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Abstract

An insulated box was made from a new type of low temperature phase change material (PCM).,
which is to test the thermal performance of this new type PCM and find the melting law of the PCM
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in this box . The no-load experiment was carried out with the self-made box. The results show that
the proportion of the PCM in the upper layer can be increased because of the rapid melting of the
PCM in the upper layer. The heat transfer model can ensure the cold storage time to meet people’s
needs and also can be applied to the cold chain logistics system. ANSYS Fluent software was used
to simulate the temperature variation of the box. The simulation results show that the bottom
temperature curves are in agreement with the experimental results and consistent. There is a big
difference in the intermediate temperature because there is natural convection of hot air in the
reality rising so that the intermediate temperature is higher than the bottom temperature. The
PCM'’s melting inside the storage box usually starts from the corner and the corner structure needs
to be optimized. Due to the presence of heat leakage, the experimental temperature is seriously
stratified. However, in the simulation, the temperature distribution is uniform and there is basi-
cally no stratification because of idealized conditions and no heat leakage.
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1. 518

AR, HTAFNRRBMARAFKFISES, SRR N ERRE, WA TR e
MELRABILHE T B R HARM L RE . B3R — DURHR T 5000 B 1A E AR R DL 5 R R, B 2
RHERIHN AN A RE, S v BE LI TR AR T EAL AT 1) —Fh & 5 nIAT I 77V 1] [2]. A 8EPIi 2
SR NAEFEIN T s i, 48 BV SR AT S PR A LA T W T R AR T, DAORAIE £ 55
EITIFE S 2 A o AR GV VR ZETE 2R 44 T B v 11074 R5OR 22 52 B R S L IR (52, 18 S R IEL S B0 K,
ST I, I FLARERRE 75 45 ) 3] B W BURIRAE R L 5 . ARG IR . AT
At SRS A  p IEAE 52 B Ok B 2 W 78 35 1 1

P AR5 R A AR B VA M RIE B WA CRIBAR T 1R SEBR B FHIEAT T 2 5 T 9T . BRSCRN[5]55 LA FH R4
NI, HIE RS N-15.5C, AHARE N 282 kI/kg MITCHIAHAE S AR, IEXTHFE A
PRRAEE TR, BHEESEHIR - RABEANEAFHRAMENEMR T REAMEEARH. TE2MAR
BHLEAEE I\ PCMs AT LSBT A, Mashud Ahmed [6]45 HIAHAR IR FE R 7°C AT 5 PCMs JCZE AR
SEZERE b, R B B B T (1 WA A R PRI AE 11.3%~43.8% 2 18], #E NG I B AR B> T 16.3%.
Ming Liu [715 0] 7 —FAHAR IR FE N-26.7°C, FHARIEE#CN 154.4 JIg BB RAAHAR AL, FEMIVE—Fhogr
B RG VGRS B REAAERE, WS RERKKIL T RIRHFE. REBBIEM K — P& i
w, FMARIRE N 6.4°C, MAREEACH 141 Mg MBRERBIK &R R, R T BRI R NG T s 4
PRRIRIRAE, RIS R IEAR AR R A

T AE AR 7R 2 B T ORI AR B AR . U S [91IE T — Aok B R F I 20 ot 2R
SR IRMR BB B ANAR 1 & VA XA A . R COMSOL Multiphysics A& % U T4 k9 4% J 81 Fif COMSOL
XPILHEATIEAN, 19 AL, S SLI a5 SR & 1T . FHEREE A [ 10 A BB ST 77 720 78 NaCl & 74 1R
TEARNFEVIGIRE F IR TR . BXEWFEE[114R 5T T Fluent (1 B[R AR PRIE A IR B2 37 1 AR A A5 1
TSI T . R SCUREE[12]) ] COMSOL FR A%t 65 i ¥4 7 R T A 11035 P52 3 0 v AU A8 T sz

