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Abstract

This objective of this paper is to present a study of the cooling capacity of tubular-ice by installing a heat exchanger
for improving the performance of an ice maker using waste water from an ice factory. The heat exchanger was made
of stainless steel and had 4.023 m® heating surface. After using the heat exchange in a waste water pond, which
had a temperature was 0 °C, the temperature of the feed water decreased, from 27 °C to 25 °C. The COP of the ice
maker was increased and the factory can save energy consumption of 13,635 kWh/year or 16,245 baht/year. The

payback period was 0.9 year.
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defrost of tubular ice process
duaaulumsudsdvasinuds wiserininuds

#aoa ﬁﬂawulmﬂmﬂfﬁuﬁfmquﬁﬂuﬁwmﬂﬁaﬁwﬁm

ssstnlUasiduunrinuiaatiiud waaufAavioss

Qﬁaﬁﬁﬁmmaamﬁmﬁ's I@ﬂﬁﬁwmﬁm’nmﬁuagsau

J Sci Technol MSU

meuanvia iazday 9 uisdndwiudomuwniubes q
FInw (a) war Tuaawniazanstinudadoinud
ANV AR FDINTUE izuuﬂauquﬁﬂiuﬁﬁazgﬁﬁﬁﬁ
ﬂﬁauwj’wmﬁfmﬁaza’lﬂﬁwuialﬁ%q@mﬂﬁaﬁaﬁm‘lu
nndwiudsezlnaanasluluedesdaiugs dalwid
fawdn 9 dangsludenszuzsuiuga f‘ﬁdﬁaﬂgé%ﬁmld
mw:ms@ﬁmﬁmavlﬂ FINN (b)

mﬁm‘nzﬁqﬂmzﬁuamﬂﬁ'ﬂumm%'au

(Analysis of Heat Exchangers)

lunwsaammmﬁmﬁaﬂqﬂmrﬁuanLﬂ'é"wmm
o Mlununsdmnssuindaslanuzinnsaluns
Aaazugrniasanseanvatvedlnaauuazinuaz
FUNTIRITATINTENELNAINN T UITIRUATEAIN 9D
289 nafouuaziuldifonnudannslnavesnaves
maa"l,vxa%ﬂuﬁﬁazndnﬁamsmmmLmﬂ@haqmﬁgﬁ
1988 LWUUUEEN(LMTD) uazi® NTUUsnSHagUnInt
wanuasuanusanlasdnddnlsiduaawnles i
Auuuias Lﬁ"auvlmlumsﬁ’muﬁdﬁuanawgaiwqﬂnstﬁ
ﬁms"l:maLmuam's:mﬁqmauﬁamaﬂm Vi gD
A Aimeenriamadrdaasili A uutas
WRINUWIRULAZWRINUFNTANUTEUT Iz VR IV A
selFaaanlua1na i 3e UL KT8
riefilidasfianumdguazazlithinfaildgarioauy
lﬁﬁmaﬂqwadqﬂmtﬁuamﬂﬁﬂummﬁ”auﬁuﬁ'smmu
{Hustsdauludnsgaidsanuiauliuifanadonims
dremanuieusswinsas wans2afiawiningsiudas
rmrhﬂmmmi”auluqﬂmniﬁwﬂmmm%amzﬁmmwﬁu
é’m’]mmﬁ;mw%faumawaa"l,mgmﬁumimﬁaluu,ﬂaq
vasgmn)iivasvasinadanmiiismanuion a1unn
douldlulvasanuuandsvasganni AT sewing
20lmanouuazfulasi

AT=T -T, ™)

ganstngmanuieuitmianngnis Liuds
> Ll L a g ' v
vashidulasldidulszindmsdiom anudeusiu U
« a S y A

unwsulsEENTNINIA LI h udiasan AT a9
wasuudasldaudunising glugdnaluanifouana
v 2R A &
JauIdIUaNMT 1

Q=UAAT 2)



Vol 32, No 5, September-October 2013

WWa A AaNuiuadINMIanammaINuSauILa AT
AeanuuandsguA iR ANz aY TERINIVI AR
2 e

NIIDNYINANNTOWIIN

(The Overall Heat Transfer Coefficient)

A dl o Qs & @ e a 6 6

Basfsauluwduauusnlumiiesey gunInk
AN RUUANNTOULLLYIONULTAS AT ANTaunfe

o a £ ' o '

