o115 6 ) TEEREEFIR 2001 4F 12 JJ
Vol. 11 No. 6 The Chinese Journal of Nonferrous Metals Dec. 2001

[ STEHE] 1004- 0609(2001) 06— 1083- 06

BIlBGA A S VT IESES

FHW, #h R, FRE, KRR, BB, PR

(P AT RS BB Be, P& 710049)

[ ) BHWRAE % AR RSB, H O B R S R S SR A EAE L, T &8
VBUTH )R AT R AN P S O R L SRR B R AT R L R DR Rt T R R R SR ELAR . RATER
() BRI < T S A e ] 2 < o R L 491 < R S U v < R VRO TR X A R B G RAT BRI 600 mm A, [ LR

fi] 25 4 8 R BT | e R T 2%
[ RERIA)] rammiid; MO W Bt
[ FEISZZES] TG 706; Y 165837

[ CEAFRIRAE]) A

SCERUER], HLINmERR B & R il HAT
B« AR IR . W 505w B B
FERIR R Zor AL 5 iR 2R« N g A2 DL
IRIZAH G, WAL <@ W0 1) AT IR it R LA
LR MR 21 AEEis 1 T ik 2 A%
DL RARAS S R, g A IR 4 O
A AR ELAR Y B J Wi < 1) AR ELAE L, 9
W7 & RO I AT R R AT BE B AR
TR B R, AR R IR N 1 BT
AR A, JF LUBORS Al B0 52 56 508 4 i A\ 24K
PASR R R F A 1

1 ERFNmESEEITEEHAE

1.1 ERRABEHRREHNFRE

& WU ST U R AN R AR 1 4 e R T AL R
AT A B IR T 4 S YO A FLAR I — I ERTE,
RATPUT VR H 2 .

AR RS v, BN EE R 2 AR T ROR
%

ve= vgiexp(= ) (1)
L v R PR, A h R ARE(0. 1~ 0.
3), TEARKHE SN E .

AW ER, BN d MERE S8BT
—YEESNEFE TR T MR ER ) F Al H
A g g R

F= ma= m(dvy/dt)= CpPw?iA/2 (2)
L o HEBBREIEEE, A b4 )8 B IR

@ [YisBEA 2001- 01- 06; [1&iT BHEA] 2001- 03- 26

T .
4 JeE VLT ) N
a = dvy/dt
= 3CpPy(ve— va)l ve— val /4dEy (3)
WRAR cp HHEEHE R, ForHh
Cp= 0.28+ [6/( Re) "?]+ [21/ Re] (4)

T FEE & TR T 2 (0. 1< Re<
4.000), 5hxRvERHE L dh AT Ll = AT £7% .

Re= P(v,— va)d/ Y, (5)
X W WERRIE R .

T4 R BT, HAYImEE T e T
HL AR P ) 26 DA R 06 42 3 % & SR E © AT I
R et 1 %) 3 B S AR K R L R kB 4 iR
T o XA A BEAR T P AT AR B, B A #GF- 1
JifEh

Qe= hS(Ta— T+ OS(Ti- T} (6)
AH b XTI EREL, 04 StefanrBoltzman
, e N RE(0.1), Q, NEEBH WITLRE
rIGEUR, ATRR N

Q.= mCyAT/ At (7)

K4 Biot( hd/ K o) (LLEE) < 0.1, K4 H&)E
TR R IR, AR R R S R R 2 ]
(R FAL i B AL AR . 7R (6) H R AL R 2
DEV

h= Ko (2+ 0.6Re"’Pr® ) (cyiue! c) **°1 d

(8)

X Ky cyav, cg AR SIERE P

[TEZEN] FTHMW(1964- ), B, L.



+ 1084 ° o EAT 4R A )

2001 4£ 12 H

B « LA . LR Z L oy o ITI AR
2% L8 BUAE < & w0 A Bl KR A A8 AR K i 5 R
JE, “FRIHEIEE ey WAEPIIBE(Ta+ Ty)/2
I .