DOI: 10.12677/m0s.2021.101018 169 e RSE TR


https://doi.org/10.12677/mos.2021.101018
http://creativecommons.org/licenses/by/4.0/

:#

%

FIGAE . BEAMEA 1R 2 [ P A1 2538 R AL 7 ok I AR AR S R 3, SR 3% CA R 1311
AR46[2] [9] [13] [14] [15] [16] [17]. ASSCAERT ANBFFTHIZEAE b, 4RS00 —FhRE4EHT 2 08 KB [ AR PR
BERPRIEAE, R — R LR RSN, LA AR AL A HLTCHIAHAR & A A RI[18], FE N T A LEk
VE RN AL AR A B, N T 5SS A v B AR 2 S5 B3 AR 1) o A SR FH R 2K L0 103K )2 A5 6 fR IR
Fafil/E 140 mm x 116 mm x 225 mm (1) E i {RiRA, EH A RHTRIR RS, FFRIF fluent b
FUTRA AR TS (R B AR ph 28 o PRIBFETRT 2907 (B SE A, ] L N 3801 s 5% FH A0 v ek 2 o
2. (RBMEET SR
2.1 RBANHTE
BRI L BLE S AEAR B A MR 182 W8 I i /70 BCH 0.6%49°K TiO, A& 7350 0.6% 35 Ji7 Ji 1
HERR T SPW (40 I B0 5 66% (1) 28 187K« T B0 # 22% CHNaO, FlJi 40 %1 12% KCL), MARRE N
—24.6°C, EAFEN2.250°C, HIAREHCAH 222.7 g, FHAEE 0.5437 wim-k, LA 3427 JIKg-K.
fREAFE: WONFOR OIS, JNEEE—ZEHEREN, BASuE5EEG % 1, K 1.

Table 1. Coefficient of insulation material

= 1 REMRIERY

ups JE % (mm) JsF(mm) SR B (w/m-k)
R LI 15 140 x 116 x 225 0.041
FE A TRIRAT 16.5 203 x 179 x 288 0.035

$adERIE N

BARZMHA

Figure 1. Section of box (vertical section)
E 1. RBFAEEE(EEWH)

FEARIPITHIAR «
S, =2%(a, *b, +a, *b, +b, *h,) 1)
S, =2#(a b, +a b +b *h) v
S =4S, *§ 3)

XS, S, S OB NMIKRRISN R, SR AR AN[19] m?, a,, b, A1 h, 550 4 iAo h 2 1 )
K. TME, m.

THEAS B L Ay 0.21 m?.
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A A BT 5 A0 SR BE 2 RV IR A% #4033 AN E7r (RS ARG« 6 PN 22 /05 AR 1 B R X e R R 5
k,» FIVREESE SR E K, , FAREEI S ETHIN R Mk, o v T TRIAAREAY, (BSE = A PG RE XS L ) %
AR ARIRII SRR . F 1A BE B T R 5 [20]

o, 0.
k =1/ %4 4
: yT%+%j @

S~ O, A ANIERERMREMIERE m, A4« A4 2 RNEEERREMRZEN SHEE wi(m-k).
P S BETH A% AR AR AN AR T -5 PR 2 JA) f e At A2 38 vT DA Ak BSOR 25 [B) B AR XL, SR
SRR AR R B A B8 (E 6 B (1~10 w/(m?-K) [10]), HIF4hRTH SRR, HARMRARE,

HHUAE R R Kk =k, =2 w/(m®-K).
1 1 1
. _/[l(l+|(2+|(3j ©

B R
A2 AL AR HON 0.75 wi(m? k).
Rl 72
AT =T, T, (6)
T, T, 70 5RAE MRS R AN A AR B, C
Yo URAT S B VS BUR B 918" C LA, BTRLie %95 Lk s, BUAR VIR BEN-18°C, ARAMAFRET
JE923°C, PriliiZzEody 41C,
S
Q = 3600tK,AAT @

Q NHHE I K, NEHRRE wi(m®K): tATRAHIT h A BRI m? AT 3R 2 °C;
BRI &

m=

Q
— 8
v ®)
m—— &R AT g;

H—— AR B BDRTAI 44 s RS0 57 FT 354 FIRT RIS Ay 222.7 Jlg.

