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Abstract: The cooling machine is an energy conversion machine used to move heat from low temperatures to high temperatures by
adding work from the outside. The mass of the refrigerant affects the COP on the refrigerant. From the characteristics of refrigerant
can be known the value of COP, compression work, and cooling capacity to the amount of mass of refrigerant given. To find out how big
the influence of R-134a refrigerant mass to COP on car air conditioning. The method used in this study charging refrigerant has
different mass weight. The mass weight used in this test is 70, 90, 110, 130, 150, 170, 190 gr. The results of testing the mass-weight
variation of R-134a with the car air condition of 1000 cc engine capacity shows the COP of the mass weight of 170 and 190 gr is the best
with the values of 6.52 and 7.20. Of the 7 variations in mass weight under study the electrical power of the required AC motors varies
considerably, for a mass of 70 g of refrigerant requires 737 watts of power and a mass of 190 g requires 1714.9 watts of power. Thus it
can be concluded that the increasing refrigerant, the more weight the work of the cooling machine, thus requiring large electrical

power. And the mass weight of 170 gr is the most efficient mass weight for this car's air conditioner.
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1. Background

The refrigeration system has provided an important things in
everyday life, not only limited to improving the quality and
comfort of life, but also has the essentials as a supporter of
human life. This technology is widely applied to the storage
and distribution of food, air conditioning for the comfort of
the room both in industry, offices, transportation, and
household. The vapor compression refrigeration system is
the most widely used refrigeration system in cooling,
freezing and air conditioning processes. !

The cooling machine is an conversion energy machine used
to move heat from low temperatures to high temperatures by
adding work from the outside. More specifically, the
refrigerant is a device used in the cooling process of a fluid
to achieve the desired temperature and humidity by
absorbing heat from a low-temperature and supplied to a
high-temperature. The steam compression cooling machine
comprises four main components: compressor, condenser,
expansion valve and evaporator. 2

Refrigerant is the main working fluid used to absorb and
exchange heat in the engine cooling system. Refrigerants
absorb heat at low temperatures and low pressure and
release heat at high temperatures and pressures. Most
refrigerants undergo phase changes during heat absorption -
evaporation - heat-condensation release. &

In operation, the refrigeration system requires a fluid that
easily absorbs and releases heat. Refrigerant is a fluid used
to absorb heat through the phase change from liquid to gas
(evaporation) and discharges heat through the phase change
from gas to liquid (condensation) so that it can generally be
said to be a heat exchanger in the cooling system. Each
refrigerant has different properties of thermodynamic
characteristics, which will affect the effects of refrigeration

and coefficient of performance (COP) of the refrigerant
itself. © In other studies, mass refrigerant can affect the
coefficient of performance (COP) of car air conditioners.
According to research Zaenal Arifin, the addition of mass
refrigerant can affect the performance of the car air
conditioner; The addition of the refrigerant mass causes the
cooling capacity to increase to a maximum point and then
decrease; The addition of mass of refrigerant causes the
compression power to increase; And the addition of
refrigerant mass causes the coefficient of achievement to
increase to the maximum point and then decrease.

From the above background, the mass of the refrigerant has
an influence on the coefficient of performance (COP), to
prove it needs further research by using R-134a type
refrigerant on the car AC with a capacity of 12000 BTU/h
and for the car capacity of 1000 cc.

2. Literature Review

Air Conditioning Systems

Air conditioning is a process of air treatment to adjust the
temperature, humidity, cleanliness, and distribution
simultaneously to achieve the comfortable conditions
required by the inhabitants who are in it. Therefore, air
conditioning also include heating such as speed regulation,
thermal radiation and air quality including particle removal
and impurity vapor. ™ The cooling machine is an energy
conversion engine that used to move heat from low to high
temperature by adding work from the outside. ')

Refrigerator Classification

Commercial cooling applications are broadly divided into 2,
that is window air conditioner and domestic refrigerator
(domestic cooling). 4
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1) Room Air Conditioner
The schematic diagram of the window-type air conditioner
works with the principle as shown in Figure 1.

