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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
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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

UNU (Introduction)

SUUAUNSINWL Ice storage WaszUUUSUaNMa
wazvhenudn Smashanld desen maldwasnu
i lugrsanfisanea Wdsendanaanssnudu
Aol udiwdssnuduiieananlfaulugranmd
é’@ﬁm"LWWWﬁﬁﬂﬂgaﬂiw ST UM LA UWASIH
Wnasfivslomifdadalassaivassane il
FUIANAIIBLAZNANABTANULANGIINY KIDDAT
'l Demand charge TuzgasAZnsldlwinann &
mmgﬂmﬁmwaﬁaﬂﬁwaﬁmiamsamu"[ﬁ Tunans
drznalassainavasaanen Wi Tugaenandne g n
Tuudazsuazuandnanuly lugronsidnisldlnma
¥1N §9158n31 On-peak azlgandWigenilu
Frananimslelninias S950nd1 Off-peak tis
unsnshanuduiurzauien Hlusisian Off-peak
wihwasnwduiaanunlfuuenmalugisam on-
peak U&7 AN IWHNIV2I91ANINIB L TINUAINANIIZANRS
1dun

ssuumaiiuwasnwduluagiull ag 3 Uazinn da
1) sz AniAunassusesiniiu (Chilled water storage
system) 2) UssLANLAUNWEINS 831 (Ice thermal
storage system) 3) UssLAnIAunasnwsesindauds
%%ai‘a@ﬁu g AimMaAsusnuzanvasudadn
I Lo (Salt storage %38 Phase change materials)
Tuawdsoilazuiuiissuufiundssnuin saoviuds
(Ice storage system) ilasananudainslERuid
Kosninysznniiunwasauseindu (Chilled water
storage system) uaziinugniaunin dazaniiy
wIMFIBiInauds %%ai’aq%iu § ARmaanu
goucannvadudaduvaanalle (Salt storage %30

Phase change materials)

FUUALUNS % §89iuds (Ice storage system) &l
waeITNY ﬁgﬁuagj’ﬁ'ummmuua:Lwﬂiuiaﬁﬂniaﬁ”ﬂo
wriwihudsflasumanandubes 9 agrelsfianuszuy
a%”wLLw'm{']LLﬁaﬁ]:ﬁwmuﬁqmmﬁmaa Evaporator e
nnsruuiiBugniumsyuenma Tagsialy
qquﬁmaa Evaporator s'fiaa%ﬁatfﬁl,lﬁwzagizwm -4
deg C 719 -10 deg C ﬁv’ofﬁua%iﬁ’uﬂ%mmmaufmfﬁaﬁ
Fa9m5 Trezan Al gﬂLLuumaaﬁmﬁaLLa:
MI0ONLULARRINITENEIMANLTa% MIBENLUY
sududasfiuuusassmendiamansiiatasluns
a3 Uszilin Evaporating temperature Pmanzay
LWﬁ:ﬂﬂiﬁﬁaﬂ“ﬁqmﬁgﬁmaa Evaporator d1aziflumua
1%ein COP 289 13asrhanufuaaasldainnizung
undamslenason Wi kwTr madq@ﬁﬁmmlﬁu‘ﬁ'
Na@lﬁ’lLLﬁdzﬂng%uI@Uleﬁ’]Lﬂ% mu”?%ﬂﬁﬁavlﬁq\nﬁulu
MINAWLLUTABI0INE tagldiiauaumifans
Slanzimesunamans iavnlinisdensiiiang
LAIHENINNT UNIN NN TR BLULENZ A (Steady

oA [l =
state) LALWEIBENNLALD

Av A A o
JIRIVENEINYIVDS

Jekel TB uaz Mitchell JW la@nsnsaiauuusiass
284 Ice storage WLINAUY Inlet temperature 3
anusuRuElasassminnuamansolumsssiuda
LLa:L%mJIwﬂagamﬁLﬂm:ﬁlﬂﬂﬁ‘uﬁagamad;jwﬁ@ [3]
Lee AHW uaz Lones JW lanasauyszantainaes

