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CORRELATION MODEL/HEAT REMOVAL RATE/AUTOMOTIVE AIR

CONDITIONING EVAPORATOR

The evaporator is the device that performs as a heat exchanger between air
and refrigerant in the vehicle compartment. To design this device, the customer and
manufacturer typically require its speeifications containing appropriate heat removing
rate and proper size under the control conditions. For example, the pressure drop
of refrigerant and wind speed are-thesnecessary conditions demanded. Besides,
the manufacturer also needs regulating the cost unless the efficiency of the machine.
This article represents the correlation models to predict the relation between the heat
removal and the core size of the evaporator. The model has been developed utilizing
experimental results of the cross-sectional area of the evaperator, which evaluated
by 16 sizes. The various.size-was characterized under the two control conditions
resulting in the amount of 32 cases in overall. All results were compared with and
converted to mathematical function and correlation models, respectively. The models
were verified for error with correlation equations which were 1.01% and 0.30% for

condition 1 and 2, respectively.
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Core Width (mm) Experimental Equations
221 Q.= 3.2009CH™*” .1
236 Q.= 3.3094CH"** 4.2)
266 Q= 3.3757CH**” 4.3)
297 Q.= 3.2859CH"*** (4.4)
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Core Width (mm) Experimental Equations
221 Qg = 6.4093CH™""™ (4.5)
236 Q, = 6.3606CH"**"* (4.6)
266 Qg = 6.1585CH""” (4.7)
297 Qg = 6.1575CH"** (4.8)
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Condition Coefficient a
1 a=-0.1752CW’ + 0.4539CW’ + 1.3031CW (4.9)
2 a=0.6533CW’ - 4.4838CW" + 9.6262CW (4.10)
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Coefficient a Equations R’
a=-0.1752CW" + 0.4539CW" + 1.3031CW 0.9919
a=0.6533CW - 4.4838CW’ + 9.6262CW 0.9731
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A519N 4.19 FUMITUUTZANTNNTUNMINATDIVDVIUANTNAADIN 2

Condition Coefficient b
1 b=0.0557CW’ — 0.3022CW" + 0.5587CW “4.11)
2 b =-0.0826CW’ + 0.4548CW’ — 0.523CW 4.12)
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Coefficient b Equations R’
b=0.0557CW’ — 0.3022CW’ + 0.5587CW 0.9988
b =-0.0826CW’ + 0.4548CW’ — 0.523CW 0.9908
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b, = -0.05698CW" - 0.30261CW" + 0.55868CW
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a,=0.6533CW’ — 4.4838CW’ + 9.6262CW

b, =-0.0826CW"’ + 0.4548CW" - 0.525CW
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5 ) —0.0826CW3+0.4548CW2—0.523CW
Qi =(0.6533CW" - 4.4838CW" +9.6262CW) CH (4.14)
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A15199 4.21 NIUANNTNAQDINVLUVNaDIaHTUNUT

Experimental Equations

Q= 3.2009CH™*” Qg = 6.4093CH""

Q= 3.3094CH"*** Q, = 6.3606CH"**"
Condition 1 03953 Condition 2 09760

Q= 3.3757CH" Q, = 6.1585CH"

Q= 3.2859CH"*** Qg = 6.1575CH"**

Mathematical Models
3 2
Condition 1 QR _ (_0 1752CW3+ 0.4539CW2+ 1.303 ICW)CHO‘O%%CW -0.30261CW~+0.55868CW
3 2

Condition 2 | Q, = (0.6533CW"- 4.4838CW >+ 9.6262CW)CH " 0820CW + 04348CW - 0.523CW
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VOULUAMINATOUN 1

Core Size (CWx CH) Qgrerp (KW) Qg matn (KW) Error (%)
221 %205 4.1418 4.151 1.20
221 x 235 4.3500 4.361 2.95
221 x 265 4.5417 4.553 0.52
221 x 295 4.7200 4.733 0.18
236 x 205 4.3149 4.297 1.20
236 x 235 4.5383 4.519 1.44
236 x 265 4.7444 4.723 1.70
236 x 295 4.9362 4913 0.30
266 x 205 4.4833 4.493 0.45
266 x 235 4.7320 4.743 0.67
266 x 265 4.9622 4.975 1.44
266 x 295 5.1771 5.191 1.31
297 x 205 4.5501 4.547 0.71
297 x 235 4.8408 4.837 1.21
297 x 265 5.1118 5.107 0.64
297 x 295 5.3665 5.362 0.17

' v ' '
Lﬁ’e‘)ﬁmmﬁaummammmm%’auﬁQﬁ}mﬂﬁummﬁl’; ﬂ1ﬂ31ﬂﬂ1ﬂlﬂaﬂu%1ﬂﬁhﬂ1i

SmSuvpUAMINATOUN 1 MAVLAINAUNINY 1.01%
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VOUIUAMITNATOUN 2

