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ARTICLEINFO ABSTRACT

Article history: The condenser is one component of the refrigeration machine that can

. change the fluid phase and can exchange heat. The condenser,
Recgveq Sés%te{nger é% 2838 collector and evaporator are part of the cooling machine that is
A etVIf:leN cober 28, 5020 designed to be a prototype machine. In this design specifically the
ccepted November 2o, author is in charge of designing and manufacturing and testing the
condenser. The cooling machine consisting of a collector/generator

Keywords: that uses activated carbon functions to absorb and store solar energy.
) The evaporator which uses methanol functions to absorb the
Activated Carbon  syrrounding heat. This cooling machine is driven by solar energy using
Adsorption  an adsorption cycle process. The collector/generator that has been
Condenser  heated to solar energy will absorb the methanol contained in the
Methanol evaporator and the methanol also absorbs all the surrounding heat so
Solar energy  that the water temperature gets lower. The condersor in this design
functions to change the vapor phase methanol in the collector which
will be condensed into a liquid phase which is then flowed to the
evaporator. From this design produces an adsorption cycle cooling

machine that is driven by solar energy.
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1. INTRODUCTION

In engineering, the term refrigeration must be thought of as more than just cooling or keeping
something cool (Bonardo et al., 2018), but rather a system that results in heat transfer from a
cooler source to a hotter sink where it requires additional work or energy input (Abdi et al., 2018).
The heat transfer process can occur by convection, conduction or radiation (Irawati et al., 2019).
Convection is the transfer of heat that occurs due to an external force called forced convection
(Supu et al., 2017), whereas if the fluid movement occurs due to differences in density due to
differences in temperature, it is called free convection (Walujodjati, 2006). The cooling process is
an attempt to lower the temperature in the room or on a material (Prianto, 2007), in other words get
the desired condition by the product or material (Son & Rinaldi, 2013), in this case a low
temperature so that the product or material can be stored for a relatively long time (Mareta &
Awami, 2011), whether for consumption, production, or trade (Aldillah, 2015). Food storage and
transportation, food and beverage processing (Wardana et al., 2017), making ice (ice making) are
some examples of activities that require cooling and freezing processes (Siegers et al., 2022). So
the cooling process is a series of heat transfer processes (Anwar & Sari, 2013). When viewed from
the current level of energy consumption worldwide, energy use is predicted to increase by 70
percent between 2000 and 2030 (Nasional, 2019). The condition of limited energy sources in the
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midst of increasing world energy needs from year to year (energy consumption growth in 2004
alone was 4.3 percent) (Jatmiko et al., 2011), as well as demands to protect the earth from global
warming and environmental pollution make demands to immediately realize new technologies for
renewable energy sources (Sari, 2019).

The energy released by the sun is very large (Priatam et al., 2021). One of the potential
options for utilizing solar thermal energy is to drive the adsorption cycle for areas that do not have
electricity (Maarif et al., 2020). Meanwhile, many villages in Indonesia are in dire need of cooling
machines (refrigeration) to support economic activities. For example, for preservation and
manufacture of food, or for storage of vaccines and others. Therefore, cooling machines that can
be driven by solar energy and do not require electricity are urgently needed, especially for rural
areas in Indonesia. This thesis is entitled Experimental Study of Condenser Performance for an
Adsorption Cycle Cooling Machine Driven by Solar Energy. This thesis is an advanced stage of
previous research by team Il consisting of (A’'yunina, 2014). Masrin Damanik, Marlundu Naibaho
and Donny O Samosir conducted in 2011. However, what is different is the material and size of the
design (Musthofa et al., 2016). The material used is stainless steel and the size of the design is
smaller than previous studies (Setiabudi, 2016).

The benefits to be achieved from this research are: 1. Creating an alternative technology for
cooling machines that are friendly to the environment (Lubis et al., 2021), 2. Can help fulfill the
cooling machine for residents who have not been reached by electricity. This cooling machine can
later be used for meat preservation and vegetable preservation, (Kusnadi, 2018) 3. This process
does not damage the ozone layer, 4. Adding a reference in the Refrigeration Laboratory of the
Department of Mechanical Engineering, Faculty of Engineering, University of North Sumatra (Amin,
2019). (1) General purpose. The general objective of this research is to design a cooling machine
that works based on the adsorption cycle and utilizes solar energy as its power source. The main
components of this adsorption cycle consist of an evaporator, a condenser, and a solar collector
which is also a generator (Rezeki, 2018). All of these components will be designed, manufactured
and assembled into a prototype cooling machine unit and then tested (Fathun, 2020). (2) Specific
purposes. The specific purpose of this research is to design, fabricate and test the performance of
the condenser on a cooling engine using activated carbon and methanol.

