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Paddy Bulk Cooling with Closed Loop Pulsating Heat Pipes
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Abstract

This project aims to construct the cooling system of 500 kg paddy with initial
moisture contents of 14% and 26% wet basis. The paddy was contained in the
cylindrical bin with 1 m height and 1.5 m diameter and cooled by the close loop
pulsating heat pipes (CLOHP). CLOHPs were made of copper capillary tube with 2.2
mm outside diameter and 1.4 mm inside diameter and the used working fluid was R~
134a with 50% filling ratio of total internal tube volume. They had 0.6 m evaporator
length and 0.3 m condenser length. The experiments were conducted along the time
of 60 hrs. The paddy temperature cooled by CLOHPs was compared to that without
cooling system or CLOHPs. For initial moisture contents of 14% wet basls, the last
temperature of the paddy without CLOHPs was 30°C and its moisture content was
still at 14% wet basis. The paddy storage at hieh temperature induced important
grain damage. For paddy with CLOHPs, its temperature was slightly increased. The
last temperature of 28°C was lower than that for a system without cooling unit. The
moisture content was still at 14% wet basis. So the deteriorate of the paddy will be
less and the storage time will be longer. The cooling efficiency of CLOHPs was 1.7%.
For initial moisture contents of 26% wet basis, the average temperature of paddy
without CLOHPs was 48°C and its moisture content was 25% wet basis. For paddy
storage cooled by CLOHPs, its last temperature and moisture content were 48°C and
25% wet basis respectively and the cooling efficiency of CLOHPs was 61.43%.

However, in order to maintain the good quality of paddy, the paddy temperature



shoutd be kept at 28-30°C during storage time. So the research and development of
paddy storage with CLOHPs should be furthered to achieve the maximum efficiency.
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1

, 0387( G, Pr)s
Nu_=+40.825+ - b

it 9
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| Ny

Tﬂﬂﬁ Num fia Nusselt Number
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I ar 6&4 &4 ] 24 < ]
Gr (Grashof Number) nguiriwstiianiianudifnlunmsdromauiounuusssnei fla

-
MU

(N

Gr =

L

3
eBL(1.-1,)
2
1’4
it B e duussivinmmeednidnfhngs, K

. e 2
v fla Kinematic Viscosity, m/s
= A! = ] ﬂJ [l
T fis anmpituiivesviafidiuniuiuy, K
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- 1od L7 2
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2.6 U35an5n1Wea9ssuY

Usedvinmuesssuuszdiudivaninuseani nnnnsvinuua isA1NTauLUYEY

r b 1 1 1 nl
sssavlunsseurnenmuianiudaiutnildeniidietnlsanuisasesureanudsulauniala ¥

wilsinnauns
Q
77 = —2- X 100% (8)
Opodoy
el 7 Ao Uszaninmzesssuy

Qo Ao dnsInsonemAlLiouTasanusou, W

Q Ao emsIn1sinmusauTeaIlden, W

paddy

d o
2.7 Msnunadanasiineadeg

o oar " .. o a
INHANI5IF8YA N. Dussadee and T. Kiatsiriroat (2004) [1] 138INTIATIBH
guTsausmATfusanATsgmansvoinitldefilavoulududuiwgen ¥ R22
2 s | v [ oy Ry o
Wuarsihaufiessvisanisussnaniifenlaendundnvsanssuentuin 1,250 mm
Fafimauenn 1,500 mm Asugsqiadsntuin 1,000 ke ludaiszmevsaunesiluleweu
) - $ o | "] . & o '
Tuimwaendvhenvevesunmnatduiuaudnans 1 in wasiuiinnstiamauieu 8.5
2 s v a ¢ v |
m’ lagldainialunsssuisaimiou nsieseianssausInLSauLasIATYEMART