Ice-on-coil thermal-energy storage muﬁﬂlﬁnﬁﬂﬁ%’uﬁag
mé’[’mmzqsﬁwmmﬁﬂ msnaaaslanaassdi
University of Texas, Center for Energy studies lagld
52U TES 2w 43.8 Ton-Hr 193i1en R-22 1fluansvin
anuin manasavldnaassfianinz Outdoor temp i
wan@nate serasannuaansolumsseiuds uas
AT LEWAIIN UV Compressor [4] Yamaha M and

Nakahara N Vl,ﬁ"ﬁﬂqu@mswad Ice thermal storage



ME-NETT 25

The 25" Conference of the Mechanical
Engineering Network of Thailand

INMINARBS WAz INENRHIas udsTnasie
UINDTAIWVBITZUY WU Archimedes number WAz
Enthalpy flowrate s&inadiaamnnlu10anaIn lce
thermal storage tank [5] Akbari, H 2711 Lawrence
Berkeley Laboratory ld@nmdnanwuazmytszyndld
nuluarnuazlssnugasmnnisy lagldsunu
aﬁfumgumﬂ Building systems division of the U.S.
department of energy lunsiTouiisuinaluladuas
MAAATZAANNAUNUNILATHIAEAT [6] Haller MY
et al. leLATNZANANITNUINA Thermal stratification ‘ﬁl
a%ﬂu Thermal energy storage NN7U32L3% Stratification
efficiency I@ﬂﬁaﬂ%ﬁagmm Stratification degree
33NU Boundary conditions [7]

Mathematical modeling

0=

Filter/Dryer

Capillary tube Compressor @

®
5 5

v

Level
meter

Ice thermal storage
‘il o I3 l:i‘ v g/ ~ til
3UN 1 sasvhenudunliluniseiisiude ice
thermal storage
Nuipiilveue luaiuvasmsanainudsvasszuy
Ice thermal storage 34 ladumiAalunsldszuusinenyi
o A
ALK R134a ugunsatainennuibn Sadszney
lene Compressor, Condenser, Capillary tube, LLag
) { A ] v
Evaporator sauaadluuf 1 Sadusulunisaing
g9 NMILTILUY Ice on coil system Usznayly
v Qs g’ ld = 1 Qs :/ v
dutaihdiivia Evaporator 3@ 1Uanagneludinga
AWIBNHANNTEY LHaa1T7NANULE U972 ULIIHY
1 =3 o v Aa g/ ~ &/ 1
1uluvie Aezvinldifaiudamzusay 9 vie
Evaporator tiialafidasmsrhwasanudnluls Al

guﬁ%ﬁﬂmrﬁwmmwaﬂ Coil lNaRZANEUNWTY NI

TSF 88

v :/ ~ a Qs lé
leBugmnpiiszana 0-1.5 deg C aananaa &
a:ﬁaavlﬁ%’umiwawmnﬁwﬁajuﬂdw:vlﬁqamgﬁﬁ

a 1 til 1 ] L 1 g/ =1 >
walnuNzLRuaunazssda L deviatindusasszuuilsu

AMARIAITULYINANULEWNGaINITYIN®

Refrigerant
R134a

Copper tube

Ice

A . . Y & da X
gﬂ“n 2 : Cross-sectional Uadad18gbRSIILLUINENAYL

lagsauvia

LUUINRDITNAWINNNITINIZUBNNEI gﬂ‘ﬁ 2 NANUN
R duKan axﬂﬁ"mlaa"[vsaﬁﬁaqmmgﬁmn@mﬁu
Tund qm%qﬁmaaﬁ’;ﬁmuaﬂ azgaﬂ’jwqmﬂgﬁmaaﬁa

Mk FIMIUFAIZAINI NETurasiiaanusan

1dr dT
T (k) =0 ) M
910 Fourier's Law msﬁmami’amﬁuﬁuﬁ’mmgﬂ
NIINTZUDNLURAS b3

dT dT
Qe = —kA; = —k(ZTEI'L)a (2)

v

lﬂl lﬂq/ aa o Q a 1 v
Wa A = AWNNAIaINNUAANIINSENLINANNTON 3N

~ L2 =) Ié/ Qs 1 e
UNIALAR LA kr(dT/dr) Hudase liaunuensad r
Mlrdszinldinaamnmymumanusaniaiaanln
WWITAN mﬁmﬁ:ﬁmmsmzmU&h“uadqmﬁgﬁ

