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ABSTRACT

The purpose of this thesis is to study the result of the changing of dimension and diameter
of capillary tube, and to study the suitability to change refrigerant from R-22 to R-290 in small size
of freezing system.

The study was done on the result of changing refrigerant R-22 to be R-290 in freezer size
about 3,412 BTU/hr by using diameter and length dimension of capillary tube with dimension
0.812 mm. 0.914 mm. and 1.066 mm. at constant length of 2,400 mm. accordingly, and used
capillary tube with dimension of 1.066 mm diameter at different length about 2,400 mm. 3,000
mm. and 3,600 mm. accordingly. The test was performed by controlling the cooling condition of the
electric heater, 800 Watt, flipper model, and temperature control of the water being used for heat
condensing to the condenser was at 30 = 1 °C. The analysis and comparison of COP and EER was
performed.

From the result of this study, it was found that both types of refrigerant have COP and
EER value in maximum average at capillary tube with dimension of 1.066 mm. in diameter and
3,600 mm in length. A refrigerant R-22 COP was 5.40 and EER was 18.42 accordingly. for
refrigerant R-290, COP was 5.81 and EER was 19.82 accordingly. In conclusion, the average
performance A refrigerant R-290 was approximately 7.59 % higher than those of refrigerant R-22.
However, even though COP and EER value of refrigerant R-290 was increased but was not
significant impact much. The main composition of refrigerant R-290 is Propane which is
inflammable for conduction, it was worthless for R-290 to be utilized as substitution of R-22.

Keywords: refrigerant system, R-290, commercial refrigerator, capillary tube
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Temperature Average (°C) Pressure Average (kPa)

Length
Compressor Condenser Evaporator (Low) (High)
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Inlet | Outlet | Inlet | Outlet | Inlet | Outlet P1 P4 P2 P3

2,400 825 [ 101.83 [ 89.57 | 33.13 | -6.53 6.50 254 | 299 | 1,205 ] 1,170

3,000 2435 [ 106.33 | 90.40 | 32.85 | -11.47 | 22.63 | 194 | 240 | 1187 | 1163

3,600 27.52 | 101.78 | 80.98 | 3242 | -5.77 | 25.70 | 170 | 212 | 1,170 | 1,149
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Temperature Average (°C) Pressure Average (kPa)
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Compressor Condenser Evaporator (Low) (High)
(mm)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
2,400 1547 | 84.72 | 76.87 | 31.88 | -8.65 | 14.53 | 239 | 281 | 1067 | 1032
3,000 25.05 | 8593 | 73.72 | 32.18 | -15.63 | 24.00 | 170 | 219 | 1067 | 1032
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Length q. We Compare Diff
REFRIGERANT COP | EER

(mm (ki/kg) | (kJ/kg) COP(%) COP(%)

2,400 223.44 58.7 3.87 13.20 - -

3,000 24091 50.18 4.87 16.62 125.83 Lﬁil;ﬁu 25.8

R-22

3,600 235.77 43.96 5.40 18.42 139.53 Lﬁil;ﬁu 39.5
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Length q, Wce Compare Diff
REFRIGERANT COP | EER
(mm (kJ/kg) | (kI/kg) COP(%) COP(%)

2,400 431.78 | 109.38 3.93 13.41 - -

3,000 468.17 87.62 5.40 18.42 1374 Lﬁuﬂ?ju 37.4

R-290

3,600 467.50 82.86 5.81 19.82 147.83 Lﬁwﬁu 47.8
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Length d. We Compare Diff
REFRIGERANT CcOop EER
(mm) (kl/kg) | (kI/kg) COP(%) COP(%)
R-22 3,600 235.77 43.96 5.40 18.42 100 -
R-290 3,600 467.50 82.86 5.81 19.82 107.5 lﬁll"ﬁu 7.59
8.0 T
6.0
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@} 0 ——R-22
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0.0 f . " L I
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MINN N1 QUNHULAZANNAUYDINDAAAINAY B0.812 W , L = 2,400 U.(R-22)
Temperature (°C) Pressure (kPa)
A3aN Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 28.80 | 106.40 | 81.50 | 33.20 | -12.00 | 26.50 | 129 170 | 1184 | 1149
2 27.50 | 106.60 | 78.40 | 33.50 | -12.00 | 28.10 | 129 170 | 1184 | 1149
3 27.00 [ 106.30 | 79.90 | 33.30 | -13.20 | 24.30 | 129 170 | 1184 | 1149
4 27.70 | 107.00 | 82.10 | 32.80 | -14.40 | 2490 | 129 170 | 1184 | 1170
5 26.00 | 107.20 | 75.30 | 33.20 | -11.00 | 26.10 | 129 170 | 1184 | 1170
6 27.60 | 109.40 | 79.40 | 32.80 | -12.40 [ 25.60 | 129 170 | 1184 | 1170
Average 27 107 79 33 -12 25 129 | 170 | 1,184 | 1,160
M3190 V.2 HAINNMTAMUINVDINDAAANNAY B0.812 WY, , L = 2,400 L.
Enthalpy (kJ/kg)
(60) EER
h1 h2 h4
a
1 276.2 322.2 30.73 5.34 18.21
=
g 275.3 322.2 30.73 5.21 17.79
-
& 275 3222 | 2937 5.20 17.76
E
) 275 322.7 28.01 5.18 17.67
=7
274.3 322.7 31.87 5.01 17.09
275.4 324.5 30.28 4.99 17.03
Average | 275.20 322.75 30.17 5.16 17.59