WIS ERAR T RE(6) . (7) AT AFEUAEIN (R BG A
PR AL AT, THEER BT S 8k 1 MR 2
Fi, TR R ILE 1 R 2, iR RS 246 E W
T PR IS S 82, BV g 45 280 < e R A RS KAT X T
IR UK .

®1 S FTHAGR Y ES K )
Table 1 Thermalphysics constant of

gas in calculation

Thermal Stefarr Boltzman Kinematic
conductivity, K, constant, O viscosity, H,
[(Wem™ 'sK™ 1 /(Wem™ 22K~ % /(kges™ 'em™ ")

2.83E- 2 6.28E- 8 19. 6E- 6

Density, £, Specific heat, c,

-3y -l p-1 Pr

/(kg*m™ ") /(kl*kg” *K™ )

1.95 1.01 0.708
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Table 2 Thermalphysics constant of Zn-Al

alloy in calculation

Density, P Melt point, Specific heat, ¢q
/(kgem™?) Tw/K [(Jokg oK™
7 100 690 500( 800K)

T hermal Latent heat of Latent heat
conductivity, K g4 fusion, AH ¢ of evaporation
/(Wem™ 'eK™ 1 /(kl*kg™ 1 /(MJekg™ ")

113 100. 9 1.782
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Fig. 1 Calculation curves of melt metal droplets
velocity with size 10~ 170 Pm
1 —d= 10 Hm; 2 —d= 20Hm; 3 —d= 30 Hm;
4—d=50Hm; 5—d= 70 Hm; 6 —d= 110 Hm;
7 —d= 170 Bm
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Fig. 2 Calculation curves of melt metal droplets

temperature with size 5. 5~ 190 Pm
1—d=5.5Pm; 2—d= 6Hm; 3 —d= 6.5 Um;
4—d=10Hm; 5 —d= 20 Pm; 6 —d= 30 Pm;
7—d= 50HPm; 8 —d= 90 BPm; 9 —d= 130 Hm;
10 —d= 190 Bm
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Fig. 3 Largest metal droplets frozen at flight distance 200, 300, 400 mm
(a), (b) —Flight distance 200 mm; (c), (d) —Flight distance 300 mm; (e), (f) —Flight distance 400 mm
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Table 3 Calculation of droplets temperature and
undercooling for Zn-Al alloy

Calculated Nucleation Calculated
d* /Pm temp. I',  temp. of pure undercooling
/K Zn T ,/K Tem. AT soua/ K
5. 5(flight 200 mm) 628 555.4~ 693 65
6( flight 300 mm) 564 554.4~ 693 29
6. 5(flight 400 mm) 548 554. 4~ 693 145
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Fig.4 Droplets size and mass distributions of
Zmr Al in spray at axes and flight
distance of 400 mm
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Fig. 5 Predicted variation of d* with flight
distance for Zn-Al droplet in heterogeneous ( a),
homogeneous nucleation (b) respectively and

experimental results ( ¢)
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Numerical analysis of arc spray Zm Al droplets in flight

WANG Yrqing, SUN Kun, ZHOU Hongzhi, ZHU Dong-bo, ZHAO Wen-zhen, LU Bing-heng
( School of Mechanical Engineering, Xi an Jiaotong U niversity, Xi an 710049, P.R. China)

[ Abstract] An integral model for arc spray Zn- Al droplets in flight was developed using established theoretical principles of fluid me-
chanics, heat transmission and phase transformation. Mathematical models describe the interconnected processes of droplet-gas inter
actions in flight. The calculation result of Zn- Al droplets velocity and temperature shows that droplets velocity and temperature are
function of flight distance and droplets diameter. Percentage of solid droplets in metal spray is a function of droplets size distribution.
In flight distance( < 600 mm), depending on size and cooling rate, the droplets in metal spray are completely liquid, partially solidi-

fied, or completely solidified, the percentage of partially solidified, or completely solidified in metal spray do not exceed 2% .

[Key words] arc spray; velocity; temperature; numerical analysis
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