Ao o Al
nwlummqmamzuaﬂ Taunsltidaw luvauiue was
@ a £ ° o {

fadesNlsEENTANTINAMNNTAN k AN 3NNAT

integrate 8UN17 (1)

T(r) =C;Inr+C, (3)
31N boundary conditions

T(ry) = Tgq1 UaE T(ry) = T, 4)
Ts; =Cilnry + G, UaeTg, = C;Inry, +C, (5)

Ml blaaun1Ina lUaad



ME-NETT 25

The 25" Conference of the Mechanical
Engineering Network of Thailand

T() = %m (£) + T (6)

azfnldihmInzanedivesgungiinnnmaieg
JauvaansanszuanatlugdWeridu Logarithmic 7114
Huwdasuwasaunlownuuuunnsssumealdzniizh
willounu Waszyndauns (6) 1Ay Fourier's Law

&uN3 (2) 3lein
Q. = 2mLk(Tg1-Ts2)
e = 7]
ln(rl)
A a 6 A o A
waztlaliazianns (7) Wsunu feuvad Thermal

(7)

resistance §1WIUNTUNANNTEUIZ LGN

Iz
R _ Ts1-Ts2 — ln(rl) ®8)
cond Qe 2Lk

Lfiaﬂszqnﬁaums 7) LT ULYiatinenuas Ice
thermal storage 1agFNHINAINNNTNIANNTOUAILAS
LLamlugﬂ‘ﬁ' 3 Yianasuasuma % i wad 22 faw
¢ L S5adinelu r, was Seafimewon r, Sinenvin
ANNLEW R134a annil Te eiaa%inwsiuﬁawaaLL@a
iudsfifetusduanfauenvasrienaas Taud
mauﬁmaﬂ“yaamfmfﬁamm;@guﬁﬂmwaaﬁawaaumvlﬁ
udswevfauenuesinudefignudassad r Sefins
Waguudasdoran I@wm:ﬁmiwa%imwaﬂ“[@mauﬁa
naduas Jgannd T, 1 h, AosuiszanimIniay
foungluvianuihenvinenudu e F de Fouling
factor meluria fn k, AedudszAnimahanuiousas
vianaduad a1 k; fulszansmahenudousasiiuds
fn h, AasudszansMInaNuSeuifionanvasiud
Auihiulagsey ﬁnﬂgﬂ‘?‘i 3 FNTDINATIZARNNT
temanusanledn

Qe =

T¢—Te ©)
v e () ) .

2mrqLhq ' 21'tr1LI 2TLKk¢ ' 2mLK; ' 2mrLhg

Iy r
2mryLhy;  2mr;L 0 2mlke  2mLKk;  2mrLhg
(10)

Riotal =

TSF 88
Water
Coppertube r,
R134a
h3
Qe Te Ts1 Ts2 Ts3 T

2aryLhy, * 2mr L

2mLk, 2mLk;

gﬂﬁ 3 : ANV UM BIBEIUAN 9 STUDVITIaYneN

¥ & da & .
LLﬂZ%’]LL“lI\‘]ﬂLﬂ@TuI@EﬁﬂU‘Y]a

2aMNANAULDY (Mass rate of ice formation) Ut
NuRTiaNaduadnsInszuan asuneldanauns (11)
laaf hy AaAnanuiaunupivasnInaanazany (Latent

heat of fusion of ice)
dm Q
—=—= (11)
dt hgf

=3 v o v 3’ < aqr [ o
ﬁ]zmu‘l@]’ﬁLLU'LI’%]’Wﬁa\‘iﬂﬂiiﬁ’]du’]LL‘U\‘]uLﬂuLLU‘LIﬁ]’]ﬁa\‘]

Nonlinear function Laz&1U1IO&I Block diagram
usasaENTuivasniaas axinldiniuged
AeduBuaniiuenaasrienasuas ldandsveuiauen
Pasviud ﬂ%amnq@guﬁﬂmwamamaLmavl,ﬂamﬁd
Yauftuenvasinudsfionudisiad r fnsasuuas
daran sInaliaanudwmMwiiasen Heat
conduction 2a9¥Ts uazaNUEIwMBLITiaIan
Heat convection 1893 lansou Smstasswuas
ARBAIAT FIHNALREAIINTELINANNTOU Qe 8AT
mstAainuds drdt uaznsiiadinugs rdsuutssly