57

M3190 v.3 QUUHNUAZANVAUYDINDAAANNAY @0.914 WU, , L = 2,400 U1.(R-22)
Temperature (°C) Pressure (kPa)
A3aN Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 20.00 | 98.60 | 77.70 | 31.90 | -16.10 | 15.50 143 198 | 1149 | 1136
2 22.50 | 101.60 | 80.40 [ 32.50 | -15.60 | 20.70 150 198 | 1170 | 1149
3 23.10 | 102.40 | 83.70 | 31.30 | -17.70 | 22.90 143 191 | 1149 | 1136
4 26.00 | 105.50 | 84.70 | 32.50 | -15.00 | 23.00 157 | 205 | 1170 | 1149
5 27.50 | 107.80 | 85.80 | 32.30 | -17.00 | 25.60 150 198 | 1170 | 1149
6 26.60 | 107.10 | 86.00 [ 32.30 | -15.60 | 24.80 157 198 | 1170 | 1149
Average 24 104 83 32 -16 22 150 198 | 1,163 | 1,145
ﬂ"li"lﬂﬁ V.4 WﬁﬂWﬂﬂ1iﬁ1u’Jﬂ!%@Qﬁﬂﬁﬂﬂﬂ?ﬂﬁu ?0.914 Wy, , L =2,400 1.
Enthalpy (kJ/kg)
copP EER
hl h2 h4
(@\]
(@
1 270.2 316.1 26.1 5.32 18.15
=
E 271.7 318.4 26.66 5.25 17.90
-
g’,) 272.1 319.1 24.3 5.27 17.99
E
) 273.9 321.5 27.33 5.18 17.67
=7
275 3234 25.08 5.16 17.62
274.3 322.8 26.66 5.11 17.42
Average | 272.87 320.22 26.02 5.21 17.79




MINN V.5 QUHANUAZANUAUVDINDAANNVAN ©1.066 WN. , L = 2,400 H1.(R-22)
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Temperature (°C) Pressure (kPa)
ﬂ%@ﬁ Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 9.80 97.70 | 84.80 | 33.40 | -8.60 | 9.70 | 260 | 308 | 1205 | 1184
2 8.90 99.20 | 87.10 | 32.40 | -7.80 | 7.90 | 253 | 301 | 1205 | 1191
3 7.90 | 101.20 | 89.80 | 33.10 | -5.30 | 5.20 | 253 | 294 | 1191 | 1170
4 7.80 | 102.10 | 89.30 | 33.40 | -5.70 | 5.50 [ 253 | 294 | 1205 | 1170
5 7.70 | 104.70 | 92.70 | 33.10 | -5.40 | 6.50 [ 253 | 294 | 1205 | 1170
6 7.40 | 106.10 | 93.70 | 33.40 | -6.40 | 4.20 | 253 | 301 [ 1205 | 1170
Average 8 102 90 33 -7 7 254 | 299 | 1,202 | 1,176

M3190 V.6 HAVINNITAIUINVOINDAANNUAY B1.066 L. , L=2,400 L.

Enthalpy (kJ/kg)
cop EER
h1 h2 h4
(g\]
o 261.1 315.1 34.62 4.19 14.31
&
N
= 261 3163 | 3553 4.08 13.91
}
o 260.3 317.9 | 38.42 3.85 13.14
E
> 2602 | 3186 | 37.95 3.81 12.98
&
2602 | 3205 38.3 3.68 12.56
2598 | 3217 | 37.15 3.60 12.27
Average | 260.43 | 31835 | 37.00 3.87 13.20
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M3190 0.7 QUNHNUAZANVAUYDINDAAANNAY B1.066 WU, , L = 3,000 U.(R-22)
Temperature (°C) Pressure (kPa)
A3aN Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 25.50 | 104.50 | 87.90 | 33.10 [ -11.90 | 24.30 | 184 | 232 | 1170 | 1149
2 26.00 | 105.30 | 90.00 | 32.70 | -12.90 | 23.90 | 191 | 239 | 1184 | 1149
3 24.50 | 104.80 | 87.90 | 33.30 [ -11.00 | 22.70 | 198 | 246 | 1205 | 1170
4 25.30 | 106.40 | 90.40 | 32.50 [ -1090 | 23.60 | 198 | 246 | 1191 | 1170
5 23.90 | 108.30 | 93.30 | 32.80 [ -11.70 | 22.20 | 198 | 239 | 1184 | 1170
6 20.90 | 108.70 | 92.90 | 32.70 | -5.40 | 19.10 | 198 | 239 | 1191 | 1170
Average 24 106 90 33 -11 23 194 | 240 | 1,187 | 1,163
ﬂ"li"lﬂﬁ V.8 Wﬁ%?ﬂﬂ1§ﬁ1uﬂ]m%@Qﬁﬂﬁﬂﬂﬂ?ﬂﬁu ?1.066 WU, , L =3,000 L.
Enthalpy (kJ/kg)
copP EER
hl h2 h4
(@\]
D 273.1 320.7 25.2 5.21 17.77
=7
E 273.5 3214 29.71 5.09 17.37
-
g’n 272.3 320.8 31.87 4.96 16.91
E
) 272.9 322 31.99 491 16.74
=7
271.9 323.6 31.07 4.66 15.89
269.9 323.9 38.3 4.29 14.63
Average | 272.27 322.07 31.36 4.85 16.55




60

m’;‘nﬁ 1.9 QUUHNUATANNAUVDINDAAAINAY ©1.066 B, , L = 3,600 UN.(R-22)
Temperature (°C) Pressure (kPa)
ﬂ%@ﬁ Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3

1 28.20 | 100.5 | 79.70 | 32.90 | -5.10 | 27.40 | 170 | 212 | 1170 | 1149
2 28.00 | 101.6 | 79.10 | 31.60 | -5.50 | 25.50 | 170 | 212 | 1170 | 1149
3 26.80 | 100.9 | 80.30 | 32.30 | -6.10 | 24.60 | 170 | 212 | 1170 | 1149
4 27.10 | 100.9 | 79.50 | 32.40 | -4.10 | 24.70 | 170 | 212 | 1170 | 1149
5 27.40 | 102.8 | 82.90 | 32.60 | -7.00 | 25.30 | 170 | 212 | 1170 | 1149
6 27.60 104 84.40 | 32.70 | -6.80 | 26.70 | 170 [ 212 | 1170 | 1149

Average 28 102 81 32 -6 26 170 | 212 | 1,170 | 1,149

a
711390 n.10

HAINMTMUINVDINOAANIINAY B1.066 Wi, , L=3,600 .

