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Hydrocooling and Forced-air Cooling of Orange and Cabbage
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Abstract

This study aims to 1) design and develop the temperature reducing of vegetables and fruits machine by
Hydrocooling (HC) and Forced-air cooling (FC) methods, 2) evaluate the temperature reducing of vegetables and
fruits machine by HC and FC methods and, 3) investigate the cooling process and the physical characteristic of
vegetable and fruit after cooling. The research is carried out by cooling down the vegetable and fruits for 12 hrs.
Experiment also conducted by exploring the change of color and solidity of vegetable and fruits after being
cooled and kept in the cooler for 240 hrs., cabbage and orange were selected to cooling in research. The
assessment of the cooler’s performance in 255 min, it shows that the temperatures of vegetable and fruits drop for
5.0 °C. The temperature of water in the tank reduced to 1 °C. The rate of cool air 3.5 m/s and 0.105 m®/s, with
temperature of 2.5 °C. The water dispersion at 1 meter height resulted as 2 x 2.4 m. The electricity used 0.4 kWh.
The cooler coefficient of performance (COPR) 2.01 removes heat from tank at rate of 180.06 kJ/min. According to
the HC performance, the cabbage temperature drops to 8.21 °C. and to 8.16 °C for the orange. The FC, the
cabbage temperature drops to 11.06 °C and the orange drops to 9.95 °C. The assessment of solidity, the
cabbage and the orange cooled by HC method 0.99 kgf and 0.86 kgf, respectively while FC method reveals as
0.95 kgf and 0.85 kgf, respectively. The color of the cabbage cooled by HC method was changed from initially
green to dark green (L= 64.4, a= -10.8, b= 35.7) while the orange was changed from initially dark yellow to light
yellow (L= 47.8, a= -2.3, b= 43.2). The color of the cabbage cooled by forced air-cooling was changed from
initially green to dark green (L= 64.8, a= -24.6, b= 36.0), and the orange was changed from initially dark yellow to
light yellow (L= 50.1, a= -2.3, b= 47.0).

Keywords: Temperature reducing methods, Vegetables and fruits Color, Firmness

unAnsa

=

naAnUdnglseasAiie 1) Anwdtanguugidnuaznaldlaeds hydrocooling (HC) wag forced-air
=

cooling (FC) 2) ﬂizLﬁum‘f}m@qummﬁﬁmmm@immﬁﬁ HC wax FC 3) AN®INT90AgnMNRLATANANTTANNS
e waesinuarna iuasanguugsaedsnisanguugiinuasnaldidunan 12 ol AnmAaNITRnIg
AEANE ALLLiie IWHMHW?Lﬂa‘IHuLLﬂ'Z\NﬂJ@QﬁﬂLL@ m@”l.ﬁ‘ﬁlﬂi’mmmmmmﬁmm%ﬁm”ﬂﬁﬂuﬁmLf‘ju 240 T
qmma:rmwslmﬂ@n”umﬂ@l,l,@”m pannsilszdudlaesaadliunan 255 wif @m@mumim 5.0 °C @mmummﬂum
mmmu@mmmm 1°C @m’mﬁﬂummmmu 25.2 @m/m‘w LL@”u@muﬂw 1 °C AANITIANLEU 3.5 m/s @muﬂu‘w
2.5°C Lmvaﬁimm@mmmm 0.105 m’/s mimvmmm‘ummmvmummm 1 m wihAund 2x2.4 wins TWiaA1%
0.4 KWh dus3nuzaeaLAsasinamLiiu (COP,,) 2.01 mwm@u‘manﬂ@@ﬂmiﬂmmﬂu@num 180.06 kJ/min HANN3
@m@mmu‘immﬁ HC wudnevanLaanasvae 8.21 °C flAanuuiuiite 0.99 kgf LL@”@N@@@\?LM@@ 8.16 °C {mIu
wiile 0.86 kgt ﬂwmﬂ@mm@mmmimmﬁ FC anadwiaa 11.06 °C faanuusiuiie 0.95 kgf wazduanaamae
9.95 °C fAruuniniiie 0.85 kgf AresnzuanUanrunsangnmgilngds HC Bufuandidesewdeuiudide,
i (L= 64.4, a= -10.8, b= 35.7) uazduGuduanfmdesdufauiufivdesseu (L= 47.8, a= 2.3, b= 43.2) &
*nmﬂ:mé'mﬂaﬁ'mummmqmmﬁ‘imﬁ% FC GuduanndiTanseunlasuiudidady (L= 64.8, a= -24.6, b= 36.0)
ez EuA A nAwAsdu At TR mAsse e (L= 50.1, a= -2.3, b= 47.0)

Fndndty: ABangungi fnuazualdl AAuazaauuiuile

! 4191 TNIAINITNLATANANINAINEAT AMUEAAINIINANERT JsnanendemaTuladsnTaaAa a1 e IATaULAY 28RLAW 40000 Program of Agricultural
! Machinery Engineering, Faculty of Engineering, Rajamangala University of Technology ISAN Khon Kaen Campus, Khon Kaen 40000