NULIAN (Time dependent)



ME-NETT 25

The 25% Conference of the Mechanical

T,

Engineering Network of Thailand

dridh

Operation? Gain3 Integratort

Operation2

F1i/(2 pirr1L)

Constantd

12 pi*r1 "L h)

Constant1

logir2r p(2 pikt*L)

Gonstantd

Out1

+ 1(2piki"L)

Fent |

+ Gaind Gaing

operation2 Out2 |
12" pi*L"h3) |1

Gain10

1000 (g
Out3

Gain?

f(u)

Cutd

Fen2

314 4 : Dynamic modeling V833 UUMNIATINLTS

4 . .
WAaNI3ILAIIEH (Simulation result)

A I3 o ¥ = & o oAl <
MIAATAMIRIsudslaasihvung 139 5 7 lue
A = A o Y & o o '
FatluwaNrnizanlunisaeinuddmsy 19 Off-
peak LWaaz11i g e 115 1lus39 On-peak MIIATILA
wivaanlalluagadznie fa Tr9N6adld Sensible heat
wazT9N@a9lT Latent heat §1%3UT29 Sensible heat
RUTDIATZRUULFAIZAIN (Steady state
condition) laaat
MUaULURINIIG % Sensible heat

__ mcpAT
Qe =—— (12)

Cooling capacity 284 Compressor Qe = 370 watts, 11
12 803 W28 m =12 kg, Specific heat V8441 cp=

4,200 J/kg K, qm%gﬁﬁmﬁﬂuuﬂawmmmn 30 deg

TSF 88

¢ v il 0 deg C, InmsswmIalagaunsh 12 axld
1 time = 4,086 3wt (1 T2lus 8 W) fiRarandils
fmIunIeennuauaonaniin e ﬁﬁqmﬁgﬁﬁ
wanzauiaufiaziedwings Saenldinin Delay
time flaufiaziia Ice forming myanzAlutasidos
1% Latent heat Tumsaoiuds asonniums
Wasnwulasfituiune uwusiassmsadiaenaas le
gﬂa%”wﬁuiﬂﬂmnm Matlab Simulink ﬁagﬂﬁ' 4 M3
AR ENNT Simulation WU Dynamic Lfiaﬁ'ﬂaunm
flddm3u Sensible heat ludh szuzanga
§WSU Latent 39tvinriu 3 alas 52 wft (13,920
Ful) lawill Calculation sampling time nn 15 A9
Evaporating temperature Qﬂmuqulﬁﬁﬂmuﬁqm%ﬁﬁ
=-7deg C vianasuaduuyliazidy (Seamless copper
tube ASTM B88) au1a %" AA1ueN L = 5.5 Luas, &
Internal radius r, = 2.475 mm, § Outside radius r, =
3.175 mm, ﬁx‘lffuﬁ’] Inertial condition U84 r = 3.175
mm, @1 Convective coefficient h; 321319813¥1N1ANWY
HunazRasnuluvasvanaduwad = 100 m” K/W, @1
Convective coefficient h, S:ijﬁma:ﬁ’aﬁ'\uuaﬂm N
W = 20 m* KW wams Simulation mevl,@?ﬁagﬂﬁ
5-10

3.5E-03

2.5E-03 /E//gﬁg
1.5E-03 - W o—
1.0E-03 / / //e/

0.0E+00

Resistance /Area ((m2K/W)/m2)

0 50 100 150 200 250

Time (minute)

[] 0.5times of identified Fouling factor F
& 0.7 times of identified Fouling factor F
/A Identified Fouling factor F

X 2times of identified Fouling factor F
O 4 times of identified Fouling factor F

gﬂﬁ 5: NANIILURULUBIVBIANNINUAIWNH U
984 lce conduction L1#a3anNTLURLNLU IV

Fouling factor



ME-NETT 25

The 25% Conference of the Mechanical
Engineering Network of Thailand

mngﬂ‘ﬁ' 5 LAZANN&UANT (10) AANUMunuluaIv
284 lce conduction = In(r/r,)/2nLk; W8T AR
umuluaiuaad Fouling factor = F/2mr;L 3NNA
M3 Simulation 21K AN AranudmumMulugIuved
lce conduction Fm3tasuudsaiafiauiunm lass
andwiiananwly Tugisusnduduiisasns
Lﬁuﬁuﬁga wazlugrsdaundusanmstiniuiianas
gunaldirdnnudunulusinues lce conduction it
Suduiiiwfiuni 0 lesanen r = r, s snEUEY
¥l In(r/r,) = 0 1 Fouling factor 1lum313iaasa
Funuziiavesveslng gunni ANWTITBINT NG B9
Tufifiaarinonyianuin R134a Fedanizin Two
phase flow aafasiiemsiaaaszmonaainlef

Evaporator

35

30 =

53

: T
.