MNIMIFNU I ENTN I LNANNTOUIIN TR IV AR

& va ) a £ .
ROITHABW IARYINAM VRN BVIFNUITLENTNNTEN8N
ANNTOUIINTERINIVDS Vlmﬁﬁqmﬂgﬁlﬂmh Auvadlna
& Ao A o o 2 o
Wunfgamniidu T AnulagnienudygunIg

Q=UA(T,-T.) 3)
1
UA = —n§3R
n=1 " )

ém%’ulunirﬁmadQﬂnitﬁuamﬂﬁﬂumﬁﬁauﬁ
32N UMY nIuwI AT VLN LI TN AWARD
srluiudleniln 2nR L fufiiuwiduwanaz e
2nR,L Simudsannmsmomanyfaunuiaan
A, G fuRuRfaeuuenfioz S

1
UsAp= 5
1 (/) 1 ®)
hc,iAi 27[kL hc,vo
U= 1
0 6
A, L ANGE), 1 ©
hc,i Ai 27CkL hc,o A °

[ ]
A =

WETIMINANAN A Fardununenwluadadn

1
U=
i 7
1 _AhGE), A (7)
ha  27KL  heoA,

wanlwnisiaaniaIasuantdagwaiNausan
1. AN IARUNTRNNURINUNAAG
2. &Y NauRaaILATINIBANNELAIN

The Cooling Capacity of the Tubular-Ice by Installing a Heat Exchanger (H/X) 647

3. figanmigydumolurievesdige
lag dannsgadaaaluriemldan

TDH = h, + h, (8)
h _KV?
§ S U ] ]
e 2g  Aanagmyidulugdnniiadadig
LV?.
h =f V =) a 1
9 uae D2g ﬂamigquaﬂmﬂiumma
4. 33n5ananifsuanuTanladlas dasnisuanaon
ANNTaurbdan
Q=UAAT 9

Tasdmualdt U Aeduilszansnisinamainy
SouupatnAuihEaawnAL 900 Wim?K, A Aaftufian
Furs (m?) uaz AT fe qmﬁgﬁﬁw‘hua:aamﬂ'%aal,l,an
Wasuanwian (°C)

o a [
NIsanuUULAIILANLL RWANI D
ﬁ' d’ v k4 '
panLuLLAIaILaniRauaNNTou 2 wuy lawn
wuud 1 1unseanuuulilgdnialuanifouanuiau
agnmulundesiarhligmnpizesihnsldfouudas
MNYIMMNNVILTIINMA Teazliinwaann  Figure 1
=1 a
wazlguauiidnin Table 1

Figure 2 Heat exchanger type |

ql I oA z 1 v Qs 1 g
RuUN 2 Husuuniawa 3 ddadnnuriarwia 2 W)
lﬂl v U Y dl =) 1
ialwaanslddase 90° wazieaansgudunialurie
94 Figure 2 uaziignigudi@any Table 1



648 Nattadon Pannucharoenwong J Sci Technol MSU

Figure 3 heat exchanger type Il

Figure 4 Designed of heat exchanger

Table 1 Compares the two types of H/X
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ICE MAKER

Figure 6 Ice production system after installing a heat exchanger
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Figure 8 The air temperature of the water at the entrance and

exit of the H/X
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Figure 9 The installing of Equipped with measuring consumption
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Figure 10 the difference of temperature in — out heat exchanger

Table 5 calculate the payback period

— water inlet

651

No. Information Symbol Calculation Unit

1 The flow rate of the water m 0.73 kg/s

2 Waste water temperature T 0 °C

3 Time of use h 4,015 hourly
4 Inlet water temperature T 27 °C

5 The specific heat of water. C 4.187 kJ/(kg oC)
6 Coefficient of performance ice machine. COP QW =1.8

7 Ice maker water temperature after the heat ex- T3 25 °C

changer.
8 This was after the cooling load savings. Q m* Cp *( TZ-T3) kW
= 6.113

9 Power savings. W Q/COP = 3.396 kW

10 Energy savings. Es W*h = 13635 kWh/y
11 Average electricity. B Bs/ Es =1.1914 Baht/kWh
12 Total savings. Bs Es*B = 16245 Bahtly
13 Investment cost heat exchangers. Price 14,000 Baht
14 Payback period. PBP Price/Bs = 0.9 year
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