May 2026 Rl % 18 N B8 &
Vol. 46 No. 5 SPECIAL CASTING & NONFERROUS ALLOYS

H 6 E S 5515 89 EasyCAST 8 FF & 5161

FER' B B & &£ BFR
(1. PR XPHHHFE TREZR, KGR EBESSHHB L L AR # P, 34 4538 3t R AL
HE T EEHET, KR 030051;2. RRARKRFMHMAAFE TRESR, KR 030024;3. b wHE K FIFTHHL
B TAZ S5 K 413 P oo, b 10008354, i3 FHAHF B EHREEAF R, % 110004)

e - it E AL A

B B BSRASENEERTMAR, LT HEHF AN EasyCAST %1 T AL TG, R T = 4E Bk 35 0 o6 - 15 G & BUE 5 400 0F
9% o R VOF 22 A1 i 455 038 B 4 8 W - 28 S T8 AR L 25 5 A i e T I A 260 8 38 2 30 7 76 ok 2 W 0940 i 900 58 N2, 308 e o 4 4 A A 750
SIS 1 - L -0 A 2 [R) R A BB B, R 2 R v B T R G X BOE R R AT T IR E . 25 S R B BE v T P 4 R VR ATV R
B, 5 XL MR —3., PZLIOVR A& YIREM AT 4, AR MR L5, sl TR R E M, JtEdyS
JSCAST .ProCAST #AF#AT R L, RGBT 1 0 BUE R BB 45 CIRBE 43 A1 S CIRAT S iy — Btk . BRI R W], EasyCAST 4t
FE AT 30T A v TS I ot R TR B A R TR A T AR A DG B S IR A U R 37 TN A 5 Al R M R4 R v R —

KR EHEE BUEER ; EasyCAST ; Z 7

RESES TG21;TP311;0242; TG249.3 THAREE A DOT:10.15980/j.t222. T 20250468

Development and Validation of EasyCAST Software for Gravity Casting
LI Zhihao', PAN Yue"?, HOU Hua"*, ZHAO Yuhong"**

(1. School of Materials Science and Engineering, MOE jointly Collaborative Innovation Center for High-
performance Al/Mg Based Materials, Shanxi Key Laboratory of Intelligent Casting and Advanced Forming for
New Materials, North University of China, Taiyuan 030051; 2. School of Materials Science and Engineering, Tai-
yuan University of Science and Technology, Taiyuan 030024 ; 3. Beijing Advanced Innovation Center for Materials
Genome Engineering, University of Science and Technology Beijing, Beijing 100083; 4. Institute of Materials Intel-
ligent Technology, Liaoning Academy of Materials, Shenyang 110004)

Abstract: Regarding the filling process of aluminum alloy gravity casting, a three-dimensional transient flow-heat
transfer coupled numerical simulations was carried out based on self-developed EasyCAST casting process optimiza-
tion platform. VOF multiphase flow model was employed to trace variations in molten metal-air interface, and stan-
dard k-¢ turbulence model was utilized to describe turbulent effects during high-speed filling. Coupled heat transfer
between casting, die, and sand mold was achieved through a conjugate heat transfer model. The mathematical model
was validated by classical benchmark block filling experiments. The results indicate that molten metal front morphology
is accurately reproducted, which is consistent with X-ray experimental results. Further mesh independence verification
was conducted on Y -shaped casting of Z1.101 aluminum alloy, confirming the stability of simulation results. System-
atic comparisons with commercial software JSCAST and ProCAST demonstrate consistency in melt flow patterns,
temperature distributions, and spatter behavior during filling. Simulation results reveal that EasyCAST software effec-
tively captures key physical phenomena such as high-speed jet impact, wall adhesion, and gas-liquid interface evolu-

tion. Temperature field predictions also exhibit high consistency with those from other commercial software.

