Journal of Agricultural Machinery
Vol. 8, No. 1, Spring - Summer 2018, p. 79-91

OIS et

$329LiS S yaiilo &y gl

L2 79-91 p 4397 g Jluwous d 0yles 8 b

ol JESH s gobarl 5w gler b LUl 8 Kt i w158 Ob > s i

LLt

3 .. . 2 LM

7255 51 des =T (g3 g0 ol = T ipdla Jedesus
1394/05/14 35 o,
139412004 : s 3, o

2>

Db Jyparme CubsS Gl g bl )ly Sen cllad g il (20l el (S Gl Jos dhwges (Slel SV gazs )3 b ials

Gigi ) glaie (e &) 395 oo pLl JUI e (6 jpme S e Y gazie o I (03L) ©Vgane (SIS (gl 03,88 (dlga I eslitl
w112 Lo s UBMS™ 5 LIS o s 53 Jpuazmo (3,5 S o ISl (ol 516 51 (S5 s 3 slom oy iy s
5 D 2y dasd (loj g g dsloxe ilof] (Slaodld I A5 3y b 3 51 ol (05 3 (sl it 05 43S L5 3 31,8 il
S yed Syl Sl G g (clabaod  SuiS s oAb (0b 3 (319580 b el Candds Ul Cavgy 4Y 5 S 40 50 b 3 g piiin —Cdn
dos oy 2ol sl 13 M ST 4 015 51 lgm s pus ial33l 48 5y Lt gl 3,5 o 5 o cilisee glacs pus 3 5 &Y 53 ol 3 3
sliS el o U Gy g 5550 slad gl oS 5l e po Sl il 5000 1 am 33,5 o (i 3 g it =Cdd g 0 Dy
b s il il el U3 M S™T s pu 3 aales 3 s pialidl LM ST s )3 o8 05 M ST s s 3 (0 350 3 15i i
sy il a8 31 L gl el cewnay U3 M ST s s 53 gy o) 551 oS 5 b pen )l JUi) oy il sl g Slon
3 By QI g (04 3w p2in ~Cin 5 dad o (2l (IS s B 93 lyien (LB M ST B 0/5 51 L2leil ) 3)

Aled el 1 U1 5 Led

O Dy F b o) 8 S i LLL Oyl Jlas oLl :‘5..\.315 ‘5&5)‘5

Lod ¢ St &V guames oS 5 cudby jl s yos 3 38,80
Slslases floseds wwciby jl o cuasS ol cun el
gy of Olie 9 02181 BT (SSglgm 9 (Soiodied ul b
s il a8 ams o i llllas g o sl Jaazs (slod
b e pialS plp 24 i e > LialS ol sl as > 10
G9pd «Sdimn il 5 oS Laas jolaiedy (Golob et al., 2002)
a],% (Brosnan and Sun, 2001) 33,5 slsl cuils p 5l
als o SO laied deyie slo)S 40500 @) (4SS iy
Joame (syw g (g pddlud a8 adl o Lod Copie jl oduony
Iy g g ogro CutS 598 Clanl dy  loiwd .S o (655 gl
e oyl (Dincer and Dost, 1996) 4as o isl5dl
W55 58 (o S SB iny &S Canl ) 2 S SKE (o SSE iy
a8 Coul slogis b duslis )0 oo (slo)S ms (4295 0guid
slod j5 g wlpu SBUl dsgommo S5 53 03l yobay 1) Jouazes
SrSonin yobay (8SE iy g 3 B odly 3 olesds

doddo

odlgls 5l 5 Punica grantum L. _ole s L Ul og e

5 038 Ul Lol Liie ],,] (Fadavi et al., 2006) *cunl aulsisy
s Jsl plie (¢ 115 600) adgs 5 iS5 o <55 i 5|
coaS s 4y Jsuame ool (Mohseni, 2009) aib . |)b
bl ladl L jl g lul )b slogee (1 piage o po
B eyl o had il 2 )5 as e jelaieds (sl gl Coonl
CpdeS (ialS 3 e Jalge S5 g ()15 dluws clilo
Sl)gsh o ytare I (S il Hloyes  (o3L5 cuenl I L

018l o nmwgns (e 09,5 Ll g (658 (oommitib cuia -2 41
Oyl a5 30y o8l (g5 yolisS”

oy ol (SlSe i (5 0SS (SlSle _tigs 09,5 )Lt -3
Olpl ey

(Email: ali_behaeen@yahoo.com o 0dias 5 =)

