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THE ANALYSIS OF TYPES EVAPORATOR WITH REFRIGERANT LPG AGAINST
THE PERFORMA ENGINE REFRIGERATOR

Digdo Listyadi ' Alif Puspita Ningrum?

2 The Department of Mechanical Engineering, The Faculty of Engineening, University of Jember Indonesia

ABSTRACT - Refrigeration system 1is a system
working for cooling temperature some goods or room
with absorbs the heat. Refrigeration process is very
important for store a food and beverage so will be able
to keeep up in certain time, refrigerator development
has achieve characteristic improvement about non-ODP
(Ozone Depleting Potential) and non-GWP (Global
Warming Potential) refrigerant as well as alternative
refrigerant until now. The purpose of this research is to
know about effect from variation evaporator type using
LPG refrigerant againts refrigerator performance.
Experimental methode did for the direct test to analyzed
how much effect from variation evaporator type that are
used in (serries one space, ser series two space, parallel
one space. and parallel two space) using C plate
evaporator and compressor ¥ pk. This research are do
it by installing an evaporator in each unit of
refrigerator chamber top part and refrigerator
chamber bottom part that arranged by series and
parallel which is in each chamber have a breaker or
without breaker. The result from the research variation
of evaporator type for refrigerator is to know how
much  the effect of refrigeration. compression
working, refrigeration capacity. and Coefficient Of
Performance (COP). The lowest temperature is
shown from evaporator type series one space. that
have a value -21.2 °C. The lowest interval from both of
chamber type is shown from evaporator type parallel
two space, that have a value 3.64° C. Coefficient Of
Performance (COP) from series type is 9.06 for one
space and 9,01 for two space, then from parallel type
is 10,59 for one space and 13.43 for two space.
Based from research the acquired result that is from
using evaporator series type and parallel type is could
be used for cooling down several room in refrigerator.
Keywords: Refrigerator, type evaporator, LPG
refrigerant.

I. Introduction

Engine cooling system works by pulling or
absorb heat from the substance or the room
resulting in a change of air temperature in a
material or a room to a lower temperature than the
temperature of the surrounding environment. The
cooling system is strongly influenced by the
performance of the engine coolant. Engine cooling

is one of the machines are used for preserving
food or drink without changing the flavor and
taste [1].

The three main things that influence the
development of technology in the field of
refrigeration is about how the energy savings,
the wuse of refrigerant non-ODP (Ozone
Depleting Potential). and the refrigerant non-
GWP (Global Warming Potential). Scientists
and researchers have attempted to innovate to
answer these three needs to develop
refrigeration  technology with improved
achievement and characteristics of existing
refrigeration machine, research to produce non-
ODS refrigerants and non-GWP, and the search
for alternative refrigeration technologies [2].

One of the study of vapor compression
cooling machine by using LPG as a refrigerant
indicate that the engine cooling with refrigerant
LPG can cool the room faster than the cooling
machine using refrigerant R-12. The coefficient
of achievement (COP) generated by the engine
cooling with refrigerant these LPG refrigerant
mass of 80 grams is 6.30 [3].

LPG (Liqufied Petroleum Gas) is one
example of a hydrocarbon gas that can be used
as a refrigerant. LPG is liquefied natural gas
from the processing of petroleum products
which functioned as a fuel for stoves in
households. PT. Pertanuna. Indonesia's oil
company. has memprodukdi memesarkan gas
and LPG as fuel is cheap m Indonesia.
Kandaungan Gas LPG circulating widely in
the community containing 50% propane and
50% butane. in accordance with the provisions
of the aspects of the composition or the vapor
pressure. The provision is calculated in
accordance calories or burn the necessary
power for the needs of the commmnity. The
composition is not intended to harm
consumers but taking account of consumer
safety LPG gas users.

Research  to  generate  coefficients

achievement better engine cooling has been
done using a system of two evaporator and two

All Rights Reserved © 2017 ITSETR
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compressors. Research carried out by using two
evaporator and two compressor results in improved
efficiency of as much as 3.5% of its original
efficiency. The efficiency value obtained showed
that the variation of the superior when compared to
standard cooling machines [4]

Research has also been carried out with the
engine cooling system of another is by
mennggunakan mmlti  evaporator. The study
involved multiple components such as evaporators,
two expansion valves. compressor, condenser, heat
exchanger. and a solenoid valve connected to the
refrigerant flow to the evaporator freezer and
freshfood. The result in the work cycle in series
obtained an increase in efficiency of 8.5% [5].

