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Influence of Vacuum Degree on Gas-Solid Flow in Vacuum Cold Spray
ZHENG Jian-xin, HAO Wan-jun
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ABSTRACT : Objective The flow behavior of gas and the particle impact velocity are directly affected by the vacuum degree in the
process of vacuum cold spray. The influences of vacuum degree on gas and particle flow properties were studied. Methods The
structure of the vacuum cold spray system was determined, and the gas-solid flow in vacuum spray was studied based on FLUENT.
The influences of vacuum degree on the flow field and particle impact velocity were explored through numerical simulation, and the
gas-solid flow properties under the same pressure ratio were studied. Results The numerical research indicated that when the inlet
pressure was constant, the axis velocity, the density and the temperature of gas in the nozzle were independent of the ambient pres-
sure, whereas in the jet flow region, lower ambient pressure led to lower fluctuation of the gas velocities and lower gas density.
However, when the gas reached the substrate, its temperature was close to the inlet temperature in all cases. The ambient pressure
had obvious effect on the impact velocity of the particle with large diameter, and the impact velocity first increased and then de-

creased with increasing ambient pressure, and the optimal ambient pressure could be determined by the gas contour and its density.
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When the pressure ratios of the inlet and outlet of the nozzle were the same, the gas contours in the nozzle and the jet flow region

were almost the same, and the curves of the gas axis velocities almost coincided. While the particle velocities before the substrate

were different, the lower the ambient pressure, the higher the particle velocity, which was more beneficial to coating formation.

Conclusion The influence of vacuum degree on the gas-solid flow in vacuum spray was clarified based on the CFD, which laid the

ground work for the preparation of coating.
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Fig. 1 Schematic of vacuum cold spray system
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Fig.2 Curves and contours of gas axis velocities under different

ambient pressures
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Fig. 5 Particle impact velocities under different ambient pressure
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Fig. 6 Gas axis velocity contours under the same pressure ratio
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Fig. 8 Particle axis velocities under the same pressure ratio



a4k P12

BB FL2s X S

=

VI A 19 5 79 .

RILE 10, K10 £BH, Y p, =0.1/0.003 B}, i
M A A AR B A /0N, ELTR Bl 2 5 ) G S 2 8 45 Y
2.=0.5/0.015 B p, = 1/0. 03 I}, FE U FEAAL (<44
% B BE A BT R T I BE KOm R R, HLAE « R 92,25 ~
92.75 mm B, SAREERE 2URIBE 0, A A X E] B, S
PR INAS W2, i T AR R ) LT BRI T U
DX JEEFE FE AR AR | PR I S0 o 114 78 1 2 B ph i I
XA AR BEAN RS RS o i i DX A B I, <A
Xof AU P BELA A FH /DN D R 8 3

600
NN
- . ~
500 \.\ ~o
= '\ N
" a00f N
= N AN
= \. AN
= 00 0.1/0.003 \. N
T ———05/0.015 N\
—.—-1/0.03 N\
N\
200553 93 94 95
x/ mm

KO AR I HEAR AL AR A2k o B2

g.9 Particle axis velocities near the substrate

Fi

=

8
./ T -
6t / 0.1/0.003
- ;- 0.5/0.015
g .
; 1003
o4t T T
- A o ———
= /o
QO _ 7
o 7
7’
R
0793 %3 o7 %

x/ mm

K10 SR SEAR AL A

Fig. 10 Gas axis densities near the substrate
5 4it

1) EA R BIR R, fE WU N, R B2
JEE 8 RE A B 5 BRI R ) R/NTE S s TR X, R I5
Jie /I D0 SRR T O sl ) o B BT, (EL )
IR B SRR PR B A FRLE

2) PR IR g Xk RORL AR UKL A4 1R ol e R B i 4
R, TR o o B A 558 e g 8 R e e s, A
Fe Jy— g A7 S PR T 7, S R BRI 1y AT AR
PR = B A R E

3) Mk ORI, W6 4 S D
PG AR 25 A, “C IR A
oy LAY 0 ORI PR 35 BT 7 A,
i DRI AR, JORL 2 P R A1 ) TR
w2,

S Sk

[1] PAPYRIN A,KOSAREV V,KLINKOV S, et al. Cold Spray
Technology[ M ]. Netherlands; Elsevier Science Ltd,2005.

