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Numerical study on coupled heat transfer of rotating disc in centrifugal
atomization
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Abstract Rotating disk atomization is an important method to prepare spherical metal powder. In the preparation of high
melting point metal powder, by this method, the rotary disk and the driving motor at the end of it need to be thermally
protected. In this paper, the coupled heat transfer problem of centrifugal atomization flow field model of molten aluminum
was analyzed by numerical simulation, and the temperature field distribution of disk under different materials and disk
structures was given. In order to improve the cooling efficiency, a new type of rotary disk thermal protection structure with
fins was developed. The heat dissipation mechanism of the fin structure was analyzed, and the thermal protection effects of
different fin positions, fin thickness and fin diameter were compared. The results revealed that the metal rotating shaft with
larger specific heat capacity and lower thermal conductivity has lower temperature at its bottom. Moreover, the annular
nitrogen flow field formed between the fin and the rotary disk is the main reason to improve the heat dissipation capacity of
the rotating shaft. Finally, the lower position, the larger diameter and the thicker the thickness of the fin, making the bottom of
the rotating shaft has lower temperature and giving better cooling effect.

Key words Rotating disk atomization; Fluid-heat-solid coupling; Thermal protection; Numerical simulation; Fin
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Fig.1 Schematic diagram of heat transfer process in rotating disk atomization
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Fig.2 Rotary disk with fin
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Fig.3 Flow chart of numerical simulation
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Fig.4 Calculation model

2.2 Mt&xI5
KB 3N ANSYS Mesh md] 73 U, 30 (AR [ 44 P 0 20 >R G o AR i . O 115 8



4 JEHHT AR 2 2 4R

R R T, AREAUR £ X R R R . R R R T RS R RS S, BT PA
K13 3k 2 P A A TR AL AT B AR I . R G 1) A B TR A A R R THT XA A P 5 TR
2.3 EHIFTE

ASCRF VOF J7 it v S i F b e 4 b 3R I Sh i RS HE R B2, 12 75 V202 — i A S 7 R TP A%
TR B R Tk, 0 B R EAMER ZHRAA S IH —EEH7fE, @il 5 AR S aq
X AR R S PR AR AAR T S A T B B . o s R — AR AR BT AE SRR I LR AE, 4
ag=1 I, MEENEN A 24 0<ag<l B, MENEE A B B, BWAHZE A ag=0 K, M
W 4h B .

TSR ARSAAARF D B L R, BRI T K WA o ME, MIMHE T SAHR A E, &4
PRFR o H i) i 2 7 FE an =R (L) B

§§1+v0h%)=0 (1)

TSR RE AR R4 i 4 B T8 R A Dk 2 00 R 5 AR A PR A AR 23 O BT 8 1) 5 2t AT i 5
Bl anaEA> BT A E T SLAE R s (2) 4

P =200 2
BB I (3) R -
op , o(pu) o(pv)  o(pw) _, 3)
ot ox oy oz
2y FE s (4) s :
o(pu) Y .
+V-(pul)=-Vp+V-| u(VU)|+
4V (pd) =—Vp+V-[ (VU w
pg+f
5 FIKE RISy () BEARRIRE 23+ (b) %) AR TH W4 A 5 A
Fig.5 Mesh generation: (a) Global mesh distribution, (b)Symmetry plane mesh distribution
REE T AR I (B) BT «
0 _
a(,oE)+v.[u(,oE+ p)]=V- (ke VT )+, (%)

B p NERE, ALY kgim3s UONEFERE, AN mis; u NENTREEE, ALY Pas; gy
B, AN mis?s f N AR TIURI, AN N E ONRE, AN U ker A REVREL
AN WI(m K)o #£ VOF TSR, SR T 5K £ s B 7R il i AR AU IR T g e AR B,
Fak 1 (6) TR :
pkiVa;

fuol = Oij

(6)

E(pi +,0j)

AR FE e B e i e R, BT LA RE SST k- WAL AT U5 . TR sh A k AIELAERCR o



O FAT IR SRR S 1 A BT 5

NS

] A (7) A (8) R A5

o( pk
20, 2 (o2 [ )£ |-

[ ] J (7)
mi—ﬂ*pka)
H o
0
A9) | 0 = 2| [ £ ]2
ot ox OX; 0, ) OXj
p ok ow
2(1-F — - 8
( l)a)O'w OX; OX; ®
. ad "oy

0" ———UUu; —-
pp v

ERXAF BN B a B THINEE, g AR, o Mo, N kK R o B RE BIREEL Rl
T AR P B — TR S R A
2.4 WREZFGEREFEE

BRVREE R R 3 U %A, SESR I FR AR DAV 3R IR N AL AR R AE 2.9 mL/s~
3.3 mL/s 2], FrUlETHE SRR EBRANREZREN 1 mis, AR EN 3.14 mL/s. @ HER
B ZASEIR I IR —50, Sh 850 C. JiRiARTHEW 6 M A WE AR B OB, K7
BN 1 atm, WA E N 25 Co B2 il [ 44 5% 1h0 ii5 FE 0 5 2% A 35 W B o im [ L e 77, TR
BRI E RN 25 °C. BRI RARESH ZI7%, g E 12000 r/min.

THE - RS 5 FE R A Coupled BIEIEATSRAR, 25 7 F2 A RE & 5 R 45 K F — il XUk
AT B HG T3 Re 7 FE A Bl B FE B 7 AR 35 R A — Bl KUk kAT B L
3 EREHQM
3.1 T EERIIEHIE

AR B S i A H PR R ISR A, LR BB 6 Frow, R TH R 8 E E AR

Q=1000 W/m2 #EAT %k, AHESRIEE 300 K, 3F 0 5HA F S Re=30000, #I1H% d=6 mm,
L/d=41.7, W/d=10.42, H/d=2. KM 1/4 50 A7 B HH, &R K 7 Frs.

