creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= F R0l 86tH HFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICh

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE olSXAt2 Heles 212 WS0ll 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

T877]9

1

°
L84

e E

o]-&

3)
5)

} éq A}
7| E

°
=k

YA

]|

Ol
e

2

2010



SR

S}
of

4 4

1

°
=k

YA

)

o
i

y

2010

o

ﬁo
il



24

20104

4

%

o



AADSTIACE verververseeesreesmsermt ettt ettt et e s et iii
INOINEINICIATUI@ «+++v+++eerreerrreerseerruerueentt ettt ettt ettt sttt st st st st et et e eas v
Al 1A A B 1
A 2 A AFAR] Y O HFH s 3
2.1 /}J:‘_%Ju)g-j] .............................................................................................................. 3
2.2 AF] HFH R T] 12
221 c}»}%y]g] ON/OFF ;q]o1 .................................................................... 16

229 J?.—g].o]] u:]--E— PWM valve ;q]oi ....................................................... 17

2.2.3 PWM valve sl &F F7)Alole] & As 54 £4 19

x-]] 3 Ak /}_;%‘:J' 31,]_ ) _‘]—y_p‘cal- .................................................................. 20

] [ RO W0, A SOy, e Y ool O A, Y. O 20
3.1.1 Heat balante - Bl imerecreceer-borreressssariZi fatiBg oo 20
3.1.2 B3l Wl wE WESEHI LHAG HE e, 29
3.1.3 23} WElo]] wpE COP BJ L -eereerveresersememsememsemeeseiiseisiesseeae. 2
3.1.4 F& 73 80%%2 W] ON/OFF #l°j$t PWM valve Ao}
W ZF TG H] I e 25
3.2 PWM valve 7N 3§ F71Alofd 23 Wztr]e] A FA e 28
3.2.1 3} W3l 9 F7) HE A YEFTEH BA 28



30
32

K

=

F7] Wi§ A COP #

3.2.4 F7] 20sQ wje] 3

1;_!
3.2.5 F7] 60sQ wje] 3

3}

c:d

34
36
.38

=

h

TEE
?.

+ 2

=

h

=
=

+ 2

-
h
B
K
3
B
T

~

} 80% Y wle] A

3.2.7 A3 Yy

40

42

Z-]] 4 7g- g%

o
AR

Ll

_Zu.



Characteristic of Precision Temperature Control of Water

Chiller Applied Variable Refrigerant Flow Type Compressor
Hyun-jun Kang

Department of Refrigeration and Air-Conditioning Engineering,
Graduate School of Industry,

Pukyong National University

Abstract

This paper presents -the characteristics of temperature control on
PWM(Pulse Width Modulation) valve period variation in water cooler. The
water cooler was used to reduce thermal deformation and contraction due
to high speed of machine tools. In this study, we suggest a high accuracy
water cooling system using PWM valve control. In this system, we use a
compressor which is able to be driven in condition of unloading to
improve the efficiency of PWM valve control. By varying PWM valve
period on identical operating conditions, we evaluated the efficiency and
reliability of the new method. This study shows that the COP of this
system decreased when load capacity of compressor was decreasing. And
precision of this system using PWM valve was higher than ON/OFF type.
This result will be used for a basis data of comparative experiment with

inverter control and manufacture of high accuracy water cooling system.



NOMENCLATURE

PWM : Pulse width modulation [-]
COP : Coefficient of performance [-]

G . Mass flow rate [1/min]
T . Temperature [T]

Q : Heat capacity [RT]
AW  : Compressor work (kW]
Subscripts

comp : Compressor
cond : Condenser
eva . Evaporator
chw @ Chilled water
CcW . Cooling water
ref . Refrigerant
tank ! Extra tank

in . Inlet

out : Outlet
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Fig. 2.1 Schematic diagram of the water cooler system

using PWM valve
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Fig. 2.3 Schematic-diagram of digital scroll compressor
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Fig. 2.5 Flowmeter



Fig. 2.7 Power meter
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Table 2.2. Operating conditions

Teooling water, in (C) 30

Tehiled water, oot (T2 25

Geooling water (L/min) 40

Gehilled water (L/min) 40
Percentage of full-load capacity (%) 100 80

Delay time (min) 3
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Table 2.3. Operating conditions

Teooling water, in (T) 30
Tehitied water, our (T) 25
Geooling water (L/min) 40
Gehilled water (L/min) 40
Percentage of full-load capacity(%s) 100 30 60 40
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Table 2.4. Operating conditions

Tcooling water, in (oc) 30

Gcooling water (L/ mln) 40

Gehilled water (L/min) 40

Percentage of full-load capacity(%) 80 60 40 20
Period of PWM valve (sec) 20160201 60| 20| 60| 20| 60
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Fig. 3.5 Tchw.tank.out comparison of PWM valve and ON/OFF type
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Fig. 3.6 Variation of Heat capacity

with respect to percentage of full-load capacity
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Fig. 3.7 Variation of Instantaneous power and power consumption

with respect to percentage of full-load capacity



3.2.3 %3 W3t 9@ F7] 4F A COP &4

Fig. 3.82 W¥7]9 23&<& PWM valved 7MsF7] ZHZE Aojslo] Batf
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Fig. 3.8 Variation of COP
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3.24 F7] 20s¥ W9 I EF25 4

Fig. 3.9 PWM valve /N3 &£F7] 20sQ wjo] zZ+ Had Y5 7 259
IAEE e g =o|}. B3 30%Y W= 20s =F7]F PWM valveZl 4s%
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Fig. 3.9 Tchw.outs Tehw.tank.out With respect to percentage

of full-load capacity on period 20sec
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3.2.5 F7] 60s¥ wWe] ¥4 EFE £4

Fig. 3.10& PWM valve ¥l $F7] 60s¥ W] 7+ R Y5 &3 259
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3.2.6 ¥ & %3 80% W] NI £X4HY £4
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3.2.7 449 By ¥ FF Y5 7= FAEE 4
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valve 7] 20s 4 wWje] &7 &5z 7B AL AAE Holw AAHAEE {3
A< ¢ 4 9. 457 ON/OFF €99 A% #s 22 & 98 437171 A
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Fig. 3.12 Tchw.tank.out comparison of ON/OFF type
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