Enthalpy (kJ/kg)
COP EER
h1 h2 h4
(Q\
D 275.2 317.5 39.8 5.57 18.99
&
g 275.1 318.4 40.97 5.41 18.45
o
& 274.3 317.8 39.34 5.40 18.43
E
) 274.5 317.8 38.65 5.45 18.58
&
274.8 319.3 37.61 5.33 18.19
274.9 320.1 37.84 5.24 17.89
Average | 274.80 | 318.48 39.04 5.40 18.42




M3 N.11 QUNHULAZANNAUYDINDAAANNAY B0.812 WN. , L = 2,400 mm (R-290)

61

Temperature (°C) Pressure (kPa)
ﬂ%ﬁ% Compressor Condenser Evaporator (Low) (High)

Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3

1 28.60 | 86.20 | 69.10 | 32.50 | -22.50 | 26.90 | 122 | 170 | 1032 | 998

2 28.40 | 86.20 | 68.30 | 32.60 | -20.20 | 27.20 | 122 | 170 | 1032 | 998

3 27.70 | 86.10 | 68.30 | 32.90 | -21.10 | 25.60 | 122 | 170 | 1032 | 998

4 27.30 | 85.90 | 67.60 | 32.00 | -21.80 | 24.70 | 122 | 170 | 1032 | 998

5 28.20 | 86.20 | 68.10 | 33.00 | -22.70 | 26.70 | 122 | 170 | 1032 | 998

6 28.20 | 88.50 | 70.20 | 32.50 | -19.80 | 26.50 | 122 | 170 | 1032 | 998
Average 28 87 69 33 -21 26 122 | 170 | 1,032 | 998

a
139N N.12

HAINMTMUINVDINOAANIINAY B0.812 Wi, , L =2,400 ¥1.(R-290)

Enthalpy (kJ/kg)
COP EER
h1 h2 h4

S
=)

N 336.9 424.7 154.2 5.59 19.08
&

= 336.6 424.7 148.8 5.51 18.80
]

d:)n 335.4 424.5 150.9 5.46 18.62
=

< 3347 424.1 152.6 5.45 18.60
&

336.2 424.7 145.7 5.45 18.58

336.2 429.5 147.8 5.19 17.70

Average | 336.00 425.37 150.00 5.44 18.56




MINN N.13 QUNHUUAZANNAUYDINDAAAINAY B0.914 W , L = 2,400 1. (R-290)

Temperature (°C) Pressure (kPa)
ﬂ%ﬁ% Compressor Condenser Evaporator (Low) (High)

Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3

1 26.90 | 80.10 | 65.30 | 32.10 | -20.80 | 25.50 | 136 | 170 | 1032 | 998

2 24.40 | 78.10 | 63.80 | 31.70 | -21.90 | 23.40 | 136 | 170 | 1032 | 998

3 23.10 | 78.10 | 63.90 | 31.70 | -21.00 | 22.00 | 136 | 170 | 1032 | 998

4 2590 | 81.60 | 65.70 | 31.90 | -19.10 | 24.80 | 136 | 170 | 1032 | 998

5 28.20 | 84.60 | 70.50 | 31.80 | -17.40 | 27.00 | 136 | 170 | 1032 | 998

6 26.30 | 84.00 | 69.30 | 31.80 | -21.90 | 24.80 | 136 | 170 | 1032 | 998
Average 26 81 66 32 -20 25 136 | 170 | 1,032 | 998

M3190 .14 HANMTAUINVDINOAANITNAY B0.914 Wi, , L =2,400 ¥y. (R-290)

Enthalpy (kJ/kg)
COP EER
h1 h2 h4

S
=)

N 333.6 412 126.2 5.86 20.01
&

= 329.3 407.8 128.9 5.84 19.92
]

d:)n 327.1 407.8 126.7 5.62 19.19
=

< 331.9 415.1 122 5.46 18.61
&

335.8 421.3 117.9 === 18.11

3325 420.1 128.9 5.27 17.97

Average | 331.70 414.02 125.10 5.56 18.97




MINN N.15 QUNHULALANNAUYDINDAAAINAY B1.066 WU , L = 2,400 1. (R-290)
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Temperature (°C) Pressure (kPa)
ﬂ%@ﬁ Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 16.00 | 83.20 [ 76.10 | 30.90 | -9.10 | 14.80 | 239 | 281 | 1067 | 1032
2 15.50 | 82.80 | 74.80 | 31.90 | -9.20 | 14.90 | 239 | 281 | 1067 | 1032
3 16.80 | 85.50 | 77.30 | 32.00 | -7.50 | 15.70 | 239 | 281 | 1067 | 1032
4 13.10 | 83.50 | 75.70 | 32.10 | -9.50 | 12.00 | 239 | 281 | 1067 | 1032
5 17.50 | 88.20 [ 79.60 | 32.40 | -9.10 | 16.40 | 239 | 281 | 1067 | 1032
6 13.90 | 85.10 | 77.70 | 32.00 | -7.50 | 13.40 [ 239 [ 281 [ 1067 | 1032
Average 15 85 77 32 -9 15 239 | 281 | 1,067 | 1,032

a
139N N.16

NAYINNITATUINVBINDAAANNAY B1.066 VL. , L =2.400 wu. (R-290)

Enthalpy (kJ/kg)
COP EER
h1 h2 h4

S
=)

N 311.8 417.6 122 4.10 13.99
&

= 310.9 416.8 122.3 4.09 13.96
]

d:)n 313.1 422.4 118.1 305 13.46
=

< 306.9 418.3 123 3.86 13.17
&

3143 428.1 122 3.83 13.08

308.2 421.6 118.1 3.76 12.83

Average | 310.87 | 420.80 | 120.92 3.93 13.41




M3 N.17 UNHULAZANNAUYDINDAAAINAY B1.066 WU , L = 3,000 3. (R-290)
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Temperature (°C) Pressure (kPa)
ﬂ%ﬁ% Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3