2. RESEARCH METHOD
2.1 Research Implementation Method

In carrying out this research, activities are carried out which include the following stages:
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Figure 1. Research Method Flowchart

3. RESULTS AND DISCUSSIONS

3.1. Test result

The research was conducted at the Refrigeration Laboratory of the Department of Mechanical
Engineering, Faculty of Engineering, University of North Sumatra. This research process is also
related to the HOBO data contained in the appendix. Where during the research process, the
source of energy used is the sun. The HOBO meter measures ambient temperature, solar radiation
and humidity. The following is the data from the HOBO test results on days I, Il and Ill. HOBO data
on day | (02-04-2012)

(1) the average temperature is 31,580650C (2) the average solar radiation is 438,0991 W/m2, the
environmental humidity is 82,380 %. HOBO data on day Il (04-04-2012) (3) the average
temperature was 31.626240C (4) the average solar radiation was 564.8615 W/m2 (5) the average
humidity was 82.121%. HOBO data on day Il (05-04-2012) (1) the average temperature was
31,794470C (2) the average solar radiation was 447,6978 W/m2. (3) the average humidity of the

environment is 82.191%.
Table 1. Data from HOBO Test Results Day |, Day Il and Day I

Fengupion | Tempevatur Sata-rams | Rate-cuta Radiosl u ata-cuta Relembaba
Matuhae L inghungsn
[ Fans 1 | SHO6S 1 I A3R.0M1 Wi '
[Fae 10 l V162624 4 I Wi t
{Thars 111 % BT I 476978 Wim ’ 119
Table 4.1 shows that on days [, Il and Il the average temperature of the sun ranges from

31.580650C to 31.794470C. Where the maximum temperature obtained on the third day is
31.794470C. The minimum temperature obtained on the first day is 31.580650C. The highest solar
radiation was obtained on the second day, namely 564.8615 W/m2. While the lowest solar
radiation was obtained on the first day, namely 438,0991 W/m2. The highest environmental
humidity on the first day is 82.38 %. Meanwhile, the lowest humidity during the day occurs on the
second day, which is 82.121%.
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3.2. Data analysis

The analysis of data from tests carried out at the Refrigeration Laboratory of the Department of
Mechanical Engineering, Faculty of Engineering, University of North Sumatra are:
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Figure 2. Graph of Temperature VS Time in the Condenser on Day |

From Figure 4.1 it is known:

T11 the highest temperature is 42.570C at 11:16 WIB

T11 the lowest temperature is 21.360C at 18:10 WIB
T1lavg= 26.74973 oC

T12avg= 26.22478 oC

T13avg= 26.3274 oC

The equations that apply to this heat transfer are as follows:
The thickness of the boundary layer with the equation:

.

” 0,25 e
5= 3.9363{MJ xGr, "

. Fluid velocity profile on a vertical plate:

-

v=V|=[1-%
Fe) o) )

1)
Where the equation to get the characteristic velocity is the mass flow rate with the equation:
, Pr pBET -T.|
Vi = x o
: 3(20/21+ Pr) y7i _ )
. Mass flow rate with the equation
o P°8BD° LT, ~T,)
124
3)
. Heat transfer rate for each plate:
Q=mC,(T,-T,)
' (4)
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The nature of the ambient air in the test refers to the average temperature (Tavg) between the
ambient temperature (T«) and the condenser surface temperature (Ts).
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Figure 3. Graph of Temperature Vs Time in the Condenser on Day Il

From Figure 4.2 it is known:

T11 the highest temperature is 47.06 oC at 12:21 WIB

T13 the lowest temperature is 23.23 oC at 19:12 WIB

T1llavg= 27.45218 oC

T12avg= 26.34033 oC

T13avg= 26.25108 oC

The nature of the ambient air in the test refers to the average temperature (Tavg) between the
ambient temperature (T«) and the condenser surface temperature (Ts).
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Figure 4. Graph of Temperature in VS Condenser Time on Day Il

From Figure 4.3 it is known:

T11 the highest temperature is 46.570C at 11:16 WIB

T12 the lowest temperature is 21.890C at 20:52 WIB

T1lavg= 28.559660C

T1l2avg= 27.396690C

T13avg= 27.591370C

The nature of the ambient air in the test refers to the average temperature (Tavg) between the
ambient temperature (T«~) and the condenser surface temperature (Ts).

