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Progress in Numerical Simulation on Solidification of Large Steel Casting

LIU Baicheng SHEN Houfa HAN Zhigiang
(Key Laboratory for Advanced Materials Processing Technology, Ministry of Education.
Dept. of Mechanical Engineering, Tsinghua University, Beijing, PR.China, 100084)
Correspondent: Dr. Shen Houfa, associate professor; Tel: 010-62789922; Email: shen @tsinghua.edu.cn

Abstract: The progress in numerical simulation on mold filling and macro-segregation during
solidification of large steel casting is introduced in this paper. Many successful applications have been
realized for the numerical simulation on mold filling. In order to satisfy the requirements of calculation
capacity for the large steel casting, large eddy simulation method may play an important role and Lattice
Boltzmann method may be a potential computational technique. Macro-segregation is an important defect
which is difficult to prevent in large steel casting. The research of numerical prediction on
.macro-segregation in real casting is still limited. Complex metallurgical phenomena such as solidification
shrinkage and deposition of equiaxed should be taken into account in the mathematical model for the
calculation of macro-segregation in large steel casting.

Keywords: Large steel casting; Mold filling; Solidification; Macro-segregation; Numerical Simulation
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FHB 1. ERREXRBERF T 5HE

HERL, DAECRGEY BT ARG KRB NY. S, PRE-EMPURER A RIE
T ERTE 400 PELL_ERIRRIELMNINLEE. BE, FEXRENRGRFEELETREF L™
TZ8%, TMEENAE, FETESTRE, HLGEE:. H1L. S, Wi, BY%

BEEMERMFHRETENEZHBTR. RARERUGETURMNFFRE, KT
B, FAXFENMFAREHARR S RE N BN RATE AR R,

2. HHFEREEREEL

R R ASEEIBARAT 20 42 80 RV, ShtEEREET ENERET, TR
SETEVSEMNE RS, AR aRENEARNENL, HEEEARSIFEEER,
HEASAES. SRBSERFENHRE. MBRRE. ALt SRBARBRESEEWAL
R, i, REEEBATENREE— S8 RO BEEL R E.

80 AR, HEKEFRTEERAVI KRG FT-STAR, KA SOLA-VOF ¥:3 7 XT i
TFTHER, HFHRT R BN REEREF Y AYIREERAEN. B, BARKEIVXE,
ErhPERE. KMBETARSRMENFFEAREBRRESELTERFA T, EiF LR
BB SAL SR IE. WER MAGMA. %M Procast. 352%# CastCAE. FHHEFH ForCAST. X
B Solstar. H 4[] CASTTEM. #EA SIMULOR. g8t Novasolid 2.

U BHRBEERPEFZERNFHSB T RLRS. B8, REEBRGOEEREMKERBER
MR TR R NER, SR ERAARE AR F TR % TR E B K EALLES)
X Reynolds B35 BT . BTN ARS NEMEYRFE K-BN NS BEXMNEE . €6
HE K-SR PR AR KRB TEREASEE K AERFRNEREORE RSB FEABTHER
Wil BTERNAETERRARERATR, TARERS SHEKILMFEE A%, Bk,
FHPHEAARRYEN, MRANFESFX. REYR, AFEN—RANBEANE—HRK; T
FEEEBFS, ENNEXRRARTFESE, MTXHBEEEHE2RME. fUl, TFBPOER
AERFAMM AT E. KBESMNERE. EERBEEIXRERRES), MAHKMERERER
BAELNRBERRESHN KRERRESNNRE. KRERy & E &M NS AH RRAEEREE
1, BeFl LES FiEal URARNUTE A S R RRER AR EE R R, AN KRRt
RBEREHHSEREE SEEREERARER, SHROE A HEREHE R EhEAES R
RESEREENERY.

