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Abstract: In this paper, a two—dimensional lattice Boltzmann model based on enthalpy was established to
study the temperature distribution, average liquid fraction and melting end time of the oxide layer of
micronmeter—sized aluminum particles under different boundary conditions and particle sizes. The results
show that the natural convection buoyancy has a significant effect on the melting characteristics. When a
single heating wall is heated, due to the influence of natural convection buoyancy, the melting process of

the lower wall is the fastest, and the melting speed of the upper wall is the slowest. When the two heating
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walls act together, the melting speed of the upper and lower heating walls is the fastest, and the melting

time is shortened by 18.05% compared to the conditions of the left and right heating walls. As the number

of heating walls increases, the improvement effect of melting efficiency weakens. Through calculation, it

was found that compared with a single heating wall, the melting efficiency of double heating walls, three

heating walls, and four heating walls increased by 21%, 73%, and 75%, respectively. The presence of a

cold wall slows down the melting process, but the impact only exists in the latter half of the melting

process. In addition, an increase in particle size can accelerate melting, but this characteristic will gradually

weaken as the particle size increases.
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Fig.1 Two-dimensional physical model of melting

N1, R T R ARSI T AT IO, 7E R
T R LA B 5 R o AR SO RE AR R 2 4
32 pm, 7EA% A5 R b R T E S 40 A UKL A
ST PN BE BIL A A o AR 4R Ak R A 2 A R URL Ak
[l R 4 pm

FEBIE 5% AN [ o B4R T 7 B R Ch ) AR SO
ST 2P s B 9 AP Y LA TR 1~ 3 SRy AN [H]
V7 B B BRURE T, 3 B LL A R S RN ARG T ok
[ 25 5 B A~6 Sk SURE THT Jin 44 , 32 22 53 S AH 4
XU ARRE AH X U P RE | RS 7 R 8 435l 45 E T
3NN ARRE T T 4 AN i BRORE THD , R E AN [R) B i
F14) Jom AR T X 7 Ak T ) 8 RS L A 9 K
A BE T R v BE | LA 1R O AT LUBIE ST 4 BE TE 15
3ok B b g VR LR, 2B 8 3543 2% i T AR TR
FEERCH R B X . T AR
HENT TR A R AL, — N TR, — A Tl
B3, oK F D,Qu A% T 1 BGK I )L 7 3 B0 1 &
VOCRE L T 1 L B Y R R B b, O LR TS R R

I# ¥ AH B I
1.2 WFWRESKE
TRV Sr T XU A R, — AT

Y, — TG 1T R A BRI Y
LBM f17

SR AR R R GACON: TN
(D&

[t e+ A= fl )~

%[fz(x, )= f(a, 1)}+ AF, (1)

e B BRI L 5 e, O B WO, ot e, At
NEAER — W 2 E 7 R A s o
12 Bl B JEE AR 5% B0 5t 5 I [R] 5 Az o I E] 3 i A (e
1) 19 % VA8 o A R

TEAIE 5 P ] D, QoA 1, B TR JE e, 7] 5
ﬁ\]ﬁ(Z)“ﬂ;

(0,0),i=0
(cos[(i— 1);},5111:(1'— 1);}),
€= i=1,2,3,4 (2)
ﬁ(cos[(m9)1_,sin{(2i9)ﬂ),
i=5,6,7,8

0 ST A3 A R (o, D) BT AR () S i



% 55 %

e A A R c=c/V3 e h b
BN KR BEE . c=Ax/At, o, 3 F D.Q,
P (DA THER 0"

4/9,i=0
w,=141/9,i=1,2,3,4 (4)
1/36,i=5,6,7,8

300 F] DA R (5)
Fi:wz'(l_1)(ei_u+ei.2u).(lof) (5)

7 ? c:
A o AR B B BGE T, e T L A (6)

H
f=0gB(T— T.) (6)

+ 1200 -
T=Th T=Th Adiabatic
I L o 8 kS)
g E g= g 5
T iquie £ 3 £ g £
iqui = s =
= q s 2 = 2 =
Adiabatic Adiabatic T=Th
(B (b)BEEL2 (o)fAL3
T=Th T=Th Adiabatic
9 2 ) S
3 : 2 R i
~ < = = &~
3 2 3
< <
Adiabatic T=Th Adiabatic
(dyBERY4 (e)BEBY5 (HEERL6
T=Th T=Th Adiabatic
Il ] < < S =
| ‘ @ [F . T | J i
5 = L ~
T=Th T=Th Adiabatic
(fERY7 (B2 (iyBEzl9
B2 9MIERFR
Fig.2 Schemes of 9 model
eru (eru)  |ulf SO 5 37 O A B ) 7T I 2 (7) T
ﬁeq:w”o 1_'_ B _'_ 2‘4 - 2‘2 (3) 3U
“ e e =——+0.5
c"At

