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Effect of Latent Heat Material Placement on Inside Temperature
Uniformity of Insulated Transfer Boxes
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’Department of Mechanical Engineering, Jeonbuk National University

Abstract An optimized design of the transportation insulated box must be considered to control the thermal damage
in order to maintain the fresh condition for temperature-sensitive medicine and frozen food safety. The inside temperature
of the insulated box is a natural convection enclosure state, thermal stratification naturally occurs as time passes in case
of with outside heat load. The latent heat material (LHM) placement inside the box maintains the target temperature of
the product for temperature fluctuations during transport, and LHM application is a common and efficient method. In this
work, inside temperature stratification in an insulated box depending on the LHM pack position is numerically simulated
and experimented. The insulated box is made up of vacuum insulation panel (VIP), and LHM modules are placed over
six faces inside the box, with the same weight. The temperature curves for 72 hrs as experiment results clearly show the
temperature stratification in the upper, middle, and lower at the LHM melting time region. However, the temperature
stratification state is uniformly changed in accordance with the condition of the upper and lower placement weight of the
LHM pack. And also, the temperature uniformity by changed placement weight of LHM has an effect on maintaining
time for target air temperature inside the box. These results provide information on the optimized design of the insulated

box with LHM.

Keywords Cold chain system, Insulated box, Latent heat material, Temperature stratification

*Corresponding Author: HyungYong Ji

Research Institute of Clean Manufacturing System, Korea Institute
of Industrial Technology

Tel: +82-41-589-8357

E-mail: jhyong@kitech.re.kr

so] 194 Ak, wy

r
X
o
Kl
1o
Hir
rlo
)
e
o,
o
O

BN
my
ol
tlo
e
4
30, ¢
O
ko
g
o2t

o

=2
HM(Latent heat materialys 2-&
< v EFER Aol &

K ge = /el Fa

> o
o X
ooy
Loyg
N
o == Fo
b >r}0<1>
MoE =y
P E T
SR Y TR
S
Nl
o
)
o
o
oft
N
=
1o
;’L

wi O
o
v
ro
o
Jo
i
=
s
=<
rlo
X

4
l

fo
%
i
Y
H
%
o
=
oft
T
>‘

o FFHOE ol§
& A7} e
B g Au]2ae]
%
A

Rl
£
vy
T&
e

30
G

d rp
dlo
bt
jus)
=
o
>
N
o:
©
zy
o:
)
=

—

£ W

=
NANE U JNEE ALE
Bt a7ela ek, 5
By &3S P,

o

<]
& o
olr
lo,
A
og,
¢
p

[¢]

27)= E3

R

(s} bl
e

Hu
oo
N,
lo
o
i)
(o



28

Pl
0%
0t
0x
O
12
M
_>‘~_
z{_l
!
Pl
2
o
H
BRI
A
o
ﬂ'
Ral

LHM®] #82 F 74 ZAEE 124 Zart ot o Hate] LEHMAE FAlske AR AAstar, 5°Ce] g
A, dd8719] AA 2= wet LHM] §3l Al & SeEE 2k LHME AREgHt). o]9} ], ZJAIZE o)
FIFS HolH & AR Alofslr] oY), o F Fal tl-gshs ©de719 3271 2 LHM £ & 80]
*‘o?oﬂ wEt By G395 53X ARA A7) Sls] g3 g 5% 2% AFs A T2 yEARleth 2 AT
F&o] W2 TEATE A AARE S8 AA = A= LHMS A&t W48 Tdg8719] A AAE 9
71w WE LHMS o4 §-3) 17¥~ ztol7} Ak, 1 slo] 5°CE LHME o]&38le] AL By A%S wlotslar,
23 ©d87] Wiolx LHMe| 233 91x12} o "ozl FA3 FACIA LHME] Hjx] H]Fo| w}a A
AN = Zpol7F WAt HE87] Wi wHEt 9 Fdgel #Aate] RN HFAE S s