Ts =34.43+ 273 =307.43 K
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Te =32.36+273 =305.36 K
T, +T, 307.43+305.36
Tu\'.k‘ = 2 = 2

=306,395"C

The prandIt number for air is: 0.707

P =1,1544 kg/m’

Cy= 10061 ki/kgK
H=1994x 107 kg/ms

1

=1 aopmplo
(32,36 +273) K

B

y=04m
g=9.81 m/s’
L=01Im
D=127x10"m

x =002m

Calculating Grashof's number with the equation
_pPgB.~T,)y’
1 (5)
r 2 " -3 3
G = (1,L1544)-(9.81)(3,27x10 )(3?7:43 305.36)(0.4) —14.264x10°
' (1,994x10 )"
Calculating the thickness of the boundary layer, namely:

Gr,

= = Pr v pﬂngS o Trl 53
‘M 3(20/214Pr)’ I
(6)
1,1544)(3,27x107)(9.,81)[307,43 - 305,36 "
v - 0,707 A ) ) )| | o
7 3(20/21+0,707) 1,.994x10™
Calculating the thickness of the boundary layer, namely:
== PI’ x ﬂ/‘g‘f. l:l )‘-
T 320721+ P) P %

Ben Marto Siallagan, Experimental Study of Condenser Performance for Solar Energy Driven
Adsorption Cycle Refrigeration



146 a ISSN2301-4148

) 0.707 (11544)(3,27x107)(9.81)[307.43 - 305,36 (

ey = x =5 0’034):
7 3(20/21+0,707) 1.994x107~

V., ,=0,653m/s

o(v)

. Calculating fluid velocity profile

Y= ’i'(\)(é)(l f i«)-
o o
®)
v= (i](l —é)z
o o )

v= (0,653)[ 9.02 J(l _ 502 ]_

0,034 0,034

v=0,067m/s
. Calculate the mass flow rate:
p'epD LT, -T,)
12u (10)

m =

s (1,1544)%(9,81)(3,27x107*)(12,7x107)*(0,1)(307.43 — 305.36)
12(1.994x107%)

1 =7,586x10"kg /s
. Calculate the heat transfer rate for each plate:

Q=mC,(T, -T,) an

O = (7,586x10°)(1006,1)(307,43 — 305.36)

0 =0157TW
So, the total heat transfer rate is 17x2x0.157 = 5.3 W

Calculating engine cooling performance (COP):
mw =1 kg

Cpw = 4.184 kJ/kgK

Twawal = 296.59 K

mw =1 kg

Cpw = 4.184 kJ/kgK

Twawal = 296.59 K

cop,,, =2

aktual
O.....
< solar (12)

— m,, 'Cp\\"( TM"mml B TM,aA’hir )

CORIA’IUG[
GI 2 ‘4kafc‘kmr (13)
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 (1kg)(4.184kJ / kgK )(296,59 — 282,04)K

COPuAlual =~ 2 2
(14.505,40k / m~)(0,25m")
COP,,.. =0,0167

So, the performance of the cooling engine on the third day of testing is 0.0167
Table Z.Qoqling Eng_i.ne Test Results

THEh | Lwen | Juemieh | Viewa | Jemieh | Tewp | esewsas [ Voot v ]
Saetanr | Kb w e tamad Lingt. Kntirw [r—— T Nemdesser | 1 vaperater 1 Tstes
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4. CONCLUSION

The conclusions in this study are: (1) The rate of heat transfer that occurs in the condenser: Test
Day I: 0.55 W, Test Day Il: 7.5 W, Test Day lll: 5.3 W. The highest heat transfer rate occurred on
the second day of testing, this was influenced by a larger temperature change as well. (2) Mass
flow rate of methanol in the condenser : Test Day | : 2,437 x 10-5 kg/s, Test Day Il : 8,935 x 10-5
kg/s. Testing Day Ill: 7.586 x 10-5 kg/s. 3. Performance of the cooling engine (COP): Testing Day I:
0.027, Testing Day Il: 0.0127, Testing Day lll: 0.0167, The highest performance occurs on test day
I, influenced by the difference between the final temperature and the initial temperature. and lower
solar radiation. Suggestions in this study are: (1) To avoid leakage in the condenser, the welding
technique should be carried out more thoroughly and neatly. (2) For the continuation of the next
research, it is better to analyze the causes of the non-achievement of ice so that it is considered.