I 2 WL AT LA Al 20 (8) (9) 35t R

p=21
ou=\fret 5

(7)

(8)

(9)

X A R DX A8 AR R BE 3 A R KR

gz, ) R (10)FFH3E
gf”(a: + e,At, 1+ AZ)Zgi(L t) —
1
7[&(-% 1)— g, Z)]

8

(10)

HLD Sy T 85 50 B g )

eq T 1+ei.u+(ei'u)z |u|2
i W -
& ¢t 2¢! 2%

(11)



%48

P F R TRTFHRRESENGHMKB LTI EE R LR - 1201 -

TERE AT LA (12) 3
T:Z:g,v (12)

S T AL R B R AR 07 R
AT AR B (13),
En*=C,T"+ L. f""' (13)
A Ent BT 53 50 g 25 A ] 25 R PR
JE R — A K AR AR S K
8 [ 9 AR B4 5 R R T R O3 A RR AT
PABE B IE = (14)
glax+ent,t+0ar)—glx,t)=

— a0~ g2 0]~
o - @] aw

Horp, Jry B B T L 2R (15) e
0,En*<<En,=C,T,

En*— En,
En,— En,
1,En*=En=En.+ L,

fi= JEn <En'<<En,=En.+ L,

(15)

1] Y80 A B T B R o SR Ak A A ok B B

(4 o 72 AL BEX A AR I BUE R 0~1, 353 4500

I 5 AR HE AT AL, 9 EA A 58 42 0 s Nk, A

JE T AR AL IR X o (T 0. 5 4 Sy 4 W A 44 T

AT ABL S AR R FURH 23 5 1 B . 2 WA S B =

0. 5 I, 7358 A s WA, A 2R AR I Sl 5 Y

TR RESE AL IR . 534, MR B < 0. S I AR

TR A E O [ R X R RO 3h R R B
U T

2 FEREGIE

R T B UE S TR 9 LBM Jy vk b 3 0] 8 1%
FHPERHERG P, Yo ZEE AT B Y Bk R T I
2l ) Jo BT A A B 11 R 6 VA e A ik T A A AL
i BEAT LA AR R R v, A A i Al [
PRILSE , 200 18] 1 B 200 4R 6 BE D T, 98 Jim 78 S 7 BE
it AR S T, B e BE BN W7 A 4l T IR
k.

6 UE AR R g3 Sy 5 B A i A AR AL A AL
it o AE 2 ) o T BRGS0 ) B T R
T, Ay 3 BE I X R e PA S i i 5L an 18] 3(a)
NS

X Al ) J5T 4 0 A AL, AR AR S AR A, 2 BE

i AT
I
I @
I 2 E
e | wm DEEME G| wm i
4 3
& ~
XL XL ‘
v S F Yy HBREWB
VAR T
() S HOLF KM (o)L

E3 BREHEE
Fig.3 Setting of boundary conditions

TR A2 B vy U, A T A s A TR EE T BE T Dy 45 A
BETRT . RE TR BN JCW R I A R F R s =X, A
Ivi] Fr) 15 kg FH T IR R

XFF 22 AL 25 R 1 R R AT B i R AR
BEAL AN 3(b) fif 7, A B 7 2k 5 56 F B A rp 4 4
JOT 8 X5F G A A AR TR] o R T R T R ER AR 34 2R F [
SRR F O U RAL R fl Ab ao ARAE T AR R
4 500X 500 B A& RS, A& 43 B 1 pm, 3X
P A% L 28 4 B 2 I 4 I 5 ) o

T 58, KA T B A A AT LA X

1.0

s a=0.10,¢=1s
o a=020,t=1s
0.8 « a=030,1=1s
Y Analytical Results
ool
SIR:!
0.4 kbl
Rk
1oL
[ 1Nt
02} | "{\L
0.0 +
0.0 0.2 0.4 0.6 0.8 1.0
X*
() RIS R LBMIHEE S AT AR K TE R4 IR B it
50
o  LBM Results
40 Analytical Results
30 ff
2
20
10F =g
TSQQan,
T 900000000000
0 n 1 n