1 24.00 | 84.00 | 71.80 | 31.70 | -16.60 [ 22.60 | 170 | 219 | 1067 | 1032
2 25.10 | 85.20 | 73.70 | 31.90 | -16.20 [ 24.50 | 170 | 219 | 1067 | 1032
3 26.10 | 87.30 | 75.50 | 32.40 | -15.20 [ 25.30 | 170 | 219 | 1067 | 1032
4 24.80 | 86.10 | 74.20 | 32.60 | -15.10 [ 23.30 | 170 | 219 | 1067 | 1032
5 24.50 | 86.70 | 74.70 | 32.10 | -15.60 [ 23.60 | 170 | 219 | 1067 | 1032
60 25.80 | 86.30 | 72.40 | 32.40 | -15.10 [ 24.70 | 170 | 219 | 1067 | 1032
Average 25 86 74 32 -16 24 170 | 219 | 1,067 | 1,032

a
711390 N.18

NAYINNITATUINVBINDAAANNAY B1.066 VL. , L =23,000 wu. (R-290)

Enthalpy (kJ/kg)
COP EER
h1 h2 h4

S
=)

N 327.6 419.3 140.2 5.10 17.41
&

= 329.5 421.8 139.2 5.08 17.33
«

?D 331.4 426.2 136.8 4.94 16.85
o i
—

< 329 423.7 136.5 4.92 16.77
&

328.5 425 137.8 4.83 16.49

3359 424.1 136.6 5.36 18.28

Average | 330.32 423.35 137.85 5.04 17.19




MINN N.19 YUNHULAZANNAUYDINDAAANINAY B1.066 WU, , L = 3,600 U1.(R-290)
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Temperature (°C) Pressure (kPa)
ﬂ%ﬁ% Compressor Condenser Evaporator (Low) (High)
Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | P1 P4 P2 P3
1 21.00 | 75.50 | 65.80 | 31.80 | -16.10 [ 20.80 [ 157 | 205 | 1067 | 1032
2 23.80 | 78.60 | 66.40 | 31.60 | -16.00 [ 22.80 [ 157 | 205 | 1067 | 1032
3 2520 | 79.30 | 66.00 | 31.30 | -17.30 [ 24.70 | 157 | 205 | 1067 | 1032
4 21.70 | 76.50 | 65.90 | 32.30 | -15.30 [ 20.70 | 157 | 205 | 1067 | 1032
5 26.00 | 80.40 | 68.90 | 31.90 | -15.60 [ 25.00 [ 157 | 205 | 1067 | 1032
6 26.40 | 82.70 | 70.20 | 31.70 | -17.50 | 25.00 | 157 | 205 | 1067 | 1032
Average 24 79 67 32 -16 23 157 | 205 | 1,067 | 1,032

13199 .20

NAYINNITATUINVBINDAAANNAY B1.066 VL. , L =3,600 . (R-290)

Enthalpy (kJ/kg)
COP EER
h1 h2 h4

S
=)

N 330 409.5 139 5.90 20.13
&

= 3229 401.6 138.7 5.87 20.01
]

d:)n 324.1 403.7 141.9 5.85 19.97
 py(
=

< 331.4 411.8 137.1 5.83 19.88
&

327.7 408.1 137.8 S KO 19.75

332.1 416.6 142.3 5.61 19.16

Average | 328.03 | 408.55 | 139.47 5.81 19.82




MANHIN Y

a2 A ¢ v
AT UHANWHNNINEILNT

a A Yo S A o

1. wmmmq3mmi°n”lmummwuw

Aa a = A [~ 3 Aq 9 [
TUAA YINBDN  LASTDINT NBIIA, “ﬂﬁﬂﬂ]ﬂ?ﬁhﬁﬁﬂumﬂﬁ’ﬂﬂlwuﬂlﬂ“Uinﬂmﬂ‘ﬂi%’ﬁﬁ“ﬂ?
<3 [ a 4 1 1%

ANNYU R-22 NUY R-290 , miﬂﬁwmmmsGmmimﬂmwaNmmm%’auuazma“luqﬂﬂm‘f

v ) y A v
ATUANIUIDULLASNISUIUNIG ﬂi\i‘ﬁ 11, 8-9 TJU'IﬂiJ 2555, it 65-69



NIsNgin

TugunsniduAISdUNa:Ns:UIUNIS (ASHR 1)

uf 8-9 GulAL 2555
ru Tsvisud Ins3a Gu Saosn Jok303unys

67



RORETTTIHT RO A=Ay TR TR Az
daanmioomwiinwrradawussnslueinoiFueradawnsmarmn (f o)
Tl e Shavmn arwe ok Browsuiin unlo fh Yeefn . Sawindiongt

AM=TITRnTINAMT =g
Lenanmig srmefloR esdaslynd
2 smgenaryvnd wfndin Frydned
AIAERTIVIIE RIUAT TineTed
ARBMERTINITE ARG I
SANBMaRTINTE MATHE SaiRREnE

ANEYNT TN TN R IR TN
1eanrid simuafloR deshadlynd
2 3EeFnaERTINIE RLuAY finered
AfmmarTd s Sl e
AfmpmaT st dwdeRos
5 ATIBRMERTIVITE AYOADN A6
BATBMaRTIINE mUATE SufiRA=0R

AeynTINnTIsheRRfe = ey fauu
1B widisll Tim8
2wy Palm
AWNETITIER AlEmE

Ak EynTINrhesmetinnd
1awme winigll Time
2 iusy Afaim
Awwarma flama

AN EYNTINNTIENEENETY
Lanrind samafle ekl
2avwmi8 winisll To0A
ey Meviu

U= THA=TTITHNTI
NTIHNT
NI
NTIAT
NTIHNT

U T T AR T THITT]
TN
TN
nTIHnTy
nTIHnTYy
TN

=R BTN

EYITITIHIT
TN

Ve MANEEYNTIN
EYITHNTI
EYITITHNTI

1= MANEEYNTINM

68



s Ai)