o] At el = LHMS] “astA] thiell o3k W3

71¢] LWyt WAlstar, ol fjX|o] wE Ex}o]7} 2lsd 9 gjjA1 ubH
S AAS BT o] EAle tldAlEe] S 9
g MEEY B AFLEEY v 2 250 o3 v 2 AddA A DEL7E 97 390 x 390 x
go} A& 7+ AE F2 A YT F Y29, o] 390 mme] 7 20 mme] PET (Polyethylene terephthalate)
£ WAE7] 918kl LHMo] e ©E87]¢] 5% 3 719 FEF2=E(glasswool) AAE 83 AFHEAY
FAE gl thste] AR S 8H(Computational  Fluid (Vacuum insulation panel, VIP)Z A =o] it} Had
Dynamics, CFDy& HFo 2 =] thH] sejella we A VIP & Ad/aHE, SaF2 77 AR, 43 ¢4 =3
T} Ago] FYHATE Du et al.”e ©]4-8719] U] SR eF-FA0| BEshr] flste] QuAZ mirrE FE
73, M, SWoll LHM MRS gejste] A2k ot} Fig. 1= Aol AH&3H 5°CH LHM®] 5Z273¥l(a)
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# A7 FAHE AL LRSI Laguerre et albe t}. DSCE= Perkin ElmerAte] DSC6000S ©]-&&t1a, #F
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gk LHM®] gaflZgelA] B Apdf el el o AZBIAAL -5°CE A E g2 oA oF 48717 B
3l AM<atich. WE3l] =2 AMEE EA Fig. 1(belA He vk
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Fig. 1. Experimental photographic images and DSC curve.



Vol. 29, No. 1 (2023) HAZ72 T BR[O w2 LR 2 20l Cie Hed 29
Table 1. Experiment and simulation condition, and the properties of VIP and LHM
Experiment Condition
3-type Box Box 1 (ID: LHM 6_1) Box 2 (ID: LHM 6 2) Box 3 (ID: LHM 5)
1,200 g lea / Upper 1,600 g lea / Upper
5°C LHM Module Placement 800 g, 6ea / Six side 800 g 4ea / Side 800 g 4ea / Side
400 g lea / Lower not placing at lower
Simulation condition
5o for LIN posion . e o)~
Properties of VIP and LHM
Parameter VIP LHM Unit
Specific heat 134 2,200 J/(kg'K)
Heat of fusion - 202.6 kl/kg
Density 170 765 kg/m?
Thermal conductivity 0.004 0.1363 W/(m-K)
Outside Temp. 35°C
QF 35°Co) =Zdhe Ao® AAsisith. oW Table 19] 4 AAste] siME sttt
Ax7o =, LHMZ O wix]271S (1)800 g8l LHM 671E H Agoa T 8] Y] 2ERE e RISk

6Hel, Y4 LHM 1200g 171,
400g 170, )3 1,600¢g 171,
LHM ®j%] H|5-2 233t
LHM #jx]Z271e] wE dd87] Ui 2540 tish
AAZAH FAFE 2002 si4S T3t LHM vl
2o ot siM =L LHMS] 2dE HAAFAE wWslst
o At HlEEAS RS VIPE HAE dEE
7] Wil 5°ce] ARstE 2= 10mm FA(]15)9
LHMo] wjx]5]o] 2t} LHM 298 AAFAE /e
20mmE 7|1FE02 (1)10:10, (2)15:5, (3)20:00.82 FEEA

A B9E AT Upexe)

= 800g 4, S
=d R TR

AQUFE Tese wAEs] W 271% LMl 27)
2w 5Csh 9 JY P 350NN wmEHEE EAOR

(a) Temperature curves for 72 hr
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RN
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FE U UR GAL BRSO v
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o= etk
a. &4 (Continuity equation)
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b. 25474 (Momentum equation)
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(b) Temperature curve in melting period
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Fig. 2. Temperature curves of simulated result for the inside air of insulated box with LHM.
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Fig. 3. Temperature properties of inside air(a) and LHM surface(b), and air flow distribution(c) for the insulated box in period of LHM melting.
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c. oA 2]  (Energy equation)
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q71M, = A7 e 5 pE UEkgmd), pu 49,