Air on the room take by fan and after passing the cooling
machine, the air will be cool before flowed into the room.
After the heat of the room is taken, the air will return to the
cooling machine and the air released into the outer
environment will become higher.

The cooling machine uses a working fluid called a
refrigerant, such as CHCIF2 (monochloro-difluoro
methane), also called refrigerant 22 (R22).

The device for absorbing latent heat from the air in the room
is the evaporator. After evaporation, the refrigerant changes
to steam. To be able to condense back and release the heat
absorbed from the room and through the evaporator, the
pressure is increased by the compressor. High-pressure
steam goes into the condenser. The condenser has a high
temperature and is circulated with a fan. After taking the
latent heat vapor from the condensing refrigerant, the air is
flew left out into the environment.

After condensing, the high-pressure refrigerant is reduced to
make the pressure lower by passing through a pressure
reducer called an expansion device, and so the system is
completed. High-speed condenser partition wall from low
temperature evaporator. The working principle of large-scale
air is also the same, except with air-cooled condenser. !
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Figure 1: Schematic Diagram of Room Air Conditioning ™!

2) Domestic Refrigerator

The working principle of a domestic refrigerator is a exactly
the same as that of an air conditioner. A schematic diagram
of the refrigerator is shown in Fig. 2. Like the air conditioner
it also consists of the following four basic component:
compressor, condenser, expansion tools, evaporator.

But they are some design fiture which a typical of a
refrigerator. For the example, the refrigerator is located on
the freezer compartment of refrigerator. It forms the cooldest
parts of the cabinet with the temperature about -15 °C, while
refrigerant evaporates inside the evaporator tube at -25 °C.

The design of the condenser is also a little different. It is
usually a wire and tube or plate and tube type mounted at the
back of the refrigerator. There is no fan. The refrigerant
vapor is condensed with the help of surrounding air which

rises above by natural convection as it gets heated after
receiving the latent heat of condensation from the
refrigerant.
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Figure 2: Schematic Diagram of a Domestic Refrigerator!*

3) Refrigerant

A refrigerant is the primary working fluid used for absorbing
and transmitting heat in a refrigeration system. Refrigerants
absorb heat at a low temperature and low pressure and
release heat at a higher temperature and pressure. Most
refrigerants undergo phase changes during heat absorption —
evaporation - and heat releasing - condensation. ©°!

Coefficient of Performance (COP)

Coefficient of Performance is obtained through the
following cycle. Mechanical energy is required by the
compressor to circulate the refrigerant, heat dissipation is
carried out on the condenser and heat recovery (the place
that object will be cooled) occurs in the evaporator. To
obtain a good evaporator performance the refrigerant on the
condenser is lowered by the pressure of an expansion valve.
Here there is a bargain between low refrigerant pressure
followed by low temperatures with circulating refrigerant
mass flow rates.”® P-h diagram and vapor compression
machine flow diagram can be seen in Figure 3
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Figure 3 (a) Standard Diagram p-h Vapor Compression
Cycle (b) Flow Chart!*%
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COP of vapor compression cooling machine is calculated by
equation
(h2 - hi)

" (h1- h4)

Cop = 222 .ohp
RE

3. Research Methodology

3.1 Flowchart of Research

Refiigerant R-134a

1 Unit AC

Togr

| 90 gr

| oer |

Bogr || 50 er | | 1M0a H 1902 ‘

Figure 4: Flowchart of Research

Implementation Data retrieval R-134a

a) Machines AC motor connected to a power source 220 V
single phase.

b) Pressure gauge and a digital thermometer will light up
after the air conditioner operates several seconds.

c) Temperature and pressure data taken after the number on
the display digital pressure gauge and thermometer
stable.

d) The data is taken only once for each different refrigerant
mass after the air conditioner is on.