. O.IOl 0.02 0.I03 . O.I04 . O.IOS
Fo-Ste
(DRI AR T E LB MAE 5 BETH Vi Hi
B4 fRITES LBM it EEITE
Fig.4 Comparison between analytical solution

and LBM calculated value



- 1202 - THRXFEFFHR(OT FR)

% 55 %

S YN AE A — AT . TR AL
b b, B G O T K LBMOH RS
e BT i ] YRR L T i B 1] 722 1 0 AT TR
Kl 4(a) gy it 1T S #e Ak 72 v LBM 35
S A i 0 o AR AR . Horh TR S
JHRRL BE B b Xk I AR 7 B S SRR
FOAH o DATHEE AT il B it 5 AU B R4 Y
— .
S PG 8 R T RS (16) HE AR
oT [T *T
o | e ady°
VL N AN s o B N N R TS A 1 S O
T 4 A B, Oy R (17) AT gk T R A
St

a

(16)

a(aT) _ Lidz, (17)

ax . Gode
KA Lo Gy B 2, 3 500 D H B V8 2K AR ER 9T
FICA KON [ AR 5 18 A
R B0 H R B D A R R A, T R (16)
FE S 2 3 (19) B AY R A A AT i 5 (18)
T

p

T(x,t)=
(Th—Tm)erf( 5_)
2+ at
T, — ,0<
erf(A) 0<z<<x(t)
(T,,,T,)erfc( })
2 at
T, — L, >
‘ erfe( ) x> (1)
(18)
xu(1)= 22V at (19)
A Al (20)HE"
(T, —T,) (T, —T,)
— =2
Liexp(2%)erf(A)  Liexp(A*)erfc(Q) Jx
(20)

TE LBM Bl v S AL AR 0 W BEPE L oy - C =
1250 J/(kg-K),p=3.9g/cm*, T,=2 054 °C, L=
16.435X10°, 7ETHE o W S Wy 3 35 4k hy
LBM Bf b g AR 1R, K4(a) R T
LBM I HE RS pirds R B, iTUE
W, 5T A9 LBM B AT LA F )R 2 i i B

XFF XA A, S 3 Nusselt number H =X

x1 YMERMS5LBEAEWL

Table 1 Conversion of physical units to LB units

Wy Bl I B B LB #43
KL 1 pm 1
R v 0.407X10°(m*/s) 1/6
HHE C, 1250 J/(kg:K) 9.65x 10*
SRR L 16.435%10° (J/kg) 2.84%10°
(CADNI R A
—  hH
Nu= 7/3 ( 21 )

R Nu o F B3 R0 kTR 1 TR AL

XU AL AN [F] T S AL, O HL B 2ty
il PR, {0 S 249 55 28 JR Bk A7 Sk, JF 3155 4
KRR (22) IS5 BEHEAT LA

—0.5 —0.5
F - F
Na="TF0) 1 popges — (7F0) |,
erf(A) erf(2)
.,y 05
al 1.5 -
1+ 0.0175Rao'75(9) (22)
[*Ste

2 Fo 2 n i HU 405 5 MR Ra J 5 7 01 98 2
LA O B T i A8, TR DX 1 AR 6 5 a a X
5 W 5 LR See AR AL o F b I AR S AR
2zl

M 4(b) Al LU ), 2 T4 9 LBM A2 i
TAE S T RE A T e w5 45
F W LBM AR B A R4 A3 R0 5, vl TR
gt

3 HZARHIE

A [ R BE A [) JBORL R SE X 42 M A
B AT P AR SO AN R 2R AR e A TR
JE I3 A A HE AR L R AL S A ) o 0 A I
T U i, 3 53038 P T A 2 KR 1, R 2 O O, B
& I (]S In AH r BOT IR . Rl £ B fig
f1% 22 5 TR WA AL 25 5RO 1] PR b, AR S i o3
BT il 2 At RV Al 235 oI [ ) W7 AN [ 2% 1 i 1%
ERE .
3.1 AN[E)hn A BE T X 4K B R A

