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Abstract

In this paper, the inorganic salt phase change heat storage material was infiltrated into the ceramic
matrix by melt dipping method, which obtains a new composite phase change material. This re-
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search intends to improve the thermal performance of honeycomb ceramics on the basis of main-
taining the high thermal conductivity, heat performance of the original honeycomb ceramics and the
geometric structure of the porous channels. Based on the thermophysical parameters of the new
composites, Fluent software was used to simulate the heat storage process under high temperature
conditions. The research results show that in the new phase-change heat storage honeycomb ce-
ramic matrix, when the inlet wind speed of the ceramic increases from 1 m/s to 10 m/s, the heat
storage power is increased by 328%. When the proportion of phase change materials is increased
from 10% to 50%, the heat storage capacity is increased by 89%, and the heat storage performance
of ceramics is effectively improved.
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Figure 1. Physical and geometric characteristics of honeycomb ceramics
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Table 1. The main structure of honeycomb ceramics

* 1 BERENIEGHEY

PEfE Ei=Las HAL
NN 100 x 100 x 100 mm
FLIRALR B R~ IENIIE, Gk 2.1 mm
BEJE 1.16 mm
1 I
1 ]
-------------- el ot B LT e L e e L L L et b z
W 5 W 5 3 s

Figure 2. Numerical simulation structure and calculation model

2. BEEMER R ERE

2.2. MR

W B PR NI, RIS RO 2. NaNO; 1 iR 2 & I & AR AR, it 28
WA 3o FHBAMERBIN T, EARMER TR TR 250°C T8 LA LR B SRS FE 43 )
4 0.675 kg/m®, 1.034 kJ/(kg-K)H1 4.117 x 107° m?/s.

Table 2. The main properties of honeycomb ceramics

*2 BREENTELEE

PERE fatr LR
AN 1.005 Kg
SRR 3.29 Wim-K
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Continued
Eb P 1.32 kilkg-K
AT B B 2.51 glem®
IR 25 2.96 x10°%°C, RT~800°C
WK 2 16.8 %
BUARIERE = IH~800°C, 10 KAEIFLL L
BALIRE 1500 T

Table 3. Physical parameters of NaNO3
= 3. NaNO; H9#14 5 %

kzi g NaNO;
R p (g/em?) 2.261
FEALIRE T (') 306
LE A ¢ (KI/(Kg-K)) 1.82
AHARVE L (Kdlkg) 173.3
BAHE 5 (kg/ (m-s)) 2.5E-3
AR AL o (KT 7.15E-4
SHES 2 (WI(M-K)) 0.5

WETERA 4 Fp LG R IR 2 5 M e, B A AR A & Ak e . 1K 4 Fh LRI K Fl e & ik

Mo e eIk, AT BRI ST I 4.

Table 4. Physical parameters of ceramics under four working conditions

4. OM TR TRENMESEK

s1 s2 s3 s4
T 0% 10% 40% 50%
RFREEFE(Q/em®) P = proe + EPrcu 251 2.74 341 3.64
C_+ C. .
LA (K- K)  C, = e oo T Prase 132 1.3 1.45 1.48
P
s L
HIAE B (kkg) L = Pecuron. 0 14.32 45.90 53.82
P
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A T o NWIGRIREL, T, ARG IREE, L AR A ERE 4.

FAMANEIEN: Re=ud/v>2300, HMw]HEITHE S G0 A S S IR IUIRAS . ARAEA) B
B, PEETHE O RGE v R T, AR R, IO KBRS A ALy J7 )ik
WR%M, v=0, 0u/oy=0, dw/oy=0, oT/oy=0; L F. BiJEAR(x- z J7 ) AL E Al 7 Bl
ML, u=v=0=0.

ARICRH CFD M3 Fluent RBEATRAR, FHrARahRbRIE K — e PITRRIR IS, SRR H
TR, RS R AT SR SIMPLE Sk, IR R . AR R A AR s
B, TR 18, PR ECH 500 U, ZISIGRARRENS 78 7 R UE B — AN [R] 25
e sl iH s B k.
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Figure 3. The influence of wind speed on ceramic outlet air temperature and ceramic average temperature
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BeAh, FER—RKGE T, Al s MR SR T 50%AH B BAAH AR R i 5 M s BT LUREL,  JE
HRGIR 5 P 22 BB FE 1) BT R W) R 2t v 2, ETH B A AR AT . Gy 5 mis
I, R T 50% A R ANAR A AR 6 3 B e S 2 ST B R AR L, TR B IR T 62%. BAR, 15
B ECIRAE 1 S0% IR ANAE Ak R E, HEREREA R R he .
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Table 5. The influence of wind speed on the heat storage performance of materials (pure honeycomb ceramic)

F 5. MR RIER NN (EESEHE)
Ve AT
JRGH (m/s) B BT TE(s) SESE RN (KW) P = bl
1 563 0.588
5 270 1.227
10 185 1.791
1.0
; 0.9
0.8+ $
% 0.6 V
B 04 4
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Figure 4. The change of liquid phase with time under different wind speeds (PCM case 50%)
& 4. NEIRGE T #HERERT E] AIZE4L(PCM case 50%)

Table 6. Phase transition time of materials under different wind speeds (PCM case 50%)

= 6. TEIXUE T # R ZERT E (PCM case 50%)

K iE (m/s) AHZE 90%HT [ (s) HHAZ 90%~100%F &) (s) AHZAE 90%~100%F (7] 5 L (%)
1 373 296 44
5 118 150 56
10 78 108 58

P T IR IAHAE 90% it 75 I 8] AT 351 5 A 2 N T T LU0 XUTEONS Bl 28 2 FAME RE RIS, AN [A] XU
NS4 5 P AR R R A Q0%AHARRY, RTDURIL: 1) KOERE, AR R AR A . 2430
JEEH 1 mis 43 BIEETHE] 5 mis F1 10 m/s B, AHAZENIE 90% I 75 I (8] 43 A4 %6 T 68%FH 79%. 2) JXUH Bk
L BRI TR, SO X B 1 mis 2 BIERTEE] 5 mis A1 10 mis B, B IhER S HIRE
T 196%7F1 328%, e RUCRECAE . AR, KBRS, AR B A ) R B AR

Table 7. The influence of wind speed on the heat storage performance of materials (PCM case 50%)
F 7. NEMM R ERM AR IN(PCM case 50%)

s N N N N _ N V(c AT + L
K (mis)  PREZEH DRGR(C) M PRIt ARURRE(C)  HIASE Q0% BRI T t (s) T4 4T 2 (KW) P:M
1 320.9 330.5 373 0.674
5 331.9 322.9 118 1.992
10 335.8 318.2 78 2.884
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Figure 5. The influence of phase change material ratio on ceramic outlet air temperature and ceramic average temperature (v
=5 m/s phase change 90%)
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Figure 6. Time change diagram of the liquid phase ratio of phase change materials with different wetting ratios (v =5 m/s)

6. NEIRIEELHIR AR ARl R EL BIRRET B 2L E (v = 5 m/s)

Table 8. The influence of phase change material ratio on the heat storage performance of materials (v =5 m/s)
= 8. TP RIEEHIXT E A IMERERIFZME(V = 5 m/s)

YRS /\:El iy ZE
HAEREIES e B D RR(C) K%%T)g%f: (O EEL%O(ZA)’% B emEmorew Pt (CvtAT +L)
10% 3320 322.8 60 207
40% 3315 3227 103 201
50% 331.8 322.9 118 1992
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