22. kIR

2.2.1. ISR

{X#%: ZFXIMP-1C i KA &, HIFEMHLHERHEA R A 7] ; DW-40 IR RIRAE, 1o/H & >4A5 1
WAHMR AT DF-101S Wi iditeds, HPNESRHA R AR BSM220.4 73t R,  Filgshs i FRHEa
FRAE; T ALREEN =AM, 32E OMEGA A,

222 KWHR

WA AX 7. 8 THEARW 8 /NRFHIAHAL B A FIFT Ry 0.836 kg, HHC B 47 AR TR A BEIR Y 52 A A
AR EE VR RPEME AT 200 ml £ 250 A% 6 A HEHAE T, A BT 40 fRIR R IRA A RA H .

B AR, B 3 MREMT =T, R FERTBRANARIFERLR, FRRME TR
IARDUR, AR 5 N [ASTRIBIE AT, TOU AT 3O T A TR 320 1) 45 SO R 2 SRt 2 e A3 L
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BT ATE A RIR AR P UK FE BT A4S 6 4%, AR5 0 BITE = AMRIRARRES . Pl B, Hraafml
TLARIAEESATE 1A T AR RIL DU, i (RIBAA 5, . BmEF M RN, HE=
BT A, SIEATEE IO, ERNREETEEE N, XA E 5 0 A AR A I T
3. &l
3.1. EBEIMEN

tH 8 /N RIER K IHEAFHF 836 g KIEAMEL, T2 690.9 ml WIE AL, M85 %,
8x® ~1924x* +147680x = 690900 (#A7y mm), A FH AL Xy =% — F (% )/ F'(X )
f'(x,) = 24x; —3848x, +147680 KT LA 2 T2 29 4.99 mm., I ALBIRUNSERER)— 2 8470, HiA =
A, W 2 fR. G2 H icem WA 4> ThRe Xt MBI AL BEAT AR 43, R FH LIRS R 4 TR, AR AR
ER RN . Al 3 . AR R 2 SRS S TE], 145,920 AN AL, 2 AMAEAR(E], 137,475 AN NI
PRIHS, 2 AN, 30,652 ANPUIATE A% 2310, anfE 3 iR .

Figure 2. The diagram of numerical model

2. BEWRRREE

Figure 3. The diagram of grid
3. MtE[E

3.2. BFEB L ERRE

HI TR B S RO 2k, FESKRRBUE TR AR R, O 7O RO 9] [21], KRR )R
Ui AR WYME. SYEPURRY, i ST v SRR N 0 R AR
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RSB EIRGF, A RAEERS WA BEE RIS R 2 BE R RSB AR R, BT, TERT
B T FEF, AP ZBSET I e,y LA @ ARSI R . AN AR ] R4k,
JE Boussinesq % A5 EHE S m[22].

AT A Viscous AR AU 78 v iU B iRt A K 40 A, Viscous B AL — AN F T2 I AL ) v e
B, FrLAARSCR A Viscous BEAY DA e Y LG SIMPLE BI04 P DR VA I 2 1 B2 3 7 A
R, I I R PISO BLVABHT L. HREIF T M, BUE )ik ¥ g = 9.81 m/s?.

