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Abstract

This research article proposes a thermodynamic model of a freezing process in a tube ice-making machine to
determine process time and cooling load throughout the freezing process. Nowadays, for production of tube ice to the
required thickness, a tube ice-making machine will set the freezing process time to be constant in every production
cycle under only one feed water temperature. However, our experiments found that the actual thickness of the tube
ice produced was not as required because the feed water temperature deviated in response to two factors. - (1) the
ambient temperature and (2) the reduction in the feed water temperature at the heat exchanger using the chilled water
from the defrost process of production cycle ago for energy saving. Moreover, the prediction of cooling load from
earlier research models lacked consideration of the water temperature decrease period, which tends to be the maximum
cooling load. The results of this research revealed that simulation predicts the process’s time of the freezing process

with 15.18% accuracy compared to past research. The maximum cooling load occurred during the water temperature
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decrease period, then kept decreasing until the end of the tube ice-making period due to the temperature difference

between the water and the refrigerant and the thermal resistance of tube ice from increasing thickness. This cooling

load has a known evaporation rate of the refrigerant throughout the freezing process, which is the main result that

guides the determination of the refrigerant suction rate of a compressor suitable for the tube ice-making machine.

Keywords: Thermodynamic model, feed water temperature, freezing process time, tube ice thickness, cooling load
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Figure 4 Flow diagram of sequential simulation in the freezing process.
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Figure 5 Water temperature and tube ice thickness
throughout the freezing process.

2. HAN1TEMIINANULEBUAZAINAWI U UD S

HROAARDAIZLZIAINIZLIUNIYNANULEUINMIINRDS

10000 5 12
10
1000 o
g #
£
E 100 E B
3
=]
4
0
e Cv0iling Iniae] "
= Tube ice thickness
1 o

Time. {min)

Tube ice thickness (mm)

Figure 6 Cooling load and tube ice thickness
throughout the freezing process.
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rate throughout the freezing process.
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Table 2  Data for simulation in freezing process.

Variable Value Unit
Inner diameter of tube 35 mm
Outer diameter of tube 41 mm
Tube discretize quantity 9450 tube
Length tube discretize 10 cm
Ice density 910 kg/m®
Ice thermal conductivity 2.214 W/mOC
Tube thermal conductivity 15.09 W/mOC
Ammonia saturated temperature -8 c’C
Ice thickness required 11 mm
Feed water volume 25 m®
Initial condition
Feed water temperature 25 oC

Frsaluazaguus

970 Figure 5 WAz 6 AR Ius19M17ALsnV89
nsztwmavhanuiwliRaiudmaant iiasonids
ﬁaanwsaﬂqmﬁgﬁﬁw Li‘iaﬁwmﬁgiqmvsgﬁ 0 a9FLTALT U E
anunwwesnuT s ag9TIAE 9N
TnntulusanfTaslugaeeinszuIwmMsnany
i unanananuswIe e wtainudimane
gonaliiAnnsanslananutenaniinlfasvinana
diwlaennds vinlwihudanad dlusanddnas

97N Figure 7 92A%IN M32MIvNaNNLE kLA
é'mﬁmﬁ:mmJaamsﬁm’nmﬁmﬁﬂ%ugdqﬂ o A5
ﬁu‘l,u‘*ﬁwmiaﬂqm%gﬁﬁwaam:mumiﬁﬁmmLﬁuéf}a
aﬂa\‘iaE'I’]\‘li’mﬁ’ﬂwﬁ’mLLiﬂLLﬂ”fﬂﬂleﬁ’NﬂTﬁﬁﬂﬁTﬂﬂd
mumma@ Lua\‘iﬁ]"lﬂlu’m\‘iLLiﬂﬂ’J’]&lLL@m@l’]\‘]‘lla\‘lam%ﬂ&l
Smmamﬂumsmmmwummaumumaamnuuaﬂ
8988193037 UAzAaNNTIINNTABEIVB LT W aaR
AU umuanuananaNunTItuivaea
Antnagsdatiios Sedsnalitnslouanuouaniia
lfsmsvianudwldent

ﬁ.’rﬁagamwwmmaaﬁm%amammwami
d1a9lu Figure 5 sSouifisununansasiaiany
mmﬁmﬁamamnﬂm\mm 5 WALAZNANUULIIADY
289 (NN NMUAT, 2547) UEAIAY Figure 8

Tube ice thickness (mm}
o
L

== Simulation
- (Puvanat, 2004)

@ Measurement

L o e e e e e e LA e e s e e e e e e e

o 5 10 15 20 25 ED

Tirrwe (min)

Figure 8 Tube ice thickness comparison between
measurement and simulation.
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Table 3  Comparison tube ice thickness error between measurement and simulation.

Time Error (%)

(min) (Puvanat, 2004) Simulation
0 0 0
5 201.47 133.48
10 51.34 29.18
15 28.42 10.37
20 17.53 1.78
25 - 5.26
28 - 5.51
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