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SUMMARY

The study was conducted to evaluate operation characteristics of pre—cooling
system for the vehicles. The system was three modes which is refrigeration
cycle, pre—cooling cycle and recovery cycle. The pre-cooling system applied
an adsorption tank to make driving force of the refrigerant in the system
during start up process which state the compressor does not working. The
adsorption tank, filled with silica-gel, was located between evaporator and
compressor. During the instantaneous process, the refrigerant in the high
pressure side flows through the expansion valve and make cooling effect at
the evaporator and adsorbed to the silica—gel in the adsorption tank. At that
time, the pressure in the adsorption tank is increased slowly and reached the
equilibrium pressure between low side and high side pressure in the
refrigeration cycle. In the recovery cycle, hot water, extracted from radiator of
the vehicle, supplied to the silica-gel tank and take out the refrigerant in the
adsorption tank. The water is 70C and pump-down technique was applied to
increase desorption rate.

Type 1 of pre-cooling system has a receiver tank which is located outlet of
condenser. Main purpose of receiver tank is store of refrigerants. So
Refrigerants, stored in receiver tank, are used to pre—cooling system. During
the pre-cooling cycle, outdoor temperature is 35C, indoor temperature is 40T
and air flow is 8cr’ /min. As a result of experimental, refrigerant in the
receiver tank were not flowed.

At the type 2 of instantaneous system, Receiver tank was removed because
refrigerant, stored in the receiver tank, are not flowed according to pressure
difference. During the refrigeration cycle outdoor conditions are 27C and air
flow 48cn’ /min, indoor temperature is 35C and air flow is 8cr /min. At the

pre—cooling cycle, outdoor temperature is 35C, indoor temperature is 40C and

- vili -



air flow is 8cr /min. At first, experimental which is making a driving force
was conducted. As a result silica—gel in the adsorption tank made a driving
force. According to driving force, refrigerant was flowed in the pre—cooling
system. During the pre-cooling cycle, pressure and temperature in the
adsorption tank was increased because of adsorption of refrigerant.
Commonly, the adsorption process cause exothermic reaction.

To recovery of silica—gel, radiator simulator supplies adsorption tank with
hot water of 75 temperature and temperature of adsorption tank was
increased to 65C. After then, pump down was conducted to collect of
refrigerant which is desorption in the adsorption tank. To adsorption chiller
supplies adsorption tank with cooling water of 4C and temperature of
adsorption tank was decreased to 13°C. Because adsorption rate of low
temperature is higher than high temperature. As a results, desorption process
needs to hot water which is 75C and adsorption process needs to cooling
water.

This system has a serious problem that pump oil was flowed in adsorption
tank and didn't return to system. So pressure of compressor is increased to
73kg/cm®. At the moment the compressor was broken. Conclusively system
must be revision to protect the compressor.

At the type 3 of pre-cooling system has resolved the problems which are
find out at the advanced research. Because compressor doesn’t working at
the pre—cooling cycle, consumption of blower fan of evaporator was used to
calculation of COP. An experimental was conducted to find a pre—cooling
system with variation of temperature of adsorption tank. as a results, COP
was 4.1 at the 13C and was 2.8 at the 23C. COP of low temperature is
more higher than high temperature. After experimental was conducted to
find a pre-cooling cycle with a variation of pressure of evaporator. as a
results, time of pre-cooling cycle was 13minutes, cooling capacity was 1.6kw

and COP was 2.42 at the low pressure of evaporator. On the contrary to this,
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time of pre—cooling cycle was 7minutes, cooling capacity was 2.5kW and COP
was 3.84. On the analyzed results, this state match up with general
adsorption characteristics that adsorption rate 1s increased at the high

pressure and low temperature.
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Table 1 Flow coefficient of the nozzle( ()

Reynolds number(ZRe) Flow coefficient(C))
50,000 0.97
100,000 0.98
150,000 0.98
200,000 0.99
250,000 0.99
300,000 0.99
400,000 0.99
500,000 0.99
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Fig. 5 Calculated chart to obtain the flow coefficient of the

nozzle



Fig. 10¢] Air samplerg ©|&3to] AW UF 2% 2 F% FHo] 7}s3t

of. Aol 2% S 8l 3HPH CDU(Condensing unit) 27H¢} FCU(Fan
231313 Fig. 69 (a)-(c)¢} -t}

S 98t oF 12kWH PTC(Positive  Temperature

Coefficient) 7#17]3]E]E SCR(Silicon Controlled Rectifier)ol] 1Z23s}o] 52 &=

vz AFdon 2HT 5 JreF sklal AH AXAS Fig. 69 (Dol v

ehp ek,

_’IO_



Fig. 6 Environmental chambers

Fig. 7 Outdoor environmental chamber
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Fig. 8 Indoor environmental chamber and code tester

Fig. 9 Air sampler to measure the air quality
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(a) SHP class chiller (b) 3HP class condensing unit

(c) 3HP class fan coil unit (d) 12kW class PTC heater

Fig. 10 Apparatus for maintaining the environment within the chamber
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Fig. 11 Power transmit mechanism from driving motor to the clutch

_16_



Fig. 12 Evaporator of heat pump system

Fig. 13 Condenser of heat pump system
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Fig. 14 Solenoid valve and controller

Fig. 15 3RT EEV(Electronic Expansion Valve) and controller
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Fig. 16 Adsorption tank and silica—gel
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Fig. 17 Radiator simulator
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Table 2 Test condition without surplus refrigerant storage
tank

