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Design and Applical:ion of Precooling Systems for
|  Major Fruits and Vegetables (1v)

Physical Properties and Predicted Air Velbcifies of Optimum
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ABSTRACT

For basic information of designing a forced-air precooling system
of spherical fruits, the paper is to study the forced-air cooling curve
of the five apparent spherical fruits in Taiwan, namely grape,
litchi, strawberry, apple and cantaloupe through an experimental
ventilation chamber, to figure out the optimum air velocities for
precooling the above mentioned five kinds of fruits, and to establish
their physical properties including thermal diffusivity, thermal
conductivity, specific heat and density.

As the air velocity of forced-air precooling is increased, the
cooling speed is also increased, however, there is a high limit. Beyond
this high limit, the cooling speed will only increase very slowly.

The power regreession equations of the half cooling time (t, min)
of these five kinds of fruits under different air velocity (V,m/s) are

as follows:
Grape t =10,3171 V-o.4028
Litchi t =15.2370 V0.3
Strawberry t =21.2474 V~0.80%
Apple t =45.0139 V-0.8015
Cantaloupe t =94.5483 Vo081

The predicted air velocities of optimum precooling for grape,
eitchi, strawberry, apple and cantaloupe are respectively 0.8 to 1.0
m/s, 0.9 to 1.2 m/s, 1.1 to 1.4 m/s, 2.0 to 2.4 m/s and 3.5 to 4.3 m/s.

The measured densities of grape, litchi, strawberry, apple and
cantaloupe are respectively 1.06, 1.1, 0.89, 0.79 and 1.02 g/cm?

The measured specific heat of grape, litchi, strawberry, apple
and cantaloupe are respectively 3.66, 3.77, 4.02, 3.77 and 3.64 J/g-C.

The predicted apparent thermal conductivity of grape, litchi,
strawberry, apple and cantaloupe are respectively 0,57, 0.44, 0.40, 0.55
and 0.6 w/m-C. , , o

The predicted apparent thermal diffusivity of grape, strawberry,
litchi, apple and cantaloupe are respectively 0.529X107% 3.82x107,
4.02%x1074, 6.61x107* and 5.68%X10°* m?%/hr.
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P ERE G BB R AELS o i 1%
HHRELE » B OEERERNALESA r 26
B (node) s #5851 FSEREE > b0 T 698G 1 BRANE,
NZHREE SR EARE LR 0.5A T » HBA
R ESA T o REMEEERE » HERM
T 25 5 e A B R B A0 P P B e
o LB LR A —{E » B ME 1 Zh0E » &
BB R AE  NAERBANS N2 2R
AR o FRRAETEE S AES S A ME AR ANS
B3 MBS 2 T 4 2 IRESERERAE o

Bl BRYKRLGAREZHBIRE -

B1—sinp; cosfB 8

)( . R? »l)A ......... e ...(Za)

— 104~



B R4 FEEABS » B ARBMERAEE
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log 8: —_ £ (ta— tl) ...................... (13)
2.303 _(B™@) ...t
: IRZ . ‘ {4

K4 £ BTARRIIREZ » WA BB ER
B (a) ° '
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W E|m E g R E R %
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R LIS R E R AR E « RAELTEN
D R B R TS ph R R BT s h B Lk 2 ]
ERY AR TRHARNESHZEREE (Principle
of least square) Rk EREZKE » MBAR
7R BEfE K=0.57 w/m-C s BFTE (S
) ﬁ‘l\% 1 A ﬁiﬁm@%%ﬂ 57, jz

fitd ; Yy el
N3 1U t-n .rJ L 2s) _,Lj l:“ vE. 95 39 140

EARMAE
B11 K=0.42 W/m—C B%ﬁ%i.ﬁ?ﬂﬂ?%iﬂ@ﬁ%
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= + 1 PICEIS RENSTI R SO RO :
919 29 29 49 S50 &% 79 33 53 194

BRRE 4
12 K=0.5 w/m-"CEREERZ BR %Al

) ) et R .
518 20 39 48 S0 58 73 5% 33

\ O HERM S48
@13 K=0.55 w/m-"C REBRZHANSA iz

o]

e b b b
LG0T LG
AR IR
FANSE SRR S A

g e WEE

D 10 £0 30 ST SE o em Pw g9 FE 109

AR, 2 &

Bild K=0.42 w/m-"C B HEBRRMN LA
A ER RN LT B

™
D

E15 K=0.5 w/m-"C B8 EHEN LS
Hf G RE RO S B

1 e

I N

&, \ TR

E I L T I A S

. rtellll 'L,\Hi: i3

t 4-5. PR LR N
R RNV e ety '7_':_'; s

meRl o4&

B16 K=0.55 w/m-'C R iLBBERERARPLE

A BRI D TR A B

RN WEH HEE > B BRABELETRRK
fET » A OTRRR AN B R WA OR A

TR 2 BN H %
S¥=31(Y,—Y)?
K | 0.500] 0.570| 0.650
=) &
S | 2.004| 1.400| 1.901
K | 0.300| 0.420 | 0.440
A B
s | 3.218| 2.013] 2.861
K | 0.400| 0.500] 0.680
=) -3
S | 1.859| 4.586| 9.073
K | 0.420 | 0.500 | 0.550
B 7
S |10.139 | 3.447 ] 1.228
K | 0.500| 0.600| 0.700
B E I
S 110.596 | 2.940| 5.290
£ S BNETE B
Y.:TE?RIJZELE
Y : pEmE