AN [R]85 A 0 S AL 2 A A AT 3
TE 3% —FB 3, K 18 AN 1R B4 g5 1) 07 8 K %0 3
AL S
3.1.1 FJRDAREE X AL 5 R

AN VFIE 1AL AE AN [ A7 BT B i e (A
K 5) X AL e R 2w o AR TR R R, AR ST



%48

B E ATHRFHRRZIHEDG B AL ST EAAEE R EERE - 1203 -

AT Fi A B (Ra) 301 8 FL KL (Ste) F1 35 B 45 %L
=

x|
(2) Z558 S35 gm o
ﬁi a&% fﬁ%,a o, S,
- a8
%
o B
el ﬁ%??%““ °°
ﬁ \J L Bt
(c)

"*"‘%“‘“ﬁéﬁ“’ﬁ% ' LT

Fo=0.01 Fo=0.03 Fo=0.05 Fo=0.10 Fo=0.15
Es5 AEBMAETHEESHMBLHERE
Fig.5 Temperature distribution and melting process

under different single heating walls

(Pr) KR s AR 47 R o 34 B 036 7 37 1k b i

A 2 i TR RS O R A B R B G R U A, R
BRI SR M s B2 R . To RN
K :Ra=10°,Ste=1,Pr=0.73,fLB %} 20% .
) b, A FL 40 (Fo) & — AN R i R JE R S 3

TR TR IO R A SO B SRR R T
PRIV Ak 8 BT 8] 5 ot 2 r 38 2 [T 4R % A AR AR
1.0+ -
0.8+
06l
= 0.6
3
Y 0.4L
—=— $i8Y(a)
021 —e— R ()
—— 1RRU(b)
0‘0 1 1 1 1 1 1 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Fo
(a)7 [ BEL 2 I FBE ) 2540, 45 PR A i)
1.0
0.8
o6t
®
g —=— 1R (a)
0.4 —e—RY(d)
—— A ()
02
0.0 1 1 1 L
0.00 0.05 0.10 0.15 0.20

Fo

(OZNEYIEL =R g &= gl

BEAL W AR | 58 42 AT LA ] A~ B 208 e A A AR
B4 A% BB o T A R AR . R R SRR
o AR SO LT A R R e A A R B R AR
AF AR Y A S R A R S R 2 b ALk
BTN . B 54 I T A R v i R
o3 AR B S AL E R 1A

MBS AT LLE Y, TE AL 0, e A Bif 3 2ot
ORI E S0, 0] LU 35 M A0 A ST Bl
] () FiE K, R AR A R R P R AR R
Y (e ) I I A 3 B e TR 32 i T T D AR FE A
Tk A R R B AR S B RY (b) Y IR T HE
W

6 (a) 25t 1 AN () BRI FARE 1) 45 1 45
A (i), ARl 1330, T in ARRE B 9 £k 5 SRR ] EE b
PEEPR 90 %6, bb 2 T R BE PR 64. 18 0, 3 b W 7E I
A3k B X3 R A TR 0 6 R AR S e 4
[S3 N
3.1.2  UN[RIRUZ i AARE X6 45 A6 1 52 k)
X — ER A3 BT T AN [A] 6 R T A BE (4557
(d) (e) (1)) X B 23 A DL J S 359 900 1 o0 B0 ) 3%

1.0F
0.8
0.6
pi)
3
& 04 .
02} —=— A (d)
—o—HA(e)
—a—ﬁgﬁ(ﬂ
0.0

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Fo

(b) 7 [FIOUEE T H AL 25 TR TR
1.0F
0.8
™06
pis)
&
s o4r —— HE ()
—e— (i)
0.2+
00 1 1 1 1
0.00 0.05 0.10 0.15 0.20
Fo
(d) B8 24 30 B N A B 1 8 A 45 RO i)

Bl 6 7FE &M T RIS L 55 R At

Fig. 6 Melting end time under different conditions



- 1204 - THRXFEFFHR(OT FR)

% 55 %

Wi, AR L AL A F I 2 froR o B 7 BoR TR
[F) X2 i FARE 1) I BE 43 A RUA AL AR o DAL
A LIE W7 Fo=0. 01} , B #1(d) (e) (1) B IR JE
A Ak Ak R AR AL ERAS K X2 i TR L)
W, L TR A IE AR AL, 45 Fp A 7 B4 I
AN, X Fo>0. 03 i, 41 A 1 35 ¥ 45 25 i, HL g
WY BT L3, X — R AR (e) th
JeRW R IX FEE TR (e) T BETH 32 31 F 4R
Xf 3 B T R S e e IR R A Ak R Ak o R
IR