2. eNAEnSiness 71 50 @1l 3 (MiAw) 2562 maangaugldl 249

AU

Uszwalnadulszmainsmsnasy rﬁ“ﬂLL@:maiﬁmmﬁULﬂuﬁmLﬂﬁ:@ﬁ@ﬁ'a‘hﬁtyﬁ']ﬁum’u%ﬂa:mﬂﬂ@wmﬂ
wuduum luglaesdnuaznaldanudifiv ududs wazairmaldliiunemmnadinivilgnuaridseantesing aqiiu
Aadeenainednuaznalinng lulszmamaaiatu LL@:ﬁ'ﬁuﬁlﬂqﬂﬁﬂ%ﬂﬂizmﬁﬂgiwdw 2-3 &uld nandnaeg
sewing 15-3.5 &uiu Asluandneangnaarioll laaewnzdnnzvand Siufilgnieszmalaenlszanas 59,000
19 nan@nyUsyanns 184,000 Fu (ﬁwﬁnmummﬁ@mmwmﬁ 2, 2558) N13892anHNUa bianutfin W ldalaui
AeunnsAN 2561 HLBannsiavan 188,025 F Aniuyarn 183.34 411 wistioyandye iWndudenas 2.26 eifiuy
fugranaRaiuaesiifiinm (nausagiunisdrssadnslsmna, 2561) gaungiitluiladadrfnysiennninuazeng
nefuneessdnnanandinniufes inlEnsasuasuezidenaniwliatnesands nsaRgUNNLAY
milﬁ‘u%n‘mmammslu@quﬂqmmﬁﬁ‘i‘qLﬁ'mmfammumimmuaﬁ%uﬁmj fodhdedisndu  Teeanizndnuad
Aandsaztanwazi@eliing amnnnsgodetesdnuaniandannsiufien dauikanainanufeuasas
”Lumamm@ﬁ@&ilnuﬂmﬂqnﬁ@unmﬁuLﬁﬂf;%ﬁfqmmmnﬁlﬁmﬁumimmm@uq anuzfuignliiinsan
gnuuRTeARNARRE9IIAEIEvEINfLfen  (precooling) N1saRgnugRananInTlivaneds Wuniald
{i’uﬁ\‘i (contact icing) mﬂ%@ﬂalapmﬂ (vacuum  cooling) ﬂ’]ﬁ%’fﬁﬁlﬁu (hydrocooling) nNTkaNNTALIY (air
cooling) Taeutifunsldvesfiuiduiesangmninanualaamss (room cooling) waznisvinWenAdulnanu
lilfan@anua  (forced-air  cooling) vinlinARNaRansNsMnalagaiuszazinaiunu Lazinulaeuaamng
grsmensnmNldfos fr«rmmiﬁm:r'nﬁmmmmmmmsmLmvmiﬁimm'ﬁ hydrocooling ey forced-air Coollng
fafhidsnangnresmeasguimpRdnuazka i e aswuilyunisruaugmmnil o gouvniivesd 20.3°
c  dvhinnunsnnuanlindlfRadunaidesenisddnuulasnmantinisaniweazenglumaiuineaesdn
wazna el (Hfunf  wazenuz,  2545)  anilgyudinainasinnisdnminisasgnuugiinuasnaldlduannig
hydrocooling U8z forced-air cooling %ﬂﬁmﬁ;famqummﬁl,l,uuﬁqnmqmmmaqummﬁﬁumﬁnLL@xmaiﬁﬁfqmmﬁ
fnae suaidudslanlliuinemanglé

o aa
aUnsaluazisnng

1. Anwasanauuginnuaznalilneds Hydrocooling (HC) waz Forced-air cooling (FC)
Anwdayaisnisangmungiaesdinuazualilngdd HC uaz FC Taseanuuuies HC TAnundne 50 ou.
219 100 . 44 100 T3, WAZHed FC HAMNNAIN 50 4. 819 50 93, g9 100 4. ridanzAuiuBeumun 2 uu. y
v ¥ o v H 2 . o v @ 8 & ¥ a
sulusnzauauiuauFounun 5 gu. veaasied (Figure 1) (1914, 2544) aanuuutauiuiduianquin 20 ans
agléiias HC (Figure 2) @anldiasasinannudiuawin 2,638 kw1l 220 Taad weanldiludunuumas
wawasiuaun 0.5 usedn viedddduweuaudnans 2.45 au ldWaanuuLdusniFeaduninuaugnansluin 19.6

731, 71ANNNL5992L 1300 rpm (Figure 3) (3NN, 2548)

Figure 1 HC and FC room Figure 2 Cool water tank Figure 3 Air tube
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Figure 4 Cabbage temperature measurement (a) Orange temperature measurement (b) Cabbage firmness

measurement (c)Orange firmness measurement (d) Cabbage color measurement (e) Orange color

measurement (f)
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Figure 5 Reduction of cabbage and orange temperatures use HC (a) Reduction of cabbage and orange

temperatures use FC (b) Temperature reducer machine (c)
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