113.3.6 FURIETA MR FHIE Lin
BL7  FURIRNY » £ SELTERRDHEZ AR
R o BT NGRS (b =0 3
I T =) RARMGRA 6 £, B BRA

KUK BRFEBRE (a)  HEAERE (h)
AR RAGRE o

FNRERBBRITENGHEE ~ 48 58
“HERRRENZARE -
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24208

IJ=:j e™ T ¢

TR

0.1

2308
U=1.357 e"35as *
j=1.357

£=99.18

020 30 4 50

0 80 90 100

tRE(I&)

B17 BER P OTRS SRR B BRI Z B GR
Fh ERRSETERGEE - BB -BE B BT B B8 EE - REAREIAGAEZ

BERENZ8WE BE R EERTRERDBEERN 2T
K |* To-lcony (w/m-C) G /)
k 10-4(w w/m-" m2/hr
\\\ (V‘:/C I(m2/ |m2-"C f B &
—~ @Oy G0 [T SCRRA MRV (8 9 7 SCRR
[ ]
% % | 0.568] 5.279 27.04 0.488) 1.324 # 7%0.57) 0.568 0.567* | 5.291 5.279
| 7% $:0.44) 0.463 3.820| 4.022
% B | 0.463 4.022 46'59, 0.413 1.884 4w 2 40! 0.410 0.462%% 4.023 4.11o|4.93*
=y % | 0.410| 4.110| 26.03 0.767| 1.736 & %10.55 0.580/ 0.513%* 6.609| 6.9705.39%*
# & |0.580] 6,970 19.81 1.653| 1.766  '#E/0.60 0.552) 0.571** 5.856) 6.382
= : + ASHRAE, (1981)
e % | 0.552 5.382 16.38| 3.612| 1.813 ++ Mohsonin, (1980)

FHREESITEREERTENEARRT
TR 2 BB R BHEAR R R o FIREE
BT H R 18 2 R R R AR BRARE
o PRIBL » BERSTE 75 T A AR AR I R L AR rh Lo
R ERNABER RN R Z R o EREUR LR
FEZER » MHEARTRARE » KRS BE
FEUEATAEFFERITARE -

REE (1986) » B LRFB2YERAR
BERARKES T EHE - F - ER SRR
BERERERETZ2LRRM (half cooling
time) MFE+—NR5.3 1774520 o Bk
BINEEERESDH0.2ART » LHEEMS 20.8
s RERBAMSEMARESD 0.2 AR » 4
BEERR 177 45 - RERENEEESIRSAR
s HPRAREEIRIE5.37 o

F+— BHE -~ ZO BE - EREAREIERARE T ZRAMPARN (4)

‘\\jﬁg?k) .
PR 0.2 0.4 0.6 0.8 1.0 2.0 3.0 4.0 - 5.0
~(min)

XBEEE ——

# % | 208 | 14.8| 12.4] 109 | 100 | 7.7 | 6.8 | 6.2 5.3
P B | 28.5 | 20.9| 17.7| 15.8 | 14.6 | 1.7 | 10.4 | 9.7 9.2
" % | 377 | 28.2| 24.2] 21.8 | 203 | 16.6 | 151 | 14.2 | 13.6
3 £ | 78.8 | 50.2| 51.0| 46.2 | 43.0 | 35.5 | 32.3 | 30.4 | 20.1
wo® m | 177 | 120.6| 104.6 | 95.4 | 89.1 | 74.2 | 67.9 | 64.2 | 61.7
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HET—RARMMRTS REBL 2 BUER
EISLAESA » FAREBNED 1 AR 2
BESIIRAE S L2 MR EE o B MAEER
WENEZLRRMEET 2 HE » HULHR A
BEEREREREEASP0.821.04R » 3l
ROFIB—5.678 —4.15 » UL E ek
BARZBEFECRERENSE =

170

150

140

(D) BEZFE

Rt WE - S ERERERELZRER

M RE

HE | AR | B | #R REL

B 0.8~ 0.9~ 1.1~ [2.0~ 3.5~
BR/8) | 1.0 1.2 1.4 2.4 4.3

0.20,40,60.81.0 2.0

3.9 4.0 5.