a ([ rres

@ 3%%;*%@ Sk mgy@i&@;ﬁ ®

Fo-0.01 For0.03 Fo-005 Fo-0.10 Fo-0.15 Fo-0.20
B7 AENEMAETHEESMNBLHER
Fig.7 Temperature distribution and melting process

under different double-layer heating walls

BEE Fo Briysg m , k5 4l 1t A 52 X6 VA 1Y) 52 0 e
KB S, 5 T P bR A R R 22 R BOR O
P16 (b) g AN [) XUBE T 114 6 A 45 SRR ], M 2] o T
LA 3], A58 (d) 95 A ol B2 Joe 12, I8 1 45 AR I [ e
L3 i TR (d) /Y b B ka7 T
JI W AFTE AR b AL TR % o i i X R (e)
ACE) A2 B, s ARS8 A 2 22 1) AN K
TE Fo>0. 04 5 , % 1k 8 B IV A7 B I 22901, X i
W T A RIOT i i ok o Jl i v 3, B8 (e)
F4 965 A 3 2 LU (D4R T T 61. 4300, BEAY () 1Y
H5 Al R RS (d) $2 T T 52. 9400, B (e) HY
AR LB (D42 T T 18.05% -

3013 AN [) i BA B i o A A 3 R ) 5 )

AT RIS TR I EARE (B (a) ) XU
AR EE (BEAY (d) ) = J= B RE (LR () ) Al DY J=
T AREE (BT (h) ) %o 48 Al 3 7 A 52 i, 3 7B ik A
B, e i 4980 0 i % E O Ra=10°, Ste=1. K1 8
QAEHTKHﬂDmﬂ*ﬁEﬁﬁfthril’il%ﬂ&nFﬁ{k
Pl NI FR AT LUBA S 75 R B i i A
Xt A i A A T A D R AR T B i AR 1
BRI 2 I A AR B2 T ORI o U
XTI AR BE 33 0 28 = o R BE IR A A 25 SR I (7] 45 J

T 65. 700 fERALWII], S48 5 3 B He Ak oo 7
18 3= S A, e T R T I B 5 LA A T R Y
AH S 1 F‘ﬁ%ﬁﬂaﬁﬂﬂﬁ’]ik AR S 1T 45 AR A
B, BRI S R A

- llllll
i)

@ %@j‘“% ;%"’3%“" ﬁ 3%.%

m”l
B --- | BN e
@ g *‘”& &sﬂ.@ &@i@ ;% wzg 3}%%*
e =5
it}
(& R0
)fi | REpetias
R T T PO PO s e

4%0 & aﬂ,@ &
Fo=0.01 Fo=0.03 Fo=0.05 F0=0.10 F0=0.15 F0=0.20
8 A[E M EEHE XA AR
Fig. 8 [Effect of different number of heating walls

B s

on melting process

K6 (c)gh th 1 AN [a] fin A BE B30 i 1) 445 1k 45
BF R o NIRRT DL B i A RE T 04 25 i 69 Ak
WA E B EE W E A () A (a)
Y A ] 46 40 T 21 %0 , B8 () B A 7R () I 4
FE i (B 45 48 T 73% , BAL (h) HE A Y (a) A9 2 Ak Bisf
4658 T 75% o
3.1.4 Vo REXTAE Ak HE AR Y 52

R RETEIE AL B h A R AR A . TR
HI A58 4E/I\ﬁM‘”\ /> BE L TE W5 AL 1 5%
M), A 75 4 1) 18 v BE XTI AR A 5 . BB (a) R
(1)1} 22 5 1A 1ﬁﬁr IR LR NSEORE R
Ra=10", Ste=1. Kl 9% H T & (a) il (1) £
Fo 24 0.01~0. 2 (i B2 28 Ak R f 2E A2 18] . D[]
Al LLE 78 Fo< 0. 15 W, 5 5 A28 1k F 7 25 i
AHA B LTI AT 22 5, Bl B[] A9 2 4, v B 1) 7
AR ACRE I 8. Be(d st T
B 2t PARE VA BE (14 95 Ak 485 RO ], DA P& efoa] L
T B G M Ve BE 4 £ A X AR 1 5 e (A
TET IR AL UERE (0 J5 2 B, v BE QA AL R AR 12
3.2 AEABHR~THELHENZ W

AN TR UL RO X s Ak i 72 A A J 2 52
AT HE T, Ra=10", Ste=1,fLBR F N 20%,
T T BORCRIAR 23 50 4 .68 .10 pm I A4 3 EE 43
AL FIE AL TERE . TR 10 25 T A () 9 ks o 42
TR BE 3 A R A ERR NI 10 HhRT LLE )



