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Abstract: In this study, the effects of the compressor for the air conditioning system on the fuel economy were
experimentally investigated in an actual automobile. This study aims to analyze the level of contribution of the driving
torque of the compressor to the fuel economy. A torque sensor, which is directly set on the clutch of the compressor, is
developed to obtain data about the compressor load, which influences the fuel efficiency, and then, the reliability of the
torque sensor is verified by comparing the results with those of a torque meter in a bench test. An actual automobile
equipped with the compressor and torque sensor is operated in a climate wind tunnel in which appropriate facilities are
set up to evaluate the fuel efficiency. The compressor driving torque resulting from the difference in the compressor
displacement is found to influence the fuel economy, and the fuel economy is found to be worsened by up to 2~3% with
an around 11% increase in the compressor displacement under the same conditions.
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< Table 1 Specifications of CWT
@2 ooj Alxwle] Wuf wjye] A

Type Specification
Chamber temp. -40 ~ 60 °C
Wind speed range 0 ~ 200 km/h
Humidity range 20 ~ 90 %RH

Dynamo absorbtion 210 HP
Sun load range 300 ~ 1400 W/m’
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Table 2 Specification of compressor

Compressor Type Variable Swashplate

Cylinder No. 6

Max. Displacement(cc/rev)

160 | 142 ‘ 126

Table 3 Test condition of SC03 fuel efficiency mode

W= ) o A E 9 MY AnAe S8 Top |Average| Max. Slmulated Time Lab Vehicle
Speed | Speed | Accel. | Distance (min.) temp. Aj
(mph) | (mph) |(mph/sec.)| (mile) o (F) 1 -co.
Cond. & Comp. room FreshAir oo Air 548 | 22 5.1 3.6 9.9 | 95 On

Cooling [
Fan

Evaporator

Comprdssor

Evap Outlet Air
Cond, Conﬁenser {

nletAir -
Torque meter ‘

Evap. room

Table 4 Test condition of vehicle fuel efficiency

Vehicle Ambient condition Air condition
Time Air | Sun
. Speed Temp. | Humi.
(min.) | °P Gear . flow | load | A/C |Blower
(kph) (C) |(»%eRH)

(kph) | (w/m’)

30 50 D 45 40 50 1000 [ On | High

Fig. 4 Schematic of bench stand

30 100 D 45 40 100 | 1000 | On | High

30 Idle N 45 40 0 1000 | On | High
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Fig. 5 Torque sensor calibration at bench stand
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Fig. 6 Torque sensor validation at bench stand
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Table 5 Specification of test vehicle engine
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Fig. 7 Variation of compressor torque with real time
vehicle speed
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Table 7 Comparison of compressor torque between
vehicle and bench test

Displacement Comp. Torque(kgf.m)
(cc/rev) Vehicle Bench

160 100% 7651 100% 806 100%

142 89% 6869 90% 728 90%

126 79% 6294 82% 607 75%

1.8

1.6

1.4

1.2
1.0 4F
0.8 |
0.6 |

0.4

126 cc/rev #4142 cc/rev 160 cc/rev

Compressor torque (kgf.m)

0.2

0.0

0 100 200 300 400 500 600
Time (sec.)

Fig. 10 Test results of SC03 mode at bench stand
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