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[ Abstract |

nickel-based alloy brazing process was carried out, and the flow model of melting-wetting filling weld of nickel-based alloy filler metal

Based on the actual welding process of rectifier sample structure, the numerical simulation of high temperature vacuum

in high temperature brazing vacuum furnace was established. The numerical calculation was based on the volume of fluid( VOF) meth-
od. Considering the factors such as surface tension, gravity, and latent heat of phase change, the laminar flow model was used to solve
the flow behavior of the solder with time. The distribution of solid and liquid solder and the distribution of temperature field were calcu-
lated. The phenomenon of braze material loss and weld bead formation on the surface of the base material, along with a good filling
effect of the braze material inside the weld seam, verifies the rationality of the arrangement of solder and temperature control in this bra-
zing process. An empirical formula for the volume ratio of braze material filling the weld seam with respect to time and temperature has
been provided, offering guidance for actual brazing processes.

[ Keywords | braze welding; solder flow; volume of fluid; surface tension
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Fig. 2 Temperature control of the computational domain
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Fig. 3 Grid of computational domain (x =0 mm)
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Fig. 4 Volume distribution of parallel slit silicone oil
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Fig. 5 The flow distance of silicone oil front
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Table 2 Grid parameters and independence verification

i 6 v PRBLS E/ % HIXFIR 22/ %
A 353 874 53.19 -3.94
B 479 706 53.99 -2.50
C 821 503 55.37 —

FI A AR % P9 AT BHAR AR B HE G AR X R 22 4 500 R
-3.94% M1 -2.50% ,I7E 5% W= 2E N, FESUETT
EUHERE R RTEE R, T A TR ] 3k A% B
WATEE T,

4 HEERSHW

AT AR A B AR AR A N 6 B
WG 6 1] LUF HARAE N AR 220 14T bz sk
o BSEPRHEREZAS LTt Y PRIA R S5

(a)1=0.0s

(b)r=05s

(©)=1.0s

(d) =20

0 0.5 1
KB HL
LTS R BV B € AR 2 R R (S RS M B
AR S

Ko ARIEZT FPEHAR MG (=0 mm)
Fig. 6 The distribution of solder volume at

various filling stages (z=0 mm)
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Fig. 7 Solder flowing distance along the bottom of the weld
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Fig. 8 The volume ratio of solder phase in the weld seam

(a)r=1.0s (b)=2.0s
.
0 0.5
TRFRG B
LLETR A AR A E A & R IR EFR S R,
HARAICAE SH
K9 A2 FPEMER 3 (2 =0 mm)

Fig. 9 The distribution of solder volume at various

(c)1=5.5s

filling stages (x =0 mm)

(a)t=15s

(b)=32s

B10 AFERZE SRR A AR

Fig. 10 The distribution of solder phase volume at

various filling stages

BB . B 10(b) e =3.2 s I AOATREEIR S
AT BEAE %) ARk T G 58 [R) A E B I 4 AT L, B
RS IR e o AR Ak St

B 114 T AR 20T B A, AN
I R 20 A AT T s ) 3R P 37 L I AR Ak, X
PRI SRy A1 A DX N e 0 25 1L BT R S & R Z Y
PSR TTAR AR R RE B 2 18], i2s SO 4T R TR
JEE PR ) T LAY BT RHIES T IR Bl )
M THERRGE E TV, oA AR IR B AR A A Ty
EFRHEE /3 A IR AR FFEIE S LA (1 470.0 K)

¥ M k. www. stae. com. cn



BoE R 5T R

7120 Science Technology and Engineering

2025,25(17)

PRI RE R ME DL 1 LS B B 23 0 N AR
- AR R TONGE 5 AR U8 28 40 Sk 4R AT R iy 1
AR, FESEPR T, A T AE R A AT R R 3 T
T, e Sk Y B i, AR R AT AR AT () (o) RN E
(T) WA R TREE AT RHMATR L 255 0 =0

Vo= (Aﬁ+87)x 100% (8)

K (8) . VN IRAENEFRMAR it A LB B
B,H A=0.178 5,B=276.839 1,

R 2056 2 =X 22 i) A A5 4 D9 T AR AR L i 28
W 12 iR, 456 R A AT RHAT L RERT fa) 75 B
F AR R ER I 25 R LB & BFE =1 s NAY
T 25 S mk 2=

