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Abstract—A mathematical model that combines turbulent phenomena of particle-laden gas jets and chemical
reactions has been developed to predict gas mixing and solid reaction in a two-dimensional cylindrical system.
A simplified gas-solid reaction model and isothermality were introduced to simplify model predictions. The
gas field was viewed from an Eulerian frame work. The k-¢ model was used for the prediction of turbulent
behavior. The SIMPLER algorithm was also used for the correction of pressure gradient in the gas-phase
momentum equation with the continuity equation. Lagrangian treatment of the particles was performed, pre-
senting the particle field as a series of the trajectories. Particle dispersion in the turbulent gas field is modeled
through the particle number density. The application of the developed mathematical model can be found
in the atomization process, flash-smelting process, carbothermal reduction process, and the oxidation process
of inorganic materials for the production of pigments.
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Fig. 1. Particle-laden gas jet in a flash furnace shaft: ra-
dial feeding of secondary gas with particles.
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Fig. 2. Information flow for program.
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Table 1. Conditions for sample calculation
Case Stream A* Stream B** d;* —V** PL*** Remarks
1 13.62 4.54 0.508 226 0
2 13.62 4.54 127 9.1 0
3 13.62 13.62 0.508 67.6 0
4 13.62 13.62 1.27 272 0
5 13.62 13.62 0.508 67.9 0.2143 #no reaction
6 13.62 4.54 0.508 226 0.643 #no reaction
7 13.62 4.54 0.508 67.9 0.643 # reaction®*
8 13.62 68.1 1.27 135.8 0.2143 # reaction®
9 13,62 13.62 0.508 67.9 0.2143 # reaction®
10 13.62 13.62 0.508 67.9 0.643 # reaction®
molecular weight [A]=30, [B]=70 & [C]=80
+ and + + kgmol/h
* cm
> m/s; linear velocity of secondary stream
b particle loading(kg particle/kg gas) in secondary stream
# density of particle: 4000 kg/m? and average size of particle: 20 um
& and &+ diffusivities of gas as 2X107% and 3.25X 107 *m?¥/s, respectively
# 4 furnace diameter: 1 m
#4# dy; diameter of primary stream: 0.5 m
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Fig. 3. Contours of normalized mixture fraction for sample calculation of Cases 1 through 4.
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Fig. 4. Contours of normalized mixture fraction for sample calculation of Cases 3, 6 and 7.
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Fig. 6. Predicted contours of normalized particle number density for sample calculation of Cases7 and 8.
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NOMENCLATURE
A, :projected area of a particle
Cp  :drag coefficient, defined in Eq.(7)
d, :particle diameter
D diffusivity
D, :turbulent particle diffusivity
: mixture fraction
g : gravitational acceleration
k., :mass transfer coefficient
M :mass fraction
m, :mass of a particle
n, :particle number density
P :pressure
r : radial distance from the axis of symmetry
R :universal gas constant
Re :Reynolds number
S : source or sink term in conservation equations

or conserved scalar
: Sherwood number
: surface area
: time
: axial velocity

<ic ~pw

: velocity

: radial velocity

: axial distance from top of the furnace
: normalized degree of mixing

’*<:<j><<

: mole fraction of gas
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Greek Letters

4D K o =

: effective transport exchange coefficient

: dissipation rate of turbulent kinetic energy
: turbulent kinetic energy

: density

: shear stress

Superscripts

m
v

S

—H ®» o m o

: mass
: momentum

ubscripts

: effective value

: gas

: particle or primary stream
: secondary stream

: total

Overlines

[\

: time-averaged
: second-order tensor

REFERENCES

. Maringer, R.E.:. SAMPE Quarterly, 11, 67(1980).

. Couper, M.]. and Singer, R.: “Rapidly Quenched
Metals”, Elesevier Science Publishers, BV(1985).

. Ricks, R. A, Adkins, N.]J. E. and Clyne, T. W.: Pow-
der Metallurgy, 29, 27(1986).

10.

11.

12.

13.

14.

15.

16.

17.

. Launder,

155

. Launder, B.E. and Spalding, D. B.: “Mathematical

Models of Turbulence”, Academic Press, London
(1972).

B.E. and Spalding, D.B.: Computer
Methods in Applied Mechanics and Engineering, 3,
269(1974).

. Spalding, D. B.: “Numerical Computation of Multi-

phase Flows, Lecture Notes”, Thermal Science
and Propulsion, Purdue University, 161(1979).

. Seo, K. W.: Ph. D. Dissertation, University of Utah,

Salt Lake City, Utah, USA(1990).

. Hahn, Y.B.:Ph.D. Dissertation, University of

Utah, Salt Lake City, Utah, USA(1988).

. Smith, P.]J. and Smoot, L. D.: Combustion Science

and Technology, 23, 17(1980).

Smoot, L.D. and Smith, P.J.: “Coal Combustion
and Gasification”, Plenum Press, New York(1985).
Gosman, A. D. and Pun, W. M.: “Lecture Notes for
Course Entitled”, Calculation of Recirculating
Flows”, Imperial College, London(1973).
Patankar, S.V.: “Numerical Heat Transfer and
Fluid Flow”, McGraw-Hill Book Co., New York
(1980).

Crowe, C.T., Sharma, M.P. and Stock, D.E.:J
Fluid Engineering, Trans, ASME, 325(1977).
Hahn, Y. B. and Sohn, H. Y.: Metall. Trans. B, 21B,

945(1990).
Hahn, Y. B. and Sohn, H. Y.: Metall. Trans. B, 21B,
959(1990).
Seo, K. W. and Sohn, H.Y.: Metall. Trans. B, in
print, 1991.

Sohn, H.Y., Seo, K. W. and Hahn, Y. B.: Hwahak
Konghak, 27, 531(1989).

HWAHAK KONGHAK Vol. 30, No. 2, April, 1992



