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Assessment of Energy Performance for Cool Storage System(CSS)
with Multi-Unit Cooler Operating Control System

Dong-Un Kang®, Sung-Man Kim**, Jong-Ho Yoon***, Euy-Joon Lee***,

Young-Ha Park**** and Myung-Taek Hyun
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ABSTRACT

The cool storage system(CSS) is a specific building that is required only cooling load without heating during
the whole year. CSS uses a electric energy which is very expensive and is required much amount of energy due
to temperature differences between interior and ambient temperatures. The purpose of this study is to assess the
energy performance of the multi-unit cooler operating control system. For the prediction of its performance, two
types of test cell -are installed at Korea Institute of Energy Research (KIER). First cell is equiped with one
large unit cooler. and second cell consists of two small unit coolers. According to the results of experiments using
these cells, the multi-unit cooler operating control system is found to be effective in energy saving and beneficial

for storage due to much less deviation of temperature.

Key words : Assessment of energy performance, cool storage system, multi-unit cooler operating
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Table 1. Test cell model data

Fig. 1 Test cell A and B at KIER

LokW 89 Uz 8 19E, test cell Boll: &
YA AE] 07kWEF FUE 28 2dE 43
89t} Table 12 test cell 322 dolE]ol},

T AZEL ga¥o)n Ao F8E R
AIEE J2aA ADFL Z test cell G 2EE
Yasted 50%9 HAEL AR YE 134
25 AA4stg o 943U 357 Fe4d2 A
¥ SAA Ydg HEsich

8 T8 Yol F4 YUY Lo W 4PL
s¥57 8 4970 IRy A7 69
2~792 olFo] FYHIU T4 RFo test cell
ol F&3 %9 guist Qlusglen 150 ¢
ol 79 2¢A FHE Jgadgel AAHA,

e 4PL5E FUE 28 ANy 7=
02t 2Ce HEiE HAE Fof YE7 JFEE
2C. 987 FUEE (C2 dAsd HF 1C ¥
SAM SYEHEEF FY5h ol T HFL
59 FUE 3 A9 &= AN} BAE Y
&7] A8 2l Fdzold 509 FAYE HA s
o HALEE A4S o] 2EE JIFdd FUE

Dimension [ m ] 2.7 by 2.84 by 24
dimension Volume [ m’ J 18.4032
Floor area [ m® ] 7.56
Total wall area [ m’ ] 42
Steel panel Conductivity k [ kJ/hr'Cm‘ ] 54
. Thickness t [ m ] 0.002
materials Urethane f Conductivity k [ kJ/hrCm® ] 0.13
rethane foam Thickness t [ m ] 0075
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Fig. 2 The position of sensors for temperature,

relative  humidity distributions and

electric consumption

Table 2. Channel numbers of the sensor position
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23 98 4Ag M9 B9¥ AXE JehiA,
Table 201 Ad¥ &3 ¥2& YISt T test
cell BF2E H&E A 49 F4 ¥l AA S
A AF TeR] AW AxsHYeH, 7 FU7]
o YF 9 T 259 gr|exd @Y £ 174
9 &5 AAN7L AXNHYL 2 ¢xE8 F{E
98 42 ZAAA General EasternAle] RH-3 €%
AX7E AASAS YA A6F &PE AdAME
Z fUE Zdz FQ AJlduA 2n|PZe] 3
Ak old A7) oA 2uFE ¢tV @ AY
Y ol B¥ IWE goly CTsh A Watt
Transducer® &3} 5733530

tolel2 A+ FLUKEAHY Helios plus& ©] 838
o, 23 9 Aol 22IPL LAB TECH =221
AL olg3ANT Z Holgle vk PR 3
o GujA|29 On/Off ASE FAs7] 94 71s
 AFANE F28 1809 HAHo] 1§ TFe
2 ARHEE 3Qr
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Fig. 3& test cell A ¥ Be TUe=rt 43&%
o £Esti 7]20] A A AFYHA =2¥ F
Q1 8¥ 3Y%E 8¥ 12¢ 7A9 I HE2: ¥
97159 wWE 4% otk Test cell A% B

Channel number Sensor position Channel number Sensor position
1 Indoor temp. of Cell A(left 1) 13 Indoor temp. of Cell B(right 1)
2 Indoor temp. of Cell A(left 2) 14 Indoor temp. of Cell B(right 2}
3 Indoor temp. of Cell A(middle 1) 15 RH of Cell B
4 Indoor temp. of Cell A(right 1) 16 Unit cooler supply temp. of Cell Bl
5 Indoor temp. of Cell A(right 1) 17 Unit cooler return temp. of Cell Bl
6 RH of Cell A 18 Unit_cooler supply temp. of Cell B2
7 Unit cooler supply temp. of Cell A 19 Unit cooler return temp. of Cell B2
8 Unit cooler return temp. of Cell A 20 Power of unit cooler Bl
9 Power of unit cooler A 2 Power of unit cooler B2
10 Indoor temp. of Cell B{left 1) 22 Ambient temp.
11 Indoor temp. of Cell B(left 2) 23 Ambient RH
12 Indoor temp. of Cell B(middle 1) 24
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Fig. 3 The averaged ambient and internal
temperatures of test cell A and B
with time
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Fig. 5 The temperature of supply and return of
unit cooler
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test cell A



Cho| WEA 280l 28t M2 XME 19| oluix| YSE}

=TT - T - TommmCol § Merage urapersiore
(e

Tempersture("C)

© - kW e v e e
T

D 60 120 WO M0 300 M0 90 S0 540 S0 &0 70 T MO 00 %0 XN
Tirrm ipvint

-

Fig. 8 The horizontal temperature distributions for
test cell B
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Fig. 9 The variation of relative humidity for test
cell A and B
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Fig. 10 The electric energy consumption without
defrost time for test cell A and B
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Table 3. The results of statistical analysis of temperature, relative humidity and electric energy within a

measurement time

Analysis time : Time step 1~1,020 minutes ( 8/3 09:45 ~ 8/4 14:44 )

Item Minimum | Maximum Average
Ambient Temp. 21.0 28.1 233
Test Cell A -20.2 - -18.3
Supply temp. to evaporator | Test Cell Bl -24.0 - -20.7
Test Cell B2 -10.7 - -9.7
Temp
Indoor average Temp, Test Cell A -1.53 9.81 1.29 4T=002C
(total time) Test Cell B -0.23 5.47 1.27 ’
Indoor average Temp. Test Cell A -1.53 2.96 1.15 4T =006C
(without defrost time) Test Cell B 023 2.97 1.21 )
RH Relative hmindity Test Cell A 56.1 80.6 67.5 ARH=9%
(total time) Test Cell B 488 785 58.2
Analysis time @ Time step 1~1.020 minutes ( 8/3 09:45 ~ 8/4 14:44 )
Integral value within a time .
Item step( X006 kJ) Difference
Reauired Test Cell A 970.808
equired energy
. Bl 663,943 5%
(total time) Test Cell B w7l
Required B2 258,792
energy Required Test Cell A 707,726
equired energy 149
(without defrost time) Test Cell B Bl 530419 621,683 14%
B2 71.264
Analysis time : Time step 1~1.020 minutes ( 8/3 09:45 ~ 8/12 23:59 )
Reauired Required Test Cell A 11,944,592
equire quired energy Q0
energy (without defrost time) Test Cell B BL] 1019345 11.092.371 8%
B2 897.026
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