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Nomenclature

. Nozzle cross section (m?)

: Flow coefficient of nozzle

. Cycle degradation coefficient

. Coefficient of performance

. Coefficient of performance in steady state
. Coefficient of performance in cyclic operation
. Cooling load factor

: Nozzle diameter (m)

. Differential pressure at nozzle (kPa)

. Heating load factor

. Pressure at nozzle (kPa)

: Part load factor

. Air volume (m®/s)

: Cooling capacity in steady state (W)

: Cooling capacity in cyclic operation (W)
: Transient heat loss (W)

. Reynolds number

. Relative humidity (%)

. Revolution per minute

: Outdoor temperature (C)

: Time (sec)

: Compressor operation time (sec)

: Work load factor

: Power consumption in steady state (W)
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: Power consumption in cyclic operation (W)
: Specific volume at nozzle entrance (m?/kg)
. Velocity of flow at nozzle (m/s)

: Absolute humidity at nozzle entrance (kg/kg’)

Subscripts

. steady state

: cycle

. differential pressure
: transient heat loss
. outdoor

. nozzle

Greek Symbols

. Cycle time (sec)

: Kinematic viscosity (m?/s)
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SUMMARY

Operating characteristic of an air conditioning system for vehicle is
dynamic and anomalous. Due to the dynamic behavior of the system, the
performance measurement should be taken in account in many different kind
of environmental condition with various thermodynamic variables.

One of the driving condition of the system, rotating speed of the
compressor for air conditioning is the most important factor consideration that
1s directly connected to the vehicle engine through clutch and belt. The
engine was simulated with 18.5KW class AC motor to drive the compressor.

The study was conducted to get performance information at various driving
condition of the vehicle. The experiments was performed in 3 driving mode
(Idling, Intermediate and Highway speed) on the same compartment
temperature condition and changing inlet air temperature and air flow rate
passing through the outdoor heat exchanger. For the cyclic operation of the
system in the mobile air conditioning system, the on/off operation of the
blower fan of the indoor heat exchanger was conducted to know about the
effect of the heat release during the off period of the compressor.

As results, cooling capacity decreased a little in steady state with reducing
the outdoor temperature however the power consumption of the system
increased significantly. This is due to high specific volume of the circulating
refrigerants in the suction line of the compressor by overheating of the
refrigerant.

In the experiment for the on and off operation of the blower fan in the
compartment heat exchanger, the delay time of the system was reduce more
that continuous operation of the fan.

Changing the driving speed of the vehicle yields the variation of the

Collection @ jeju



compressor speed. The test for the wvariation of the compressor was
conducted in 3 kinds of operation mode with Idling(900rpm), Intermediate
(1800rpm) and Highway(2500rpm) speed. Each mode showed similar level of
cooling capacity, however, power consumption show a considerable different.

System efficiency is highest at idling—mode.
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Fig. 2 Variation of cooling capacity on cyclic operation with time
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(19)

Table 1 Nozzle flow coefficient(C;) according to appendix 2 table 2 in KS

C9306

Reynolds number(Re)

Flow coefficient(C,)

50,000
100,000
150,000
200,000
250,000
300,000
400,000
500,000

0.97
0.98
0.98
0.99
0.99
0.99
0.99
0.99
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Fig. 9 Picture of environmental chambers
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Outdoor Chamber
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Pp (Pressure Drop) Po
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Motor
Clutch

ey )
. Nozzle E
Air Inlet EVAP. 440 %2 Blower motor
= 5 g50x1 Q
’ ’ -
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Air sampler Air Handling Unit

Indoor Chamber

Fig. 10 Schematic diagram of experimental apparatus
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Fig. 11 View of control part of the psychrometric chambers
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Fig. 12 Chiller for cooling of the outdoor psychrometric chamber
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Fig. 13 Front view of the outdoor chamber
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Fig. 14 Cord tester in the indoor chamber for measuring dry and wet

bulb temperature and flow rate
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Magnetic
clutch

Tensioner

Moter
pully

Fig. 15 Picture of the power transmit mechanism from driving motor to the
clutch
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Fig. 16 Picture of 3-phase AC motor with 18.5kW capacity
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Fig. 17 Stand of compressor test rig with torque meter and RPM

SENnsor
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Fig. 18 View of digital low pressure switch
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(a) Temperature switch.

MAGNETIC
& U TCH
on

(b) Timer.

Fig. 19 View of temperature control unit and composite timer for on/off

control of the compressor
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Fig. 20 View of pressure and temperature(Omega 1/16”) measuring

jig in the refrigerant loop
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Fig. 21 View of coriolis type mass flow meter and transmitter
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Fig. 22 Differential pressure transmitter for measuring pressure

difference between nozzles for measuring air flow rate of

the heat exchangers
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Fig. 23 View of pressure transmitter to measuring cycle pressure of

the system
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Table 2 Specification of the torque meter