4. Result and Discussion

R-134A Test Result With Mass Refrigerant 70 Gram

Table 1: Temperature Results Test of Mass Refrigerant 70
ar
TIME TEMPERATURE (° C)
NO|HOUR| TL L | T2 | . T4 | TOE | TOC
9:20 | 30 30 | 60 31 29 31 31
930 | 30 30 | 6 31 28 31 31
940 | 31 30 | 70 31 28 31 32
950 | 31 30 | » k) 27 31 32
10:00 | 31 30 | 7 3 7 31 32
1010 | 31 30 | 7 k) 7 31 32
Average | 30667 | 30 | 6835 | 315 |27667| 31 | 31667

o [ | 4= e | ro | —

Table 2: Pressure and Electric Current Result Test of Mass

Refrigerant 70 gr
TNE PRESSURE (B Gasg) gti%g% PRESSURE (Bar absolute)

NO|HOUR| pgi | P@2 | PG3 | PG4 | R g T | PAI | PAI | PA3 | PA4
020 | 0204 | 476 | 408 | 0884 | 313|323 315 | g 1.897
930 | 0204 | 31 | 476 1207 | 6113 | 577 | 1897
040 | 0272 | 51 | 476 | 0952 | 338 338|338 | 1285 | 615 | 573 | 1065
050 | 0272 | 344 | 476 |00 | 33| 338 33\ 1me5 | edsy | 53| 1963
1 1.
1 1.
1 1.

AT | 6113 | 5773

0ged | 331|331 33

10:00 | 0272 | 544 | 476 | 0932 | 34 | 34| 34| 1285 | 6453 | 5773 | 1965
10:00 | 0272 | 544 | 476 | 0952 | 337 | 337 | 33T | 1283 | 643 | 5773 | 1.965
Average | 0249 | 5213 | 4647 | 0020 | 333 | 335 335 ) 145 | 6283 | 577 | 1942

(=N [P P e A

Table 3: Enthalpy R-134a With Mass Refrigerant 70 gr
Enthalpy (kJ / kg)
hil h2 h3 h4
42763456 82| 244 B3| 244 B3

1) Refrigeration Effect (RE)

Refrigeration effect is the difference between the enthalpy
during the refrigerant out of the evaporator (hl) and
refririgeran that goes into the evaporator (h4). The cooling
effect can be calculated, to determine the heat absorbed by
the evaporator.

RE =hl-hd (kj/Kkg)
Explanation:
h4 : enthalpy into evaporator
hl : enthalpy exit evaporator

From these equations then get the car air-conditioning
refrigeration effect using R-134a with a mass of 70 grams is
RE =427.63 - 244.83
=182.8kJ/ kg

2) Refrigerant Mass Flow Rate (')

Refrigerant mass flow rate is the amount of refrigerant
flowing in the evaporator per second. Influenced the
refrigerant mass flow rate capacity and refrigeration effect,

and obtained the formula Il = Capacity / RE (kg / s).

Conversions:

3.35x220 Volt =737 Watt =737J /s
=737 Watt
=0.737 KW
=0.737kd /s

Capacity (kilowatt)

kJ
RE {rg]

m =

=(0.737 kJ /s /182.8 k] / kg)
=0.0040kg /s

3) Work of Compressor (Wcomp)
Compressor power is the power generated by the compressor
in the unit Watt influenced by entalphy exit / entry

compressor and refrigerant mass flow rate (li'l).
Wcomp =h2 —hl

Explanation:
Wcomp = Work compression (kJ / s)
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hl, h2 = Enthalpy of refrigerant at points 1 and 2 (kJ / kg)
From these equations then get the car air-conditioning
compressor using R-134a with a mass of 70 grams is

Wecomp = 456.82 - 427.63
=29.19 ki / kg

4) Coefficient of Performance (COP)

Coefficient of performance (COP) is the engine performance
results obtained from the cooling of the refrigerating effect
with the work of compression.