1o vl St S e A T T R B2 P OO0 s e e e

PERFORMAMCE STUDY O & SMALL FROZEN REFRIGERANT A-22 WITH COLD
Aufa Yoy gpEEn TN NedIe

1. rinfrnfrasttosnsdomuaedeeradentzn o onafun v maeee

THE COMPARESON OF HEAT PUMFP DRYER PERFORMANCE BETWEEN
BATHERMATICAL MODELING AND EXPERIMENTAL
ciry v, soiws noete, gom Jrmddeding uncidn Sundids

12, HpERdA T T T IE e “nrm1m-r1uﬂﬁmmmﬁn.hnﬂﬁm
'Inﬂ'iuﬂ'r'miu'm.l.uuﬁuﬂimﬂﬂﬂiﬂuwﬁmwﬂﬁrﬂ:\mn|'|l|

EFFECT OF EVAPORATOR LEMGTH AKD 'WORKIMG FLUD TIII HEAT TFI.ﬁ.HEFEFI
OF CLOSEMHOOPED CSCLLATMG HEAT AIPE WITH CHECK VALVES (CLOHP/CW)

AT CRITICAL STATE
s Thizee

13 rrmsdm it ADF-5 vintrs g n I m nd e s SR e

ROF-5 PRODUCTION FROM MUNICPAL S0UD WASTE:

A CASE STUDY OF Fak Habd DETRICT MUMICIPAL, CHANG Ml PROVINCE
wiliouie  puled. cigge e, Unefo wders pesmurt eafane

. - F . -
14, mrmmdredr f P et A nu R T ra A e e T s A T A L B TR e e

A DEVELCP DAakMAGE MONITCRMNG S0FTWARE FOR SHAR HOT WATER SYSTEM
gine griund, widieg] stoe eesdoiw nodge

Mondchai Duargramya

16, HEY IR THTHI TI0R ERTIE TREREN LNEA 71 T TR nRE Tk zu s o MOx
nhn!‘l.-.n!u-:u'muﬁummmﬂi-fahuﬁdnnqﬁmumuﬂuhku

ard HOw of a mu]lmﬁ:ﬂdungmmg[&deﬂhrﬂEhﬁudFudEﬂ'ﬂh
wdime Suvrilan wosaeisk L DO

17 ey wezetisdot geegirua moa S et un T T i m
wieimwrfalei v mangin & sistlEdowsnundy o1

G:mpuﬁnnmﬂﬁerﬁuatﬂid&mrnﬂﬂduﬁdﬂmun&khhﬂmﬁ:m

of a 4 Smoke Gasoline Small Engine using Berzens @1 Fusled
wgime Suvrtlan wormaied U T TR

18, rimAgmaniinoluerimsld e emre e T AT TR TR e

Reatuotion of Temperature nsids Buiding under Comiort Zone By Ewmpomative Cooling
HAAN RANUIIm pRMUARTA nRATEl

wik

a5

T

. T8

a1

85

L

17

69



70

NSO TEIN W SO0 I I I So L S a
T A G AU S D e e L A ws [ Pt 1 )

{ 1 ® 3 { [ [~ (Y]
ﬂqiﬁﬂﬂqawi‘iﬂuztﬂ%aﬁll?fllﬂlﬂ?l%']ﬂLaﬂﬁ‘l"f{ﬁﬁl‘iﬂqﬂ')q“LEJ‘H) R-22 nuU R-290

Performance study on a small frozen refrigerant R-22 with R-290
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UnAnsa

mufﬁaf:ﬁf@qﬂi:aaﬁl,ﬁlaﬁﬂmNa*’uaan’mﬁﬁumﬁu
HiuguinaivarisannuawuazAnmanuminzanluns
wWasnavhaudn R22  lhiu R-290 Aldluszuuuguds
YUALEN

mMsfnsRaasmMIasussriienudn  R-22 1w
R-290 lutaFasusudsama 3412 ﬁﬁg/ﬁ'ﬁiua MumIann
PUNALFURTUGUENAIUIZAINENIVOIMBAAAINGH 31N 0.812
fafluas 0.914 HadlwaTuas 1.066 danuas ausauiiday
8120971 2,400 daANas minaseulasnisaiuguanznsh
anuLindie SawaslWnuuuasuawia 800 Sad UAZAILAY
qmuqﬁmadﬁﬂﬁlvﬁizmumm%”auslﬁﬁ'uLﬂ?mmuuﬂuﬁl 30 + 1
ssrTafes laiinnsiuazidsouiisuaulssandaussous
miﬁﬂmmLﬁu(COP)LLa:ﬂizﬁwEmWWa“'amu"I,W‘*ﬁW(EER)

MnuamMsAnwLIa e iunsesiiaasden
COP uaz EER Laﬁﬂgaqmﬁﬁaaﬂmmﬂ”mm@Lﬁumuquﬁnma
0.914 TafluAT LAzANINET 2,400 dadiuas a3il a13vinAaa
L R-22 SfinAL 5.21 Uaz 17.78 anNd1al ®13vinanuiin
R-290 §i¢eL¥i1 5.56 uaz 18.97 @1w&1aU a;ﬂvlﬁdﬂmiﬁwmw
1 R-290 Hdadsannindszanm 6.71 % agnslsfianuiowsidn
@1 COP uas EER 289815%1a21uLfu R-200 aiAnduudf
Wudulyuinin Usznoudasasvinainutiu R-290 4
s3tsznounsndalwsiwu(Propane) Aisnansndalnle anings

Lﬁudﬂ"l,&i@j" uedamailinaunu R-22 Tutgiu

fd1an: TUUeNuLin R-200 dut  viaaaanuah

Abstract

The purpose of this research is to study the result of the
change of diameter capillary tube, and to study the suitability to
change refrigerant from R-22 to R-290 in small size of freezing
system.

The study was done on the result of the change of
refrigerant R-22 to be R-290 in freezer size about 3,412 BTU/hr
by using diameter and length dimension of capillary tube with

dimension  0.812 mm. 0.914 mm. and 1.066 mm. at constant



length of 2,400 mm. accordingly, and used capillary tube with
dimension of 1.066 mm diameter at different length about 2,400
mm. 3,000 mm. and 3,600 mm. accordingly. The test was
performed by controlling the cooling condition of the electric
heater, 800 Watt, flipper model, and temperature control of the
water being used for heat condensing to the condenser was at
30+ 1 OC. The analysis and comparison of COP and EER was
performed.