% 4 BER,F ATFTRTHREZRYGMABEBTELAEERBEEE - 1205 -

a o
() owvﬁgg@e ogp‘b air

0 o %0

l\

o il e
Fo=0.01 Fo=0.03 Fo=0.05 Fo=0.10 Fo 0.15 F0=0.20

B9 BRGRBEMALBBUIRPHEES M
LR

Fig.9 Temperature distribution and melting process

Al

Il Solid alumina

I Liquid alumina

of single—layer insulation wall and cold wall

during melting
1 WURLRL AR A2 Ak I R BE 23 AT R AR A AN R . Y
FoUg /by, S = 35 B A b 72 IR
g3 A R AL o A S A AE I B R AR BT . Y
Fo=>0. 03 B, [ AH 518 I 46 25 iy, He B %o 9 7
bR ESEM .

BT 45 T O [RVSURE AL AR R B 0 Ak 45 o

d=4 pm

oogQ 0030‘\9 oog%v oo@

D 1
,z» £
SR 505 i""% e
000 ooo é %m*ﬁ

R
“ i T, W L

J?g@; g‘é‘pg oﬁ¢§ 8:3‘35 a,ow‘g, . A S

Fa 0.01 Fo 0.03 F0=0.05 F0=0.10 Fo=0.15 F0=0.20
E 10 B BAHE T B E 5 7 ks L it 72

Fig. 10 Temperature distribution and melting

d=10 pm

process under different particle sizes

1.0
0.8 F
0.6
§
T 04r —8— d=4 um
—o— d=06 um
—A— =8 um
02F —v— d=10 um
0.0 1 L 1 I}
0.00 0.05 0.10 0.15 0.20

Fo

E 11 B BAHE T SN 5 R E

Fig. 11 Melting end time under different particle sizes

6], NI H a] DU Bl B R A Y 38 K, 5 Ak o 32
B b, BAE/NVRLAR R BT . X R w T B
R A2 B 15 K, UKL 55 00K 22 (8] A (1] B 48 K
AT [ AR XTI B A F e [ B B o RURRL A Y
B R 5 23 SR fioh RS O S iR T o
(&

4 % B

(1) R0 7% TH 1 19 5% Wi 78 95 1k 2o 72 op ke
BEEMEM . ERAINEE T [ R XTI
IR, T RE TR T B SR PR, R T ko
et o P IABE FEAE B, R B HARE 45 b
R R

(2) XF A5 [ B i 1) in A4 RE | SUM0 44 BE L B
T BRE 5 Ak FERR PR T 21 %6, = 0 $EE B XU B
BE AL HEFE IR T 65. 7% , WO $A8E [ = fin $h
IEALTERR IR T 7. 796, I FARE K i 1 38 il AE
fh e R b, LB m ARORE 1) 50 38 22 I iR
14 4 TR 855 o

(3) 2045 A M0 s A e i v B I, ¥4 BE (9 A7 78
i 45 b i AR AR 48 (H 52 e AUAE AR TR AL R Y 5
PR,

(4) Y ks A2 186 S, 15k ik
FUHEALE /IR AR I T S ] 4

(S)VARPEWIE TR HLAE , 25 & 25 SRR AL AR F
InFSAS , HEUE 3 g A iy TR )
14 58 b A P FH 5% 24 B IS N AR L A i
PO 2 B R R A2 (8 pm) L AT 42 B [ 4K 2 A 3
HEF 45 4K

I, X —

S E WK

(1] FARE . 54 R IE R T AUBUR A Be AT R B fE AR

D] B a0 B At B LR R IR 8l ) AR 2 B
2017.
Tian Ru-yuan. Numerical simulation of combustion
behavior of aluminum particle in composite solid pro-
pellants[D]. Nanjing: School of Energy and Power
Engineering, Nanjing University of Science and Tech-
nology, 2017.

(2] WIRME, e . K R LR B BE Rl M. P4
s VAL Tl K5 AR, 2015,

(31 E3ET5 . [E 4 JCH7 it 7] LAk pe (M. et = B T
A A, 1983.
(4] B2 - LeATRIZK . K A sh UL M. B3, K%

M, AEPE . dbat: Bleg i RAE, 2003.