DOI: 10.22067/jam.v8i1.48911
4- Punicaceae



1397 Jgl Jlamowsi d 0leis 8 aler g 355LiS gbooywiile a3 pis 80

e > (Lambrinos et al., 1997) s as o jialS gandiu
O Sy il — i (loj 45T B (1S 05 (pdagly 5 L)
2 0/002 j1 Jguamo S5k yo (sl 42 Iy b oo 21331
Emond ) 5,5 Ly yials % 30-40 . Jgae 0/004 m® s kg™
)I odla_wl 6[.‘]).0 )I u_i.‘ ‘_Jya.‘z.o X UJ‘“’ Dy (et al., 1996
Cyaw pass L Uled o oSl (g5l Dy (glon b 0 S0
9745 logtalesl ) amd GRG0 3p &5 g lon
DRIl Al jasde Wl ploxl (S5j8ensS 5 JEyy (00 3y
5 JLiy sl 109-1/14 aials 3 () 3l ,e5L6 yally
Sloj copizmen il (Bl ol Lo,i (S5 ppansS (ol 1/08-1/11
Sy yis 058 o il MA msT 4 12 5l les oy oS
P 8esS g JWy Ol JUlo)se 5 gl cnl p ogMe
ol U244 ms™ ey aols g 51,5 5bo a3y5 4-5 clos
2 Jgmae (3 2y 55 555 S)bisne b loa as pus 48 3D
oialidlialasl g9y Jol aids 40 15 5y 016 0d o slod
3l aiss 40 5) s el B gy il S jdansS
UBm s U aslg o 5y (slgn sy o6y Si3 i 95
2 ol il (Sjeess lp 12m sty Jisy,
&35 895 s btne U 38 jolio Sl YL s (glod oy
Ui S o (Kumar et al., 2008) coily s >y
1 -. .
o 290 Ullgw djly )l &Y S 3590 53 ()5S iy
M g Lllea by oy g3l,5 o as 34 lga clos e85 )3
b 00,8 Giloejl A 5y pibs —Cdn g des oloj (i
Lt duawsly o2 b > s puo 4y 00b S (gla pusie &S 0b LS
U o sy das oloj 2 M ST a0 L jl g cacpr al33l b g
sl il S %236 L (oiss o piies —can ol 9 %21/8
Oyl Jlsl g s sl el )y ddss > (Dincer, 1995a)
e Olpiedr )3 3 9 (595 plual plyisas (584095 5 ola >
O slacew > glalaiw dloa b b JSG g )ailw
595 (soges (slod 03,5 wyn 2 5 /75151251 mst
Oolej 5 3l 9818 (A0 s g 5 A5 (55 3I 0ge S50 3
—Cid g daw loj )T duwlore AlEd po il kb g dewd
5-20 Kg sladns )3 Laoges 159y il b yid o s
O R ST il g sy alsdl Ly g alsdl
L (ot Oygots Loyl (b ol = S g dosd (sl Lo

1- Soltana

i )0 4SS o 5 SY b |y b gw g Wogeo (gilwe pudd o
Job 9y dix Cawl Ko wauid odlitwl (35Kl g ST «lB ]
ST ol oy s ol slod 4 Jgaseo b S
2 Jgeme (53,5 0w 4 S alipre (g9l ()5 SE iy
[(Iranmanesh and Malekyarand, 2012) 1ib o 455 o

s gial S Gl al Ly jLsloye e o (o LSS5 iy
O)gmo oy (alendgn sbatiSly LI | S gl (imen
ot 4 bl ol als gL o 1y Ul gley 4wl b pdy e
3y 5 il and 10 B 1) ogee (slod b oy 4 ] (ws)
5 a8 sl LSS i coimen sl ol
255 plosl (gl

obej e (2loygishs ululy ()L S8 iy slasd)
FHolie g (Brae @55l @D (Jypaze b Ol pled )5S
Lo g, oplplo 35 @gles ZouG b Jgame Ol ol cans
=5 sbagby) a ggd OllasMe (8, S iy Ly g)ls S
(@ ol cod dlon Ly ()5S (Al 19 o (g
ST @SB b oM cov 5SS (7 (b1 5 sis
Brosnan and Sun, ) ;5w b (6 5SS (59 52 b )5S (o
o (6 e Sos SV gare (13,5350 B9y (n 5 5he (2001
» (Kader, 2002) cwl 03y, s (glea 5l oalizwl g, LS
ol Cépan g, dlusgas Lo)S bl 3 gl b (353 poo
Dincer, 1993; ) s o JWSl Sols > g 048> o Sl oy
&S e (Smale et al., 2006; Zou et al., 2006 a,b
Chas g 361 o8 5 iy plp 4= 10 Ui cov lea b
OiblS < g, cpl 3l ealil slacosgase .l Ol b (6,8 Ss
48 il e 01 LSS s canslial (b g Jgae 3
A iulally iy oyl 5l eslaiwl glad i g ol )8 pas Wlgi o
(Thompson et al., 1998)

