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Study of Consolidated Storage of Refrigerated Cargo and Fresh Cargo
in a Reefer Container
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In recent years, variety of refrigerated and fresh cargoes have been consolidated on a specially designed
truck of home delivery services in which compartments are separated with different temperatures.
Regarding the need of the consolidation in cold supply chain, the authors conduct experiments by which
two different temperatures of spaces are created in a reefer container by partitioning in the center of the
container and taking in open air. A model of estimating temperatures in the container is formulated
according to measurement of the experiment. Under the estimated temperatures of the model, the authors
conduct a proof experiment by which a frozen cargo and a fresh cargo are stored in the container and
investigate that quality of the cargoes are preserved. Results of the research indicate that ordinary reefer
containers may be utilized for consolidating cargoes that need to control temperature differently in cold
supply chain.
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Table 1 Pattern of the experiment
(Temperature of the refrigerator, Height
above the partition)

Height above the partition
Temperture of 8cm 44cm 60cm
refrigerator
-6C (-6, 8) (-6, 44) (-6, 60)
-11°C (-11,8) (-11,44) (-11, 60)
221C (-21,8) (-21,44) (-21, 60)
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experiment
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Electric Works, Ltd, 2018)
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Fig. 6 A thermometer placed outside
under the container attached on a stone
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Table 2 A part of measurement of
temperature {Pattern (-21, 8) in Table 1,

Fig. 7 A condition of the partition and the

placement of the thermometer (Circle
symbol)
{The partition for the experiment
patterns of (-6, 8), (-11, 8), (-21, 8) in

Unit: °C}

Place of measurement
Time Refrig. Door side | Outside
13:00 17.5 18.6 18.2
13:01 15.9 18.2 17.8
13:02 14.3 17.9 17.4
13:03 12.6 17.5 174
13:04 11.1 17.2 17.1
13:05 9.8 16.8 16.8
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15:56 -20.1 -10.1 15.1
15:57 -20.3 -10.2 15.1
15:58 -20.6 -10.2 15.0
15:59 -20.5 -10.2 15.0
16:00 -20.3 -10.3 15.0
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Fig. 9 Time series variation of
temperature under the pattern
(-6, 8) in Table 1
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Fig. 10 Time series variation of
temperature under the pattern
(-6, 60) in Table 1
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Fig. 11 Time series variation of
temperature under the Pattern
(-11, 60) in Table 1
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Table 3 Results of the measurement of
temperature at the end of experiments

(Unit: °C)
Temper. | Height above the partition
of refrig. 8cm 44cm 60cm
o -6 -5.5 -5.9 -5.8
- . (]
AT -108 | -10.1 | -10.6
5~ 21 203 | 201 | -143
3 O 6 2.9 1.5 0.7
A N-E-SEY 00 [ -14 [ 46
G
5 21 2103 | -121 -6.9
3| 3 -6 242 289 17.5
< o—
=| & -11 203 25.1 19.9
S 21 15.0 18.5 18.1




V= 7 =2 F I L BRI E DN TS

Table 3 =z .5 & . BAZER] Tid4 ~
TONRE =V TKRFERY, DOWK
B RHRAAHESEE (F15°CLLT) & ERR
TELNF—r bbb, —Jh., Fuilze
MICIE., BEHFRE»OKRICHET 5IR
EORIMN Xl —vbdb, Li
LR b, W& & FRICERT DIIEE
LIRMmoTlenRZ = bdb ), 5% 0OE
Th D,

AEBRIT, 2018 4FED 5 A5 10 HIiZh
JCOEERMIZITo T2, £ D7z Table 3
R S U4 5RO 3RS BT, &I
15°C. &5 28°C, F-#) 20.8°C, # L T, 1=
HERAZ413°CL o To, Lo T ARERIT,
B E & 2 TR O KRS S
TEHEEZE2LND, LLans, 4
BV THAEROBEENRZY TH D0
FRETHY, SHBOBEL D,

7pds, B R EM OREE L, — I
BEINAESD TEARVEORBERSIZEWD
CTHE S H O R D 700 R %R
BEINDZENZW, RIFEETHWE =
YTFIEVTERETOE OO TR R
BICREINTWND, ZORRKEIZEBWT,
ARERFFHERE N 2> 7 FICEN B
WY G 2R YT D, 2O,
EDFERANLZ =BT HAKIE L.
FEN OIRE X0 451 @ < FHEE T R
FCHEF ST,