(a)r=1.0s (b)r=2.0s (0)1305
<1470.00 1485.00 >1 500 00
i /K

B REIEZT iR oA
Fig. 11 The distribution of temperature at

various filling stages

i /K
1010470 1475 1480 1485 1490 1495 1500 1500
= FfERE
80 - ZIRPREL
N L]
ﬂ 60
I u
B
L u
= 40
®
20
u

0 . . . . . .
00 05 10 15 20 25 30 35
it IHl/s

B2 SPRMATRELOC T TE] (¢) ELEE (T) FYZ 50 R KL
Fig. 12 The empirical function of the volume ratio of

solder with respect to time (z) and temperature (T')
5 #it

FT VOF AR Z AR ik S T S
S AT IR S I R R AT ) Rl - TV I SR R AR Y
SR WFSY T A ST RHE R 1H 5K 1 5 1 R K B
TLER P TIEE B R IT N, BRI
L/(1

(1) 38 J5 T B2 I P 1 25 46T Rk Rl Ae o TS 4T
REIFEBAVER T RS R, TR AL
BRI REEN S WA R, B0 TR T/
ETAL A A% ) I I8 R R s 1 5 B

(2) F TPk & v AT RHA R A, i ad 4T R
AR A3 A R B T BT RHAL G FN KGR0 SRAT IR 2
MBS,

(3) &5 th T T TE] (o) AR (T) RO BT RHEL ST
SREERFR L2002,y SEBRET I A B rh 4 s 4R
e RS %

2 % x #t

(1] WkE, LRI, MrabfH. BRakmil & G TR st ],
HUBH 8 SCHl -0 ), 2018(2) « 19.

Xu Xinxing, Dong Honggang, Chen Jingyang. Progress of brazing
filler materials used for nickel base superalloy[ J]. Welding Digest
of Machinery Manufacturing, 2018(2) ; 1-9.

[2] EW, X7, EmE, & E KPR TR LR R 34
BEiR =B ARG B B AT (0], Wi A 8 #l, 2021, 47 (S1)
25-31.

Wang Bo, Liu Yang, Wang Fude, et al. Research and application
of thermal barrier coatings for aeroengine and gas turbine blades
[J]. Aeroengine, 2021, 47(S1) ; 25-31.

(3] skifiz, i A7 PR F M (M), dbxt: HLAR Tk i A
#, 2020.

Zhang Qiyun, Zhuang Hongshou. Handbook of Brazing and Solde-
ring[ M]. Beijing: China Machine Press, 2020.

[4] #h¥. AR B L RA IROTBUHE B[ D], B,
A R, 2008.

Zhong Mao. Numerical simulation of the temperature field of vacu-
um aluminium brazing process[ D]. Shanghai; Shanghai Jiao Tong
University, 2008.

[5] ¥iadf mEESPUE RS SR T Z5ET]. WERPLS
B, 2022(4) ; 140-142.

Luo Yunfen. Research on vacuum brazing process of high pressure
compressor rectifier[ J]. Internal Combustion Engine & Parts, 2022
(4): 140-142.

(6] MIFA, BE, LT, 5. HIER

SHHTLI]. JREE, 2024(2) : 51-56, 73.

Hu Qingchun, Teng Zhi, Jiang Xiaoping, et al. Finite element sim-

H SR A RTINS

ulation and analysis of vacuum brazing of hot runner manifold block
[J]. Welding & Joining, 2024(2) . 51-56, 73.

[7] ZEMEY, B, #7R, 5. C/C EaPRHTIRIEL N 1151
AWICAIHI[I]. BPEHSE, 2023, 37(1) ; 217221,

Li Shengnan, Lu Quanbin, Du Dong, et al. Finite element analysis
of stress field of C/C composite brazed joint[ J]. Materials Reports,
2023, 37(1): 217-221.