Other research is research by varying the size
of the evaporator on the performance of the
engine cooling evaporator to produce that
increase in size is not significant with increased
COP. The only significant increase in the size of
the evaporator to increase capacity at the two
evaporator refrigeration performance [6].

The problems of the refrigeration machine and
Previous research. be an excuse to do more careful
research using several types of single and multi-
storey evaporator (series and parallel) using
liquefied petroleum gas as a refrigerant in the
refrigeration system. This research is expected to
result in enhancing work performance refrigeration
machine is now significantly better. especially
raising the coefficient of achievement, lowering
energy use, and produce non-ODS refrigerants and
non-GWP refrigerants using LPG according to the
standard product.

II. Methodology

This research use experimental methodology
that direct observation. The equipment and
materials used in the test are as follows:

* Refrigerators one door

* Pressure gauge

* Manifold gauge

* A set of thermoreader

» Swaging tools

* Tube welding

* Brander las

+ Cutting the pipe

* Stingy round

* Evaporator plate C (% inch diameter and a length
of 110cm)

» Compressor ¥ pk

* LPG (50% propane and 50% butane)

Volume 6, Issue 3, March 2017, ISSN: 2278 -7798

Testing procedure

a) Arranging engine components of refrigerant
in correctly, using a variation of the series
evaporators space

b) Installing the temperature measuring devices
(thermoreader). a pressure gauge at the
points are observed

¢) Conducting the process of vacuum. in order
to avoid a refrigerant or other substances
that are still left inside.

d) Turn on the engine cooling with a discharged
condition to ensure there are no leaks in all
parts

e) Charge the refrigerant correctly and
according to the procedure. in this study the
refrigerant used is LPG

f) Further conduct testing up to 120 minutes.

g) Measure and record the temperature and
pressure are the measurement tools to ensure
the correctness of measuring the numbers
listed on the tool. according variable a
predetermined time

h) Conducting the experiment again by using
various types of evaporators to suit different
predetermined

i) Record back pressure and temperature
indicated by the measuring instrument. at all
points and a predetermined time.

j) collect the data. perform calculations and
analysis

Ewaporator upper
nart Accumulators
A——

capillary pipe
s

the evaparator
bottom of

condensor

A l
compressor

Figure 1. Evaporator series with one space
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RESULTS AND DISCUSSION
Data Testing Results

After the testing process measurement data
obtained. The data obtamned in the form of
temperature (T1, T2, T3. T4, T5a. T5B) and
pressure (Pl and P2) every 10 minutes for 120
minutes. The data obtamed will be used to
calculate the performance of the cooling

machine

Table 1.Results of the temperature on the evaporator

series with one space

ime Temparature (5) Pressurs (Bar)
(minute) Ty T: T: T: Ts Tn P P

10 309 TE61 3863 1530 390 1347 050 15.00
20 3043 7934 3860 637 -337 1050 050 15,00
30 2997 73I3 3320 090 -1L47 370 050 13,00
40 3037 7627 3.0 607 1477 070 030 13,00
30 3020 7745 3700 883 -1583 -173 0 050 13,00
&0 3003 2034 3317 683 1740 350 030 13,00
7 3037 8034 3883 L7000 -19.80 37T 050 13,00
0 180 8281 3870 680 _1650 517 030 1500
a0 3010 8073 3617 447 1950 593 030 12,50
100 3013 8239 3837 L0030 683 030 150
110 2030 2116 3007 160 743 030 1200
120 3030 2181 3880 120 700 030 1200

Table 2. Results of the temperature of the evaporator

series with two spaces

Time Temperature |°C) Pressure (Bar)
(minut=) T, Iz Ts T4 Tsa T 3l 3]