4. Y—IJ7—aAVTTHOREETIL
41 BENEEREBOREETL
— I =Ty —a T FiE, 2

TrREEHE AW EEE L o TWND Z BT
Mz THEEPEZ T a2 T FNERE
IR RICHER T 2L AL TV D,
—ODEND, BOEEICE o TER 22—
DDREICHEFF SN D LWV D BLEITHON
T, PIxiE, M 928w L TWD, 2
IR LTARIFEIZ, 20T FHDO—
DZEMNIT, ZODORRDLERRIRE L
BT HEMMN, FHEICERE S RET
FET D, Lnor#EmThHd, £ T, A
WF7ECIiL, Fig. 1 12R L7 RWFZE O LR 5
BICABTH a2y T TNOERRAETT
NEZEZD LT D,
BENEZREORE L IZ, WKkO&E
(EIRHEBE) 22 0WERROIRE %
FULILETRTIENTEDO , 22T,
Fig. 1 oFRE L RO ELZ EAL
TR LIEMEX2 Fig. 12 ThHh b, £,
T FORMOERE I E > TER
RIREREEZ T D,

‘;m Tl»k's--;-i:?(:? T3, kg m

5 Ty, ky€smmmm===T,, ks 2

o = .Z

éu 1 T, = T, =

= %) ey -
H E¢mn £ [T ko
Fig. 12 Side view image on a model of

creating different temperature in a
refrigerated container
O HEHNOBRERET,D RN, BEALEF

MICk,DIRFETHHZD D OWAR
DR O 25 BLAIZER I A YA A
TL b, 22T, BAloZEM KD



AR LREF R

W%iﬁi?%éﬂa\ﬁﬁmh@
B o 1 B O R N 1
THWIAEN TV,

@ @kﬁ%zw%ﬁﬂbi@ﬁﬁﬁa
T, DR E D22 R N ks D BT, BN D
ZEMICIA L TL %, Mty Lo
R OEEIZTED LRV | ik
D@ TRTT,O I E D ZET N ks D
27T, B 6 T B L
T 5,

® LFEZOQITEVT, LT, DZERMNIR
CYAEWEM L CRMAZEMOIRE
T 725,

@  ZEKUTEAME MR R T B 2 A% IR
DIV E EITIEEETIZE—F
EBIRLED, (BlxiE, 0OCE —
5CHOERITNZ2%THD,)

=N 7o
= D 2250

L7223 o T, B 22N Tk, ALK
Mz, UTeaTmA (Bd) it O
W) AT BVE O R RE A AR Y L,

Toks + Tsky =Ty (ks + k3) -+ (1)

AR, MY o2/ & Frifd o
ZE OBE O HEREL. RO K HIZHE
WwTED,

Tiks + Toks = To(ks + k3) -+ (2)
Tsks + Tok, = Ty (ks +k;) - (3)
Z Z T,
Ty: T A48 22 R D 18
Ty A5 D i FE

Vol.30 No.1

(2021)

kg
N7 OB 6 OZEKROFA &K O &
Thd, NQ2)&LDV,

T+ T,
372

o (4)
R, K@) ER()ERGIAATS L.
T + 2520 4k ()

ks + Toko = Tz(ks + ka) -+ (6)

s, XBGEV.,

Z(Ts - Tl)
ko =———k (7
=k )

RS, FERIZ, X(6)&L Y,

_ Z(TZ - Ta) k

T, - (8)

15D,

42 RAIZMEFIAIZFROEEDEXL
T, BAE FRIMICREZE®H D
MNH LY EE o OficEK (k) 2
AU, bbb B2 5,
DFE Y OB & F R O 225K O E LRI
MLThHrOT, HAHZEL CRAOE
OB ELDLBEIZEL WS, HEH
WEZDIENTED, LN o Tkl
T, e T, DR A L B 0o K& ST
THERETE D, LoT,



V=7 7 =2 F I L BRI R E DN TS

b=a(p) - ~©)

Lk TE D, 22T,
h: A8 0 B oo B bR oo B &
H:imar7FHNES
a: el tR 3K
Th D, kib kJo oW THRIFEICEZ D
ZENTELN, V=T y—ar7F D
WROWM A LW AN OKE S LR ER
FIZEbTF—ETHO ., 226 CITARI
TSR EZER Y AND K7 O REbEO K
T&H,ARBICELT—ELELED
T ksl kX, ZnEh, TLET,OIRE
. T, ET,OMREAE, ([ZHHlT 2 & E
TX%, Lo T,
ks =b(Ty—Ts) - (10)
ko=c(T,—T,) - (11)
LFLIRTE D, T2 T, b Lt pifr T
HY, T,<T,<T,<T,TH 5,
wiz, XMERXO LD,

Z(Ts - Tl)

h
T,—T, h=a@ﬁn—ﬂ)

2T, — Tk, _a( )(TZ—Tl)Z - (12)

2D, S b
RN

. XayicXaoyz R A4

h
2b(T, ~T)? = a (1) (T, =T (13)

2155, Fkic, @)XV,

%k - a<h) T, —T)

2Ty~ ke = a ) =T - (14)

2T, &5z, XadizRanxERAT
L L.
h
26(T, =Ty =a () T = T2+ (15)

L, 22T, R(13)EXAS)D ML
W5 BB o CTHEBELT T

’a h

= %ﬁ(Tz_Tl) -+ (16)
h

T, = /Z%E(Tz—m - (17)