0 50 100 150 200 250

Outside radius of ice surface (mm)

o

Time (minute)

[J 0.5times of identified Fouling factor F
<> 0.7 times of identified Fouling factor F
/A Identified Fouling factor F

X 2times of identified Fouling factor F
O 4 times of identified Fouling factor F

gﬂﬁ 6: Nan1ILURDuLLaIva9 Outside radius of ice

surface \Ha9aNMILLURewULasu89 Fouling factor

NMNWANIT Simulation gﬂﬁ 6 9ZLAU A7 Outside
radius of ice surface (r) imaUasnulaadaneuny
A, a X A ' L a o A
e laadannutnilaraeiwly Tusisusnisudun
o a & A ' o I o A £
DAMMINVIUNFS wazluzrsnauniduaa IR
A o R a2 o da A A A
NRARI FILNA AN r WTVAUNIWALIND 0 197N
A r=r,=3.175 mm o §FNNILTUAK INHANNTNARE
A e i L . A a &
NU3UF" Fouling WUI16N Fouling factor NIANAURINE

1% r 8089 @208 UNIA1IE 100 WIAVAINNIEITS

TSF 88

ﬁWLL"‘ﬁG ‘ﬁﬂ'? Identified fouling factor %38 Reference
fouling factor ANIRING r = 14.26 mm LL@iLfia Fouling
factor Waswuasiiaudwin 2 1inwessn Reference
rlwanusumulasusasmsaainudaiudu
38319 1 = 10.35 mm N3G r aaag 27.42% 158
Fouling factor Wagnudastntwdu 4 winvasdn
Reference lAanuduwmulassinvasmaasne
Wudainduin Mo r = 7.66 mm msifia r anad
46.28% Agn"2z 200 wiRvasmsEugs fien
Reference fouling factor NNI&39 r = 19.93 mm LL@iLfiE)
Fouling factor Wasnuasiudwdn 2 wihwesen
Reference ¥nlAanumumulagsinueinnsaine
Wudaiutu msae r = 14.29 mm msifia r aead
28.29% il Fouling factor Wasnuasfindudlu 4
Linva9fn Reference ¥inlanudmumulassinwas
mMsaesiudafiududn msse r = 10.36 mm n3

WA r A9RY 48.02%

18

16

14 /E
12 2'/
10 Pt

. 7
. e

. o
2 W//X/A

0 50 100 150 200 250

Volume of ice generated (Litre)

Time (minute)

[J 0.5times of identified Fouling factor F
& 0.7 times of identified Fouling factor F
/\ ldentified Fouling factor F

> 2times of identified Fouling factor F
O 4 times of identified Fouling factor F

3UN 7: wamaLaenuasues Volume of ice generated

Wasannnsidaeuilasuad Fouling factor

INWANNT Simulation gﬂﬁ 7 325 ld31 Volume of ice
generated (V) imsufsundasilaifisununan lasd
. a & A ' o Y] Aa o A
AN BLIRIHW b §ILNa lenen V HSNaun
AuAwINN 0 Lﬁaammﬂm}@L%uﬁumaamsa%ﬂdﬁ%@d