10 32,00 7320 3307 1813 1577 2067 020 14,00
20 3173 TESI 3890 A0 047 623 040 1400
30 30,50 7523 3533 1043 -2.80 1223 040 15,00
40 3107 218l 4037 560 523 303 040 1300
50 3140 21,00 41,70 240 600 167 040 13,00
&0 3270 3290 4223 143 -7.10 -0.13 0a0 1300
10 31,00 22900 4163 1,13 -0 -0g0 0,40 12,00
80 3137 TBES 4050 067 500 -127 030 1200
o0 3080 TRET 38BD 317 -1047 380 030 1200
100 3077 7853 3983 317 -1133 477 030 12,00
110 2890 8155 3840 -1000 -1337 470 030 1200
120 2827 7983 3780 -1200 -1307 633 030 1LDD

Table 3.Results of the temperature on the evaporator

parallel with one space

Time Temperature (°C| Pressure (Bar)
(minute) T, Tz T: Ts Ta Im B B

10 3120 7501 3670 203 1150 1813 050 1200
20 3450 7943 3650 357 847 1207 040 1300
30 3430 7540 3870 060 333 937 0.40 12,00
40 3500 TAR3 IR0 420 007 50 030 1300
50 3400 7656 3870 -L00 247 207 030 1200
€0 3520 T9.n4 3850 -180 3400 120 0.30 13,00
0 3420 2047 3820 370 433 050 0,30 12.00
a0 3510 7959 3850 430 517 <050 030 1200
50 3430 7987 3360 -480 610 -130 030 1200
100 3580 82112 3010 540 663 2300 D30 12,00
110 3540 TOE9 3850 610 703 -L3T 030 1200
120 3500 7943 3020 120 -T.67 403 030 12,00
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Table 4.Results of the temperature on the evaporator
parallel with two spaces

Time Temperature (°C) Pressure (Bar)
[minut=)"T; T: T: T4 Ta T 2 2

10 307 6130 2920 1030 1940 1363 D40 13,00
20 1100 6398 2910 650 1750 2173 040 1300
30 340 6630 2940 3800 1330 1830 040 1300
a0 31,80 T420 3140 040 653 1210 040 1300

50 7036 3430 640 140 413 04D 1300
60 TL40 3470 570 333 L1000 040 1500
70 7406 3530 830 540 030 040 1230
50 7490 3540 110 637 090 040 1230
90 2036 3830 780 627 217 040 1230
100 8L76 3730 -830 780 -290 030 1230
110 7240 3830 700 321 341 030 120

120 410 73R 3780 7000 863 347 03D 1200

Discussion

= .

20 —#— SEMIES, OMNE S5pale == SETics, IWo spacss
—_15 —a— bDerallel. —=— parallel.
o one space Two spaces
a1
=
jad
a4 [

E g 10 o0 100 110 120
2
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15 ——
T—y

20 ————

15 time (minute)

Figure 3. Graph of the value of the upper space

temperature Versus time
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~
10 20 30 40 S0 6070 50

.
Time [minuts) T

Figure 6. Graph of the value of the bottom space
temperature versus time

From Figure 5 and Figure 6 shows that a
decrease in the lowest temperature obtained by
the type of the evaporator series with one room, it
is because the use of two the evaporator m the
cooling chamber smaller and all the refrigerant
was focused to cool the upper part first. so that the
temperature reached by type of series the
evaporator is lower than the temperature reached
by the type of parallel evaporator. such that the
temperature is shown in a refrigerated space is the
result of the redistribution of fluid between the
two the evaporator [7].

Volume 6, Issue 3, March 2017, ISSN: 2278 -7798

The Performance of Refrigerator Machine
1. The Refrigerating Effect

420
150
a0

w20
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320 one spacs T Spaces
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360 one space two spaces
M0

10 20 30 40 30 60 7O 30 %0 100 110 120
Time [minuce)

Figure 7. Graph of The Refrigrerating Effect

The result of the calculation of the impact
of refrigeration on each of the various types of
the evaporator increased as the time changes.
the cause of the increase is among other things
due to each variation has the ability to absorb
heat better [8]. Impact value refrigeration
which experienced the largest increase in
minute 80 amounted to 470,605 kJ /Kg and
began to stabilize in the next minute is a
parallel-type two spaces, it is because the type
of parallel evaporator huge flow of refrigerant
passing through the the evaporator is
concentrated in each room are cooled so the
ability to absorb heat better

2. The Work of Compression
i

1]
250
£
50
=
§
il
8
p .
ER —e Serics, Series,
One Space Two Spaces
10 —k— FParallel, —m Parzll=l,
one space two Spaces