25, N(AO)E VT, zKD D &

T - T, - (18)
a

1
ah /1&
2bH 2bH

E%, LoT, XKDz Ag) =LA L
THEBT 5 &

,ah , h
Ta 2bH+T<1+ —H>
T, =

1+J2bH JZCH

kv, KaHIzXK19)E M AL THEH
T5H L,

T(1+J£Z>+TJ%
T, =
1+J2bH JZCH

5, X(19)EXKQo)yoRmmExix, Ll

>

- (19)

mlw

- (20)



hy

¥ EBRIE, ENOREIRE(T,) & &
B(TH)DIHE D,

43 LHIRBDO#TE
80 B oK &ix, Bz &
T AR 22 [ o0 IR BE 22 & A B0 0 L ERBA 1
HMOREIICHEEINDIERELTND
DT, X (19) £ X (Q20)I2BWThE clx fE
Boalzxd 2 TcRTLoTE LA
FREMmoTWVWD, KoT, ZZTHRIZ
a=1 --(21)

EEL ERMKIIbECD 2L D, b
BWHBICL2ENOBEBREDIRE ~DE
BHOEZTHY, cd KT EBORE O i@
[REDOHEE~DRENOELTH D, H
FILE) I K DR EEK TH D DI K Ii
L, %X TS B K@K Kt
JET D, 7o, MY BB BRI
OHFBICAEL TS, LERN> T, a,
b, cOEZDMHEIT, b»a>»cLBEZXDH
nNos,

ZZTRUYEXRQOMNSHEI SN D E
LENMEOREDKRMARK/NE T DHEE
Db, cEHEHEICI > TRKDD, T
HEIX, £3. bl cOWBME A E O . F)HE
NHcEEH ST TREORE /&
THDEAERD D, WIT, bEMESHET
ERAEBYIKRL, BREORMMA RS /NS
K7%blcDMBEDEZRDIZ,
ZOHFIEIZBIT HBREDOBINIE,

KEREFL5E Vol.30 No.l

(2021)

e(c)

_ 21T — Teqil + Ty — Tezil)
n

- (22)

LRk TtE s, 22T,

e(C): A FE DTN D ¥ (c D %)
Tpqp: B Z2 [ 0 18 FE 0 E R i (Table 3)
T, BRI 22 ] 0 36 FE 0 921 {5 (Table 3)
Teqst BARN 22 1 0 1L EE D K (19)

[ N X}
T, T B 22 B 00 3R FE 00 3 (20)
IRk HEME
i: FZBR X% — > (Table 1)
n KBT — v DR
Thd,
Fig. 1313, 2O HIETRDbEOHERE
TRLTIZBDTH D,
1374
o

& 13725
R
1372

T

¥ 13715
137
13705
137

40 45 50 5.5 6.0
b

Fig. 13 Relation between 5 and e(c)

Fig. 14 1%, Fig. 13 2BV Te(c) & /M
T Db E G- RBRICK T D cED
EE)EBREDRMOHERL 2 X7/ RT
D,



V= 7 =2 F I L BRI E DN TS

1.44
143
142
141

14
139
138
137

e(c) (0)

1.36
40E-03 45E-03 5.0E-03 5.5E-03 6.0E-03 6.5E-03 7.0E-03
c

Fig. 14 Relation between c and e(c)

Fig. 13 X O Fig. 14 12 &L v |
b=520 --(23)
c=504x%x10"3 - (24)
B W Te@NH/NZHR>TWVWH I LN
ARARI
UEDEEBY, clida, bEHEL THAIIC

IS b»a»cERELEZ ENEY
Tholbts5 x5,

Table 4 (=, ‘ﬁ(zl) £23). XEHzE KX
(19)& X (20) 1z H L. Table 1 ®5EHk <X
—VERAELEBEOHEMEEZ ST,

Table 4 The estimated temperature of the
model (Errors compared to the
measurement in Table 3)

Temlf)er -| Height above the partition

re(f)rig. 8cm 44cm | 60cm

o| 6 | 54| sas | 54
= (-0.09) | (-0.75) | (-0.39)
5%, 1 | 1039 [ -10.12 ] -1022
5| & (-0.41) | (0.02) | (-0.38)
S|&| ,; [-2030]-2003]-2002
5 (0.00) | (-0.07) | (5.72)
s o | 530 [ 148 | -148
°lg (-2.40) | (0.02) | (0.78)
Sl 4 | 071 [ -326 | -506
= |3 (-0.71) | (1.86) | (0.46)
B 5 | 753 | -12.54 ] -13.48
(-277) | (0.44) | (6.58)
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Fig. 15 A sample of meat (pork) to store
in the frozen condition at the refrigerator
side

Fig. 16 A sample of fresh green (lettuce)
to store in the cool condition at the door
side
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Table 5 Comparison between the
estimated temperatures and the measured
temperatures (Unit: °C)
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Refrig. side Door side Outside air L
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