[2] PATTISON J,CELOTTO S,KHAN A. Standoff Distance and
Bow Shock Phenomena in the Cold Spray Process| J]. Sur-
face and Coating Technology,2008 ,202(8) :1443—1454.

(3] #hl5, EWER, skAEZR. iR UL b H e 5 B BF Y
PER[]]. RMHEAR ,2015,44(4) . 15—22.

ZHONG Li, WANG Zhao-yin,ZHANG Hua-dong. Research
Progress of Precipitation Mechanism and Apparatus of Cold
Spray[ J]. Surface Technology,2015,44(4) :15—22.

[4] CHUN Doo-man,CHOI Jung-oh,LEE C,et al. Effect of Stand-
off Distance for Cold Gas Spraying of Fine Ceramic Particles
(<5 pm) under Low Vacuum and Room Temperature Using
Nano-particle Deposition System ( NPDS) [J]. Surface &
Coatings Technology,2012,206(8/9) :2125—2132.

[5] YANG Guan-jun,LI Chang-jiu, LIAO Kai-xing, et al. Influ-
ence of Gas Flow during Vacuum Cold Spraying of Nano-
porous TiO, Film by Using Strengthened Nanostructured
Powder on Performance of Dye-sensitized Solar Cell [ J].
Thin Solid Films,2011,519(15) :4709—4713.

[6] WANGY Y,LIU Y,LI C J,et al. Electrical and Mechanical
Properties of Nano-structured TiN Coatings Deposited by
Vacuum Cold Spray[ J]. Vacuum,2012,86(7) :953—959.

[7] HE X L,YANG G J,LI C X, et al. Preparation and Charac-
terization of TiO, Scattering Layer for Plastic Dye-sensitized
Solar Cells by Vacuum Cold Spray [ C]//Thermal Spray
2013 : Proceedings of the International Thermal Spray Con-
ference. [ s.1. ] : ASM International ,2013 ;184—189.

[8] FAN Sheng-qing, LI Chang-jiu, LI Cheng-xin,et al. Prelimi-
nary Study of Performance of Dye-sensitized Solar Cell of
Nano-TiO, Coating Deposited by Vacuum Cold Spraying
[ J]. Materials Transactions,2006,47(7) :1703—1709.

(9] HSHEHr, S, XA ZR. FL23 Ve IEUAR 4 JURL i sk e
BT 1], FRif$AR 2013 ,42(1) :5—38.

ZHENG Jian-xin, JIN Yao-hui, LIU Chuan-shao. Numerical
Study on Accelerating Characteristics of Copper Particles in
Vacuum Cold Spraying Process [ J ]. Surface Technology,
2013,42(1) :5—S8.

(F3% 121 m)



LR

F12

ISR - 47 45 < DX SR el oI S A g e V2 T M e P 5

- 121 -

[10]

SUO Xiang-bo,QIU Ji,ZHU Hai-yan. Analysis of Elements
and Phases of Nano-SiO, Composite Layer Formed on Alu-
minum Alloy by Micro-arc Oxidation[ J]. Materials Science
and Technology,2011,32(1) .68—71.

FArk, 75 G R R RO KA R PR 5
AR [ M. A5 =BT Toll i, 2010.

WANG Hong-bin, FANG Zhi-gang, JIANG Bai-ling. Micro-
arc Oxidation Technology and the Application to the Marine
Environment[ M ]. Beijing; National Defense Industry Press,
2010.

AN R R B R A SO E AR5
WEOLLT]. Fedn b2 5 TR, 2012,35(6) :92—95.
SHI Xiao-chao, CHEN Chao-zhang, XU Jin-yong, et al. Re-
search Situation of Micro-arc Oxidation of Aluminum Alloys
[J]. Ordnance Material Science and Engineering,2012,35
(6):92—95.

B R, AR KRR, S A SR AR R[]
P22 TR 242441 ,2000,16(2) : 138—142.

JIANG Bai-ling, BAI Li-jing, JJANG Yong-feng, et al. The
Technique of Micro-arc Oxidation on Aluminum Alloy[ J].
Journal of Xi’an University of Technology, 2000, 16 (2) .
138—142.

BV, B BB WO A BRI 5T L i 3t i
(1] M & Jm b RS T4 ,2007,36(3) :199—203.