o BN22I3UEH MNNANTIINARBINUIUAT Fouling



ME-NETT 25

The 25% Conference of the Mechanical
Engineering Network of Thailand

WUANA" Fouling factor ARVTuEIHALY V anad
fhashaituiian1ng 100 witvesnsaiesiiuds fen
Reference fouling factor ISV = 3.34 Litre LL@iLﬁa
Fouling factor wWasuwasfinduidu 2 ihaasen
Reference ¥nlanudmumulagsiuuainisaineg
wudandn n3ade V = 1.68 Litre M3tAa V aaad
49.70% \ilo Fouling factor WasuudsoiRadwdu 4
\Yinvaden Reference ¥inlanudumulagsiawas
myshainudaRndudn mssie V = 0.84 Litre M3
1fia V 8089 74.85% N8Nz 200 wifiwasn1sainsg
ﬁ.:mﬁd ﬁlﬂ'ﬂ Reference fouling factor NI V = 6.69
Litre udtiia Fouling factor asnulasiadwdn 2 11
293¢ Reference ¥inlaNudumMnlagsiuweIns
saiudaAindn msaia V = 3.35 Lire mstfia V
AR 49.92% Lila Fouling factor Wasuuasfindu
vJu 4 1vinueedn Reference vinldanumunulassin
gasmsssiudainduin nsade v = 1.68 Litre

nINA V 8989 74.89%

3.0E-03

2.5E-03 ©

2.0E-03

o g

0.0E+00

Resistance/Area ((m2 K/W)/m?)

0 50 100 150 200 250

Time (minute)

0.001 time of Identified Convective coefficient h;
0.0025 time of Identified Convective coefficient h;
0.005 time of Identified Convective coefficient h,
0.01 time of Identified Convective coefficient h,
O Identified Convective coefficient h;

X>o0O

gﬂﬁ 8: WAL A WLU8IVaIAIANNAIUNIRLEI
284 Ice conduction L4893MNNNTLUREWLLRIVDI

Convective coefficient h,

1NNANIT Simulation gﬂﬁ 8 LA F1AN
TN IUEIU A Ice conduction HnN3LaunLadLNa

~ o A a & A ' '
Waununa laglanuduilarnaidiwly Tusiusn

TSF 88

Fudunidanmuiaiuigs uazlutedauidudan
A & 4 ' . _ A
MINNVUNAARI A1 Convective coefficient (hy) KIBAN
mMIwaNuTaniiagrninsavenuiin R134a uaz
A o ' & A AL o P’
Aivianasuasauly @1 h, unnieesninnusiia
PN < A A A
p04v04 A annl audaing saluniida
ienvianudn d9llan1aziu Two phase flow Aa
fasianmsifeasswisnanadulaf Evaporator :nnKa
A e Vo A A X @
MINARBINLTUAN h, WUINET h, NANTUFING LA @n
o ) . a & A
ANy umMuluaIuvad Ice conduction LNNUY TIATI
PIUNUNANTZNLVBY Fouling factor @ad1ANNAIUN
! . A A s o
lusuzas Ice conduction Nuaaaluzuf 5 Tadenals

WAaMILETNAY danudunuluaiuues Fouling

D.

factor 1aa@39vin I enanud M ulassutean

a &
PNNDTD

25

20 P

=

0 50 100 150 200 250

Outside radius of ice surface (mm)

Time (minute)

0.001 time of Identified Convective coefficient h;
0.0025 time of Identified Convective coefficient h;
0.005 time of Identified Convective coefficient h;
0.01 time of Identified Convective coefficient h,
O Identified Convective coefficient h,

X>o0

gﬂﬁ 9: HaMItURUWKIaIV89 Outside radius of ice
surface v#a991NMILUR8ULUAIVDI Convective

coefficient h,

INWANNT Simulation gﬂﬁ 9 AR r Im3

A A o o A a & A
Waswwlaadaiounura laadannuduiarad
' . A o Ao A X A
b9 1) ’meminLimummﬁmﬂwmu‘nga LRy

. o P A & A
Iutr9nau I waaINMTANIRN AN e
PMNHAMINARBINUTUAN h, WU h, NRARIFINE A
r AARY AALNITUNFAE 100 WINVAINTFIIIHILDI

‘ﬁﬂ"] Reference convective coefficient h, = 100 W/m2 K
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MIF = 14.26 mm usiLile h, wWasuulasaaaain
0.01 ¥inu@9d1 Reference ¥inlianudumulassiu
Pasmssiasinudafndn msada = 12.67 mm m3
1fia r a8 11.15% 1ia h, wWagnulssaasain 0.005
Winva9en Reference ¥inlanudmumulassinwes
el fiududn Myaa r= 11.53 mm M3
1fia r 8e8d 19.14% fign1e 200 Wiflwesm s
‘LE’ILL%G ‘ﬁlﬂ"l Reference convective coefficient h, = 100
W/im’ K m3s319 r = 19.53 mm udiiia h, Waguuilas
aaadtil 0.01 LYinuasdn Reference ¥inlAanumunin
Tagsamvosnsaesinudafindn nsas r= 17.64
mm M3LAa r 8989 9.68% Lil h, Wasnulssaaaaln
0.005 1¥inwaden Reference ilkanudiumulassiy
Pasmsaisinudafndudn myads r = 16.00 mm