[8] Festibk, AR, 24, 5. YG8/CHA169 5Ah b RL4F K7 52 3k
BEARE T HIEAEREUT]. A2, 2024, 45(3) : 6874
Qiao Ruilin, Long Weimin, Qin Jian, et al. Numerical simulation
of residual stress in YG8/GH4169 dissimilar material brazed joints
[J]. Transactions of the China Welding Institution, 2024, 45(3) :
68-74.

¥ M k. www. stae. com. cn



2025,25(17) AR, 55 T U A BV Y ) B2 BT S R 0L 7121
[9] Hartz-Behrend K, Bach F W, Mohwald K, et al. Classical molecu- Li Haochen, Ma Zhi, Guo Tongcui, et al. The new study of two-

[10]

[11]

[12]

[13]

[14]

[15] &

lar dynamics simulations ( MD) of wetting phenomena in brazing
processes| C]// Proceedings of 9th International Brazing & Solde-
ring Conference. Aachen: DVS Media, 2010: 248-254.

Sun J, Liu X, Tong Y,

temperature fields,

et al. A comparative study on welding
residual stress distributions and deformations
induced by laser beam welding and CO, gas arc welding[ J]. Ma-
terials Design, 2014, 63: 519-530.

Takeshita K, Yuhji T. A novel approach for predicting the tensile
strength of brazed joints[ J].
tions A, 1998, 29 587-592.
TEBE, IE g, . BRI
LY. G HOR, 2009, 30(1) : 73-76.
Wang Dlanlong, Wang Jun, Hu Yunyan, et al. Numerical simula-

Metallurgical and Materials Transac-

Yo i g

tion analysis on temperature distribution of on-site induction bra-
zing of tube[ J]. Foundry Technology, 2009, 30(1) . 73-76.
W24, JERE , 4F00C, . =R PR Ray A
WLT]. AT, 2014, 41(6) : 779-783.

Chen Xing, Zhou Guoyan, Shu Shuangwen, et al. Numerical sim-
ulation of crack growth at three-point bending brazed joint[J].
Chemical Engineering & Machinery, 2014, 41(6) ; 779-783.
ZRLL, ARER, BT, . AR RAER PR RET].
JEE TP R4, 2017, 43(6) : 956-963.

Li Hong, Zhang Xu, Huang Haixin, et al. Progress in the numeri-
cal simulation of brazing process[ ] ].
of Technology, 2017, 43(6) : 956-963.

W, SR, SRR, S BN N AR AR LA T
[J]. Ble#EAR 5T, 2015, 15(36) ; 155-158, 178.

Journal of Beijing University

[16]

[17]

[18]

[19]

[20]

(21]

phase fluid displacement model[ J]. Science Technology and En-
gineering, 2015, 15(36) : 155-158, 178.

Wang K L, Wang Y, Zhu W H. Investigation of characteristics of
the capillary-driven underfill flow[ C]//19th International Confer-

ence on Electronic Packaging Technology ( ICEPT). Shanghai:

IEEE, 2018 1070-1074.
BENZE, JRRH, FIEAR, fy T VOF F CSF J7 i 1Y 28 1%
HEMM D BMEER[T]. P FHEREAR, 2011, 36(2):
169-172.

Yao Xingjun, Zhang Fengyang, Wang Zhengdong. Numerical
modeling of capillary flows in a non-uniform cross-sectional cavity
based on VOF and CSF[J]. Semiconductor Technology, 2011, 36
(2):169-172.

Khor C, Abdullah M, Mujeebu A M, et al. FVM based numerical
study on the effect of solder bump arrangement on capillary driven
International Communications in
Heat and Mass Transfer, 2009, 37(3) . 281-286.

. AT RR T B R B S T AL AT S [ D]
Kt RS TR, 2022.

Lou Jianwei.

flip chip underfill process[J].

Research on filling mechanism of brazing medium
flow in blade assembly brazing[ D].
Technology, 2022.

Klohn K,
brazed joints: influence of brazing parameters[ J].
nal, 1979, 58 (10) : 296-300.

Washburn E W. The dynamics of capillary flow[ J]. Physical Re-
1921, 3(17) : 273-283.

Dalian; Dalian University of

Lugscheider E, Lison R. Strength of high temperature

Welding Jour-

view Journals Archive,

¥ fE M HE . www. stae. com. cn