ACKNOWLEDGEMENTS

We would like to thank all those who have contributed to this research, so that the research can be
carried out properly.

Ben Marto Siallagan, Experimental Study of Condenser Performance for Solar Energy Driven
Adsorption Cycle Refrigeration



148 a ISSN2301-4148

REFERENCES

A’yunina, T. Q. (2014). Penerapan Model Cooperative Learning Tipe Group Investigation untuk meningkatkan
hasil belajar PKn Materi Sistem Pemerintahan Tingkat Pusat Siswa Kelas IVA MIN Kolomayan
Wonodadi Blitar Tahun Ajaran 2013/2014.

Abdi, Z. A. M., Ambarita, H., Sitorus, T. B., Napitupulu, F. H., & Andianto, P. (2018). PENGUJIAN
KEMAMPUAN ADSORPSI DARI ADSORBEN ALUMINA AKTIF UNTUK MESIN PENDINGIN TENAGA
SURYA. DINAMIS, 6(1), 14.

Aldillah, R. (2015). Proyeksi produksi dan konsumsi kedelai Indonesia. Jurnal Ekonomi Kuantitatif Terapan,
8(1), 44324.

Amin, M. S. (2019). Pengaruh Variasi Massa Refrigerant R-134a Pada Thermostat Kompresor High Cool Dan
Low Cool Terhadap Coeficient of Performance (COP) Sistem Pendingin AC Mobil.

Anwar, S., & Sari, S. P. (2013). Generator Mini dengan Prinsip Termoelektrik dari Uap Panas Kondensor pada
Sistem Pendingin. Jurnal Rekayasa Elektrika, 10(4), 180-185.

Bonardo, S., Ambarita, H., Sitorus, T. B., Nasution, D. M., & Gultom, S. (2018). PENGUJIAN KEMAMPUAN
ADSORPSI DARI ADSORBEN KARBON AKTIF UNTUK MESIN PENDINGIN TENAGA SURYA.
DINAMIS, 6(1), 15.

Fathun, M. P. (2020). MESIN BENSIN KENDARAAN RINGAN: Mirra Buana Media. Diandra Kreatif.

Irawati, E., Huda, C., & Kurniawan, W. (2019). Pengembangan Alat Peraga Perpindahan Kalor secara
Konduksi, Konveksi, dan Radiasi dalam Satu Set Alat berbasis Digital. Seminar Nasional Lontar Physics
Forum, 86-91.

Jatmiko, J. J., Asya, H., & Purnama, M. (2011). Pemanfaatan sel surya dan lampu LED untuk perumahan.
Semantik, 1(1).

Kusnadi, J. (2018). Pengawet Alami untuk Makanan. Universitas Brawijaya Press.

Lubis, S., Siregar, M. A., Damanik, W. S., Siregar, |, Hasibuan, E. S., & Arif, M. (2021).
Pemberdayaan/Pengelolaan Ikan Dengan Pemanfaatan Box Pendingin Pada Kelompok Masyarakat
Pesisir Di Kecamatan Percut Sei Tuan. ABDI SABHA (Jurnal Pengabdian Kepada Masyarakat), 2(2),
220-229.

MAARIF, M. S., SYAUQI, R. F., SEPTIARGO, R., ASSALAM, A. F., YUDHA P, L., ROHMATIN, I. I. S,
SAMAWI, M. Y., GOZALI, F. A., UTAMI, S. R., & ILHAMSAH, M. (2020). KUMPULAN NASKAH LOMBA
ESAI ILMIAH PERGURUAN TINGGI TINGKAT NASIONAL HIMPUNAN MAHASISWA MATEMATIKA
UNIVERSITAS PAMULANG TAHUN 2020.

Mareta, D. T., & Awami, S. N. (2011). Pengemasan produk sayuran dengan bahan kemas plastik pada
penyimpanan suhu ruang dan suhu dingin. Mediagro, 7(1).

Musthofa, N. A., Mutrofin, S., & Murtadho, M. A. (2016). Implementasi Quick Response (Qr) Code Pada
Aplikasi Validasi Dokumen Menggunakan Perancangan Unified Modelling Language (Uml). ANTIVIRUS:
Jurnal limiah Teknik Informatika, 10(1).

Nasional, T. S. J. D. E. (2019). Indonesia energy out look 2019. J. Chem. Inf. Model, 53(9), 1689-1699.

