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A Comparison of Operating Characteristics for Industrial
Water Cooler with Variation of Control Methods
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Abstract: This paper presents a comparison of operating characteristics for industrial water cooler with
variation control methods. The performance analysis regarding the characteristics of condensation capacity,
evaporation capacity, compressor load, COP of an on-off type cooler, a hot gas-bypass control type cooler
and an inverter control type cooler with respect to the system load is reviewed, respectively. The primary
results are as following: the variation of required compressor load of an on-off type cooler with respect to
load is 5%, that of hot gas-bypass type is 18% and 66% for an inverter control type cooler. As the result
shows, an inverter control type yields relatively huge difference of required compressor load compared to
other types of control system. In terms of partial load, COP of an inverter control type cooler presents
the highest value, and is considered as the optimized type for the used of the system involving frequent

partial load.

Key Words : On-Off control type, Hot gas-bypass control type, Inverter control type, COP(coefficient of

performance), Industrial water cooler
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Fig. 1 Schematic experimental diagram
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Table 1 Test conditions

Parameter Conditions
Refrigeration load [kW] 1~3.5
Outdoor temperature [C] 25, 30, 35
N ponter outer 1|
Chilled water flow rate [/min] 10

EEV step 0~480
Superheating degree [C] 10
Refrigerant - R-22

Inverter [Hz] 30~90

% 7k %9 Ao Ha® LxaAe Holg

AN BUEE SHA $Fe5s FUews)
30% ol PP FEE FAHE A JEst o
AL W WL wlole e FAghe 44 sHAch

=49 dolE& MX-100 (Yokogawa) EE&-S
ALg3te] PColl ARstE Al EUEA 2t
AE AN IRIEEE gt A TAAA
73] A7} Thest =S s}gaq_

=Z
=
71

g

=}
=

K

, 87} wlold 2, QW E] Ao
30CollA -ro]’ tﬂEoﬂ w}g

IHE zﬂ°1 Wzt7)e] A

ol A AFelA 40 Hzolstel

A7l AF F &5 AT

.ol BAIE A3 fte] W2l

QIWE =79 REaAA 40 Hzol
Aofst=g A=A wZolth

ZHA A AABHE FA 7 ol

70

60

50

4t

30 -

20 r
—@— On-Off
—@- Hot-gas
—Jl- Inverter

Compressor frequency [Hz]

10 -

Qutdoor tem perature 30°C

2 0 25 30 3.5

Load [KW]

0.5 1.0 1.5 4.0

Fig. 2 Variation of compressor frequency with respect

to load

st s A ER R M8 M6, 2014 128 101



Hojgtalol ME At

olo

2 AZEE AT FENL A 4F719 of  FAHOE PFE HE HRE AL U] W)
Ao HF7) Aot shio] HA AzEl el 3 gl A&sA 9] WEOE B
AR ZAZF AL F Ak wetd F47] A =, AME Aol WArIY A Fr] RakF
MEAPAA TE BAGL ol AzE A5 ol mek ¢F] HAFE =Y atol wet
sole WAoth 53 AWE Aol WArlel  WuFE £BATY] BB LomA] Y
A AR AW FEE Botel we Raelde o wls) 4E7] EEvks L7} we low B
457 Y 4P ALT B Bl ¢ BEth wEel ks wlolsz Aol WHrle
%7 BE ¥ 19e H9 sl TF @AY AFINNA EFHE 189 42E dolvz A
ole] RESh AAGES HUst] AP UAFH A Frle] AduBFE 2D W) volAx 5
ATk Fig 3& 203, 37kx wlolslz, AWEA & 1 19t YulE FWE A §9
o Y771 $71e% 30THM B3k WEl w  Quisl $FH, S50 Aeist © @)
£ 437 EF Yuless U Tdzolnt  Jb 4EIE FYsl Hol AgEe s ol
Fig. 3014 B3to] £ S7kx mpolsl, QB WAe] 3| EZvhae] £xb welxl zlo
HAol Q7] =% Rahise] e ¢4F] £ 2 nodg

= Yl2Es 457 Azl A A= A Fig. 4= 223X, SV npojufj2, QW EA| o

© 3T ]
TERALE o3t 2EUE BioH, 4=yl WAV|e U= 30Tl Fat HEd wE
EZ2nE 292 WEAS, sVl vlolds SSUYRSE e ejzolth. 2232 A 0,
Aol W77 o2 A Jeigth 2exAo]  grks wloldx Ao, AMEIAS] WZhr] Aot
Wztz] iyl grh2s wpoluf Aol WAyl B A BEF QFEV] A RAA AAEE AW TE
E7t2 25 Ha 2%A4 HU 19.5% $A U 2AYE o3k AEUE BRAgh 2oz A o Y