= AT, ke SAEAF(WmK), C= VLS, T
£, o= iRl o I Wy e, A (3)9]
W2 WA dHE et

3. 43 % oz
3.1. B8 HH CrD €/% &4
D) W F71E AReA AFE nieh o] 2y

FEIE, 97 FYRe eyt EAlska Al
T30 87] WH-2e Aol Aol et /st
Ay Skt wEbA] BE87] Wil LHMS |l
1H2LS 98le] LHM 59| A/eHE vix|zA
she 1S sliA B A 72 o R A7eis]
o} Fig. 2= 314 A2 ZE87](Mesh consists: 143,521,
Boundary : 14,500, Edge : 681) W59 2% I8 =
AFT YH-2XE Fig 2(d)elreh 2ol 5% A/
o] XS 43U LHM wjA|o] 2 L=HAE 3l
ST oF 40r]7ke] AUAA W27t Adsst
SR 60A17F ool BE SIX|ol|A] E3E FA2=2 8°C
ol WS olEsINTt. oF 48A)17HHol A T20/B0 Z7A9]
7 wEA &5t Al ool T10/B10, T15/B5
TOF HE HYE oY) olu] =¥ As/aHte]
2EHAE g 4= A, TI/BI0 271 T A7)
oF 3.5°Ce] R=HARE HIAW T20/B04 T15/BS 2712
2°C oJuje] HAE Bt}

—

/\] z}

]

I ——

35
30 ——LHM(6-2)_up
. +— LHM(6-2)_middle
© 25 +— LHM(6-2)_down
~ +— LHM(68-1)_up
e LHM(6-1)_middle
- Ead § LHM(6-1)_down
@ LHM(5)_up
g-15 - —+— LHM(5)_middle
) +— LHM(5)_down
- 10 } Outside
5k
0 A A AL A A A A
0 10 20 30 40 50 60 70
Time(hr)

FAE719] ZEA HRIO] T2 L5

Temperature (C)

31

H YR} A5sie 40~6017F 77kl sA17 744
o2 YHEE7)(a) @ LHMEH (b)2] 2EE¥(4-8°C), 27)
fFr (el #S ajA] A3t o|u|Ro|t}. Fig. 3(a)e] WH-F
7] RERIA, TI0/BI0 271 ©d87)= AR 7P
FHo A HPR-slel oet Aol AlFtslEA -
2 257 s ATk, s5A1telx e W] Adeh
2EAZ3E Helth fARM T15/B5 279 dd47=
i 7PgARR el 27] AdReE SN, T10/B10
Zol| Hlg & 4Fst Aol okshAl el T20/B0
A s LEHA} AH R #d3 d4
t}. Fig 3(b)2] LHM EHe] &
of 93 LHM2] &l 7+ A
B10, T15/B5 Z71¢] LHM 7FgA}
2 W FYRE ettt ddAA; AdElela
T} 9% Halo] =EHE WHo] ¥ /A 3
2ol ARt AL WR-E719k GRell oJal /st
LHMS] g3 77+ 2ols g &= k%D Fig. 3(c)
= WH-E719] f&el dig AoR, shsie] #7177 7
SFE f550] ATh TI0/BI0 242 45, 5007 LEEY
of o], TSPt Kol F1tolA AFellA SR =
Al fgro] WA, LERE7 JuiF oz Fdd T15/
B3¢} T20/B0 2714 42 okt oR734e & + 3
o} £3] T20/B0 Z719] 40A)7kol|A] sHite] = 2%

e W T

P

NN o

:rl
Ao
H
2
>
o
4z o
)
rl
I
o

i

ot
o
o

A

oo
=
4

e
Y

Aol re ew o] Wmate] o5 Whsl= iR 3H
BEHE 1T S Sl
SE87] el ¥7155S LHM HHe] 2dsow

A 23 AeZow Dwngle] o v 4T
o7 fEo] wAsth LHMS] g3 $Alol whah Atellx
16

—a— LHM(6-2)_up

4— LHM(6-2)_middle |
14 | | —a—LHM(6-2)_down /

*— LHM(6-1)_up

o LHM(6-1)_middle
12 | |-+ LHM(6-1)_down

+—LHM(5)_up

+— LHM(5)_middle
10 | [—*— LHM(5)_down

50
Time(hr)

60

Fig. 4. Temperature curves of experimented result for the inside air of insulated box with LHM.