Key Words: Gravity Casting, Numerical Simulation, EasyCAST, Multiphase Flow

) B3 R A B RO BEAIR Gl TR A iR A ST AR SR G AT R R, H S A
SRS R R LG WS AR SR E . R W A h R T A B S A B B [

Wi B H#A:2025-12-19;1&1T B #3: 2026-02-24
ELWE :EHEK AR AR LW B H (U23A20628; U25A20286) 5 LU 44 ) 4 5 K L 350 1Rl “ #8485 b 9% Bh 31 H (202301050201004)
FE—EE A S B, 2001 4 A B BFE A E-mail : 2414757446@qq.com
SRR G S Y] BRI E ) 5556 19 EasyCAST 8 IF & S IELT ] F¢fh 35 1 BoAT (55 45,2026, 46(5) : 686-693.
LI Z H,PAN Y, HOU H, et al. Development and validation of EasyCAST software for gravity casting[J]. Special Casting & Nonferrous
Alloys, 2026,46(5) : 686-693.

686



T 1) 7 %5 3% B9 EasyCAST 341 & 5 8 3iE

AR DA S ST Z A B AR B B Ze B .
AP AT E BT AT A5
WGBS 7 A S AL AR Ve B A R Y R
BRI P ) A R S IR AR T R EAR R
(R 2, 5 1 1 0 2 B8 AN AN 32 2 WL ke g 552 Wi, s, 5 HE 4l
WA BURRAE 25 U AH O o DRI, R A 3L O ORG f ToT AA
ZOW e AL B GO 2H R i B L R AR T R R
ZATERMNZ O . BE TR WA )% (CFD) B H
fEE M O — P B DA R AL 2 ) SR
SEE IR 3 ik ny R R R, 2 RE RS 8 ek it
O R B 5% 5 ok B 4 s ) BEAL B B 20 2 5 P e
R K T2 2R b AR B 4 0 (Volume of
fluid, VOF) MK V-4 15 RB A RGE A i A ™. brif
k-e WL 97 T i i A UL, 36 B8 4% #1 (Conjugate
heat transfer, CHT) #% % W H T K5 o 4 id &2 4 $h ¢
e AEROW R M I AR i B R TS R
MRHTB LRSS — MR 1= 53 1 F G 2
TCYI Yy, AT AT AR A A A A OAE AR AT A 2
AR O G AR TR g — A SRR T S T
N 2R L R R s B A ek AL El
BCC 25 #4 Mg-Li-Al A 4 A 78 7 51011 55 J 1 4 2 A4 B
o Ak T 1 PR R A LA S MR TS T2 R
FEARAE TR R, e T H GBS 7E JC 4 B A4S 19 4%
[ T R I o (304 S W NP o =5 T
AR 22 1 A 1 1T P S 400 401 % 1 58 A &R T LT
Jog FHT R AR I A R M A A A R RE e
JE AT K S ), [EN 1Y EasyCAST (%4 CAE
SEAE FR B A S HE IR AT T A Oy T O T
FER S R B A IR 2 A K IE
() e A B o i AL A, 0 T AR B TR e g T
H AR SR e S B A R X

F 20 22 90 45 ARG BY B 3 JF & 4R WAk 52 T4k
EasyCAST % T 2L R G FEZLHE TR
6 UE KR S 7 T AR T R AR ARk WY
L m R RS 5 IRE Z YIS I R,
TEAR BUHL A% 2 S AL T2 Rl 2 SO ASE 0045 T THT B
T — 2BV R A 3 SO0 2 2 A L 5T B
5 7 WA S AR A, B T R REE
HAS 35 2 25 L (B AE X i TR ) 5 1 0 0 R A 0ot R
(R ADL T o] - A ARG B2 5 SR80, AT R A
E o R R L T A W P 1 DR RS o I D N4
] A7 2% 3R B TF R BT 5B R A R g B
I 08—, AT Y T I 1% 55 B Pk A A Y 1

R, ABESE 3T B EFF AR EasyCAST K fif 4
T — A4 VOF Z M TR A5 £-e i T4 Y %

oL OB T — R A = e R SR A B AR,
S, 38 1 2SN B R A A LI IG5 UE ASE AR A AR L 7 A
FIFR 2% 183 RS A AT Sy O e AR R L BT, DL
B ZL101 85 4 Y B 808y xb 42, IF e A% I 5 P iF
TR A S R TS . )5 8% EasyCAST #£
e TR BRI 1 i SR E A R 5z
1 75 A ISCAST . ProCAST #E47 5 & %) e 5 5
INT . ARG B IS A FR AR 24 E
B s e AR ) T 4 B T, I8 TE A% O B A R A ] SR
I A H N T S bR AR 1) T2 Ak 5 el o
REtS%