0 2 30 40 3 &0 70 B0 S50 100 110 120
Time {minute)

Figure 8. Graph of the work of compression

Pressure compression performed by the
compressor on the type of an evaporator series
1s higher compared with a parallel-type an
evaporator. Differences in the work of
compression between the various types of an
evaporator are in because of the type of an
evaporator series has a distance of cooling
longer for cooling the room top and bottom of
dibandingakan type parallel evaporator. because
of the type of parallel evaporator flow rate
divided directly to a second room which is

346
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cooled. so the work compression is not as heavy
work of compression-type an evaporator series

3. The Refrigerating Capacity

31 )
—— Series, - Series,
19 one space two spaces
. —— parzliel, —m— Pparallel
27 one space WD spaces

o 20 30 40 50 &0 70 ORD 90 100 110 120
Time [minwtz)

Figure 9. Graph of the refrigerating capacity

Refrigeration capacity values were achieved in
all variations of type an evaporator (parallel or
series) is almost the same or close to each other.
Cause of the same refrigeration capacity values for
the cooling process performed on same machine
refrigerator. so the need for refrigeration machine
is the same [9]. Type of parallel evaporator for a
single room (borderless) began to reach stable at 50
minutes (around 3.6 kW) compared to the type of
an evaporator series one space (borderless) that has
not reached a stable state at the minute, also for
two types of parallel evaporator room (with a
divider) began to reach a steady state at 70 minutes
(around 3.7 kW). The difference in time to reach
steady state for the type an evaporator are arranged
in parallel and in series-type an evaporator due at
the evaporator in parallel flats have same length of
pipelines and flow in time and the same state.

4. Coefficient Of Performance (COP)

12 13,43
glﬁ 10,59
g 9,06 5,01
6
4
L]
series, series, parallel, parallel,
orne space WO Spares one space two spates
TYPE OF EVAPORATOR
o

Figure 10. Graph of COP

From Figure 10 shows that the type of parallel
evaporator has a value of COP is better than the
COP values on various types of evaporator series.
it is because the type of parallel evaporator flow
barriers shorter and concentrated in each room are

Volume 6, Issue 3, March 2017, ISSN: 2278 -7798

cooled. As a result of constraints on the type of
parallel evaporator shorter and the cooling is
concentrated to the second evaporator used
was faster in the process cools the room.
shorten the difference of temperature for both
rooms were cooled, and accelerate to reach
steady state. another influence that is at work
lower compression value than the compression
work done on the type of evaporator series. so
that type of parallel evaporator has a higher
COP values. The average value of the highest
COP is owned by two parallel evaporator type
of room (with a divider) which is equal to
13.34 and the lowest by type evaporator varasi
series two rooms of 9.01.

CONCLUSION

From the results of research and analysis
has been done, it can be concluded as follows:
1. Effect of time to decrease the lowest
temperature obtained type evaporator series
one space. namely equal to 21.2 °C. Speed
evaporator temperature decrease on the type of
series one space due to the evaporator series
using two evaporator to cool the space is small
and the rest of the refrigerant is used in its
entirety evaporator upper part can be cooled
faster.
2. The highest compression power obtained in
the test series is a space evaporator reaches
64.85 kI / kg at 110 minutes, it is because the
type Evaporator channel series that mwust be
passed is longer. Values refrigeration capacity
generated on each type is not nmch different
(3.14 KW — 3.73 kW), the cause is the engine
coolant tested and refrigerants used are the
same, so the cooling requirements are the
same.
3. Research have shown the value of COP
(Coefficient Of Performance) for parallel-type
evaporator (with borders and without borders)
is better than the type of evaporator series
(with divider and without divider). type a
space parallel evaporator can increase the COP
by 1.17% higher than the COP type of series
and parallel two-space space of 1.49% more
than two series space, the cause is the parallel
evaporator to cool the room down the top and
bottom space of time to get in is almost the
same refrigerant (s shorter) so that the lower
compression work. and if a low compression
work it produces better COP values.
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P1: Inlet pressure compressor (Bar)

P1: pressure compressor exit (Bar)

T1: Temperature out evaporator (°C)

T2: Temperature entrance condenser (°C)
T3: condenser exit temperature (°C)
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