Prianto, E. (2007). Rumah Tropis Hemat Energi Bentuk Kepedulian Global Warming. Jurnal Riptek, 1(1), 1—
10.

Priatam, P. P. T. D., Zambak, M. F., Suwarno, S., & Harahap, P. (2021). Analisa Radiasi Sinar Matahari
Terhadap Panel Surya 50 WP. RELE (Rekayasa Elektrikal Dan Energi): Jurnal Teknik Elektro, 4(1), 48—
54,

Rezeki, R. (2018). Sintesis Triasetin dari Gliserol menggunakan Reaksi Esterifikasi berkatalisis Amberlist 36.
Universitas Islam Negeri Alauddin Makassar.

Sari, A. A. (2019). Penentuan kapasitas maksimum solar PV farm yang dapat masuk ke sistem menggunakan
pendekatan Keekonomian sistem studi kasus Sub Sistem Area 2 Jawa Barat. UIN Sunan Gunung Djati
Bandung.

Setiabudi, M. A. (2016). Perancangan Ulang Tata Letak Fasilitas Pabrik Guna Meminimalkan Jarak
Perpindahan Bahan Dan Biaya Material Handling Di Pt. Jindal Stainless Steel Indonesia Stainless Steel
Indonesia. Universitas Muhammadiyah Gresik.

Siegers, W. S., Kurniawan, A., Dahlan, D., Prayitno, Y., Bariyyah, S. K., Tuhumury, R. A. N., & Nur, I. S. M.
(2022). Pelatihan Penanganan lkan Tuna Sirip Kuning (Thunnus albacares) Dengan Es Batu Secara
Bulking Di PPl Hamadi Kota Jayapura. Dinamisia: Jurnal Pengabdian Kepada Masyarakat, 6(3), 835—
845.

Son, L., & Rinaldi, S. (2013). Perancangan dan Pembuatan Sistem Pengantongan Material Otomatis Berbasis
PLC Omron CPM 1A. Teknika, 20(1).

Supu, I, Usman, B., Basri, S., & Sunarmi, S. (2017). Pengaruh suhu terhadap perpindahan panas pada
material yang berbeda. Dinamika, 7(1), 62—73.