KA BRARFEE s D7 12, AR T . SR TR BE Ry T R, A5 303 My 7

a(;¢)+div(pV¢):div(F¢grad¢)+S¢ )
A, ¢ AR, TUAREZ v wT T, 07 X EREG s, ) LRI p #R%EE, kg/m’s V
FoREERRELA, mis.
3.3. AR FHE KRR

EERXMNAT, ATLLHCENE - AR CRE E B RN 2 E Wik 2, R
1.43x10° <G, <3x10°, MEFER; WHE G, >2x10", WJEFimH; WH3x10° <G, <2x10°, AL
X JE T 2 S i R PR B 201

MRAE LA S H0nT DAk 5 ORI AR S AS b e R 3. AR BImAR S Ik B B AR, AR AE AR
AR RIS R R R HCRIR A, SREBFARE IS G KT 10°, J&T A RXRZ A

G - ga,Atl

r V2

(10)RHF, o, AIRAK R KL, AFPRHMRIK R E0N 0.84 mikg; | Fon KRR E, AF180.14m; At
W2, AR ZEAED 200C; g EAMEE, 9.81mis’ viashfig 2%, B 15*10°.

MDA BT TR %A, RVFTA A b I3 44 ¥ 1 R 46 T [ AR R T R BE, T
u=v=w=0,

AN TR DTN D FEAT, SRR AT R R R AR A TERE. KRR
SHIA T FERFR AR 2 SR IO THHE,  FR T AR R 9 2 SRR D T ZBE AT, BT 5 K BH 4R i 2
R R 0.75 wim® K

TR 3K fift

FAR N TR B E AR S A WIEE, 48 N PRGN -30C, A K &4 IR )
BR80T, I N RIS AR — ARSI R, 2 fluent % A5 SR AR 88 X AR AR A3 s S AT
MRS AT R, AINEEWE R, BEEIEE N 9.8 mis?, BERFLKAN s, HHEAERNIE

(10)

JEARA o
TERE TR R, AR AR R 21 RS B AR AR 7 (5 . WBUARARRER B [10]5€
XA
0, T<T,
1T,
ﬂ_TL_TS,TS<T<TL (11)
1, T>T,
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4.1. SEWEERSHR

o1&l 4 FTUAE HY IR T EHAT AR R S 8k, SRRV =R 23 CA L, FTUE HRE DR
B, FIHaBEA . WLOE BT ERRE ETHER, R AR G R R, TR AR AL T
BBOFIA, ZRE RSN E BN TUURSEA RS BT R AR KA 6. /]

DA H A0 70 RO B T 2 2 AR AR 45 SRR 5B R BT 2 5 FRE WIS . DRI AS 58 ) I s 3 A1 L 22 54
BRI HT AR M6 2 5 i 148 PR BB T A8 P9 AN 22 08/ i AR THRZE F 2T T+ 2 0°C A _E
R A T I A RRAE AN AR FEAIA R 7 5 /NI RAE, v R AR X AR E A 2 T 8 /NI I, BE

g3 A NATTAMT B R DRV PTG o

R Co

EEINCY)

Figure 4. Temperature curve of no load experiment with 0.836 kg PCM
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Figure 5. Experiment and simulation’s temperature contrast diagram
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AR ARG UL S AR A BT B, U R BON LA, BT DL i & BOA U . SR h i T AN AT 2
W (KT A 3R B AR AR B PR, TR AU KA AR B U B e — 28, X R TR AR, T4
WHR AR, A MRS A E B TRER, FECIR KA R, RN &
IR, i LS P A AR B AT, TR R A B I RORE ST — R . A X BT AT
CAA Y, FE AR ETH SRR, TR KRR Py SRR AR 3R — B, B S ROy B AR, T B
SEH AR N B AR S AR R YR A R IR W] S BT LG R SR R

ik 6 SR LM ZARR B, FEAAS AR P AR IR AN, R BET BT, SRR IL
B LN, BEWEMZMEE L, AEMEIHRRRR R, RIS BTt K 7 TR IR AAR
RIS IR EEARXT N, 1 /NERIR AR IR BT AR, AT R AR MDY J T 46 7 o 1]
e, PRIy 1, 8 ERAHAR A RHEE A I (8] (A2 AR AR SR BB T o 10.68 /NI JA
BRI A AR (] AR A AR AR R AR 2 1 1 e e axfibfl

N
-
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Figure 6. Simulation liquid fraction diagram
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Figure 8. Temperature change diagram of simulation
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