NILNA r 89ad 18.07%

) s
6 Z/
5 /
. e
s e
T, —

Volume of ice generated (Litre)

i%/f//

o] 50 150 200 250

Time (minute)

0.001 time of Identified Convective coefficient h;
0.0025 time of Identified Convective coefficient h;
0.005 time of Identified Convective coefficient h,;
0.01time of Identified Convective coefficient h,
O Identified Convective coefficient h,

gﬂﬁ 10: Nam3sUasuuladuad Volume of ice

X>oO

generated LHasannmsidfswuladueas Convective

coefficient h,

INWANNT Simulation Eﬂﬁ 10 AW V T3

A A o o A, a X A
Waswuladdaisunural laadannudwiatan
Hu ) nRaNINaaINyUsuAT h, W@ h, Naaad
SINALE V 8089 920819601 N8N 100 WIAYaInIT
8319409 Nen Reference convective coefficient h, =

100 Wim’ K 38319 V = 3.34 Litre udiile h,
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Waguudasaasailu 0.01 wvitwasdn Reference vinli
anudumulagsanwesmsseiudadivie ms
§319 V = 2.60 Litre M31Aa V 8 22.16 % 1ia h,
Waguulasaasau 0.005 wirwesen Reference ¥l
anudumulagsanvesmsssihudafuiuin my
§39 V = 2.12 Litre M3LAia V aaad 36.53 % figniz
200 Wiflwasnsai1esiuds fien Reference convective
coefficient h, = 100 W/m2 K mM3839 V = 6.69 Litre U6
e h, Wasuulasaaasiin 0.01 Wwinwasen Reference
vlwanudunmulassiuasmsaainudaiadn
38319 V = 5.20 Litre nM194A@ V 8 22.27 % e h,
Waguudssaasaiu 0.005 wirwasen Reference ¥l
anudumulagsanwesmsssiudafiviuin ms

#3179 V = 4.25 Litre N300 V 8089 36.47 %

NISNIKEDUAIYNITNANDI (Model verification by

Experimental test)

LYNNIINIREI LS8N A TAM a3 32U Ice
thermal storage ﬁl“ﬁ’l,umia%’wmfﬁLL’?]avl,@Tgﬂa%NLLaz
ﬂizﬂa'i_l"ﬁuﬁl”m Hermetic compressor ﬁﬁa Kulthorn
Kirby s;u AE A2415Y 1@ Reciprocating, % hp,
Cooling Capacity 1,262 BTU/Hr (370 watt), 15nu I
220 Volt ,50 Hz, 1 phase, Iﬁ'ﬁuﬁﬂm R134a, 3zuU1Y
AMNTOUAILBINA, I2UL Expansion device (Hwiuy
Capillary tube, qﬂmtﬁgn@@&uuuﬁumaaaﬁmmm

arvianiineidng ldlasdie dauaaslugif 11

Poo o o
wwaldlunisvii Ice

thermal storage
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vienaduainuy ¥asidy (Seamless copper tube ASTM
B88) yu1a 4" 817 5.5 LUAIT i Internal radius = 2.475
mm & Outside radius = 3.175 mm gnﬁwmmmﬁaﬁ'}
\Duguninidmiunsaina Ice thermal storage AIUAAY
Iugﬂ‘ﬁ' 12