EhdS Bow, 230 W2y vl QIME  Z}r] thH] Sy ulolufj2 Ao WHr|e F

Aol Wz71e EEviz 258 AW 9.1% 94l 4= HA 83%0A H 102% UHA UEREES

vERES BAth Belom, 2exAo]l Wyzty] tivl IWE Ao
ol 2o xA o] W EEVtA 257 7 WZv)e] 2&E4Ee HaA 1.5%04 AW 7.3%

=S AL dETI WA A=FHe] 32 BE WA UehdS Btk 183 Fig 4904 R0

M F=719 FFo] HE F 3R 5% AL 292ZA 0, Syt mlolmla Ao, AMEIAA
80 20

40 -

I :/;/._—9‘/'

Discharge temperature [°C]
Condensing pressure [MPa]

08
20
~@— On-Off 0.4 ~@- On-Off
—@- Hot-gas —@- Hotgas
Outdoor temperature 30°C —M Inverter Outdoor temperature 30°C —- Inverter
0 . . . . . " 00 . . . . . :
05 10 15 20 25 3.0 35 4.0 05 1.0 1.5 2.0 25 3.0 3.5 4.0
Load [kW] Load [kW]

Fig. 3 Variation of discharge temperature with respect Fig. 4 Variation of condensing pressure with respect

—

to load to load

102 3=RFHI|ASEX] A8 HMez, 20144 12¢



HH % _E_
Wzt7) Aojga B Bt SU1EE 59 & dEd I 576 AEd H ey
Ho] F71E Btk o|AL Farl F/1ErE # AAEER LAY fAY &3S 9
F71el Hu A < %ﬁﬁw?ﬁlﬂc He dda & ARE YEEEY 5 A8 Tl Atk 4 S
7F ol Aas HH FF7A o g2 el 7] FEL8AEE SHE] fste ¢571
£ SFAIAHE H7I EHTOH f3Fo] d4d §&5 EE AE AYWEE B3 457 28F5HS
717} A2 e 7] W&o EFYHel 2 5 SAsATh
= Aolgt ddHT 2932 Aol Wztrie] A9 FatHste] m
Fig. 5& 22X, 37t nioluz, RIME A0 & A£8F5HY Ae 5%, Vb2 dlolajz Ao
Wzi71e &rjE 30ToA Fat #Ee wE  Wrie Aede Fabisied mE &85
FEdEAstE el agizolty. e xAlo]  Aole 18% FUFEE R o IHE Ao W
Wztz] oyl EZvh2s wpolijs Alo] Wzirlel Al Af-de Fahwste] mE 4859 A
FoAE e A9 H=FE Blom, 2ozl o]E 66%E FUHA| WAl HlE| £aFHe| Ato]
Wzt bl IWE Alo] Wzre FustEe v F5 BT O8 3 22xA0] ¥y v
Ha 8%l A AW 124% A UeERES BT Uk diolgix Alo] WYY FE5YEE HA
ag)x &ezAo] W49 ks ulelgl s Al 62 %olA A 10.1% $A UERES BH o
of Wz7le Hls] AME Alo] W7o Fdyt 2QxA] WZr] vl JAWE Aol WHr)e
ol A Yetged ol UWE 4F7] s UYL H4 28%0M4 AW 8.5% WA e
£ 93t 47 FddHe ALEE AorE EE Btk ol 22X Ao WA= 457
B3 10CE EEV &=¥9& ZHE& 53 ¢=719 F5& B3l T 2= =934 HY
Fde] gge] hFr] 75 FAFE Holvk AFE AFH vous AS FEIE A=
= Aol g FAER A= o2 A% A 25 2HES tAEA HARL b vpoluf
o2 woEh Aol W7le @2 RIAE =7 HE §
Fig. 62 22X, s/t nlolgfz, RIWEAC] o] IAZ ALe FHE AL AF7E TF
Wzt71e] 9r]ex 30TColA F3 WEol wE I 2E=xHE g ole o/f=E <l st
4F7) £28%F9 WIS Yepd T zo|th W 2 293X Ao YZhyle vl &8 ol A
714 &HlEle AYoEE ¢57] 75l 28 HOo=E F ZoE dAdHth Ija UAHE Ao
1.6 15
= 14+
S 12 i
§ 10 g 101
g 0.8 - %
g 2 os
S 04 g
g o © R
Outdoor temperature 30°C — Inverter Outdoor temperature 30°C —- inwerter
0'00.5 1.‘0 1.‘5 2.‘0 2.‘5 3.‘0 3.‘5 4.0 0'00.5 110 1t5 2?0 2?5 3‘,0 315 40

Load [kW]

Fig. 5 Variation of evaporating pressure with respect Fig.

to load

o

[

Load [kW]

6 Variation of compressor power with respect

to load

LSH7|AITEY X Hi18H ez, 2014 12€

103



Hojyalof mE MHE

COP [1]

T —-@- On-off
—@— Hot-gas
Outdoor temperature 30°C —- Inverter
0 . . . . . n
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Load [kW]
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