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Large Scale Modified Atmosphere Packaging with Heat and Mass Transport

HIKIDA, YOSHIO
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A mathematical model for large scale modified atmosphere packaging was developed.
This model included mass transport for 02, CO2, N2, and water vapor and heat transport for respiration he
at by packed product, latent heats bﬁ transpiration of the product and water vapor condensation in the pac
kage and transmission heat through the packaging material. The simulation program for dynamic change in te

mperature and humidity of outside the package was obtained based on the mathematical model. The computatio
nal results using the program were validated experimentally.

MAP



MAP

MA
MAP
MAP
02 CO2 N2
MAP
Diffusion
Channel
MAP
1)
MAP

@ @

©) MAP

(4)

1)

MAP

Channel

02 CO:

@)

®)

(1) MAP

MAP

N2

MAP

02 CO2

Diffusion



02 CO2

02 CO2 N2

p 05, COy, Ny, H,0

0,, CO,, Ny, H,0

MAP

(2) MAP
(5)
No® _ (np, + AKO)[PO - R Vo® ]
dt Vo (1) + Ve (1) +Vy (1) +Vy (1)
= 0oM Ry, +Co(1Q @

dve (1)
dt

= (D¢ + AKC{PC - P Ve (1) J
Vo (1) +Ve (1) +Vy (1) +V,, (1)

+8cM Reo, + Cc ()Q 2

Mu® _ (o, + AKN{PN -P, Vi () ]
dt Vo (1) + Ve (1) +V, (1) +V, (1)
+C,(H)Q (3
M:(nDHJrAKH{PH—PT Vu (1 J
dt Vo () + Ve (1) +Vy (1) +Vy, (1)
+ 0y M Ty + Cy (DQ (4)
% = Ui{seoOAH (T, —=T)+aMRgy, — fMT, 50 + BC.y } (5)
Vo®), Ve (), Vi (), Vi (O 0,, CG, N, (10°n7)
A (m?)
n ()
Do, D, Dy, Dy 0,, CQ,, N,,
(10°m’*/hkPg
Kos Ker Ky, Ky 0,, CQ, N,,
(10°n?® / mhkPg)
F,ov Pcv PN’ PH ozv Cozv sz (kPa)
P (kP3)
801 61 Oy G,, CO, (' /kg)
M (ka)
Roz: Reon 0, Cco, (10°kg/kgh
Thzo (10°kg/kgh)
Q 0 /h)
G, Cct), Gy, Cyt) O, CQ, N, , (fraction)

T ()
Ta ()
H (KW / m?K)
M (kg)
Cu (10°kg/h)
U (kI/K)
2872 6

6x 44x10° (k3/10kg)
B 0.00245(kJ/10°kg) 20
t (h)

(5)

3600AH (T, — T)dt + aMR..,dt — AMT,,,odt + BC,,dt =UdT

A (m?)
T ()
T ()
H (KW / m?K)
M (kg)
Ro21 Reoz O Co, (10"°kg / kgh)
Tis0 (10"°kg / kgh)
Cu (10°kg / h)
U (KI/K)
2872 s
a i 1o7 €110 k)
o C,H,O0, +60, — 6CO, + 6H ,0 + 686kcal (2872kJ)
B 20 0.00245 (kJ /10 °kg)
B L =597 - 0.580 (kcal /kg), 6( )
t (h)
)
A
t(h)
4 dt(h)
02 CO2 N2
CO2



@ At (h)

}

20kg

(1)
(2) O3, CO2, No,
(3)
dt (h)l
—
Q) O3, CO2, Ny,
) O3, COz, Ny,
(3) Oz, CO,,
4
(®)
6) O3, COz, Ny,
@
()] CO,
9
(10)
(11)
)
4)
20kg
0.1mm
1mm 2
11.2kg
10 2
5 5
4 Imm
:\
1
|
- _____:_ I
’ 1 Ss
1
15cm 1
el e [ -
M
45¢cm
10 5 02 CO2
0> CO2
4

0,

co

0 0.5 1 1.5

25

Q
T -

T (K)

02 C02
(5)
50cm 30cm
i T
(0.32mmm, T) g
= |
AD
' [l
50em N
om Igi 3oicm
\
15>30cm, 245W
H=Q/T,-T,)
H (KW / m?K)
(KW / m?)




(6)

L 2L M
0.12mm 55x% 50cm
5mm
2 5 10 50 100 10kg
5
02 CO2
4
R,, =1.304x10" exp(_l'OGTMOj
4
Roo, = 5.440x10% exp[_ 1‘02T9X10 ]

Ro. O, (10°kg/ kgh)
Reoz CO, (10°kg / kgh)
T (K)

Techavises N. and Hikida Y., 2008, J. Food Eng., 85, 94~104
5-25 , 0.012-0.025mm

Tz0 = 224.VPD
Tuzo (10°kg/ kgh)

VPD (kPa)
Techavises N. and Hikida Y., 2008, J. Food Eng., 85, 94~104

5-25 , 0.012-0.025mm
5 25
Arrhenius 1
TECHAVISES
and HIKIDA
Ko = ex;{i’ 363x10° +12.1J
T
\3
K = exp[M +16.8]
T
_ \3
K, :ex;{ 4.96x10 164J
T
K, = {74.15><103 169]
T
Ko, Ke, Ky Ky 0,,CO,, N, 1o°m*/
T (K)
D, =298x102d? +5.37x10*d +8.22x10
D, 0,,CO,, N,, (10°m? / h
d (mm)

Techavises N. and Hikida Y., 2008, J. Food Eng., 85, 94~104
5-25 , 0.012-0.025mm

Pa)

H=0.0035 kW/mzK

3.7 1.007 1.9
(kI/kgK)

20

0 20 40 60 140 160 180

0 20 40 60 80 100

(h)

120 140 160 180

?hkPa)

20



QQi
QWUE
20

=1

=
i

9

O2RE (REEKI) OFREIE
=L
LS
[4]
§ e N E é
N
7 P
V4
o] 20 40 60 80 100 120 140 160 180
B (h)
O#E(E
02 W
g S S S

100%

RH (%)

RH(%)

60

50

110

60

50

40 60 80 100 120 140 160 180
B2 (h)

0,

20 40 60 80 100 120 140 160 180

20 40 60 80 100 120 140 160 180

s (h)

4
Rezagah, M.E., Ishida, S., Tanaka, F.,
Uchino, T., Hamanaka, D., Hikida, Y.,
Temperature dependency of gas diffusivity
and skin resistance of Japanese pear
(Oushuu) based on the fruit s true 3D
geometry, Food Science and Technology
Research, , 20, 2014, 111-222

115 2014, 53-56

Rezagah, M.E., Ishida, S., Tanaka, F.,
Uchino, T., Hamanaka, D., Hikida, Y.,
Determination of gas diffusivity and skin
resistance for three cultivars of
Japanese pear using their actual 3D
geometry, Environmental Control in
Biology, , 51, 2013, 193-200, DOI
10.2525/ecb.51.193

Hikida, Y., Kawano, T., Simulation of
gas and water vapor exchange in
perforated-film  modified atmosphere
packaging under dynamic storage
conditions, Food Preservation Science,

, 39, 2013, 263-271

6
2013 11 1
Maryam E.Rezagah
3
2012 9 13
2012 9
13
2012 8 25
2012 6 22 KKR
2012 6 22
KKR
@

HIKIDA YOSHIO