Core Size (CWx CH) Qrerp (kW) Qg matn (KW) Error (%)
221 %205 7.283 7.28 0.04
221 x 235 7.468 7.46 0.17
221 x 265 7.618 7.61 0.07
221 x 295 7.776 7.76 0.25
236 x 205 7.363 7.38 0.21
236 x 235 7.626 7.60 0.39
236 x 265 7.745 7.79 0.62
236 x 295 7.961 7.97 0.16
266 x 205 7.495 7.51 0.18
266 x 235 7.822 7.79 0.38
266 x 265 8.089 8.05 0.46
266 x 295 8.286 8.29 0.06
297 x 205 7.567 7.60 0.46
297 x 235 7.975 7.91 0.76
297 x 265 8.216 8.20 0.20
297 x 295 8.432 8.46 0.36

' v ' '
Lﬁ’e‘)ﬁmmﬁaummammmm%’auﬁQﬁ}mﬂﬁummﬁl’; ﬂ1ﬂ31ﬂﬂ1ﬂlﬂaﬂu%1ﬂﬁhﬂ1i

SmSuvRUAMINATOUN 1 MAVLAINAUNINY 0.30%
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A1519% 0.1 ﬂWﬂ'lﬁliTl/l\iﬂ’JﬁJ%l@ufhW3‘]J5U@‘1Jlsllﬂﬂﬁ‘ﬂﬂﬁﬂﬂﬁ 1

CwW | CH Air Flow | Humidity | Air Temp P, P, | SC Temp | SH Temp Heat Removal (kW)

e (mm) | (mm) | (CMH) (%) ‘c) (kPa) | (kPa) | (°C) (°C) | Result1" | Result2™ | Result3™ | AVG
1-1 221 205 400 50 27 1530 193 5 7.5 4.171 4.182 4.252 4.1418
2-1 221 235 400 50 27 1530 193 5 7.5 4.234 4.212 4.261 4.3500
3-1 221 265 400 50 27 1530 193 5 7.5 4.585 4.586 4.560 4.5417
4-1 221 295 400 50 27 1530 193 5 7.5 4.748 4.736 4.74 4.7200
5-1 236 205 400 50 27 1530 193 5 7.5 4317 4.38 4.352 4.349
6-1 236 235 400 50 27 1530 193 5 7.5 4.461 4.438 4.464 4.5383
7-1 236 265 400 50 27 1530 193 5 7.5 4.804 4.74 4.87 4.7444
8-1 236 295 400 50 27 1530 193 5 7.5 5.06 4.859 4.863 4.9362
9-1 266 205 400 50 27 1530 193 5 > 4.411 4.498 4.51 4.4833
10-1 | 266 235 400 50 27 1530 193 5 7.5 4.64 4.75 4.745 4.7320
11-1 | 266 265 400 50 27 1530 193 5 7.5 5.076 5.005 5.061 4.9622
12-1 | 266 295 400 50 27 1530 193 5 7.5 5.057 5.16 5.154 51771
13-1 | 297 205 400 50 27 1530 193 5 7.5 4.54 4.532 4.665 4.5501
14-1 | 297 235 400 50 27 1530 193 5 7.5 4.626 4.801 491 4.8408
15-1 | 297 265 400 50 27 1530 193 5 7.5 5.163 5.207 5.051 5.1118
16-1 | 297 295 400 50 27 1530 193 5 7.5 5.527 5.338 5.248 5.3665
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A9 V.1 ﬂWﬂ'liliTVl\iﬂ’JﬁJ%l@ufhW3‘]J5U@‘1Jlsllﬂﬂﬁ‘ﬂﬂﬁﬂﬂﬁ 2

CwW | CH Air Flow | Humidity | Air Temp P, P, | SC Temp | SH Temp Heat Removal (kW)