b ' = 1 2 ;Jll ’ '
Jun 12 nstsznauviasingiva bk lwn139in Ice

thermal storage

wvia‘naaLmagnﬁwmuﬂuﬁaﬁwﬁmsqm{ﬂa;Ji 12 861
qmﬁqﬁﬁwﬁuagﬁ 30 deg C 32UUNAMNULEUTNH
Tagfi Evaporator Qﬂmuqﬂﬁﬁwmﬁqmmﬂﬁ =7
deg C qm%gﬁmaaﬁm@mammmﬁm Waranrnwly
1 92109 10 wift qmﬁgﬁmaaﬁmgﬁ 0 deg C — 1 deg
C uazBuAnihudamedulagsevarionasuas uas
Buiuanunininainsdoiias é’ma@ﬂugﬂﬁ 13 158
nanrwly 3 $2lug 52 wfl Fangarzuuhanuin
wazasriasinaninudsfifietuwen Bineswesiaf
we'ly wuinlagdn r ffadurinty 21.0 mm Tageds
Aadulsmnaslagsn 7.45 daviuds (Heflouruned
i ldanuuusinasmendiacmans Wanarn
T leUsmasinudavindy 7.76 aas :anms
Wisuiisualdanmanasss Sefitasninendile
M Iswmlszanm 4 % dvonaialdainms

ﬂ?Uﬂ&lﬁﬂ’]?:@i’N 9 ‘lumswmaa
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gﬂﬁ 13 : HANIRTIINWDIVBITU Ice thermal

storage

un&31l (Conclusion)

1) 1wdsnil Iewawuuuitsasadiarmand Aldluns
Siersiandldluahsinudswesszuy ice on coi
storage system WANTENUNIIWAFIRASEINARAD
WOANTIUVDITZUUDLENITALIY A1ANNAUNIUTBY
suudanmssihudsimaasuuasasaninm
(Time dependent performance) LazRINAADNIINES
g

2) " Fouling factor, fdnUszansmInianuion
meluuaznmeuanyia FINAGEANURINITDIUNNT
naaiugs e Fouling factor Anaiws 2 i
2896181489 Mlkanudumulagiuvasnsasig
iudafiutu matfadsinasiiudsanss 49.70%

3) \ilodn Convective coefficient szwisieinau
Wuazinvianaduadauly aaasdn 0.01 1iwed
f81989 ¥inlanudumulassinueinsaing
iudafiutn matfiadsinasiudanss 22.16 %

4) me‘imaa"l,ﬁgﬂmaaﬂ@Uﬂﬁﬁ%ﬂn{mﬁa@hmam
Wen R134a Tumsvinenuidu ankamsnases
waad IHAUAS anugneadzes uuudiaad
adiamanilumsiensisanmisheoinugs wa
nnmaanzdamanInb Ul lumnzduoy
Imaaﬁ’wﬁ'mm:awém%‘umiﬂszqﬂ@ﬂ{mu LaY
aaﬂLLum:‘uumuquﬁmm:auém%‘umm%ﬂd

Wudaluszuy Ice thermal storage 6o b
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naanssNdszne

amﬁﬁ'ﬂﬁ"l,ﬁ%'umiaﬁfuatgunuﬁ%’mmimamﬁ%’mLLaz
NNWIIAINITVTZUUYSUaMALRZ AN UL Y
AMLIANITNAIRNS NANBATANEAT LazLSHN 18.5 1n
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Abbreviation

r = iw:mn@@guﬁnmwamaﬁﬂmﬁué’fmamaﬁa
suluvasviatingn (mm)

r,= iw:mnﬁ;@guﬁnmwamaﬁﬂmﬁmﬁmamaﬁa
funanvasriatingn (mm)

r= szﬂzﬁnﬂﬁ;@quﬁﬂmwamaﬁwmﬁuﬁmamaﬁaﬁm

#ONVIUDS (mm)

TSF 88

h, = convective coefficient ﬁa%is:mwmsﬁwmﬂmﬁu
R134a uazfnvianaduadanmlu (W/m2 K)

h, = @hmswwmm%’au‘ﬁ'agjs:%dwmfmﬁuqm%gﬁ 0
deg C wazfntinudadnunan (W/m2 K)

F = @1 Fouling factor (m’ K/ W)

k; = thermal conductivity of copper tube = 393 W/m.K
k; = thermal conductivity of ice = 22 W/m.K

L= ﬂ'ﬂilil']'l"lli]ﬂ‘i’iﬁ]‘l«gla"lﬂ'l =55m

Qe = 5@]5’]ﬂ73ﬁ?8Lﬂﬂ’J’]N§ﬂ%

m = W78V89% (kg)

hy = Latent heat of fusion of ice = 336 kJ/kg