6 TR A A LAY A

Fig.6 Geometric model of air jet cooling
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Fig.7 Grid of air jet cooling
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Table 1 Thermophysical parameters of molten aluminum

ik FLAL A i& F YO
R (kg/m®) 2667.5-0.311T 933K<T<1190K
S Eo (J/(kg'K)) 1176.8 933K<T<2327K
FREK (W/(m-K)) 48.226+0.057T-1.21x105T2 933K<T<2700K
R Z 5 (Pa-s) 1.852x10exp(1850.1/T) 933K<T<1270K
FRAERA A E (kJ/mol) 8.66
EIE (N/m) 1.18-2.4x10T 933K<T<1270K

# 2 B0ANGEMHRMIESHR
Table 2 Thermophysical parameters of 304steel
TRE(C) 25 100 200 300 400 500 600 700 800 900

L (/(kgk)) 480 500 530 540 560 570 595 600 620 630
S AF(W/(m-k)) 14.8 15.8 17.7 18.8 20.7 214 23.5 24.5 25.8 275
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Fig.9 Temperature distribution of rotating axis centerline with different grids number
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Table 3 Thermophysical parameters of nickel

RE(C) 25 100 200 300 400 500 600 700 800 900
tE#J/(kg k) 426 480 547 700 536 535 540 557 574 590
SFHEHW/(m k) 90 87 76 64 60 62 65 67 71 727

R 4 EBRETAWIEESHCR

Table 4 Thermophysical parameters of high chromium cast iron

WE(CC) 20 100 200 300 400 500 600 700
HE#J/(kg k) 465 478 519 528 541 558 583 621
SREH(W/(m k) 54 50.34 46.68 43.02 39.36 35.73 32.04 29.86

K 10 NEGBMEHFERIR AT (Q)F T 0Lk, (o)t bR

Fig.10 Temperature distribution of disk made of different metal materials: (a) Center line of rotating shaft, (b) Upper surface of disk
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Fig. 11 Temperature distribution of turntable sections of different metal materials
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Fig.12 Calculation model and mesh section of rotary disk with fin
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Table 5 Factors to determine level

S
K
i R A B v FE (mm) W14 JELFE (mm) W1 A B4 (mm)
1 9 1 20
2 14 1.5 30
3 19 2 40

TEWTH W I 25 FE B R T o ZE 0 8 mm v AL S, FrUA A B S A 9 mm~
19 mm Z (8] . AT PRIEEAN B 5 fl A S P AT RS R A, BT CAFE I D R R b B R R R AR AN BE
K, WIS HILE 1 mm~2 mm il 20 mm~40 mm Z [d].
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Table 6 Range analysis based on temperature at the bottom of rotating shaft

e [IaEOA=R=11 W R P ARERES Tl R U
Eia=2 .
(mm) (mm) (mm) (©)
1 9 1 20 44477
2 9 1.5 30 373.74
3 9 2 40 315.63
4 14 1 30 445.02
5 14 1.5 40 387.81
6 14 2 20 499.44
7 19 1 40 510.28
8 19 1.5 20 560.74
9 19 2 30 516.49
1134.14 1400.07 1504.95
Kon 1332.27 1322.29 1335.25
1587.51 1331.56 1213.72
378.05 466.69 501.65
Konn 444.09 440.76 445.08
529.17 443.85 404.57

R, 151.12 2593 97.08
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Fig.13 Radial distribution of temperature on the upper surface of rotary disk
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h=19 mm FPMPZE h=9 mm TEh, &k 2 mm #HEEEIRE NS N 63.78 C. 36.51 C.
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Fig.14 The temperature distribution of the rotating shaft with different fin height position: (a) Temperature of center line of shaft; (b) Bottom
temperature of shaft
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Fig.15 Flow field comparison with or without fin: (a) Velocity distribution without fin; (b) Temperature distribution without fin; (c) Velocity
distribution of flow field with fin height of 19 mm; (d) Temperature distribution of flow field with fin height of 19 mm; (e) Velocity distribution of
flow field with fin height of 9 mm; (f) Temperature distribution of flow field with fin height of 9 mm
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Fig.16 The temperature distribution of the rotating shaft with the different fin diameter: (a) Temperature of center line of shaft; (b) Bottom
temperature of shaft
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FEALE, MR EAAMCOK, R 2P0 S B i R R O, R R IR R, W 17 FoR,
A AR SR B W A B, B BRI R, BRI T R AR T, R, MR T A I P B
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B 17 RFE A BAE FRIAXT L @M B2 20 mm gl B3 A0 s (b)) ELAZ 40 mm IR BE SR (c) W ELAR 20 mm I 37 EE 43 A
(d) By ELAR 40 mm U %R % A
Fig.17 Flow field comparison under different fin diameter: (a) Velocity distribution of flow field with fin diameter of 20 mm ; (b) Temperature
distribution with fin diameter of 20 mm; (c) Velocity distribution of flow field with fin diameter of 40 mm; (d) Temperature distribution with fin
diameter of 40 mm
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Fig.18 The temperature distribution of the rotating shaft with the different fin thickness: (a) Temperature of center line of shaft; (b) Bottom
temperature of shaft
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Fig.19 Flow field comparison under different fin thickness: (a) Velocity distribution of flow field with fin thickness of 1 mm; (b) Temperature
distribution with fin thickness of 1 mm; (c¢) Velocity distribution of flow field with fin thickness of 2 mm; (d) Temperature distribution with fin
thickness of 2 mm
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