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Abstract

Ice thermal storage is the temporary
energy storage in ice form. The system is used
to build ice during electrical off-peak time and
utilize the ice during on-peak time by melting
the ice and obtaining chilled water to the working
destination. This research work aims to develop
mathematical model used to determine the
charging time in ice on coil storage system.
The analysis showed that the ice charging time
is strongly affected by the Fouling factor and
convective coefficient at the contact surface
between the refrigerant and copper tube (internal
convective coefficient), and the convective
coefficient at the contact surface between
the water and the ice (external convective
coefficient). The heat transfer resistances are
time dependent parameters. When the Fouling
factor increases 2 times of reference value,
the total heat transfer resistance increases and
the ice forming volume is reduced 49.70%.
When the internal convective coefficient reduced
to 0.01 times of reference value, the total heat
transfer resistance increases and the ice forming
volume is reduced 22.16%. Mathematic modeling
was verified by experiment. R134a refrigeration
circuit was utilized and the evaporating
temperature was set at -7 deg C. The test
results from the simulation and experiment were
in a good agreement. The analysis guideline
can be adapted to evaluate the optimum design
for system components and control in various

applications of ice thermal storage.

Keywords : Mathematical modeling, Ice thermal

storage, Ice forming modeling, Experimental test
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Mathematical modeling
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200 Wiwasn1Ta31esiuds 7 Reference fouling
factor N138319 V = 6.69 Litre u@ida Fouling

Y AI &, 1 1

factor LUASWLUAILANTIULTU 2 W1UDIAN
Reference ¥NI#AINEIUNIUIALIINYDINITAZN
Y y v _ -
ULTIANTY N8I V = 3.35 Litre m3shia V
aAR9 49.92% 1ia Fouling factor tUAgULLALAN
g 1 1 o U v
2w 4 inwosen Reference ¥IHAINEIUNIL
1A899HINITFTNUILTIANTUAN  N1TE39

V = 1.68 Litre n130@ V anad 74.89%
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[ 1 0.001time of Identified Convective coefficient h;
<> 0.0025 time of Identified Convective coefficient h,
/\ 0.005 time of Identified Convective coefficient h;
X 0.01time of Identified Convective coefficient h,
O Identified Convective coefficient h,

gﬂﬁ 8: Wan I UAsuLLasnaIAIAINEIUNIWl
@289 Ice conduction LB INNITUASUMUAY
289 Convective coefficient h1

3IANAN1ST  Simulation gﬁﬁ 8 aztfAnldIn

AAMNEIUNIBIUEIUVEY Ice conduction HNTY

Y 1
=< A

A A4 o a o A1 a
VUREULUAILNDLNEUNULIAN I@SJNQWLWN?.I‘HLN@
| . a v do a &
L'J@’]N’]‘HVL‘]J 1%%'NLL‘§ﬂL§3~I@]%VI?J@]T]ﬂ']§LW EiAY)
dl 1 [ &) [ ql ng n:ll I
Vlgui\‘i LLZ‘]%IW‘H'NG@N']Lﬂ%a@]i’]ﬂ’liLWNﬂuﬂa@a\i a1

A I

Convective coefficient (h1) $#IDAINITNIANN

v dl I I o I a
iaumgizmwmsmm’mmu R134a uaz ®W1

Y
o

NaNoILAIEIUIL A1 h. WA INawAY

ARAVDIVDS A Qm%gﬁ AMNL5ITDINT bKa
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aaA o o

= = < A &,
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= 0o @ A A &,
phase fow Aamauianisfanssirenaedule
dl dl > 1

fi Evaporator anwamInaassfivsuer h wu
1 1 dl QI 3 1 U 1 v 1
3 h PANTUEINALE A0 NETUNIULUE I
989 Ice conduction LANTH TIATITNNAUHNANTZNY
w89 Fouling factor @asanudumuluauaad
lce conduction ﬂLLamlu;siJﬂ 5 GeaaNabANNIg

W@SHAD AanNdumuluauves Fouling factor

a

o v ! U 1 QI é’
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[] 0.001time of Identified Convective coefficient h,
<> 0.0025 time of Identified Convective coefficient h,
/\ 0.005 time of Identified Convective coefficient h,
X 0.01time of Identified Convective coefficient h,
O Identified Convective coefficient h,

g'ﬂﬁ 9: wanmsasunlasaay Outside radius
of ice surface HBIAINNITLUALULUFIUDY
Convective coefficient h1