Meflulaveuaszisuiisusudiilifinmaniuquagamail fuandiiuinittinedlule

L -

wouilusxAnsniwarsaniuquaampiinasinwgumgiivdaties 28-29°C laifigudy
mshifimsmunuaungll 1udenasligumgligeds 31-32°C uariiddgmesilulevieuds
Tlfudsgumgiiuvandaiisadneslstndy fuaunmvssdidelfimesluleveuiiou
fupsssuemafouiidamhasiimindideaty wasrinmsieseiiuasugmaninui
fisvurfuvu fio 8.2 U uasdnsmanauunuie 8.6% eifisusussuuillévaau 178 hp Tu
mIsswgauieudndiunaniiuvesiaaufe 20% red
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2INHAeTUIFeues P. Charoensawan et. al. (2003) [4] 3oe VoA wFouwuudu
2938V Part A; parametric experimental investigation vierrdauwvuduassou uade
wanwasuarudeuiitudouinanussiundouvasafuiseiuilivtiueuodieguuse Feasd
SviswareUseAnsn s ieuiiiinadantsirmestusdfunnaduitugudnans
meluvie Swaulhuder mainuuasydsesgunsel vemaufeunuudinsauein
vienasuasiuumdusuguinanely 2 mm war 1 mm Weadaulneirfousiguugs
80°C warlimrundulasthuanfuweameiulndaeafinnududu 50% Taeusines Tand
Fwnildudenludnmes Evapolator wUsiudand 523 THadenlasilarsienildluve
armdeutuudineouiie th iemusa way R123 Fwadnsdesnaldudoiuasuidduda
finaravssAvsnmnsionwSauiuuduaseusaianiininign e sasi ufiina
AavsEAvEnmeneLguiu

NuaadB09 S. Chumnumwat and P. Charoensawan (2011) [9] \3eq
mMsfnwIn1snssaegamgilunisiuinwdenlagliviemuounuudussey Anwseuy
ssupATSaunesirUAen 1,000 ke nedradenianuduil 26.9% wnsgntion Aty
agludavssnszusnitiidudiugudnats 1.25 m g9 1.5 m fssvigarufousevenruiou
wuvdunsseulasvhanvieveundiivunmdusimgudnaranislu 00014 mm uasvinadl
urnugudnaninauen 0.0022 mm deifans Rizda  Wuasine vegnandhunesey
aneluds Faazvilinianseasgamgiivasdndentdi nmadenfionsuinisnssaneguml
fnadaiudoyafuae 100 99l gungiigegeeninuinunsnaiuazgumgfizanas
mudwy Fuuuitassanansaiinensnszaisgamgiiudufuinidenlaghiinsseune
armFeuiidndsiuumnagiuriniy +1.4% wasnisnsseaamgiluinudensstuediu
sEEEIn sEEmisEhvislrarasaumsianslaauieursmnyaniissasnasewing
viausagnseuwiniu 0.052 m Taswuigumpddnuideniiivifludiiinisssusanasou
Feverrwseuwuuduisevasiiivhninediliinmsfadaisrwisustrann

PnEaNUITEYes AuA Yamw, aigna Seus way ante Snwingana (2010) [10]
(Foe nsmurngungivasinidendieierufeunuuiunisey tiea1eszuussung
Pmfauvesirdensutn 500 ke Aussgegludmsanszuendiiliduriuguinans 15 m
wasfinawge 1 m Tnglivierrufeunuudursseududissuisnmiou Tnoviernuieu
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Propgny Unit Reference
P g, = 1.029(1436 + 705x) kg!m*| Lague and Jenkins{1991)
C; sy = 1180+ 3766x J/kg'q Lague and Jenkins{1991)
kf‘\"\“'u.[ = (0.0637 + 0.0958M) (0.656 —0.47500) F/m.K Lague and Jenkins{1921)
090, {a . - kegH, 0| ASAE(2002)
x=0204— 0046 x n[(—T +35.70)M(RA)] | ===
kgdn.
AH, =2.357x10¢ - T/kg | lstati and Sitompul(2002)

D, =1.165x10”

m'ls

iztadi and Sitompul{2002)
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