HWAHAK KONGHAK Vol. 36, No. 4, August, 1998, pp. 594-600
(Journal of the Korean Institute of Chemical Engineers)

225 280 =& SN U SET ST NE U9 EM &Y
AEs* - stus

ghofdjsta 3833ty ey
E-FtATa
(1998 294 26 A4, 1998 74 6 A=)

A Numerical Analysis of the Supersonic Convergent-Divergent Nozzle and
the Grinding Characteristics of a Target-type Jet Mill

Jun-Ho Kil*' and Baik-Hyon Ha

School of Chemical Engineering, Hanyang University, Seoul 133-791, Korea
*Ssangyong Research Center, Yuseong, Taejon 305-345, Korea
(Received 26 February 1998; accepted 6 July 1998)

o
ai

B oﬂ—TLoﬂxi += A4g-7495F CODES] FLUENT™S- o]8-3}¢] ofe] 7}#]
T, FEH FEY AE L] ¥54

FAEE A A F JA4L AT
lstdch: B4 o, 22 ETolA S207hAe] A=,
xZ 27 A7 2.3 A, 250 ZEE 6090,

ERA Y] SxiE AN E
7} A °é7<lffl~— A& & UAL, £
dlA HA 2 2L 24
vl 2 A# FEAEE

Al ZA-&-ukAg 4 9t

= =2

gl:

Abstract — In this study, we dealt with numerical analysis of the velocity distribution in the flow of gas-solid mixture about

the various shapes of supersonic convergent-divergent nozzle by using the computational fluid dynamics CODE, FLUENT™.
We also studied grinding characteristics of a target-type jet mill. It was found that the results of the present numerical
analysis and experiment were in good agreement. We could select the optimum nozzle shape with respect to the grinding
efficiency. And then the optimum grinding conditions were investigated with respect to the following parameters : the grinding
pressure, the distance from the nozzle outlet to the target plate, the angle between the jet flow direction and target surface,
and the mixing ratio by weight. The results show that the optimum conditions of the collision length, target angle, and
mixing ratio are 2-3 times the distance of the nozzle outlet diameter, 60-90°, and <0.5, respectively.
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Fig. 1. Schematic diagram of experimental apparatus.

1. Compressor 9. Vibrating feeder
2. Stop valve 10. Feed hopper
3. Filter 11. Dividing ejector
4. Air dryer 12. Grinding chamber
5. Receive tank 13. Ejector nozzle
6. Flow meter 14. Air tank
7. Flow regulation valve 15. Target plate
8. Pressure gauge
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Table 1. Physical properties of feed material and experimental ranges

Limestone

True density : 2,700 kg/m’

Particle size(Average. dia)
—D4:13.9um

Type=l, II, I, IV, V

W=20-300 kg/hr

P,=4.0-7.0kg/cm™ G

Feed material

Nozzle type
Feed rate
Pressure at injector nozzle

Angle between air stream and 0=15-90°
target plate
Distance between nozzle outlet and L=16-32 mm

target plate

Table 2. Dimensions for various types of nozzles

Nozzle Length(mm) Diameter(mm) Angle(*)
type Lc Lt Ld Dc Dt Dd o B
Type 1 95 875 19.0 8.7 7.7 87 23 1.1
Type T 95 875 19.0 8.7 77 114 23 56
Type I 95 875 19.0 8.7 7.7 159 23 122
Type IV 95 875 19.0 87 109 123 42 21
Type V. 95 875 19.0 87 133 151 54 2.7

*Description : c=convergent ; t=throat ; d=divergent ; o=converging angle ;
B=diverging angle
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Fig. 2. Air velocity profiles of nozzles at grinding pressure P,=7 kg/
em’- G(numerical analysis resulf).