From the result of this study, it was found that both types of
refrigerant have COP and EER value in maximum average at
capillary tube with dimension of 0.914 mm. in diameter and
2,400 mm in length. for refrigerant R-22 COP was 5.21 and
EER was 17.78 accordingly. for refrigerant R-290, COP was
5.56 and EER was 18.79 accordingly. In conclusion, the average
performance of refrigerant R-290 was approximately 7.59 %
higher than those of refrigerant R-22. However, even though
COP and EER value of refrigerant R-290 was increased but
was not significant impact much. The main composition of
refrigerant R-290 is Propane which is inflammable for
conduction, it was worthless for R-290 to be utilized as

substitution of R-22.

Keywords: Refrigerant system R-290 commercial refrigerator

capillary tube
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ANNADINIVDILNAR WRZHAAA U N AT T T gusuiiain
ww3d bl dudaadanIosnaeanIa e SNENAAN AN N
windslildiAansdomainlddasldwasnuwlwvann - Tuns
\WWandagusuanandibsifiimauainTisaniaansmzuag
i:umJaqg‘ﬁ,ﬁmﬂ'aﬂ‘smm“ﬂm”mmﬁm ﬁm%“mjl,lfﬁﬁlﬂﬁﬂ”uag
Unuudlanuagnansunuauanudamvesylisiulngszun
o & A9 oo o o A ) ° I3
Manuduiilinudusazidunundalofosldmvhanubudu
3ana9 NI RUeITEuY Wndu
“ o o < @ a A & o o
Uadumarhenuduiildegnanoriianialuiudeliasv
& Aweg o A o < ' o =
anubufigslfagdamavhanuie R-22 ud savienuiu R-
22 %k MWEBIFIRIINOUNI0EN (Montreal Protocol) %ib fi
lafimsmrualidnsaauazianldansvinanuie R-22 1adan
° = X a \ &
asranudn R-22 % duansznudalaloulutuussenniawad
4 4, & oa . . .
lan  Fsfirwanvndminenudsgldanuanla  vimsdnmn
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ﬁuﬂfﬂﬁ'uazhat}ywiﬂmﬂ Wamasrenaiuinanzaniuns
IFnulusznuduanuionitn 9wistues we. oty waRwail
1M lévnmsnessussrenuduiniundeslsuaneiid
AanW T TLILTT L e L faudsinazEnlUieasviha
nliruiienamansienaudn 12,000 ﬁﬁg@ia"ﬁ'ﬁm g

= = o & ' o =3
NaaaIUTIULNLUENIYINAMULERITATNEIIVINANLEL Cold 22

wazaIinauEn R-22 agﬂ"[@i”ﬂﬁﬁﬁh's’mtﬁu Cold 22

anTarhanuduwlduniasianuine R-22 lawdl
mmmmmﬁwmmLﬂmjmxﬁ'ﬁmi:gagmmmimaauﬁ'uﬁu
9 3.7 kW llu 4.2 kw @amaisnduidn 13.5 % (eRansond
@1 COP 2g3m3vauLin fn COP 28dCold 22 ¥inle 3.55
wouedt R22 vnld 3.11 Aauumsindn 13.4 % dwinen EER
inARsandiswdoats fo a3 Cold 22 ¥nld 12.11 amued
R-22 vinld 10.67 Aaudumaindu 13.5 % MINARBIUANTIL
=1|aaﬁwﬁma@Tﬁuﬁﬂmmi’@uua:wﬁmaﬁanmmtﬁufl,ﬁagﬂlu
snmrinsiluudaznszvasnnuton

om o

mﬂmméﬂﬂ“’tyuaaﬂvtgmﬂ”aﬂa'n Wispdsauladinmn
FUTTOULBITUUIANIEL  serdusisvienuds 2 oiie
Iaunansrinanuiiu R22 AusshanuducoLd 22 d1asd
Usentmwuandranuadnals Tumsfiazinansrinaanudu
coLD 22 wnlFunumsvnenuin R22 luszuuiaassansrin
AWK R-22 aguin (Retrofitting) TagazilsouiioulwEawas
sussnuslunmsvianudunCor)  anudwddasmasnulnyi
(EER) uag mmmzmu,a:Lé’umuguﬁﬂmqﬁmmmmawiaaﬂ

A214A% (Capillary tube)

a 3 a e

1.2 Jandszasaveslassnsivy
A = a ° =

121 wWadnmanumanzanlsmIlfsusvinanuLis
R-22 3iilu coLD22 luaasutudsuuialan

122 Wannarasmalasusmaiduruguinaizasvio
aaanNanluaIaIutudsuIaLEn

123 e NazeIMIUasuANNEITeIaaaaNawly

LA ILTLTIVUNALEN

2 gilnsakn13398

ﬁLLﬁﬁlﬂuﬂﬂsmaaaﬁmmﬂ 820x540x625 mm. ,U3u1a3
100 503 VWIAVBINDNINIRLTES 3412 BTUHR wssanluvin
220 — 240 Volt awh 50 Hz ﬁmu@lﬁqmﬂnﬂﬁmaaﬁﬁ:mﬂ
anusoufinouanmas 3041 °c  fisamnslnavesin 35 das
wif



MUN 12437403 0IUTUDIVUNALEN

Remake. A .Vale No1 D. Cap-Tube & 0.812 mm L=2400 mm
B. Vale No2 E. Cap-Tube & 0.914 mm L=2400 mm
C. Vale No3 F. Cap-Tube @ 1.066mm L=2400 mm

3 mIangipInsmaianuLin

3.1 a3assale (Compressor) Lﬂum‘%‘mg@msﬁwmwmﬁuﬁ
milnssduavsuvvendouwudnideunsuld  Aalevesai
AL 1 kg nuiigadllunssalasnsianudu 1 kg mld

o &
AI%

W, = suiliunie3essda (kikg)

h, = wumasdvasmshanududouduaiassda (kikg)

h2 = lawmadvasasrinanuiduiiaananniaiadsa (kdkg)