Weomp i (hi-h4)  (h2-h1)

COP = =
RE  m(h2-h1) (hi-h#)

From these equations then get the car air-conditioning
compressor using R-134a with a mass of 70 grams is

COP =182.8/29.19
=6.26

The above calculation, obtained from the diagram ph R-134a
with a mass of 70 grams as shown below

Figure 5: p-h Diagram W;th Mass Refrigerant 70 gr
R-134A Test Result with Mass Refrigerant 90 Gram

Table 4 Temperature Results Test Of Mass Refrigerant 90

gr

TIME TEMPERATURE (° C)
No[HOUR| TL [ T1 [ T2 [ T3 | T4 |[TOE[TOC
1|1305] 33 | 30| 68 | 32 | 27 | 31 |32
2 1315] 33 | 30 | 68 | 32 | 27 | 31 | 32
3 [ 1325] 33 | 30 | 72 | 32 | 25 | 31 |32
T[1335] 33 [ 30| 73 | 32 | 25 | 31 |32
5| 1345] 32 | 31 | 74 | 32 | 25 | 31 | 32
6 | 1355] 32 | 31 | 75 | 32 | 25 | 31 |32

Average |32.67|30.33|71.67]32.00{25.67|31.00] 32

Table 5 Pressure and Electric Current Result Test of Mass

Refrigerant 90 gr

ELECTRICAL
TIME | PRESSURE (Bar Gaunge) CURRENT (A)

HOUR| PG1|PGZ| PG3|PGA| R | s | T |PAl|PAZ|PA3|PAd
13:05 1034 | 612 ] 575 | 1.02|3.50{3.50 | 3.50 [1-333] 7 133]6.793|2.033
13.15 (034 [ 612 578 [ 102|370 | 370 | 3.70 [1.353 | 7.133| 6.793 | 2.033
13.25 [0.306 | 612 5.78 [0.986| 370 | 3.70 | 3.70 [1.319(7.133| 6.793 | 1.900
13.35 [0.306 | 612 5.78 [0.986| 3 65 | 3.65 | 3.65 |1.319(7.133]6.703 | 1.900
13.45 [0.306 | 6.12 | 5.78 [0.986| 3 70 | 3,70 | 3.70 [1.319|7.133| 6.703 | 1.000
13.53 [0.306 | 612 | 5.78 [0.986| 1 47 | 3.67 | 3.67 [1.319(7.133|6.703 | 1.900
Average (0317 |'6.12 | 5.78 [0.997| 365 | 365 | 3.65 [1.330|7.133| 6.793]| 2.010

PRESSURE (Bar Absoluf)

2
=]

=% RN N VR Y R

Table 6 Enthalpy R-134a With Mass Refrigerant 90 gr

Enthalpy (kJ / kg)
hi h2 h3 hd
42770 45852 244 49 (244 49
7 7
,///

b
/// 7

Figure 6: p-h Diagram with Mass Refrigerant 90 gr
R-134A Test Result with Mass Refrigerant 110 Gram

Table 7 Temperature Results Test Of Mass Refrigerant 110
gr
TIME TEMPERATURE (° C)
NO [HOUR| TL TL [ T2 [ 3 [ ™ [ TOE| TOC
1400 | 32 31 | 68 | 3 | 2 | 3 32
1410 | 32 30 | B3| B3| 20| 9] 2
1420 3 30 | B3| B3] 20 9] 35
1430 | 32 30 | B3| B3| 20 | 9] 1
1440 | 31 30 | B3| B3| 20 | 9] 1
1450 | 31 30 | 3] % 18 | 29 |
Average | 31667 | 30.167] 72.167| 33 |20333]29333 ] 32500

[= ) P2 (S [VE )

Table 8: Pressure and Electric Current Result Test of Mass
Refrigerant 110 gr

ELECTRICAL

TIME | PRESSURE (Bar Gauge) | ppenT (A) PRESSURE (Bar Absolut)