Type Brush type

Manufacture Ono sokki

Model SS-500

Range Measurement Range : 50 (N*m)
Revolution Range : 0 to 6000

Accuracy +0.2%/ FS

Excitation 100/ 120/ 220/ 240VAC 50/60Hz

Output 0 to £ 10V/ FS

Table 3 Specification

of the RPM sensor

Type Laser type
Manufacture Ono Sokki
Model MP-981
Range Measurement Range : 1 to 20,000 rpm
Accuracy +0.02%/ FS
Excitation DC 12V+2V(0.5Vp™p or less ripple)
Output Low level : 0.5V or less,
High level : 5 V0.5V
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Table 4 Specification

of digital pressure transducer

Type Gage pressure

Manufacture Setra

Model C206

Range 0 to 25, 50, 100, 250, 500, 1000, 3000, 5000, 10000 psig
Accuracy £0.13% FS

Excitation Current: 24V (DC Only)

Output 4 to 20 mA

Table 5 Specification

of the mass flow meter

Manufacture Micro Motion
Model F-series
Standard

) £0.044%
uncertainty
Nominal flow rate | 18.44 kg/min
Accuracy £0.2%
Error £0.01%%
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Table 6 Experimental conditions for the car air-conditioning system

(1) Steady state (variable outdoor temperature)

Condenser Evaporator
T Inlet Air Inlet air Air
e air flow tem R.H. flow RP.M
Name temp rate P rate
T m’/min T % m”/min
CH 32
CM
27 27 21 50 7 1800
(=CMC)
CL 21

(2) Cycle operation (with evaporator outlet temperature sensor)

CHc 32
CMc 27 27 21 50 7 1800
CLc 21

(3) Cycle operation (blower fan on/off)

CHcx 32
CMcx 27 27 21 50 7 1800
CLcx 21

(4) Steady state (variable compressor speed)

CMI 21 900
27 21 50 7
CMA 32 2500

* Nomenclature

¢ . cycle operation, X : evap. blower fan on/off, H : high 32C, M : medium 27C, L :
low 21C I : Idling(Q00RPM, Cond. air flow rate 21 cmm), A : Acceleration speed
(2500RPM, Cond. air flow rate 32 cmm), C : Constant speed (1800RPM, Cond. air flow

rate 27 cmm)
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Table 7 Test condition for optimum charge

Compressor Speed (rpm) 2,000
Temp.(°C) 40
Condenser
Air flow rate (m?/min) 48
Temp. (°C) 40
Evaporator Air flow rate (m?*/min) 8
Relative humidity(%5) 50

Fig. 24 Variation of superheating and subcooling with charge amount
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Table 8 Experimental performance in steady state

Test Q ., W w .. (W) COP (-)
CH 3,690 1,283 2.87
CM 3,427 1,498 2.29
CL 3,323 1,738 1.91

Fig. 25 System performance with variable outdoor temperature on

steady state
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Fig. 26 System performance and test condition variation with time

(32°C outdoor temperature)

Fig. 27 System performance and test condition variation with time

(27°C outdoor temperature)
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Fig. 28 System performance and test condition variation with time

(21°C outdoor temperature)
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Table 9 Experimental performance of cyclic operation
Q Q ton toff T w W
Test Y1 time| time “ | CLF| WLF| PLF| Cp m | COP
(W) W) (sec) W) (W)
(sec) | (sec)

CHc | 3,690 | 2331 29 53 82 1,283 1,018 | 0.22 1.0 0.22 1 1.0 2.30

CMc | 3427 | 2,362 29 53 82 1,498 | 1,191 | 024 | 081 | 030 | 092 | 08 | 199

CLc | 3323 | 2471 29 50 79 1,738 1,367 | 027 | 070 | 039 | 084 | 073 | 1.82
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Fig. 29 Variation of CLF, WLF, PLF, and Cp with variation of
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Fig. 30 Capacity and power variation with time in cycle operating at

32°C outdoor temperature
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Fig. 31 Capacity and power variation with time in cycle operating at

27°C outdoor temperature

Fig. 32 Capacity and power variation with time in cycle operating at

21C outdoor temperature
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Table 10 Performance of cyclic operation with controlled blower fan

t t
Qu | Qe | | T T W W,
Test ] time| time CLF | WLF| PLF Cp m COP

(W) W) (sec) w) (W)
(sec) | (sec)

CHex| 3,690 | 2,102 32 73 105 | 1,283 | 828 024 | 057 | 042 | 076 | 061 | 2.04

CMcx| 3,427 | 2,036 33 73 106 | 1,498 | 1,036 | 024 | 049 | 049 | 069 | 050 | 157

CLex | 3,323 | 2,017 33 7 110 | 1,738 | 1,364 | 024 | 041 | 059 | 055 | 038 | 1.15

Fig. 33 Characteristic of nozzle pressure drop with cyclic operation
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Fig. 35 Power and capacity variation with time at 32 C outdoor
temperature when the blower fan was controlled by on
and off
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Fig. 36 Power and capacity variation with time at 27C outdoor
temperature when the blower fan was controlled by on
and off

Fig. 37 Power and capacity variation with time at 21C outdoor
temperature when the blower fan was controlled by on
and off
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Table 11 Experimental performance of each driving mode

Test Q., (W) w,, (W) COP (-)
Idling mode 3,334 321 10.38
Constant speed 3,427 1,498 2.29
accelerating mode 3,490 2,427 1.44

Fig. 38 System performance with variation of the compressor speed
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Fig. 39 System performance at the idling state of the compressor

Fig. 40 System performance at the intermediate speed of the

compressor
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Fig. 41 System performance at the highway speed of the compressor
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