3.2 1A389AILLUL  (Condenser) funszuauwnTlwauuy
g ENaNIRABLEUNITYINNANNARAIN  ANTaunaaanan

LATBIAILLUUEINITOWN LA dTE

Q. = anusauithlfladinouan (kikg)

h, =eumadvssmsrhanudutiewtiniasmuiiu (kl/kg)
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h3 = laumadaasavinanuidunaanainiaIasnrumnin

(kJ/kg)

3.3 1ML (Expansion valve) ATTLIHAT ALY
siananrwsvesdunszuIwm e umadai lddan

#IaNIENLINANNTaH

h, =h, (3)

3.4 @assLfdiu ( Evaporator) aanusauniansyinanuiin kg

gaian e lwarhuEvaporator

0, = anuiauivananuinminanudu (klkg)
° & & =
h, = wumsiassmsrhanudufissnanaesedu (kl/kg)

h, = eumsivssmshanubuniewdhaesoidu (kl/kg)

e a nr I3 “w .

3.5 FUUTTANTURIENTIOUUBINIYNANNLEIN  (Coefficient
of performance)
a e V] va a )

Tumstianeddil lild@aanugyiinanuauuaziouma

Aa & ' o & A a ° I
Infetuanmnaluvie  aavu  dssEnSawnmsrianudu
AUNLD ANNENTD lmsTaududawasnunlslu

NITLIBNNINIFNANNLE UNIRUA

luszuy sI wie  wasn azldidu COP (Coefficient of

performance )

de

luszuuy avdm]is} wlidu EER (Energy Efficiency Ratio )
EER =3.412COP  (6)

[=3
4 MINAABILAZNINLTDYE
Wanlumsnasadnl.  nIRENEIFNIIOUSAIINIANULEUTBI

Vapor Compression refrigeration system lunsdlile arsvihanu
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anuduuuusale (Gas Cycle Refrigerationlunsmiild ssvi
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gusTuEMIa i nsoaas e utuds
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5 AWAABNITNAFAL

ddRuRIIMI AL

‘ Catriube 00.512mm] = 2,400 Kiuﬂﬂﬁ'ﬂmﬁmﬁal

‘ Cabetsbe 00514 mm L=12400 }_.<1Tuﬂm'nﬂ\ﬁuw’al

‘ Cab-tube D01.066 mm [ =2,400 Kﬁuﬂnmﬂmmﬁw
nEoumsiemudy

AU Enthatpy
ELESIEERE

6 WaNINANDN

6.1 wanmaavsnAMasuvumduRugUIna B aRA LAY
Diameter [ q, Wwe Compare Diff
REFRIGERANT CoP | EER
(mm) | &Ikg) | RIkg) COP(%) | COP(%)
0812 24504 47.52 516 17.61 100
a )
= 0914 24685 i7.64 s 17.78 10097 MUYy 097
1.066 22344 587 387 13.20 75.00 anas 250
0.51 5600 | 8937 | 545 | 1536 0
g )
a oo | aseso [ 232 | ss6 | 1897 | 10221 | wwdu22
F2
1.066 431.78 109.93 393 1341 nu aAd 27.76
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LS : g 1 ¢ 1Ay o 2 o
62 nﬁaMmmHﬁmﬂmiuﬁauwmﬂumwﬂnnmmlhimimmmmu R-210UR-290

Diameter | g, | We Compare | Diff
REFRIGERANT COP | EER
(mm) | (kg) | (KTkg) COP(t) | - COP(%)
R-22 0914 | M685 | 4764 | 521 | 1778 100
R-290 0914 | 43680 | 8232 | 536 | 1897 | 10671 !ﬁuf;u, 671

6.0

,F;_r;:\
4.0

copr
o
5
H
R
SN
S

0.0 + L + L +

00.812,L=2,400 00.914,L=2,400 ©1.066,L=2,400

Capillary tube(mm.)

H v a Af o
nne.1dSsuisud NSz anTausauzn e s (COP

20.0

©0.812,L=2,400 ©0.914,L=2,400 01.066,L=2,400
Capillary tube(mm.)

i 6.2 Wisuifisuddseinimwnadnwlwv (EER)

NAT LAIINNINAFELYIaAAAINARNIFNNUUIALAUN
AN o a a A o a A% °
anbanndsouiiouluisasves  sudsAniaussansnisvia
AL (COP) uazUszansnmiwnasnulunwi (EER) swnsn
a;ﬂ"lﬁ’jwiaa@mmﬁuﬁﬁmmﬂLﬁumuquﬁnma 0.914 mm. Wil
@1 COP uaz EER mﬁﬂgdndwﬁaa@mmd’u 0.812 mm. uag
1.066 mm. LaNaTaviaaanNNaARNNauIaLanAINANL I A1
COP uay EER uniiaaaduddaniasunifaifisuiduilasidu
ﬁwﬁmsmﬂmwmmauﬁa:ﬁnm‘l"ﬁa’m@mn COP uaz EER Ua
uTahanlFnulanisesawiamnnzianusuisalunisviy

& A v a o AN v o da v

anufuntnaifsanulunsdlldvesnainuaunianiadudin
gudnasnlnginiwudn COP uaz EER wufldfnaasunnuans
IWduIm s yswIava9vioan 0.914 mm.ldidu1.066 mm.1iu

{ L3 ¥ ' - a ﬂ‘
lamanznaziunlsnuluszuuimsedarauyseinsanssous
mMshanuLiu(CoP)ua: auszansawwasnuluui (EER) v