R H AR LR TRASBR AT EEIERARI N E AL EHR N E LN T BNz R FiE
HE. ERSRERMHERT, BNESEBRERTFE. ZHW. KEHBTEFRIEFWT UM
%, Bf: (1) SIMPLE X SIMPLE #i#)7#:; (2) MAC X SMAC i&; (3) SOLA ¥5; (4) TSR,
fEF] SOLA FEME B BRESE RN, SRATNELSEERAGRTENR, Kki—4
REEES, FHAEEEHANEEETED: WRRHRCELESTR, WEEELREES
TIRAH R, BARNEEUFRE: SREEERLESEHEN, XNAINEEGE
HGBERFHRERGFE . SOLA FEREA— 1T ERTERANGR T EEHNE 35,
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ETRERRNESEE. # T (Lattice Boltzmann) 1EX—F#FiE R RERNAIRBESEART &

RHBFINTERER, SHANREHERETERR, BRI ERFEENFHE, MEENM
S TEFHRNGET TEHR ARZRHER, UEREERER MM T EBEERNZHESNR
B, NTIBRRAN IS, SEFRATEESHYOMME, T2 TFERAGZ FM PR,
BB EL R, Fidh KRB THR, FARZERDFEER MR T REIFTRE,
HERLLMHMESGH LR, AREFREANAR. SIBENRRFESEAYENR. BTIR
RS RESIETE BN ER 1000 4L L, EHit, B FIERE—FMBEHRBIRNTH
7392[6].

HU4AUSETASERARTE HHREAMONS. TR EARIBTHEAMLEEWE
EBW A BEFE(Tracking method)H1H B ¥ (Capturing method). FREFEEENNALBI H¥:, FIRAFE
LEBANMERARRREBANASINRA. BSEFEFREATOES), TERA—4TBHK
kFERFE—MHERBOREATEZHKEGRENEN. B0 VOF FERAHEKRFEK
ERRRERE B AR . FRAMRE TE0ER VOF &, SFEf BRAERENEHREE (P
PSR F LUK B BT AR, BRSO T, S R
RLHRIFORE.

At HE. BEHEEHROREEESTHEAIRHAMRENCE | B IERBEHTW.
H—PRBEG. FRAHETLURRREE#ASA. RAAME, AmEdHEE. e ELZ,
BHIS R .

1 EE 4 REEKE D DEURED AHTHIRASAHAANEHEE T Z4H7Y. 5
WAV BV B AE00 18 &, P~ AN 8 A . BRI R E 140t, 4 MEOE 82t (H
RREAMKEOE 25, MNEOE 160, FHRERT 10200mmx4300mmx810mm. HiLTE 1500mm.
A1 RRANEEORS (HHELES 810mm) KEN 144s. FETRES, SKRIERFRE
Py EAFEBEL N 6.6mm/s. FREILRE, FHRKEEAN25°C. HFI EHBUEROITE,
FEHKE—REENTEREHED. BAULRER, S0min ARBEFHKBRRRD, RBERLEY
B, B TEERE (BEL/Lmm). WMEEEE MK, FLERE DN, B THEKR #
RRRERE SRR, BREXSEIETEREAINED. RERWERK A B O 75 K7L
1, FEAMNREIERAESET 4h. B2 AF—KSHE O (S E Sh20min) KEES, D
WE TRT 4 320mm. RIFBEER, B RSPARATE 8K, B 3 A% —KAH/E 10min

CHBfE Sh30min) KRR, AME, BOLEER. B 4 A% K0 GRRYE 9h50min)

BEXAEE (AEEHMHEK). ATERREHEEE, BERREELENFHRITT R
Hl. BFRTR, BE2Rse, AEORBELTERE, A DU RMUFESEE T %47
iE R AN 1E



1 F—RRELEREMKBESME (BORFTEH) B2 B—XKAE ORERES
Fig.1 Temperature distribution after the first filling (riser is | Fig.2 Temperature distribution before the first feeding

partially filled)