LI Ke-jie, LI Quan-an. Research and Application Progress of
Micro-arc Oxidation on the Alloys[ J]. Rare Metal Materials
and Engineering,2007,36(3) :199—203.

XEE. LY12 5 4 W RO A A 1582 ] o K g b e i
[D]. BRI MG 7RI Tl K2 ,2009.

LIU Bing. Preparation and Corrosion Properties of Coating

Formed on LY12 Alloy by Spraying Micro-arc Oxidation

[11]

[12]

[13]

[14]

[15]

[ D]. Harbin; Harbin Institute of Technology,2009.

12, AR AR S T 25 D] IR /R T iy
IRUE TR ,2012.

REN Xin. Research on Device and Processes in Scanning

Micro-arc Oxidation[ D ]. Harbin; Harbin Institute of Tech-

nology,2012.
SR, B A SR AR HOTE AR D].

T AER BT K2 2012,

MO Jin-tian. Research of Non-immersive Roller Brush Micro
Arc Oxidation on Magnesium Alloy[ D |. Guangzhou ; South
China University of Technology,2012.

WA, AP, Eoa, S WOCEIBEUESR G SN E L
JEIZ AL S HERE[J]. TTHLA B4 40, 2013,28 (8) -
859—863.

YU Jie, WEI Dong-bo, WANG Yan, et al. Structure and
Property of Micro-arc Oxidation Coating Modified by Laser
Melting and Solidifying on Aluminum Alloy[ J]. Journal of
Inorganic Materials,2013,28(8) :859—863.

AR, 5 0 ALk 2L 55 IR A SRR B IR 2
WEFEHE R[], RIEHA 2013 ,42(4) :94—99.

MU Wei-yi, LI Zheng-xian,DU Ji-hong, et al. Research Pro-
gress of Ceramic Coatings Formed on Aluminum Alloys by
Micro-arc Oxidation[ J]. Surface Technology,2013,42(4) :
94—99.

Tk, TA, BRIREA, 45, 7075 A £ MONE IR 21
NG G EERELT]. S8~ 4, 2011,47 (4) :
455—461.

WANG Yan-qiu, WANG Yan,CHEN Pai-ming, et al. Micro-
structure , Corrosion and Wear Resistances of Microarc Oxi-
dation Coating on Al Alloy 7075[J]. Acta Metallurgica Sin-
ica,2011,47(4) .455—461.

(LEBF 79 W)

[10]

[11]

SAHNER K,KASPAR M,MOOS R. Assessment of the No-
vel Aerosol Deposition Method for Room Temperature Pre-
paration of Metal Oxide Gas Sensor Films[ J]. Sensors and
Actuators B Chemical ,2009,139(2) :394—399.
AW 5RA A BRI A5 YO BT URORL R 15 17 o e
SR O ) B E AR U S AR [T . rh B R T AR,
2014,27(1) :1—11.

LI Wen-ya, ZHANG Dong-dong, HUANG Chun-jie, et al.
State-of-the-art of Particles Impacting Behavior and Predic-
tion of Critical Velocity for Cold Spraying by Numerical
Simulation[ J ]. China Surface Engineering,2014,27 (1)
1—I11.

YIN Shuo,WANG Xiao-fang, LI Wen-ya. Computational Analy-

sis of the Effect of Nozzle Cross-section Shape on Gas Flow

[13]

[14]

[15]

and Particle Acceleration in Cold Spraying[ J ]. Surface &
Coatings Technology,2011,205(8/9) :2970—2977.

JEN Tien-chien, LI Long-jian, CUl Wen-zhi, et al. Numeri-
cal Investigations on Cold Gas Dynamic Spray Process with
Nano- and Microsize Particles[ J]. International Journal of
Heat and Mass Transfer,2005,48(21/22) :4384—4396.
WINNICKI M, MALACHOWSKA A,DUDZIK G, et al. Nu-
merical and Experimental Analysis of Copper Particles Ve-
locity in Low-pressure Cold Spraying Process [ J]. Surface
& Coatings Technology,2015,268(25) :230—240.
GRUJICIC M,ZHAO C L, TONG C, et al. Analysis of the
Impact Velocity of Powder Particles in the Cold-gas Dyna-
mic-spray Process [ J]. Materials Science and Engineering

A,2004,368(1/2) :222—230.