2

FAIN LANEI TN



afldannInagauiasannuawiIa ATl
g137auLin R-200  udidf lavlsoniouluidesves
FuUszEnSanssouzn1IviANEu (COP) wazdszindnin
waswlWv (EER) mmsnagﬂsﬁ”’hﬁaa@mmﬁuﬁﬁmmmﬁu
muquﬁﬂma 0.914 mm. iuilén COP uaz EER Laﬁﬂﬁoﬂdwﬁa
8AAIUAH 0.812 mm. Waz1.066 mm. LHaRIIraaanNIGH
Afluwadnninfinuinddl COP uaz EER siuftanaduazlunsdl
inaaamwuﬁuﬁﬁmmﬂLﬁuﬁhuguﬁnmaﬁlumﬂ'ﬁwuﬁ cop
uay EER sudenfiaaasunnuaasliiduinnisifivaniavesvia
970 0.914 mm.1iflu 0.812 mm. uaz 1.066 mm.siwlalessnada
MIIRNEN COP uaz EER udagnsladhfiansananumung sud
a:ﬁmﬂ“ﬁmugmn COP uaz EER mmmagﬂvlﬁiwiaa@mm
AUBWIAFUHIUGUENA 0.914 mm. ifuﬁmwmm:auﬁq@
stnﬁﬂ'wé’uﬂs:?m'ﬁ{amsnu:msﬁwmmLSu(COP)LLa:@h
Yszansmwwasomlwv (EER) ifuﬁﬁqﬂvlﬁﬂdnm{wﬁu

uaNMslSeuLfisudn COP uay EER L8
ﬁmsmtﬁanmm@Lé«”umuquﬁﬂmwiaa@mmﬁuﬁmm:auﬁl’ﬁ
fI¥ANNIRIzRIeEsHNANLEYw R-22 AU R-290 wuinvie
AAANAUBWIALTURUAUINATI 0.914 mm. Algmsranudu
R-290 1iuilAn COP waz EER &ndnansvinenuiiin R-22 ay;ﬁ'
6.71 % a9A13197 4.2 nwafi lafsudinasrinaanuur-290
a:ﬁﬂdwLmﬁﬂ]’atﬁmﬁqmauﬁ'ﬁLﬁaamnﬁmuﬂi:ﬂau%ﬁnﬁa
Propane fianunsadalwledszneunudn COP MAuduiudsl
gawa‘ﬁlaztﬂﬁlmuml‘n’LLﬂui:uuﬁi“ﬁﬁﬁﬁﬂﬂmuLﬁu R-22 813111
anuduan R-22 Tudlu R-290

7 W@N&EITD19DI
[1] HA.TIBTY WIAANAILT LaTAtLY, NAFBURTYINANNLEY
FN3ULATeIdsueMa satuinalula fwszeauina e
NAITAANTZLI

a 4 e o 4 a a o 0/ 6 & =
2] wniad aN@Iew &ows nadde* Tup NSRS NIAENEN
waztSoufiauaIvinauLdu R-22 nu COLD-22 huiasad
auwisuuuluanuiowumiinmamaluladnusaasyy’
(3] et gn1IE uazyad naiat 2546 nMIdAnNTS
Uszndanasnuluasasdsvomeanuuusngiulasldzsiainy
1 R401a, R401B, R490ALAZR22, MaszyaiTinisiiens
rhUm‘wﬁ'dmumwu%auuazmaluqﬂnsrﬁ@ﬁummﬁ”au AN 2
25-26 NUeNEU 2546 quﬁﬁﬂammmmﬂmwwﬂ“ﬁﬁ IR
a 1
Foalna

’~ a o a5 & o & o

[4] wemal lv@aiad wazlwlsasl Sunsuia 2546 ssvinanu
uingsudmniaTasauuiskuuluanuiaw, Mgy
ATmaasnmItismwasnuauiasiazanaluguUnanidu
AMUTOU ATIN 2 25-26 NUENEW 2546 quﬁﬁnammmmﬂm
WA 9T T g lny

74

[5] éw"lwﬁ'ﬂﬁ(ﬁyaym 2545 MIAnEUSIUIAEUENITOUSTDY
sruvauwhImsduausauuszmIsanuuLi mm:auﬁq@,
wmnInmsomalulafwszaaundouys

6] wedlsard gnines madenuwmariounddan3 snsusai
ANUTUHENANATTNIAINTINATEING ATLIAINTTNAIERS
WnInenasdoalnd

[7] SUwa Thaueu ms’?Lﬂi’l:ﬁamﬁnuzn’liﬁ’mumaag‘mﬁﬁlvﬁ
AN ULEUNEN wﬁﬂmé"ﬂLﬂﬂIuTnﬁws:aamﬂﬁwuq%.
Ve Ineae

8] anasail WaNEIW Mahanuliusensliveime

wuny3 Iy Tesean IR 2547

[9] 798 @.ATIAW. (2549). MIvheudwLazNIUTuaIMeA
A & & a Aa ¢

(RUWATIN 10). FOUARUN:

sanavdnaiumalulading gdiunyunm,

[10] Agansmsinauvasduanuion. [pawlat). Wwhislaan

www.warrantech.co.th



http://www.warrantech.co.th/

d o
lszaumsaniiau

sz Iarue

[

UILAUAR 89YDN

03 AUAUT 2524

o J =

180 W.11 G].fT‘ll‘V]iTillET’E]."’IJ"IJu‘ﬁ VATASINY 33140

a

dFasanmazmansgaaivnssutiadia

AUNIPIFINTTUATDINA

v Inmedema TuTagwszaoundsuls 1 w.a.2548

w.A. 2549 — Tagriu winanuusineusus

[

a1 UHIT¥U

75



	1.ปกในภาษาไทย
	2ปกใน
	3บทคัดย่อ
	4กิตติกรรมประกาศ
	5สารบัญ
	6สารบัญตาราง
	7สารบัญภาพ
	8.คำอธิบายสัญลักษณ์และคำย่อ
	9บทที่1[1-3]
	10บทที่ 2[4-22]
	11บทที่3[23-33]
	12บทที่4[34-50]
	13.บทที่ 5[51-52]
	14รายการอ้างอิง[53]
	15 ภาคผนวก ก[54-65]
	16.ภาคผนวก ข[66-69]
	17ภาคผนวก ข[70-74]
	18ประวัติผู้วิจัย[75]