int. J. MECOMARE, Vol.9, No. 3, November 2020: pp 140-149


http://repo.uinsatu.ac.id/id/eprint/319
http://repo.uinsatu.ac.id/id/eprint/319
http://repo.uinsatu.ac.id/id/eprint/319
https://talenta.usu.ac.id/dinamis/article/download/7095/4256
https://talenta.usu.ac.id/dinamis/article/download/7095/4256
https://talenta.usu.ac.id/dinamis/article/download/7095/4256
http://download.garuda.kemdikbud.go.id/article.php?article=1353558&val=953&title=Proyeksi%20Produksi%20Dan%20Konsumsi%20Kedelai%20Indonesia
http://download.garuda.kemdikbud.go.id/article.php?article=1353558&val=953&title=Proyeksi%20Produksi%20Dan%20Konsumsi%20Kedelai%20Indonesia
http://repository.umsu.ac.id/handle/123456789/8162
http://repository.umsu.ac.id/handle/123456789/8162
http://202.4.186.66/JRE/article/view/1108
http://202.4.186.66/JRE/article/view/1108
https://talenta.usu.ac.id/dinamis/article/view/7097
https://talenta.usu.ac.id/dinamis/article/view/7097
https://talenta.usu.ac.id/dinamis/article/view/7097
https://www.google.com/books?hl=id&lr=&id=SZUIEAAAQBAJ&oi=fnd&pg=PA3&dq=Fathun,+M.+P.+(2020).+MESIN+BENSIN+KENDARAAN+RINGAN:+Mirra+Buana+Media.+Diandra+Kreatif.&ots=qM_VqlfLQx&sig=h7gDiAiK6A4-cyvV26On_dDKWQ8
http://conference.upgris.ac.id/index.php/lpf/article/view/624
http://conference.upgris.ac.id/index.php/lpf/article/view/624
http://conference.upgris.ac.id/index.php/lpf/article/view/624
http://publikasi.dinus.ac.id/index.php/semantik/article/view/36
http://publikasi.dinus.ac.id/index.php/semantik/article/view/36
https://www.google.com/books?hl=id&lr=&id=WtaJDwAAQBAJ&oi=fnd&pg=PR5&dq=Kusnadi,+J.+(2018).+Pengawet+Alami+untuk+Makanan.+Universitas+Brawijaya+Press.&ots=Q3UInihfaF&sig=235a20oYwi2dsD0MQPyuJIuKVrc
http://jurnal.ceredindonesia.or.id/index.php/jas/article/view/312
http://jurnal.ceredindonesia.or.id/index.php/jas/article/view/312
http://jurnal.ceredindonesia.or.id/index.php/jas/article/view/312
http://jurnal.ceredindonesia.or.id/index.php/jas/article/view/312
http://eprints.unpam.ac.id/8627/1/KUMPULAN%20NASKAH%20LEN%202020.pdf
http://eprints.unpam.ac.id/8627/1/KUMPULAN%20NASKAH%20LEN%202020.pdf
http://eprints.unpam.ac.id/8627/1/KUMPULAN%20NASKAH%20LEN%202020.pdf
http://eprints.unpam.ac.id/8627/1/KUMPULAN%20NASKAH%20LEN%202020.pdf
http://eprints.unpam.ac.id/8627/1/KUMPULAN%20NASKAH%20LEN%202020.pdf
https://www.publikasiilmiah.unwahas.ac.id/index.php/Mediagro/article/download/530/652
https://www.publikasiilmiah.unwahas.ac.id/index.php/Mediagro/article/download/530/652
http://ejournal.unisbablitar.ac.id/index.php/antivirus/article/view/87
http://ejournal.unisbablitar.ac.id/index.php/antivirus/article/view/87
http://ejournal.unisbablitar.ac.id/index.php/antivirus/article/view/87
https://www.academia.edu/download/55154741/outlook-energi-indonesia-2016-online-version.pdf
https://bappeda.semarangkota.go.id/uploaded/publikasi/Rumah_Tropis_Hemat_Energi-PRIANTO.pdf
https://bappeda.semarangkota.go.id/uploaded/publikasi/Rumah_Tropis_Hemat_Energi-PRIANTO.pdf
http://jurnal.umsu.ac.id/index.php/RELE/article/view/7825
http://jurnal.umsu.ac.id/index.php/RELE/article/view/7825
http://jurnal.umsu.ac.id/index.php/RELE/article/view/7825
http://repositori.uin-alauddin.ac.id/id/eprint/16981
http://repositori.uin-alauddin.ac.id/id/eprint/16981
https://digilib.uinsgd.ac.id/26048/
https://digilib.uinsgd.ac.id/26048/
https://digilib.uinsgd.ac.id/26048/
http://eprints.umg.ac.id/1854/
http://eprints.umg.ac.id/1854/
http://eprints.umg.ac.id/1854/
http://journal.unilak.ac.id/index.php/dinamisia/article/view/10223
http://journal.unilak.ac.id/index.php/dinamisia/article/view/10223
http://journal.unilak.ac.id/index.php/dinamisia/article/view/10223
http://journal.unilak.ac.id/index.php/dinamisia/article/view/10223
https://indfest.ft.unand.ac.id/teknika/TeknikA%20Vol%2020%20No%201%20April%202013-lovely%20son.pdf
https://indfest.ft.unand.ac.id/teknika/TeknikA%20Vol%2020%20No%201%20April%202013-lovely%20son.pdf
http://journal.uncp.ac.id/index.php/dinamika/article/view/612/530
http://journal.uncp.ac.id/index.php/dinamika/article/view/612/530

int. J. MECOMARE ISSN2301-4148 a 149

Walujodjati, A. (2006). Perpindahan panas konveksi paksa. Jurnal Ilmiah MOMENTUM, 2(2).

Wardana, A. A., Gunawan, A. T., & Hilal, N. (2017). Hubungan Hygiene Sanitasi Makanan dan Minuman
terhadap Kandungan Bakteriologis Escherichia coli pada Sop Buah di Wilayah Universitas Jenderal
Soedirman, Wilayah Gor Satria, dan Wilayah Universitas Muhammadiyah Purwokerto Kabupaten
Banyumas Tahun 2016. Buletin Keslingmas, 36(3), 262—268.

Ben Marto Siallagan, Experimental Study of Condenser Performance for Solar Energy Driven
Adsorption Cycle Refrigeration


https://www.publikasiilmiah.unwahas.ac.id/index.php/MOMENTUM/article/viewFile/665/781
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/keslingmas/article/view/3017
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/keslingmas/article/view/3017
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/keslingmas/article/view/3017
https://ejournal.poltekkes-smg.ac.id/ojs/index.php/keslingmas/article/view/3017

