previous collector thickness by remaking the collector, so
that the mass of activated carbon that can be filled in the collector is 18.5 kg. (7) For 18.5 kg of
activated carbon, then: Maximum mass of methanol = 26% x 18.5 kg of activated carbon = 4.81 kg
= 6.08 liters (p = 0,790 kg/lite) 8. The angle of inclination of the collector is 300C.

3.3.1. Actual Cooling Capacity (Quc) and Coefficient of Performance (COP)

The actual cooling capacity Qc can be evaluated using the following Equation
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Quc = mwCpwATw + mihsf + miCpiATi (1)
3.3.1.1. First Day Test

From the test, the following data were obtained: (1) Vw =4 L, (2) w = 1000 kg/m3, (3) mw = 4 kg,
(4) Cpw = 4179 J/kg.K (5) Tw = 23.460C. Since no ice mass was produced in the test, (mi hsf) and
(miCpiATi) can be considered zero. So the actual cooling capacity of the first day of testing is
obtained: Quc = 4 x 4179 x 23,46, = 392.157,36 J, Quc = 392,157 kJ. Meanwhile, the actual
coefficient of performance (COP) of the first day of the test cycle can be calculated as follows.

QUC

So that,

392.157,36
Cop = 39215736]
889.296,9 )

COP=0.44

COP =

3.3.2. Second Day Test

The calculation of the actual cooling capacity, Quc, on the second day cannot be calculated,
because on the second day no refrigerant is adsorbed. This was caused by the failure of the
adsorber to desorption on the second day which resulted in the closing of the activated carbon
pores and the adsorption process failed. Failure to carry out the adsorption process on the second
day caused no decrease in the temperature of the water to be cooled. So that Tw = 0 and the
cooling capacity Qc, cannot be concluded. This also causes the actual COP value of the cycle to
be inferred, because Quc is used in calculating the actual COP value of the solar refrigeration
cycle.

3.3.3. Third Day Test

From the test, the following data were obtained: (1) Vw =4 L, (2) w = 1000 kg/m3, (3) mw = 4 kg,
(4) Cpw = 4179 J/kg.K, (5) Tw = 3.380C. Since there is no ice mass in the test, (mihsf) and
(miCpiATi) can be considered zero. So the actual cooling capacity of the first day of testing is
obtained:= 44179 3.38, = 56,500.08, = 56,500

Meanwhile, the actual coefficient of performance (COP) of the first day of the test cycle can be
calculated as follows.

Que
Qlc

COP =
3)
So that

COP = 5450008 )

2954820221

coP = 0,019

4. CONCLUSION

Based on the research and analysis that has been done, it can be concluded that: 1) The
components of the solar powered adsorption refrigeration machine, namely the collector and
evaporator, have been modified, so that the performance of the adsorption refrigeration machine
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has been successfully improved and achieved a lower water cooling temperature than previous
studies. namely by brother Piter Harefa with 9.90C . (2) The total solar radiation intensity that
reaches the collector during the test is 7.4915 MJ in the first test, 11.3025 MJ in the second test,
and 10.3364 MJ in the third test. Where from the results of the calculation of the intensity of total
solar radiation that reaches the largest collector is in the second test, namely from 08.00 WIB on
September 3, 2016 until 08. 00 WIB on September 4, 2016. (3) The minimum water temperature
achieved during this research was 1.850C at 23.05 WIB on September 2. The decrease in water
temperature is 23.46 oC from the initial water temperature of 25.310C. (4) The efficiency of the
collector in the first test is 39.36%, while in the second test it is 31.74% and in the third test it is
32.3%. The total convection Q of the condenser obtained on the first day is 5.4377 Watt, the
second day is 38.7387 Watt, and the third day is 19.714 Watt. While the efficiency of the
evaporator is obtained at 49.91% on the first day, on the second and third days there is no cooling
process. (5) The cycle performance coefficient (COP) on the first day was 0.44.

For the continuation and development of research on the next solar energy-driven adsorption
cycle cooling machine, the authors suggest the following: (1) The selection of testing time is
recommended in the dry season to get a maximum intensity of solar radiation, which is above 16
MJ/m2, so that the process desorption can be maximized as well. (2) We recommend using a
vacuum pump with a power greater than hp in order to obtain a higher vacuum pressure and
reduce the decrease in COP on the second and third day of testing. (3) To maintain system
vacuum, it is better to reduce the use of joints in the system and also the use of different materials
in the system so that the glue used can glue stronger. (4) Testing tools such as the HOBO
Microstation should be checked intensively to ensure that the equipment continues to record
environmental weather conditions, if an error occurs, repairs to the sensor or connecting cable are
not properly connected. Likewise, the location of the thermocouple points or the data acquisition
channel should be calibrated and checked beforehand so that there are no measurement errors
during the test, if an error occurs, re-attachment is carried out at the error point. (5) The
measurement of the volume of methanol should be carried out using a measuring instrument that is
more accurate and tested, so that it can measure the volume reduction more optimally. if an error
occurs, repairs are made to the sensor and connecting cables that are not connected properly.
Likewise, the location of the thermocouple points or the data acquisition channel should be
calibrated and checked beforehand so that there are no measurement errors during the test, if an
error occurs, re-attachment is carried out at the error point. (5) The measurement of the volume of
methanol should be carried out using a measuring instrument that is more accurate and tested, so
that it can measure the volume reduction more optimally. if an error occurs, repairs are made to the
sensor and connecting cables that are not connected properly. Likewise, the location of the
thermocouple points or the data acquisition channel should be calibrated and checked beforehand
so that there are no measurement errors during the test, if an error occurs, re-attachment is carried
out at the error point. (5) The measurement of the volume of methanol should be carried out using
a measuring instrument that is more accurate and tested, so that it can measure the volume
reduction more optimally. If an error occurs, then re-gluing is carried out at the point of the error. (5)
The measurement of the volume of methanol should be carried out using a measuring instrument
that is more accurate and tested, so that it can measure the volume reduction more optimally. If an
error occurs, then re-gluing is carried out at the point of the error. (5) The measurement of the
volume of methanol should be carried out using a measuring instrument that is more accurate and
tested, so that it can measure the volume reduction more optimally.
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