ANWANNT Simulation 3U7 9 AUAUA 1

[
=

- 4 4 oA e “ A
AnTagunlasiamaudunan  taadawNa
y . . 2y de oy
Waa W1l T IS NAUNSATIN TN
t:ll 1 % =R % AI ng n:{l
g9 BB NN NI UTA TN TIRNIUN AN RS
dl > 1 1 |

NNHAMINARDIALLAT h - wuder h
dl 1 U > 1 1 dl
NaAAIaEIKAlE 1 anad fradsIunanIz 100
WINUBINITEI NI AN Reference convective
coefficient h1 = 100 W/m® K m3&319 r = 14.26
mm uaLHe h. AU AIanadT% 0.01 ey
#1 Reference ¥YMMEAMNEIUNIWALTINYDINTT
v Y e X v
AT ANTY  NNIRIN r = 12.67 mm A3
Wi r anad 11.15% LHD h Waswhlasanageiln
0.005 tNuaA1 Reference ¥nl¥aAMNEIUNIL
18I0 INITAZINUILTILANTWAN  N1TEI
r = 11.53 mm M3Na r anad 19.14% Nan1e
200 WINUBINITAIWUILTY N1A1  Reference

convective coefficient h = 100 W/m’ K a9

8519 r = 19.53 mm uaLHe h WasULUAIanad
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14 0.01 winwagen Reference YlHANNEIUNIL
o Y & a X o
1A895982a9N I TRENUITIANDY 13839 1
= 17.64 mm MINA r anad 9.68% Lia h
Wasuwlasanadils 0.005 winuase1 Reference
A AINANUNIUIA S TINYDINITAZ TGN
AUdN ANIE3N r = 16.00 mm ANA r AN

8y 18.07%

Volume of ice generated (Litre)
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> 0.0025 time of Identified Convective coefficient h,
A\ 0.005 time of Identified Convective coefficient h;
X 0.01time of Identified Convective coefficient h,
O Identified Convective coefficient h,

JUN 10 wamTLAsulUa9as Volume of ice

d 4 .
generated LuadaNNTUasuLIadUay Convective
coefficient h1

NWANIT Simulation E‘ﬂﬁ 10 'Q$L‘ﬁu 2l

'
Aa

Vo amsasuklasiiafigununa  taadeuian
¥ 4 . 4o
Pwdanaidiwll  ANHANITNANLSUAI h.
1 1 dl 1 U > 1 1

WUIAN h1 m@mmwa% V aaay f2081960%
dl a U qu = dl 1

AFNNE 100 WFIVaIMIF3 19N 7ien Reference
convective coefficient h = 100 W/m® K n13a319
V = 3.34 Litre weia h WasukUasanaadn
0.01 Wihwuagen Reference ¥ilfiaudunIulag
FINYDIN TR DIANTY NI V = 2.60
Litre N300 V afad 22.16 % il h Wasuwlas
anadtis 0.005 vnwuasA Reference vl

ﬂ']']N(;]J’]%‘YIWuI@IEJTJN?Ia\iﬂ’]iﬁ%ﬁ\‘iﬁ,’] LL%\‘]LWN%%%‘H

M85 Vo= 2.12 Litre naaiia V  aaad
36.53 % han1z 200 wiflwesnsaieinuds 4
A1 Reference convective coefficient h1 = 100
Wim® K ma%s V = 6.69 Litre udiil h.
Waguuasanasiiiu 0.01 whuasn Reference
lFanudmmulag I snTa e deis
2 n3a%e Vo= 520 Litre mstAa V anad
2227 % 1iie h Wagnuasanasiiu 0.005 1
29961 Reference viliandiunulassinaas
msasshudeiniudn nsate V = 4.25 Litre

ANA V anad 36.47 %

N1SNoUddUNIENISNNAaoyv (Model
verification by Experimental test)
BTN IUsLRUL IR INIndHamans
5201 Ice thermal storage fillunisa¥reviuds
Vl,éigjna%m,l,a:m:nauﬁumﬂ Hermetic compressor
f%0 Kulthom Kirby Ju AE A2415Y wiia
Reciprocating, W hp, Cooling Capacity 1,262
BTU/Hr (370 watt), 147ulw#h 220 Volt ,50 Hz,
1 phase, l#fushen R134a, s2un8anSaude
21N, S2uy Expansion device \Uuuuy Capillary

tube, qﬁmzﬁg}naﬂé’\muuﬁumaaaﬁmmmmaa
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vanasuasnuul¥ezidiu (Seamless copper
tube ASTM B88) au@ %" #12 55 ey N
Internal radius = 2.475 mm & Outside radius
= 3.175 mm QﬂﬁnmwLﬁaﬁnﬁuqﬁmzﬁdm%’u