NO|HOUR| PG1 |PG2 | PG3 | PG4 | R g T | PAL| PA2| PA3 | PA4

1 114:00 [0544) 714 | 646 [1.224] 4 19| 410 | 419 [1.557]8.153| 7.473[2.237
2 | 14:10 |0544| 714 | 68 [1.292] 426 | 476 | 426 | 1.557|8.133| 7.813[2.305
31420 | 051|714 | 68 [1.292] 426 | 476 | 4.26 | 1.523|8.153 7.813[2.305
41 14:30 | 0.544| 7.04 | 6.8 |1.292] 42 | 42 | 42 [1.557]8.153[7.813|2.305
311440 | 051|714 | 68 |1292| 40 | 42 | 42 |1.523[8.153|7.813(2.305
6 | 14:50 | 0.544| 7.14 | 6.8 |1292| 4 14| 414 | 4.14 |1.557[8.153| 7.813(2.305
Average | 0.533|7.140| 6.743| 1.281 (4 20| 4208 | 4202 | 1.546| 8.133| 7.736|2.294

Table 9 Enthalpy R-134a With Mass Refrigerant 110 gr

Enfhalpy (&7 / kg)
hl h2 h3 h4

427.04 | 45785 24585 | 24585

Figure 7: p-h Diagram W|th Mass Refrigerant 110 gr
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R-134A Test Result with Mass Refrigerant 130 Gram

Table 14: Pressure and Electric Current Result Test of Mass

Refrigerant 150 gr

Table 10: Temperature Rf;glés,r Test Of Mass Refrigerant N PRESSURE (B Gt ﬁéﬂ?{’& PRESSURE (B Asch)

TIME TEMPERATURE (° C) NO|HOUR| PGl | PG2| PG3 | PG4 | R | § | T | PAl | PA2 | PA3 | PAd
NO |HOUR| 1L T T T3 T2 | TOE | ToC ULo0 | 0852 | 816 | 748 | 1904 | 523 | 533 | 523 | 1965 | 9073 | 8483 | 2817
1 14.55 31 30 69 34 17 26 13 101020 [ 0952 | 816 | 748 | 1904 | 53g | s53g | 53¢ | 1965 | 91073 | 8403 | 2017
2 15.05 31 10 71 34 16 26 33 L1030 [ 0952 | 816 | 748 | 1836 | 53 | 53 | 53 | 1963 | 91073 | 8493 | 2849
3| 1515 3l 20 72 ¥ | 17 26 33 4] 1040 | 0952 | 3106 | 748 | 1763 | 533 | 533 | 533 | 1963 | 9473 | 8403 | 2781
4 [1525] 31 30 7 34 16 26 33 S 1050 | 092 | %6 | 748 | 1768 | 532 | 52| 52p | 1965 | 9473 | 8493 | 2781
5 11535 | 31 30 72 34 15 26 33 6| 1000 | 0952 | 806 | 782 | 1836 | sap | 541 | 541 | 1965 | 9473 | 8833 | 2849
6 | 1545 | 3l 30 73 34 14 26 3 Average | 0932 | 816 | 73 | 1836 s3q | 531 | 531 | 1965 | 9173 | 8549 | 2849
Average 31 30 715 34 1583 | 26 33

Table 11: Pressure and Electric Current Result Test of Mass

Refrigerant 130 gr
TIME ; o ELECTRICAL PRESSURE (Bar Absolut)
PRESSURE (Bar Gauge) CURRENT (4)