1206

THRKRKRFFHR(OT F RKR)

% 55 %

[5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

Fang C, Fen L S. Experimental studies on effects of
AP content and particle size in NEPE propellant[J].
Journal of Solid Rocket Technology, 2001, 24(3): 47~
53.

AR, BaRAN, AR, A R A R PR
e L IEFR AR TT ST kR [T, MK AR, 2020,
43(6): 679-686.

Tang Wei—qgiang, Yang Rong-jie, Li Jian-min et al.
Research progress of fluorides in high aluminum solid
propellant to promote aluminum combustion[J]. Solid
Rocket Technology, 2020, 43(6): 679-686.

Jeurgens L. P H, Sloof W G, Tichelaar F D, et al.
Thermodynamic stability of amorphous oxide films on
metals: application to aluminum oxide films on alumi-
num substrates[J]. Physical Review B, 2000, 62(7):
4707-4719.

Jeurgens L. P H, Sloof W G, Tichelaar F D, et al.
Structure and morphology of aluminiumoxide films
formed by thermal oxidation of aluminium[J]. Thin
solid Films, 2002, 418(2): 89-101.

Merzhanov A G, Grigorjev Y M, Galchenko Y A.
ignition[J].
1977, 29: 1-14.
Breiter A L, Mal'Tsev V M, Popov E 1. Models of
metal ignition[J]. Combustion, Explosion and Shock
Waves, 1977, 13(4): 475-484.

Ermakov V A, Razdobreev A A, Skorik A I, et al.

Aluminum Combustion and Flame,

Temperature of aluminum particles at the time of igni-
tion and combustion[J].
Shock Waves, 1982, 18(2): 256-257.

Desjardin P E, Felske J D, Carrara M D. Mechanis-

tic model for aluminum particle ignition and combus-

Combustion, Explosion and

tion in air[J]. Journal of Propulsion and Power, 2005,
21(3): 478-485.

Yang H, Lee J, Kim K, et al. Simplified model for
single aluminum particle combustion[C] /The 47th
ATAA Aecrospace Science Meeting Including, The
New Horizons Forum and Aerospace Exposition, Or-
lando, USA, 2009: 1-9.

Volkov K N. Combustion of Single Aluminum Drop-
let in Two-phase Flow[M]. Hauppauge: Nova Sci-

[20]

(22]

ence, 2011.
Mohammadian S K, Zhang Y. Convection heat trans-
fer with internal heat generation in porous media:
implementation of thermal lattice Boltzmann method
[J]. Numerical Heat Transfer Part A: Applications,
2019, 76(3): 101-114.

Jourabian M, Darzi A, Akbart O A, et al. The
enthalpy-based lattice Boltzmann method(LBM) for
simulation of NePCM melting in inclined elliptical an-
nulus[J]. Physica A: Statistical Mechanics and its Ap-
plications, 2019, 548: No. 123887.

Ghasemi K, Tasnim S, Mahmud S. Shape-stabilized
phase change material convective melting by consider-
ing porous configuration effects[J]. Journal of Molecu-
lar Liquids, 2022, 355: No. 118956.

Chen D, Riaz A, Aute V C, et al. A solid - liquid
model based on lattice Boltzmann method For phase
change material melting with porous media in cylindri-
cal heat exchangers[J].
ing, 2022, 207: No. 118080.

He P, Chen L., Mu Y, et al.

Applied Thermal Engineer-

Lattice Boltzmann
method simulation of ice melting process in the gas dif-
fusion layer of fuel cell[J]. International Journal of
Heat and Mass Transfer, 2020, 149(2): No. 119121.
Eshraghi M, Felicelll S D. An implicit lattice
Boltzmann model for heat conduction with phase
change[J]. International Journal of Heat and Mass
Transfer, 2012, 55(9, 10): 2420-2428.

Zhao C Y, Dai L N, Tang G H, et al. Numerical
study of natural convection in porous media (metals)
using lattice Boltzmann method(I.LBM) [J]. Interna-
tional Journal of Heat and Fluid Flow, 2010, 31(5):
925-934.

Jiang Z H, Yang G G, Li S A, et al. Investigation of
the ice melting process in a simplified gas diffusion
layer of fuel cell by the lattice Boltzmann method[J].
Energy and Fuel, 2022, 36(10): 5403-5414.

Jany P, Bejan A. Scaling theory of melting with natu-
ral convection in an enclosure[J]. International Jour-
nal of Heat and Mass Transfer, 1988, 31(6): 1221-
1235.