3 B—WRRAE 10 e ER S B4 B_RAAHERR (REFERHEX)
Fig.3 Temperature distribution at ten minutes after the Fig.4 Solid shell before the second feeding (mushy zone is

first feeding not shown)
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ERMITREEN BT KT BSRRENGERA NG MR, TR FR BB R
MM BEABSFERERENTIS. SIRAINERCRE. RERBMNSIRETIERFHSE
High: WABBRERBA IS AT ERAEENASSIG, EENERATIIRN AN, 28
. BESE. FURIRSIFREESRNESN: HEPHBEMENITH. HEERBE. UR
BT R ENB RN RN RN, ERBES. BENARERTRERNI S
EREEERNERE. £ AR (DS) MRS RN S 4T, RERITEREHRKNEER,
FABEEMGT. RERNAHMERFAMN, BTHARTX, RENAK, 2¥K4-EESHET
G, PO A BR vV BEERY, AN RSHIERERREERZ NERTERHITX ST,
ERRTANKRBGER, EERMENEERR. BAPERAYSE, NASTHRBLEH
B, BT XERERBAREEN EEAERNER, HNSISBAMEIMEENE RS, KAMRE
MR ERALERR, RESBHRMGHHRE.
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ERHEHETHT &R

SHFEMRTERIERN N, BRESHEREMA, HREAT MR, HEEEHFTE
H—BREATR. Lo, ST RTEENREERAEXRABREIEHE, EFR EDREFE
4. EANFFREVRITOREERE, FHTADEAR L BEREEERAR, BrRERRITER
M.

60 KB, Flemings ZAEEMMITEATEIEL T FFIEMBIR, HETHRER—BHE
REHDETE. BHTT BHSERSHTELNENBRFMELE. SR T RERSE R
SFWFRTERITHI N, BRI WM (inverse segregation). #i{WAT (negative segregation).
EARHET (positive segregation). HEZHEHRYT (channel segregation) #H T H—ME IR, HAY
t, BRERAHTEIEE XA RS LN R RN Darcy B . XFHTEERERBTELR
—FARINE XN, RAEEHTHEB R SEBHER MRS, KRRZE T RELIETBTEARMNRER
X4 F 2.

R EN=124E, K5 LHE 80 FERKMLE, & &RELER MRS ERIIER
RS HA S HERE TANAEE, ARTAMEE —BREN. BEW. #REREmEITHEER
RSN T (continuum model)s FIRFIJEE! (volume-averaged model). A K P
% (volume-averaged two-phase model) K # RE. £HHHEE! (multiscale/multiphase model) F. & 1
RIAXEEMRITRENBFETRREIERR.

x1 EURTEFEBGTEHRRRB AR

Table 1 Description and comparison of different macrosegregation modelis
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ET -4
HESEHBIHBFE
1988 HEE R FRAERAS SRR AT,
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17 ¢
HEHEHEHR TR L dT4%:
1990 Poirier #L%Y
+ERFTEIRENE Rg—FE#REME. BREMIRE
EEABR+ZIBRHTB
1991 FHHRR _ PR, PR, PR ER
+RER TR+ U
B R BRI R B ARSHEFEAARR N ERR,
1996 ZH/EREET HHIBRHE B S EABRIRRER:

+EBARR B+ AR T EREH. BREWL
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(a) (b)
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Fig. 5 Fluid flow (a) and solute concentration (b) in the longitudinal section of ingot
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WAEMEN ERRTEEBEZM™M, Ni # Incropera iEF Stokes A3, B EEHTR AR, #
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B 6 RIFHEAFRAGEHBERA KL 5SS IR T H AR N AR ALATRERMTE
¥IBER.

WE C/ Wtk

B6 ABHRRRESHER C TREMRT

Fig. 6 Macrosegregation of Carbon after solidification of large mill stand casting
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Abstract: The production status of heavy steel castings in our country and the gap compared with some
advanced foreign enterprises was presented in this paper. It takes national key projects such as
hydroelectricity and metallurgy as examples for analyzing and predicting the magnitude demand of heavy
castings in domestic market in the coming 5 to 10 years. It also gives a particular introduction of the key
technologies in the manufacturing of heavy steel castings like metal melting, foundry technology, heat
treatment technology and numerical simulation technique, etc. and their practical applications in the
production of heavy steel castings.
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