NO|HOUR| PGl | PG2 | PG3 | PG4 | R | g | T | PAl | PA2 | PA} | PMd

1| 1505 | 088 | 7616 714 | 1406 | 483 | 463 | 465 | 1807 | 8620 | 2153 | 2300
T {135 | 0816 | 748 | 714 | 1496 | 461 | 461 | 461 | 1820 | $403 | 8153 | 2509
301525 | 0816 | 7616 | 714 | 1496 | 466 | 466 | 466 | 1820 | £620 | 8153 | 2509
411933 | 0816 | 7616 | T14 | 1496 | 463 | 463 | 463 | 1820 | £620 | 8153 | 2509
T{ 1545 | 0816 | 748 | TH4 | 1496 | 454 | 454 | 434 | 1820 | $403 | 8153 | 2309
6 | 1555 | 0816 | 748 | 714 | 1406 | 433 | 433 | 433 | 1820 | 8493 | 8133 | 2509
Average | (827 | T48| T4 | 1406 | 46 | 46 | 46 | 1840 | 8361 | 8133 | 2509

Table 12: Enthalpy R-134a With Mass Refrigerant 130 gr
Enthalpy (lJ / kg)

hl h2 h3 hd
42643 | 456.62 24751 24751
///",\‘
e
A
/4

Figure 8: p-h Diagram with Mass Refrigerant 130 gr

R-134A Test Result With Mass Refrigerant 150 Gram

Table 15: Enthalpy R-134a With Mass Refrigerant 150 gr
Enthalpy (kJ / kg)
hl h? h3 hd
42501 | 45397 24967 |249.67

Figure 9: p-h Diagram with Mass Refrigerant 150 gr
R-134A Test Result with Mass Refrigerant 170 Gram

Table 16: Temperature Results Test Of Mass Refrigerant

170 gr
TIME TEMPERATURE (° C)
NO |[HOUR| TL Tl 2| T T4 | TCE | TOC
11010 32 28 63 38 18 18 35
21020 3 28 63 38 18 17 35
330 n 28 66 38 18 18 35
4 1040 3R 29 67 39 18 18 33
5 11050 | 32 29 67 39 18 18 36
6 | 1100 3 29 67 39 18 18 36
Average EY) 285 | 66.167| 385 | 18 |17.833|353%3

Table 17: Pressure and Electric Current Result Test of Mass

Refrigerant 170 gr
Table 13: Temperature Rlegtcj) Its Test Of Mass Refrigerant ME PRESSURE (Ber Gange) &éﬁgg& PRESSURE (Bar Absot)
gr —

- - . ‘ o
oE TEMPERATURE C°C) NIO HOUR | PG | PG PG_S PG| R | 8 | T PA_I PA__ P.?u PA#_
NO |HOUR| TL Tl T T3 T4 TOE | TOC 10:00 | 136 | 884 | 83 | 2312 461 | 661 | 661 | 2373 | 9833 | 9.313 | 3325
1 [1010] 31 0 | 68 | 35 | 18 | 22 | 32 201020 | 136 | 918 | 85 | 2312| 6g5 | 65 | g5 | 2373 | 10K | 9513|3325
2 [w20] 3 9 ] 60 | 35 | 17| | R 301030 | 136 | 918 | 85 | 2312|673 | 673 | 673 | 237 | L0183 | 9313|3325
3 | 1030 32 29 | 0 | 386 16 | 22 33 411040 [ 1202 | 918 | 884 | 2312 | gas | g3 | 6gn | 2305 | 10193 | 0853 | 3325
4 | 1040 32 | | 0 ] B | B 2| 3 S0 1050 | 1292 | 918 | 884 | 2312] 507 | go7 | gu7 | 2305 | 10193 | 0853|3325
0 [ 1050 32 S0 I T O~ 6 | 1000 | 1202 | 918 | 884 | 2312 2305 | 10165 | 9853 | 3325
L i F X 2314 £33 833 3L)
6 | 100 32 | 29 | 1 | 36 | 15| 2 | 34 - 688 | 685 | 688 | - ’ >
Srazze | 156 | 093] 267 12300 | eoo | eone | cone | 22 Py [
Average | 31667 | 29 |69833] 355 | 16 |21.833)33.167 og | 1326|0123 867 | 2311 ) 678 | 6788 | 6748 | 2339) L0136 | 9683 ) 3305
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Table 18: Enthalpy R-134a With Mass Refrigerant 170 gr