1)Refrigeration cycle

Dry bulb temperature(C) 40
Indoor chamber - -
Air flow rate(m'/min) 8
Dry bulb temperature(C) 35
Outdoor chamber
Air flow rate(m'/min) 48
Compressor speed(rpm) 900
Solenoid valve open 2,57
Solenoid valve close 4.6
2) pre—cooling cycle
Dry bulb temperature(C) 40
Indoor chamber
Air flow rate(m’/min) 8
Dry bulb temperature(C) 35
Outdoor chamber
Air flow rate(m’/min) 0
Solenoid valve open 2,4
Solenoid valve close 56,7
3) Recovery cycle
Indoor chamber Air flow rate(m'/min) 8
Outdoor chamber Air flow rate(m’/min) 48
Compressor speed(rpm) 900
Solenoid valve open 6,7
Solenoid valve close 2,45
Hot water temperature(C) 75
Cooling water temperature(C) 4
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Fig. 18 Schematics of pre—cooling system
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Table 3 Specification of measurement device

Sensor Specification
Standard 28G
Type T-type
Temperature Rang -200~4007C
Accuracy +1~3%
Thickness 0.32mm
Type Gage pressure
Manufacture Setra
Model C206
Pressure Range 0~10000 psig
Accuracy +0.13% FS
Excitation 24VDC Only
Output 4 to 20 mA
Standard uncertainty | £0.044%
Refrigerant mass flow | Fluid Water(H20)
rate Nominal flow rate 50kg/min
Meter Total 7.9kg
(Micro motion F-series) | Error +0.01%
Accuracy +0.02%
Type Torque Detectors
Manufacture Onosokki
Model SS-500
Torque Range 0~6000 (50 N*m )
Accuracy +0.2%/ FS
Excitation 100/ 120/ 220/ 240VAC
Output 0 to £ 10V/ FS
Type Revolution Detectors
Manufacture OnoSokki
Model MP-981
RPM Range 1 to 20,000r/min
Accuracy +0.02%/ FS
Excitation DC 12V+2V
Output 05V~ 5V+05V

_24_




[ e omamon acz2or 88

Fig. 19 Sensor for measuring the rpm and torque meter

_25_



<+

Rl
<0

H
!

w

)

o
=o

Fehol A

-
R

COP(Coefficient of Performance)

()=

Al4z0lv COP.= EMARIL,

Az 2(6)] HErd

o}
H

-
R

1

A

ol Y Aol Sl

=
(¢}

o 4

o Y Apol 2

719 AH]

COP

- (5)

s

(6)

(7)

P: \/§>< V>< [>< COS@ e e sesssessseasseassensseteettesesessestsestsesssesssessseasesesseeseesesesetesstesstesssesssesans

_26_



321 7% d YA 2=l

ot

H Fig. 209 7]x oAyAl== Jlgfe s el 2L &9

S|
=

=70

|

=7

[}

=z o
=

=2l 7] (Receiver Tank)

o
il

o

o

gazel Wl el of

2k

o
=]

-
1

2] 7]

Aol

Y% 27C, AWE2 8m/min, 292%35T, ALE 48T

ol Y Atol

oAt

)

900RPMoll A %138

ol
=

/min

=
o

el A

>=
<)

btk elabelEe A

S

9Jex 35ToA &

/\EI

ol
=

717F BAGE oI, A 9] o]
}o] Table 4 o Yepd AT

5|

I
——

z71S 49

44

e

d

X

=

3] A}

7))

=13
=

=
[}

|

Wt

&

Fig. 21l Yeb i

=
=

7] st st

<0
Mo
=

o)

T

N
)
ol

o
-

X
_E‘h

A= FAEJL, AH2E7F 40TCe]7] wfZol

Fig. 23°] vebli Aot

3 Fol7]e] A of

g4

<

_27_



L LT EE T

— Refrigeration cycle

56

Receiver
Tank

C>O<)(bd@1

Condenser

» Pre-cooling cycle

Accumulator

To Radiator

©

Adsorption Tank

(—JD From Radiator

Fig 20 Schematics of basic pre-cooling system

_28_



Table 4 Test condition of pre—cooling system with surplus refrigerant

storage tank

Indoor Dry bulb temperature(C) 27
chamber Air flow rate(m'/min) 8
Refrigeration Outdoor Dry bulb temperature(C) 35
eyele chamber Air flow rate(m’/min) 48
Compressor speed(rpm) 900
Solenoid valve open 1,2,4,7
Solenoid valve close 3,5,6
Indoor Dry bulb temperature(C) 40
chamber Air flow rate(m'/min) 8
Instantaneous Outdoor Dry bulb temperature(C) 35
cooling cycle chamber Air flow rate(m'/min) 0
Solenoid valve open 2,3
Solenoid valve close 1,456, 7
T T T T 50
10 | :
b T L L L0 T PN 1
8| | 4@
K ] %
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Fig. 21 Variation of pressure of condenser and evaporator during

the pre-cooling cycle
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Table 5 Test condition of pre—cooling system without surplus
refrigerant storage tank

1)Refrigeration cycle

Dry bulb temperature(C) 27
Indoor chamber - -
Air flow rate(m'/min) 8
Dry bulb temperature(C) 35
Outdoor chamber
Air flow rate(m'/min) 48
Compressor speed(rpm) 900
Solenoid valve open 2,47
Solenoid valve close 3,5,6
2) pre—cooling cycle
Dry bulb temperature(C) 40
Indoor chamber
Air flow rate(m’/min) 8
Dry bulb temperature(C) 35
Outdoor chamber
Air flow rate(m’/min) 0
Solenoid valve open 2,3
Solenoid valve close 456,71
3) Recovery cycle
Indoor chamber Air flow rate(m'/min) 8
Outdoor chamber Air flow rate(m’/min) 48
Compressor speed(rpm) 900
Solenoid valve open 3,4,7
Solenoid valve close 2,06
How water temperature(C) 75
Cooling water temperature(C) 4
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