1 HAAARBIE AR

1.1 FHERIE S 75 2 (Eulerian 2 3Y)

COFR 8005 B o B 22 K 4 38 o AR H. B & Y
LA B, G TR BB & ] o, 3R7m o IR
R BRI A AR o A A4 2 8] OF EL AR 23 0 A2 T A
ST E .

g IRV E
V,=| aav (1)
o
Ma,=1 (2)

Ao, VORI RS BARE VO g A R R B
PR B s o, g A B AR B A3 B0, R UM A TE Ry B 1%
AR N BT o5 Y e BUE S RN [0, 1]

(2D S PE 7 12 CBEAD

2 @)+ Velao,i)= D, — )+ S, (3)

PFq

Kb, e Bt al 0,0, F1S, 43 5 A A g B % B 2R
T o R AN T b A RN BRCES B B AR 1
) 577, (B m,) AR NG p (o) AR EE g (p) HH Y BT
I LU VA S EATA VT R

(3B Ty R CREAD
%[aqpqﬁq]+V-(a,,p,,ﬁ,,ﬁ,,)zfa,,Vp+V-

(a‘[z.‘l')+ aqpq§+M4 (4)

Ao, A g MR N T -0 AR 5K o

. . 2 .
Tq—#urr,q[vvq+(vvq)T_3(V'“Uq)l:' (5)

M, A 35 A
M, = M, + Mgy + Mo,y (6)



Frfp il MR (05 &

2026 4E55 46 #4555

A, Vp Ry S B6 5 g S E g I B R 5 e, A
(4 i it G BE s My, W TE 0, e AH TR R B BB RE A
M gy 9 BT [ Mg, = K, (0, — 0,) ] AR BH T3 1 %
B3 o M, o0 LT 77 (SchillerNaumann 51 | 4
— AHAHXE T 55— A R R A K, o BT Bl A
=H
(4)RE 1 Jr F (R AD
d(a,0,h,)
at
Q.+ S, (7)
N hy ke BT, 53 50 AR g B FORS A7 RS TR B0
M 5 Q,, P AH Z 18] Y A H ik 5 5 S, , A AH g Y fE 2
PRI CAN H A2 BB TR/ W D
1.2 EfFRETTE
[ % DXl (SR e A% 52 07 7

JT.
= VARVTO S, (8)

L 00cp Tk HNS, 30 Ay [T AACRR 4 %% B8 | AR |
T 5 A R ORI AR PN AR
1.3 ZXEWBENH
T - T A 2 5 Tl L O 3 2 M 5 PG
Tk B S B T R

+Vela,0V,h,)=V *(a,by,NT,)+

OsCp.s

4
T

T[: YﬂS (9)
S, TR T 43 0 Sy A R[] 4 7 ok B
PO P R
aT,___dr.
K dn s dn (10)

b, 3 BT 5 T 1) 5 e R ae, 43 0 Sk AR A T
K1 5 # &R %0, 38 i turbulent TemperatureCoupled-
BaffleMixed i1 5 5 /F 5281

Xof A A R T ) B R L AT — Uk AR 1S Y
I A Tk 2 S SCR A P R B 30 B AR A L SR i AR O AR L Ut
S I FH b — R A A5 B I T R A ST AR Y T B 3
TR IF R A 1 A 5 AR AR — BLPAT B e AW s
1.4 HiREE(RANS)

TEAE ] EasyCAST K fiff 43 BEAU 8 5 B 0 Wb 20 5
T 85 5 1 AR R FH AR A-e i TR Y 32 B T H AR
TR Tl RUBE 2 2% Ui 8 v A 8 R T IR ST
2 e e < 2 T RE A A SO B R T Y B R ER A
AR R A =B ) e o U B R =T
KO, T B BB AE 8 03 K T i L X B AT A BEUR E
MR T 0 A 2R A BB (AN LES 51 £-w) |, k-e BRI 50 A
A3 AR, XN TR 2 DX O 2 4 T - 5 [ )2 - [