ol s 3t Y e (65 S5 iy (59 535 Jelse
O3 53 Fpe slaygiS 5l (oS4 35 lgp sy L)
ol 03y i ¢ ypioen (Fikiin, 1983) cuwl o g3 g aogro
3y Sl Ly (6)LS SIS s S5 50 (A5 300 25 &S
)95 0 Jypase 4 &4 dp lgn Cop &y Jol > 3 lid cow
2l O 3 U8 B el e ol g 0y (S S o
S ed Olewgad g JSb ol o olss 15 tcunl W pusio
[(Hass, 1976; Dennis, 1984) siwa y s |y Jomse
a Ulgi e g 0390 a8 dgate Jolo S 5 Dy slar lod
S5 b Shals Sz sbul s 4 are dat S 1 Sml
3165 m s sy 0/2 5l 1y ey ialjl a8 a3 5155 aslllae
g5 ool >l B L3, (598 Jgmame (s S5 o



Bl sl s sy b Ul S iy il 0 192 s a5

235 518 o3kl )90 (LS Gl pslaieds

g, 9 g0
(545 A ST 9 5l gl o 5 Lad 3 s

P a8 9 ol o8y pob imggy 53 edlitul 350 5Ll 3,
Sl s Cwgy pB)l ci2 5250 sla)lUl gyl ganail
P53y YL cenl | guilil 5 ©llo a5l g 59500
Cubdgpe Gliwprd 39)6 Jl Ol o8y Ul ptalejl plos! (gl ol
oo 3 530 539 3 2390 sl 05 a3 s
Cuwgy 9 35 o 3 Cush)y g pSojlul e85 bl Ul (S 4Y)
L oyl 50 el 24 coae 4 b5 590 sladiges ob,l5 L Ll
cosb, (AOAC, 1980) ai ploul 3,5 sl 45,5 105 (cle>
059 ool » 73102 5 BL/8T Lawgio yobas sgso Cangy g 35 5o
Jomaze sled 5 595 (9 slgp slod bawgio 2035 (oess
35 5l d)> 2202 2014 § 515 le a3 112 2012 Cs 5y
ED o il SOl enlatwl L lon sy o 428 )5 )l o
sy s S aliwy S g (Lutron-YK, 80AM, Taiwan)
(Dimmer, 220 V, 2000 W, 48x36x27 mm, Iran)

plosl sl 13 m s 5 105 (slancs yu s 9 (5350181
oilojl sl olSiwd (sl 4 s gil) 15,5 Glsal b yisle ]
Cowdan 1B s™ ey i 593 Sl 5 (S5 5L S o9,
(A a8 e Ay o it Caspu ol ol plis g el
i 09,5 5> (B (I SB Gy Sliles plosl
5o 0l 8 Jolds olSiwd (pl i didlu 5405 ol piwss
BEB-30/10L4S, Single Inlet, 30x10 mm, 220V,) »,ly <
{1400 RPM, 160W, 50 Hz, 14.3 kg, 1600 m® h?, Iran

25308 o Jolb (6)5m paS 0SS e Sy 9 Isp Jig
LG, CMAO69LAEM, 220 V, 119 W, 50Hz, R1344, )
Condenser, 1/4 hp, ) ,swilus {C.O.P 1.61, South Korea

Pipe volume: 0.4 dm™, Surface heat transfer: 2.05 m?,
bluws! b ¢ 048 505 (CFM: Max 560 & Min 300, Iran

ool jglatods .ol oas ol Lis 1 JSs 3 o] wlsjp &5 5
S1aayS o (90,8 oSy 3 aS” Llad 3,5 3 pw > (g5l duge
winlesl ym 55 005 oslazwl 0715 M jhas 4y oylsl b 4y
eLis,l 5 0/002m (5, < 0/003m Jgbb) ptl00 ,5 i ,los
igoge S 5l an,> =200 L5 +840 le> asely 0/001m
9 9 350 3 ygias 93 A8 olad S5 U1 o (ol
5 Ml 3 5 503 jgis 93 - 0303 4118 Ul Cangy 53 jgunias
) lon 293 9 3909 lod (ged Sl dn 5 J8) loa Jig5 et

