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ABSTRACT: Domestic ice making companies make a simple effort to obtain products and
neglect to introduce low cost product improvements with energy savings. The work presented
here is an implementation of ice making method to improve both energy efficiency and pro-
ductivity. In this present investigation, several ice making cycles are proposed for higher
efficiency in the system. COP (Coefficient of Performance), ice making time and electric
energy consumption are evaluated and compared with the conventional system. Results shows
that COP is improved with more efficient use of time for ice making and electric con-
sumption. Therefore, this can offer an opportunity for more efficient use of energy and higher

productivity in ice making.

Key words: BIP{E2 o}o]A~ AH]), Precooler system{<}-3$3]), Power saving(#d744), COP
(A& A %), Ice making time( AW A7), Electric cost{® 4 8.F)

2l MY

c DAY R (ke - K]
COP . A™A+F

Hyew + 259 §383< kJ/kel
mie - AYF [kal

m : Qo #-F [ke/s]
P © 43 [kPal

Q © o [k

Q c 155 Y (kW]

+ Corresponding author

Tel: +82-032-862-7313; fax: +82-032-862-7313

E-mail address: chkim@inha.ac.kr

T
Tw
t
w
AR

auxil
comp
evap

Sflash

X [T]

P FEEEE [C]

D A AL [Hour]

DA EYF kW]

D YET dgenat kl/kel

St A

P REGET

L
k|

E k& &7
T EEYH 932

T EE



456 BEE-AGE - ol E - PFR

=

main 5 Aol E

pre Do A

s P REGER 9T
tot D AA AlelF

w L E

1. A 2

gz o] B-FEldty A2z 2AE oA A
A EE AR FEd o]FdAn gl o
Ha def JAA gasle A3dAs Fo4
Fol8 fxar A3ty 199392 A H
A71¢] HEE o] AREAZL dR] Hefd
EaslzlackE de8d 2 AANEFEAY 5&
3 Ay Exjdw #AE sFozA oz
ARERY FHEH7 WdolAE FAAE FTE
Bt AbERE oluA] AMRE|E S FAAFA AL
DALY BEF of 2 714 ol&¥ I
gale d 1 E¥g 73 9o

Ata] i elga] £dulFe]l & dEAH
gez AYgAE ¥ F ,m‘“ oA 7|3
E¢ #5o AdAAE JURe A& B
Hope AdgFd FHalo oy HiE&H
o] &ol 2jgt Aol e Fdje] utel 7gE-d9
BAPE dold + g

EF Ayt oy FTYL HEHAFE 4w 7l
HAE AYgaFuct APz B ALY
Aol e HPAHALEADNIELEY 3, =
A 11:00~2F 15: 00 = vlg AHE AL
Algafol #oh EF A xH=2 AF F4

B2 dde mE AR &4d= 444 At

o & a402A FALH.

U 974 ¥ EH‘?-M]*‘]“ AAHQ Alo]F g
AqRoE Alolg d3te F-EEY A&
Ao of g °“‘-TL7]- o] Foz| 3 Qith | Fo A
% Fan blade® ol &3y WdE WagEoz4
FwadE st&gsle 7I€d Gas wave refri-
gerant ¥ ¥ Pulsating flow wave resonant in-
teraction® A3z 7l&d L AWARe R
Fo A&FUd #HE Fo APHT U}, %
5@ ojg 7tA ZmoMe] A WA 401%-%
RAtete 7| &9 A dulsty] dUsE FUx
Aske Aguig T FHH S99 AEHFY
2 AFEE das B = A Add o

g g 27 H§sn AAY AYdue 4
AdRe) e Fape AegFde Adgos
A @A ATgdd AN 3¢ AN &
#4 ol% % A o s 1 4¥
Hedel Wl delnadt gt

2. Ato| 2 oA

AdgtH oz AWYFAANA Bakstes AUy
=3 ool HER YEFIE o]&sto Hegl
g3 2 & 935 12~15T A=E &A% F
Bl g2 ofo]x~ WG FAIF FriFe F
Holh? B Ao 7129 AYALTH dA
8 AgAde] Asilag AsiA Table 134 2
& B4 AqWzPe ez At 4
£ 22 AFE wet FEIHYAR AtelE
e dutdgl U 71Fe @ AgAdeY 2
=xAx dulzd g HEsgdan Yee drY
ol Alg3Elgen old wWE Wdle B
ESS(Engineering equation solver)V& o}-&&ld
T-& v

21 J1E2| HYAN

719 dtslE #9 ofolx HE 9 AWAA
£ Fig. 13 o] ¢d WEAo|EFE TAHH
slth. olEldt AMMAIHE Table 13 Ze 27
2 109 %'l‘l*‘é 10T 2&o3 we=Eq
Fig. 294 B 5 gl upe} o] g2y o
o] E7|7R 3'&2113-& A oj A oF 24A17ke] A
gazte] Aa¢dn g,

Fig. 1 Conventional block ice plant cycle.
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Table 1 Basic condition of block ice making

process
Temperature(C) Equipment condition
s Quantity
\;V Spring - fall | 20 of ice 100 Ton
é Summer 25 |Refrigerant | Ammonia
r -
Winter 15
Brine CaCla
Ice -10 solution
Evaporator —18|  Main
. 05k
Condenser 40 | refrigerant gfs
30
L]
0} 25
na

Termperature(°C)
a
T

ice making time ( Hour)

Fig. 2 Ice making time.
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Fig. 3 Type 1 power saving block ice plant
with flash tank & intercooler.
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Fig. 4 Type 2: power saving block ice plant
with separated preccoler.
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Fig. 5 Type 3. power saving block ice plant
with precooler system & additional
components.
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Table 2 COP & ice making time (h) for each
type of block ice plant cycle with
season

COP (time)| Spring * fall| Summer | Winter

Basic 3.42(24.0)
Type 1 3.84(20.8)
Type 2 | 3.66(19.8) [ 3.72(18.9) | 3.60{20.8)

Type 3 | 401{16.7) | 4.06(15.98) | 3.95(17.5)
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Fig. 6 Monthly electric cost for year of con-
ventional plant.
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Fig. 7 Monthly electric cost for year of type
1 plant.
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Fig. 9 Monthly electric cost for year of type
3 plant.

Table 3 Yearly saving money and total cost
{won) for making for each type of
block ice plant

Yearly saving cost Cost of
Electric o Industry | changing
cost plan Midnight (1,B) plant
Type 1 11,301,540 | 7,046,940 | 7,000,000
Type 2 9,046,140 | 3,911,640 | 16,500,000
Type 3 | 19,553,120 | 9,096,780 | 16,400,000
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Fig. 10 Recovery pericd from investing money
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