688

A -0 RO AL B A AR K2 Z2 A0 AR B AR FH 9 K R AR Ik
ABALEA 8 S L, O CAE R 2 Tl %5 1 Jifd
TSR 2 461 v B T A A TR T B
B ke WG 5 PR A5E AU A 45 1) 7 F2 h
o ok of( L w)ok
o dt Tew 81'j_ dx {(#JF ak)ax,}+

J

du.[du,  Ju
u,( % uj),os (11)

e dx; \ dr;  dx,

de —de 0 Yo\ de
paﬁp”»"ax,_w{(‘ﬁgs)af,}+

J

(12)

ce duldu; 32 3 €

/e"’axj<al»j 81',)_ k
A, ot ke 53 0] R T AR R 2 B R )i O Bk 2 3
B 1 T VAL R B 5 0, o AL R V- B R G Bk AE 4 7 16 R 4%
iy, 2SR R 5 e, O U G BE i O AR AL T AR A
B 50,2 £ J7 TR L W RE R 0 R e 7 R I i U B
FREG oo BRI R

3
e=Cpk?/l (13)

kz
H= 00, (14)

A, 2 A i A B R A KR A LA RS Ol R
BN EETINER;c, NERK W ., £S5
f,c,=144,c,=1.92,¢,=0.09,5,= 1.0,0.= 1.3,

2 BAERMEER

2.1 HAFREERIKEEIE

2.1.1 MRS HOE E

UL A4S A 4 3 Ui /3 58 2 B Campbell 25831, #%5 14
AR Ry — A, HOL T R R 200 mm X 100 mm X
10 mm, i T2 R R N B BT R 40, % bt
R BR R,  F J BE T R G 0 JLAT TR B R ST U
Lo B v, R A X R B 4 R E SR & @ W A
2100 B 50 bt Ao 8] A0 28 1k o 3 56 00 T KR B o R T STk
(38Rt in & & e Bl A2 X R AR T4 . BeiE
&4 R BB A B0H 99.999% 14 4l 48 35 i B b BT
WWENSHWEL, Bd5mEE X HELE 5T
ok B A HE B M O 2L RO TR X L B T R
% B e A o R R s i e, R s A AR R AR T
BRI 2 AR L BE AR b 6 B M S B0 R K
I, A TR TSR AR B S R T E E



A1 1) 2 1 45 3% (1) EasyCAST #4-JF &% 5 56 31F

e Y
ZEx %

19.2 15

380

100 100

50

50

20

5

B 1 U BRIE R G0 JURT R R BR
Fig.1 Geometric shapes and dimensions of castings and gating
systems
®1 HESREPAERENSH

Tab.l1 Parameters setting during calculation process
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Fig.2 Experimental and simulation results of filling process for

aluminum alloy reference parts at different moments

22 EERSIREGBERLX SR

221 BEEI SR 5 R A% 0 G S E

163 T 2 ML K 560 0F T EasyCAST A0 45 5
WET M B SE b b E— 2 LAY S 1 A G, T R A%
TC MW 5T, I HF EasyCAST il B 01 45 5 2 7l
B ISCAST ProCAST ZE A7 85 [ X HL , LATEAS HoAE &7
22 JUAM 2514 R 9 TR 30 R B 5 R 0 — 8otk o WFgE X
SR ZLI0MB G4 HEA R R MGG R A%
F A5 12 MR RE Iz I T RE R A 2 2 R A
Bl 3k Y I HeoR 2 B, %A R F i 180 mm X
46 mm X 114 mm,ZL101 83 & 4 AL 2# s o W36 2.

UL 1 o A 1 s R AR T R R B S B R R
PEo A5, ZL101 886 4 F0 H13 B ARG 32 22344

B3 YBhF&H
Fig.3 Schematic diagram of Y-block

689



Frfp o il MOA 05 &

2026 4E55 46 #4555

xR2 ZLI015AE6 & HZERS

Tab.2 Chemical composition of Z1.101 aluminum alloy %
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Fig.4 Filling process and velocity results for Y-type components at different filling moments
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Fig.5 Filling process and temperature results for Y-shaped components at different filling moments
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