Wdges

Oliee @ el JUal lawme )3 cplpls g 3905 jmid Joame (g
2 LS Gl cnl 2 (St 900 3w &5 (Jgae (g
ol 292 0326 L3 gl g %028/2 ola K27 (S5 ,84595 590
2 ORISIL 58 35w lagelly )3 Sl ogasar g Sl
ooz g Lo sladdgn a8 ams e (lis dga (b oy
o Jgmame (lop Shbl (38 5 2lo)S Sluogas oend,
ol il Glajl ;2 (glyy g Atk lgn o2 e 535
95 955 plasl > oylys Jasl il s .(Dincer, 1995b)

adllas )50 citdly 518 I b (o yme > &5 IS (g)aidns
S 3 sdn S 0l Jlil (o8 b dls (595 88
SIS oo 13 s gl o 23 0555 Ja5 3 el
I g 9 plual lyisds sla g (S5)pansS ety )18 (5 yen
lg ey diold i oolatwl S g jailw pue laisds HLs
O Sared (33y5] Cowddy b 45 ol L5 ol 0 1-2m s
2l e Oyl Jlcwpe g «dal 5 53090, 240
<SS o (Dincer, 1997) 303 s dd o plKin (> &Y guae

4 L lalopmw sl b () ESE 0 a8 055 (5155 Gds
pd g 60 LS SUS wiuaw (slbpuiio S5 bl dagi puiio g3
L 5oyl go5 5l Canl ying oalatwl 3)50 (48 . Jouaze (sla pusio
&S Joams Hlads g g9 Jold Jgasms (slayusio bl (gy970 (4
s Gl Olie 9= 55 3590 siledw 53 9 358 S5 b
ANON, ) a3 43S Jlai ) Jgwae 0/001—0/003 m® s kg
O (1994; Lindsay et al., 1983; Guillou, 1970
Y guamo (6,53 40118 1 age 5 dlod = loj (sla Lidg
Kumar et al., ) 1ol cowman Lod —loj (sla oo lpuss 5|
Ay @IS S laolKiwy b jslaieds b e () .(2008
95 g B 3 Jeaze bl e o Slee (3900
(Dincer, 1996) >)b 5,5 ol Jpame cuinS 5 (5)lub
Pl E-E @l (SOUS Gy o)l Jasl )y
Alyd i md e a0 3w L) )0 0o HLb) d)00
o gl slaan] B ple wlen SV game (o 5SS i
ol ole y 5T eplplo S o Gpno (oL (g5, el
Aulyd o A Sla g alad 5 ial S 1) Y g iame (3,55
2,5 SaS (55l Bae bl ay lov o g0y 1y 53,8 o
Sy S F00 Ly Ul e lisee slaciiand oS (pl @) dangi L
P b 3y 5 s 5 a0 Ban b 34855l g el
e glacis puw jd Cuond 50 (pl duglis g ,Ul Cunvgy 5 S50
» pleidl) plyiedn lgi e s b plxl sy a2
Y game (S S iy Glbpi ilwdiae 9 Sl



1397 Jgl Jlamossi d 0ylests 8 alr 5355l (glocywiile 43 a5 82

s b5 =4 diyguiar Loy =3 s gl 5305 =2 g (505 g =1) ()lal oy (slam ooy b () S g olSas =1 JSUS
(9o L5 )3 a3 (5,513
Fig. 1. Experimental set up of the forced air cooling (1. Air circulating pipe, 2. Relative humidity indicator, 3. Interface,

4. Air tunnel, 5. Backward centrifugal fan, 6. Thermostat, 7. Cooling system, 8. Digital scale, 9. Microprocessor unit,
10. Controllable air velocity equipment, 11. Location of sample in the air tunnel)
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Fig. 2. Cooling curves (experimental and regression) at different airflow velocities in center and peel of pomegranate
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Table 2-The ratio of S/H in center and peel of pomegranate
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* Mean (+ SD). In each column, the means followed by similar letter(s) are not significantly different at the 5% probability level
using Duncan's test.
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Fig. 3. Cooling heterogeneity at three levels of airflow velocity in center and peel of pomegranate
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Table 3- Instantaneous cooling rate in center and peel of pomegranate at different airflow velocities
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Airflow velocity(m s) Instantaneous co_(illng zate of center Instantaneous c_(iollng_4rate of peel
(°C s)x10 (°C s)x10
0.5 7.28 5.15
1 6.55 3.09
1.3 8.09 3.09
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Table 4- Convective heat transfer coefficient and Reynolds number at different airflow velocities