e (mm) | (mm) | (CMH) (%) ‘c) (kPa) | (kPa) | (°C) (°C) | Result1" | Result2™ | Result3™ | AVG
1-2 | 221 205 400 40 40 1400 200 5 5 7.275 7.304 7.271 7.283
2-2 | 221 235 400 40 40 1400 200 5 5 7.451 7.442 7.512 7.468
32 | 221 265 400 40 40 1400 200 5 5 7.532 7.673 7.650 7.618
42 | 221 295 400 40 40 1400 200 5 5 7.74 7.781 7.806 7.776
5-2 | 236 205 400 40 40 1400 200 5 5 7.331 7.34 7.417 7.363
6-2 | 236 235 400 40 40 1400 200 5 5 7.634 7.615 7.628 7.626
7-2 | 236 265 400 40 40 1400 200 5 5 7.722 7.778 7.735 7.745
8-2 | 236 295 400 40 40 1400 200 5 5 7.987 7.946 7.95 7.961
9-2 | 266 205 400 40 40 1400 200 5 S 7.529 7.473 7.483 7.495
10-2 | 266 235 400 40 40 1400 200 5 5 7.819 7.807 7.841 7.822
11-2 | 266 265 400 40 40 1400 200 5 5 8.071 8.082 8.114 8.089
12-2 | 266 295 400 40 40 1400 200 5 S 8.267 8.297 8.293 8.286
13-2 | 297 205 400 40 40 1400 200 5 5 7.509 7.568 7.625 7.567
14-2 | 297 235 400 40 40 1400 200 5 5 7.972 7.955 7.999 7.975
15-2 | 297 265 400 40 40 1400 200 5 5 8.322 8.003 8.322 8.216
16-2 | 297 295 400 40 40 1400 200 5 5 8.367 8.478 8.452 8.432
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CASE CW (mm) CH (mm) Heat Removal (kW)
1-1 221 205 4,1418
2-1 221 235 4.3500
3-1 221 265 4.5417
4-1 221 295 4.7200
5-1 236 205 43149
6-1 236 235 4.5383
7-1 236 265 4.7444
8-1 236 295 4.9362
9-1 266 205 4.4833
10-1 266 235 4.7320
11-1 266 265 4.9622
12-1 266 295 5.1771
13-1 297 205 4.5501
14-1 297 235 4.8408
15-1 297 265 5.1118
16-1 297 295 5.3665
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CASE CW (mm) CH (mm) Heat Removal (kW)
1-2 221 205 7.283
2-2 221 235 7.468
3-2 221 265 7.618
4-2 221 295 7.776
5-2 236 205 7.363
6-2 236 235 7.626
7-2 236 265 7.745
8-2 236 295 7.961
9-2 266 205 7.495
10-2 266 235 7.822
11-2 266 265 8.089
12-2 266 295 8.286
13-2 297 205 7.567
14-2 297 235 7.975
15-2 297 265 8.216
16-2 297 295 8.432
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Case Heat Removal (kW)

CW (mm) CH (mm) Qg exp Qg Math Error (%)
221 205 4.202 4.151 1.20
221 235 4.236 4361 2.95
221 265 4.577 4.553 0.52
221 295 4.741 4.733 0.18
236 205 4.350 4.297 1.20
236 235 4.454 4519 1.44
236 265 4.805 4.723 1.70
236 295 4.927 4913 0.30
266 205 4.473 4.493 0.45
266 235 4.712 4.743 0.67
266 265 5.047 4.975 1.44
266 295 5.124 5.191 1.31
297 205 4.579 4.547 0.71
297 235 4.779 4.837 1.21
297 265 5.140 5.107 0.64
297 295 5.371 5.362 0.17
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Case Heat Removal (kW)

CW (mm) CH (mm) Qg exp Qg Math Error (%)
221 205 7.283 7.28 0.04
221 235 7.468 7.46 0.17
221 265 7.618 7.61 0.07
221 295 7.776 7.76 0.25
236 205 7.363 7.38 0.21
236 235 7.626 7.60 0.39
236 265 7.745 7.79 0.62
236 295 7.961 7.97 0.16
266 205 7.495 7.51 0.18
266 235 7.822 7.79 0.38
266 265 8.089 8.05 0.46
266 295 8.286 8.29 0.06
297 205 7.567 7.60 0.46
297 235 7.975 7.91 0.76
297 265 8.216 8.20 0.20
297 295 8.432 8.46 0.36
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C1-1 221 205 400 50 27 1530 193 5 75
C1-2 221 205 400 40 40 1400 200 5 5
C2-1 221 235 400 50 27 1530 193 5 75
C2-2 221 235 400 40 40 1400 200 5 5
C3-1 221 265 400 50 27 1530 193 5 75
C3-2 221 265 400 40 40 1400 200 5 5
C4-1 221 295 400 50 off 1530 193 5 75
C4-2 221 295 400 40 40 1400 200 5 5
C5-1 236 205 400 50 27 1530 193 5 75
C5-2 236 205 400 40 40 1400 200 5 5
C6-1 236 235 400 50 27 1530 193 5 75
C6-2 236 235 400 40 40 1400 200 5 5
C7-1 236 265 400 50 27 1530 193 5 75
C7-2 236 265 400 40 40 1400 200 5 5
C8-1 236 295 400 50 27 1530 193 5 75
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Cl4-2 297 235 400 40 40 1400 200 5 5
Cl15-1 297 265 400 50 27 1530 193 5 7.5
C15-2 297 265 400 40 40 1400 200 5 5
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