198319 Ice thermal storage é’@LLa@ﬂugﬂﬁ 12

gﬂﬁ 12 : nsdsznauviainaialdlunisvin Ice
thermal storage

W‘Via‘naaLngﬂﬁnmLLﬁluﬁ’qﬁwﬁmnﬁw

' '
v 1

og 12 An3 guviliTuduagi 30 deg C FTuu

9 Y Y

yenudurineulasfi - Evaporator gjnmuqaﬂﬁ
o dl a a ‘lél

MUNGUAYN = -7 deg C amunOx2IUIAA
atagedaiias Wanaruly 1 Falue 10 wid
qmmﬁma@ﬁﬁag}ﬁ 0 deg C — 1 deg C uaztId
VAU a1z Iulng T0U20aNaguag LAzl SuLAN

X A Y N A
ANMNABI VUL NADLUD @NLLB{@NI‘H;S‘U‘Y] 13 LN

=2 o

ALk 3 Flug 52 Wl ARLATTLUTINAIH

q

'
a a

LEIUBAZATIAIAUTNIO TN TINNATUAN UTHRT
a9y wulagan r MAaUwWYINAY 21.0
mm lagads  aaidullSunasiaasin 7.45 aas
qo} = dl a (% c{la U o
WD HafsuiuNandta R idanLuUTand
a 6 dl 1 1 %% VTN
NNAMAINS 1ol ST

a

WLTAVIAY 7.76 a3 anniaiSeuiisuani ld

] I
1 1Al
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gﬂﬁ 13 : WanN13a3 9L T9209320Y Ice thermal
storage

unasu (Conclusion)
nudded ldWaunuudassadiamans
y - ¢ v Y <
alflunsiienzinanldluaieihudesrsuy
Ice on coil storage system HANISNUNINAPNEAS
RINARENGANITHYBITZLLDENITALAU ANANNTIUNIY
] v Y & a a
PBITTVUABNITAINUIDIR NI T UREULUAY
@aaala (Time dependent performance) Waz

FINARDNITHAA LT

@1 Fouling factor, @1&NLI2ENTNIINIAIN
Sounaluwazmeuanyia SINAGEANNEINITO

a 3 & A . a &4 =
MINAAULDY 1laa Fouling factor Ay
2 YN2a9ANEeas vlaudunulagsTInuad
ANIAINUNLTIANTY NI AAYTHNIATULT9anRY

49.70%

\Wa@1 Convective coefficient 32A731931181
[ = a 1 U I
YNANHLEULAzAIYI NIl anadtde 0.01
WNUa9ad1e8s  lEanduniulagsinaag
AMIFNINLTIANTY NTAAYTHIATUILTIaNAY

22.16 %
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wnds  maanmsieseannsasiiluldlum
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Wudeluszuy Ice thermal storage @aldl
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Abbreviation

ro= izﬂzmn%;@gmﬁﬂmmwiaffwmﬁm,&fmam@
fndnulswosriating (mm)

roo= i:ﬂ:mng@guﬂﬂmwmﬁaﬁ’]mﬁ@Léfmam@
fnduuanueiasingm (mm)

ro= i:ﬂZMﬂ%}@ﬂuﬁ‘ﬂaNmmﬁaﬁﬁmﬁqLé‘ifmam@
fAduuonvasiuds (mm)

h = convective coefficient ‘ﬁlagjizﬁﬁwaﬁ
Ay R134a  LazRYianaduasdin
T (W/m® K)

h = @hmawwmm%auﬁ'aglj'izmwffnﬁuqmmﬁ

0 deg C wazfvhudsduuen (WmK)

F = @1 Fouling factor (m’K/W)

= thermal conductivity of copper tube = 393

W/m.K
ki = thermal conductivity of ice = 22 W/m.K
L = ewgzasviaien = 55 m
Q = 2R IINIIAELNAMINI DU
m = snavesin (k)
h = Latent heat of fusion of ice = 336 kJ/kg
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