712 32 g Type I, I =F9] 7% iy 27 F
ZollA Hd) FH5ELE Holth} E7elx BEEE Foll= A=h 2
JA4E £xr} A aslgiet. 53] Type Wl 222 S23bis
A)Zvlel] whe} FAg AR ehdrl. o]zl 2= Viswana-
than[11]o] 2 313} ule} zro] o) -] spcfell 27k =2 hH-oll
2737 g o 24 §FH ouA|7L S Relux| 2 agHoe A
F=x) F3l3 o 4] 2 283 Asbe Ao wbd Type 1,
IV, V22 ASE gExFa8E o 35mm AL 727 £571
A== AL 2 vepgrl

32. - EY EMSN

Fig. 29| 552 e 435 vl 559 xS i3
BHEAL nlzslr| 13 B44E, Tkglem™ G, IHEE, 60ky
hr 2A2 2, »Z S|4 2E5a71%] 7 8E 22} 16, 24, 32mm
2 92 WAzl 4L A3 Table 3¢ ehfgict. 17
Al Dy B4 HFY7, Ror& B4n & vpehd Zolc). #4154
2 FFdge 2AY FA444ES MASTERSIZER QI =247 2
BAste] Ql=wis s HEsld 71Ee 2 vlasldct. #4) By
73 (Dso, um)yE 71502 H4| (R nE vl ats] £ A7 sA6A 2
ol F7]|&%rF A vehd Type 1, IV, V =Zo] Type II, I
oha] A e g BiAd 5ol A vhehdtl. Table 4= F2#5A30]
Abolgt Aoz et Type I I, V 2o o3l 2z =274 4

Table 3. Comparison of grinding characteristics for various types of
nozzles(experimental result)

Distance from nozzle outlet

Feed
Nozzle 16 mm 24 mm 32 mm
type Ds, D;, R-r Dy, R-r Dy, R-r
(um)  (m) () (1m) () (um) ()
Type 1 13.9 34 4.1 3.6 39 3.7 38
Type II 4.6 3.0 44 3.1 51 27
Type III 3.8 3.7 4.0 35 58 24
Type IV 3.5 4.0 3.5 4.0 44 32
Type V 3.3 4.2 3.9 3.6 40 35
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Table 4. Comparison of particle velocity for various types of nozzles
(numerical analysis result)

Particle velosity(m/s)

Pasritzlgle Distance, 16 mm Distance, 24 mm Distance, 32 mm

(um) Type Type Type Type Type Type Type Type Type
I I v 1 1 v 1 | \%

1 470 378 502 451 373 501 421 345 416
445 422 462 446 403 476 440 380 463

12 338 340 351 349 342 369 356 343 377
24 277 273 288 287 278 303 295 281 312
48 223 214 233 233 219 245 240 223 254
96 178 168 186 185 173 195 192 176 202
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Table 5. Comparison of grinding efficiency for various types nozzles
(experimental result)

Nozzle type "A\V £ AZS & b )
(m’/min)  (cm’/g) (kwh/T)  (kwh/T) (%)
Type I 3.9 1870 43 390 1.10
Type HI 5.1 1112 2.6 510 0.51
Type V 11.6 1928 4.5 1160 0.39
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Fig. 3. Particle velocity distribution about the different particle size

at target distance L.=16 mm(numerical analysis result).
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Fig. 5. Specific kinetic energy of each particle at target distance L=
16 mm, and target angle 8=90°(experimental result).
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a, :constants in Eq. (4) [-]

C, :drag coefficient [-]

Dc : diameter of convergent at nozzle [mm]
Dt : diameter of throat part at nozzle [mm]
Dd : diameter of divergent at nozzle {mm]
D5, : median diameter of particle {pm]

D, :particle diameter in Eq. (2) [m]

: solid surface energy in Eq. (5) [erg/cm’]
: theoretical grinding energy [kwh/T]

: total input energy [kwh/T]

: specific kinetic energy [J/kg]

: length of convergent part at nozzle [mm]
: length of throat part at nozzle [mm]

: length of divergent part at nozzle [mm]

: distance from nozzle outlet to target surface [mm)
: Mach number [-]

: mixing ratio defined as particle feed rate to air flow rate in

BEgrpEEARED

weight [-]
P; :power consumption in Eq. (6) [kw]
P, :initial grinding pressure [kg/cm® G]
Re :relative Reynolds number [-]
u, :air velocity [m/s]
u, :particle velocity [m/s]
W, :feed rate of solid [kg/hr]
. : air flow rate [m’/min]

azjojA 22Xt

o :converging angle of convergent part [mm)]
B :diverging angle of divergent part [mm]

6  :target angle [°]

p, :density of fluid [kg/m’]

p, :density of particle [kg/m’]
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600 AEs -3
i :molecular viscosity of the fluid [Pa-s]
AS :increase of specific surface area [cm’/g]
n  :theoretical grinding energy efficiency [%]
SHA XL
g  :fluid or air
k  :kinetic
p  :particle
s :solid
ZnEs
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