32

Table 2. Maintenance time and temperature properties for experiment and simulation

Simulation T10/B10 T15/B5 T20/B0
up middle | down up middle | down up middle | down
Maintenance time within 8°C (hr) ) 2 57 I3 57 53 15 5 17
Max. temperature difference (°C) 3.5 2.1 1.2
Experiment LHMS6 1 LHM6 2 LHMS
. ) o up | middle | down up middle | down up middle | down
Maintenance time within 8°C (hr) 47 51 3 53 59 59 16 47 47
Max. temperature difference (°C) 2.3 0.8 0.7
WA =0 TI0/B10 203 o] SdollM skt fso] & 4 22 mE 2EEAS Elsith. LHMS ©E987]
AL, T20/B0 %713} Fo] shfola WA =oW gy uitol] vix|stae w6t SHell Ad/eRE wix] Bl
3 freel FEsh 1EA Exsis g HlthHY ZpolE oL e7|REtel mE Wi 3] 2EddE 2 &
SEAIRE, T20/B0 27 the Zxdol Blsl 8°C oW #A ® 2% FANE BAsit @8] iR 371
A7 WEA Hojup dTke o R 17| ofHrh ol At o I skE WAt og 37| i
o] 2 AFshE AL, dUEE FHs] 23
32 8T HE2E FFAY Bt LHM®] 7 =] v]Fo] shitrth & o #d4do] =
Fig. 4= LHM x| x710l] mg @d87] i 2%=374 3L Al ARkl o) A&EE As ERlEiTh v, A
A AF}e|th Table 19] APz} 7o) LHM ¥ixIz=7] A BISE =ol7] flal s uixIE AlLlg ZelA
o] The 37le] ©E&re A 35°CelM 277 F F AY8E HolAW & A AIZReRE Ho| AHAHx
St =2HA, A (Fig. 2)°] 34 SIAI9F o] HE & Ao A vt Ao g ddgr]e] dEA T
7] Wi Tl s/t 225 S78EIh Ttype 941 43 LHM®| L3 SF& viAlste] Bd8rls Alae
2 £52 =433 MVI000 (Yokogawa) LoggersS 5 735, LHM®| A™ w1 & vpgo = shtol Hlal 737 uj
3] dlolElE Rt 5°Ce] 2= WA 528 & 2 HEE SH3e W WF 3] 2] BE 4des) &
Ahe e 4077k AUrA el WAslaL, 50 AR Qe Eoletl &3]l Wiktelgta ATt A
AlZko] AYHEA 2/EHE LHM &3] 5ds LHM6 1 S=F B8] Al o], & dFE 7o o
(TI0/B10) 27L& /6 L=HAE WOl v, Ao & 29 st v JEFS Zde o Ady
LHM wjx] B]Fo] B2 LHM6 2(T15/B5)2t LHMS(T20/ o] LHMS A&3t T84S Fadsl A5 o5 23
B0) & ¥ 2= Zols wolH 34 Aol FAle S IR 3 2% FYUEE 98 9 9 53}
A4S I 4 Ytk Table 2= 8°C o] &= W2 T4 ol 8719 A AAZRA £l 79T Aoz 7]
A AIZEY S AR AR A &% Zfold] Ak EIRcl=
a4 o] Atolnt. ek s Aol Hlaste] AE
A3= LHM 37HA] #ix27 25 22 2=3xe} 8°C ZEALC] 2
ol A ARk TR xolE Kok, 7lo] wE Wi
% A A B A" eMe B2 AHE Bl 2 A7 AEEARE AR NS E
LHM®] FZde= f4] Aol 93 mAed, 2712 ALY <F1ehg e AR dEAE He3 I
T 7lEes A Aol s ARkl A Al wel Ysg ddxggr] e Adew FYPEU=.(No
W2 o= ©E871e] d &A% LHME WelA s 20015687)
© LHM®] 52 dxdo] &3k Zlom, o] wz} A3
A ddid s WiE 719 g tiRvE 94 iR 3 References
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