Enthalpy (kJ / kg)
hi h2 h3 h4
423 66 449 66 25392 (25392
/// Z
// ’
/
//
,//

Figure 10: p-h Diagram with Mass Refrigerant 170 gr
R-134A Test Result with Mass Refrigerant 190 Gram

Table 19 Temperature Results Test Of Mass Refrigerant 190
gr
TIME TEMPERATURE (° C)
NO |HOUR| TL Tl T2 T3 T4 | TOE | TOC
12:10 | 32 27 63 40 18 17 37
1220 | 32 27 64 40 18 17 36
1230 | 32 27 63 40 18 17 36
12:40 | 32 27 65 40 18 17 37
1250 | 32 27 64 40 18 17 37
13:00 | 32 27 64 40 18 17 37
Average 32 27 | 63833 40 18 17 | 36.667

v | | [ | o | =

Table 20: Pressure and Electric Current Result Test of Mass
Refrigerant 170 gr

ELECTRICAL
CURRENT (4)

NO |HOUR| PGl | PG2 | PG3 | PG4 | R 5 T | PAl | PA1 | PA} | PML

TIME PRESSURE (Bar Gaugs) PRESSURE (Bar Abscluf)

U 1200 | 1564 | 932 | 018 | 2384 | 738 | 738 | 738 | 2577 10333 | 10103 | 3307
101220 | 1564 | 052 | 918 | 238 | 780 | 760 | 760 | 2977 | 10333 | 10103 | 3597
301230 | 1564 | 096 | 048 | 238 | 786 | 786 | 786 | 2577 10473 | 10103 | 3397
411240 | 1564 | 986 | 018 | 2304 | T4 | 704 | 7B | 2577 10473 | 10003 | 3507
3] 1230 | 1364 | 086 | 048 | 238 | 786 | 786 | 786 | 2977 10473 | 10103 | 3307
6] 1300 | 1564 | 086 | 0.8 | 298| 793 | 783 | 793 | 1577 | 10475 | 10103 | 3597

Average | 1364 | 90746 | 008 | 238 | 7795 | 7705 | 7795 | 2977 | 10750 | 10193 | 3597

Table 21: Enthalpy R-134a With Mass Refrigerant 190 gr

Enthalpy (kJ / kg)
hl h2 h3 b4
42175 | 44473 | 25626 [256.26

Figure 11: p-h Diagrém with Mass Refrigerant 190 gr
5. Conclusion

Obtained from the discussion in Chapter IV, obtained the

following conclusions:

1) The amount of COP of the air conditioning cars with R-
134a which is best obtained at a mass weight of 190
grams with a value of COP at 7.20. AC electrical power
consumption of a car that investigated using R-134a, the
electric power consumption obtained with the greatest
value is 1714.9 Watt.

2) With the rise in refrigerant mass weight, then the value of
the refrigeration effect (RE) was decreased, in contrast to
the electric power and the COP. But an increasing rate of
refrigeration effect at a mass weight of 90 grams. The
increasing weight of the mass of the refrigerant,
increasing similarly the pressure on the car air
conditioning machine. With increasing mass of
refrigerant, then the rotation of the motor associated with
the compressor will work harder.

3) Of all the mass of refrigerant that has been researched,
refrigerant mass weight of 170 grams is the most
appropriate refrigerant for car air conditioner which in
research. This is because of the refrigerant mass of 170
grams, the electrical power produced is smaller than the
refrigerant mass of 190 grams, and the resulting motor
rotation is lighter than 190 grams. And the results at the
point TOE and T4 is not too far.

6. Suggestion

For the development of further research, some suggestions

to consider are as follows:

1) Adding a different type of variable refrigerant to compare
a better COP for the same car air conditioner.

2) Researching further with different motor rpm rotation
COP obtained if a higher or lower.

3) Researching further with mass amounts of refrigerant
above 190 grams, are obtained COP value increasingly
ascending or declining.
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