I2 Oy S o By &l JUE g gy sae
Airflow velocity (ms™)  Convective heat transfer coefficient (W m2K™) Rey_nolds. number
(Dimensionless )
0.5 11.05 2860
1 15.75 5622
1.3 17.51 7868
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Table 5- Percent of weight loss at different airflow velocities

l92 Gl sy Ayl @52 <l e Oj9 ol
Airflow velocity (m s?) Initial mass (g) Final mass (g) Mass loss (%)
0.5 334.13 333.39 0.22
1 347.46 346.74 0.21
1.3 355.47 354.90 0.16
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Introduction

Pomegranate (Punica grantum L.) is classified into the family of Punicaceae. One of the most influential
factors in postharvest life and quality of horticultural products is temperature. In precooling, heat is reduced in
fruit and vegetable after harvesting to prepare it quickly for transport and storage. Fikiin (1983), Dennis (1984)
and Hass (1976) reported that cold air velocity is one of the effective factors in cooling vegetables and fruits.

Determining the time-temperature profiles is an important step in cooling process of agricultural products. The
objective of this study was the analysis of cooling rate in the center (arils) and outer layer (peel) of pomegranate
and comparison of the two sections at different cold air velocities. These results are useful for designing and
optimizing the precooling systems.

Materials and Methods

The pomegranate variety was Rabab (thick peel) and the experiments were performed on arils (center) and
peel (outer layer) of a pomegranate. The velocities of 0.5, 1 and 1.3 m s were selected for testing. To perform
the research, the cooling instrument was designed and built at Department of Biosystems Engineering of Tabriz
University, Tabriz, Iran. In each experiment six ptl00 temperature sensors was used in a single pomegranate.
The cooling of pomegranate was continued until the central temperature reached to 10°C and then the instrument
turned off. The average of air and product temperatures was 7.2 and 22.2°C, respectively. The following
parameters were measured to analyze the process of precooling: a) Dimensionless temperature (6), b) Cooling
coefficient (C), ¢) Lag factor (J), d) Half-cooling time (H), e) Seven-eighths cooling time (S), f) Cooling
heterogeneity, g) Fruit mass loss, h) Instantaneous cooling rate, and i) convective heat transfer coefficient.

Results and Discussion

At any air velocity, with increasing the radius from center to outer layer, the lag factor decreased and cooling
coefficient increased. Also, half-cooling time and seven-eighths cooling time reduced and so cooling rate
enhanced. Thus, despite a reduction lag factor, due to a significant increase in cooling coefficient, half and
seven-eighths cooling declined. Dimensionless temperature, 0, less than 0.2 and 0.1 in the center and peel and at
different velocities had little impact on the rate of cooling in pomegranate. The difference in primary cooling
time (0-500 sec) and in high lag factor (greater than 1) occurred, which represents an internal resistance of heat
transfer in fruit against the airflow. Cooling the center of pomegranate starts with time delay which causes the
beginning of the cooling curve becomes flat. Seven-eighths cooling time is the part of half- coollng time. The
range of S was 2.5-3.5H in the present study At first, cooling heterogenelty at 0.5 m s was low in the center
and peel of pomegranate and then with increasing the velocity up to 1 m s, it enhanced and again decreased at
1.3 m s™. After a period of cooling (5000 sec), almost layers of pomegranate reached the same temperature and
o) heterogenelty reduced. The maximum instantaneous cooling rate was 8.09 x 10 °C s at 1.3 m s in the
center of pomegranate. By increasing the alrflow velocny from 0.5 to 1.3 m s, the convective heat transfer
coefficient increased from 11.05 to 17.51 W m? K. Therefore, the velocity of cold air is an important factor in
variation of convective heat transfer coefficient.

Conclusions
Cooling efficiency is evaluated based on rapid and uniformity of cooling. Cooling curves against time
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reduced exponentially at the different airflow velocities in the center (aril) and outer layer (peel) of pomegranate.
By increasing the air flow velocity, half and seven-eighths cooling time reduced and cooling rate increased that
showed direct impact of this variable. The main reason was the variation of convective heat transfer coefficient.
The lowest level of uniformity obtained at the highest velocity (1.3 m s?), which made more uniform
temperature distribution in the fruit. The results showed that applied method in this experiment could be used for
the fruits which are similar to sphere and could explain the unsteady heat transfer without complex calculations
in the cooling process. Based on the results of this research, the airflow velocity of 1.3 m s™is recommended for
forced air precooling operations of pomegranate.

Keywords: Cooling rate, Pomegranate, Precooling, Unsteady heat transfer