BE(AR/B)

- EIS W~ B~ EE Eﬁﬁ%ﬁﬁ%%mzfﬁ%ﬁlaﬁﬁiﬂ‘ﬂﬁﬂzm%

fﬂﬁﬁml«i%?@@ﬁﬁﬂﬁ (power regr-
ession equation) 3REFI5EKEZLHE
'FEJ (t) BE&E (V) Z BREREY o HARBRSRE (1)
(correlation coefficient) . FiblkELIE
REFHBRARE S » REEMNET=c pE1=
FiFlZ S BARZERHEXNTREERBELS

REFFIEBZPLAERMS 10.3 58 » Hi# Mohse-
nin (1980) » BWHHIFIFZRHRPLERHZI=
- (1980) » FIUIBEEEDREFY 1 ARMRE

HRHFELIEHA0.958 (10.3x3) » WK

W I 6 R HREERE 2.25°C BTERR
#2957 o ﬁmﬁﬁﬁﬁmﬁﬁﬁ%%14ﬁﬁ

HIHT R © BUAHR  HREREWIA - RAMIER 4
#HE W B EE » SRS B DR R R R A R R R 2 R
O oax B+ MR B | e EREK = (A
] #| 103171 —0.4023 7 0.997 | t=10.3173 Vo0
# O 15,2370 —0.3446 — 0.994 | t=15.2370 Vo
H® ®| 21474 —0.3099 -~ 0.992 t =21.2474 V08099
3 R *45.0139 -0.3015 S —0.992 - | t=45.0139 V0305
“o# M| 94.583 —0.3061 - 0.981 | t=94.5483 V-oa0st
AsBiflt ™t :RRRE>S ViEEAR/BD
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Y - L

HERRAREETAE 285 - HR
A BENERYARZGARBIERNOT ¢

L EAHEEE ~ BES - RN ENSEE
M|~ CRAEEH 1 AR » BER 0 CHAZE
K THPLEBREPRIMS RIS ~ 19.857
49.5% ~ 4453 F905) 5 M AR IER 28 CRIRE &
B»2ARTER 3.8CHARE » FHEMFBILS
Lo

EIREARBGE » PLBEPARRE (t
' ) BAE (V2 &R/B) ZHGRARS

HRRGRE | RRERFERN
B O# | —0.997| t=10.3173 V-os0ss
Z K —0.994 | t =15,2370 V-0.3446
B o | —0.992| t=21.2474 V-0.80%
B R —0.992 | t =45,0139 y-0.3015
GEL —0.981 | t =94.5483 Vv -o.3061

R ERZMAATEEE ~ B8 ~ ERRS

BENEERERD 1 ARTARUZHLERES
B FIR10.34 ~ 21,25 ~ 4553 8294.5% 5 T
HRERERD 2 ARTZRAUPHRMR12S »
FNERRBREEERK

2HE BB BER - BREREINEE (
o) FitE (C,) BUEMRMTE

p(g/cm®) | C,(J/g-C)
# H 1.06 3.66
% 53 1.10 3.77
H =2 0.89 4.02
2 B 0.79 3.77
BB R 1.02 3.64

SHIRBITERBELREWNE ~ H8 - &8
BERRRENZToAEERR (K) BREMERK
R (@) » ARBRPTE:

- K(w/m-C) | Ex103
W % | - 0.569 5.285
%5 B 0.452 3.921
B % 0.405 4.067
R 0.565 6.790
W o= 0.576 6.119

AL BERLEE B AR EE  BER
Er ERRAEEHAN0.S F 1.0 m/s 2 &
BAR0.981.2 m/s 2 BEEMARLL A 14
m/s 2 BWREAN2.0F2.4 m/s 2+ BE
OAR 3.6 # 4.3 m/s 2@ e

2 £ X M

1B 4 » 1986 + BB ARBARGRZHR
By sk SEy TEBHENHELRY (8K
) P EREBR

258 0 1984 ) BEFERZTRREARDME » ﬁh
RAaETHRERHE0EE 4 T4~83H

SRR 0 1984 ) EHEHEZTA » B EEAR
B TRERRFELHRT BLE) » ZREH
p

430548 » 1986 0 Eéﬁ%?ﬁi@%;&*ﬁﬁgﬁ
’ ﬁ%@k%&%lﬁﬁgﬂ’ﬂ@?ﬁiuﬁiﬂ%
H)» BEREBHER -

5585 ~ AR 0 1987 0 i%%ﬁﬁ/%aﬁ%ﬁmzlﬂ
HWRHEM (1) — ?&?%’L%&Z?ﬁl%&ﬁ% ’
B TZBMIBBE 124K - «

6. 55— ~ HN R » 1984 » BEERBOE S 2
MR RERRBERZNE FP@%%I%@%%O
SEAM 114~124F 0

TIRIMFRE ~ R - 1977 » ﬁ%%ﬁ%(?)ﬁ‘«iﬁ
BSREBieo\WT » SEABERRSE » %55% I
P. 179 ¢ ‘

8.—,1981, Handbook& Product Directory,
Fundamentals, ASHRAE. American
Society of Heating, Refrigerating and
Air-Conditioning Engineers Inc. Atl-
anta, GA 30329, U. S. A. -

9.—, 1987, ASAE Standard, American
Society of Agricultural Engineers, St.
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10.Baird, C. D., J. J. Gaffney, 1976, A
numerical procedure for calculating
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or vegetables, ASHRAE, p. 525-540.

11.Charm S. 1971. A method for calculat-
ing the temperatre distribution and
mass average temperature in conduc-
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12McAdams, W, H. 1954. Heat transmis-
sion. McGraw-Hill Book Company, Inc.
New York, U. S. A.
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