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Abstract

Choosing the most suitable mathematical model and relating this to turbulent tangential tensions model
are very important in the investigations of turbulent two-phase flow. This paper considers two-fluid scheme.
According to it, two phases have their own densities, velocities, and temperatures at any spatial point and at
any moment. The equations of motion and heat transfer for each phase are linked with the forces of
interaction between two phases. These forces are considered as predominant for the flow. As a closure in the
system of motion equations, one modification of X - ¢ turbulent model is worked out. The modification uses
two equations for turbulent kinetic energy of the phases and one - for the turbulent energy loss of main phase.
This model can be set as a K, - K, - £model. The modified model has been tested for both a two-phase non-
isothermal flat jet and axially symmetrical jet. The numerical results are compared with the reference data

revealing a good agreement between them.

Nomenclatures

UlGi=go,po,gmpm,g.p Initial, maximum and axial component
of velocity of gas, admixture phase

Via-g» Radial component of velocity of gas, admixture
phase

Tii=gm,pm 25,2 Maximum temperature, temperature of
gas, admixture, environment surrounding

Kig-gp Energy kinetic of the motion of gas, admixture

phase
0 Inter-phase thermal interaction
Yo Initial radius of jet
P Gas pressure
D, size of fraction
R Gas constant
G Specific weight
Nu Nuselt number;

Re Reynold number
Pr Prandtl number
Sc Schmidt number
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Greeks

R Thermal conductivity coefficient

Vig-tg,» Turbulent viscosity of gas, admixiture phase

Piti=go po,gmpmzp,2 1Nitial, maximum and density of gas,
admixture, environment surrounding

1. Introduction

One of the exact methods for investigation of non-
homogeneous, dispersed (two or multiphase) media is
based on the conception of so called continuous change
of multi-velocities. This methods often called two or
multi-fluid, permit to build physically well-founded
imagination for comphcated fluid flows, such as two or
multiphase flow &?. We can suppose the existence of
different fields of velocities, temperatures and densities
of the carrier and the admixture phase. In this case, at
every point of the flow the phases have own velocity,
temperature and density.

The main purpose of this paper is a numerical
modeling of two-phase non-isothermal jet, flowing in a
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surrounding of carrier phase with a temperature different
from the temperature of the jet.

2. Basic Equations

The governing equations for two-phase non-
isothermal turbulent jets consist of the equations for
conservation of mass contents, quantity of motion,
kinetic energy and state of gas phase™, and they are as
follows in the Cartesian-coordinate has a form:
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Using the upper index j, we can describe two-
dimensional flat jets (/=0) and axially symmetrical jets
(7=1). The link between phase in the equations of motion
and heat transfer is the forces of phase interactions F, ,
which are considered predominated for the
corresponding flow &+,

In the case of non-isothermal jets, the gas enthalpy
and the enthalpy of admixture phase are as follows:

hg = Cpg (T - T2), hy = Cpp (T) )

where, C,; = fiTy), Gy = AT,) are the specific thermal
capacity at constant pressure of gas and admixture phase.
Thermal interaction between phases is defined as .6,

0- 6Nu,1(T 1) (10)
DP
where, Nu = 2+CRe,” Pr” with C, n and m are functions

of Re;.
3. Turbulent Model

In the equations of movement, the double correlation
of velocity, density and temperature take part. We can
define these correlation, using turbulent viscosity and the
field of mean parameters.
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One modification of the k; - k, - ¢ turbulent model
serves as a closure in the system of motion equations.
This modification uses two equations for turbulent
kinetic energy of the gas phase and the phase of
admixture, and one for the turbulent dissipation rate of
main gaseous phase. The modification was used by one
of the authors for the investigation of isothermal jets in
the previous works 7*'1.
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The additional dissipation terms &, £, and ¢,, which

appeared in Eqs. (11)-(13), consider the influence of the
two phases into turbulent characteristics of the flow.
These terms are calculated from stochastic part of the
forces of the phase interaction F; ® and they give the
connection between two phases in the equations -of
movement.

However, because of space limitations, the values of
these dissipation terms are not presented here.

The turbulent viscosity is defined according to
Kolmogorov’s hypothesis by means of turbulent kinetic
energy for the phase considered:

vig =C, KL . v, =C,KS°L (14)

and the dissipation rate is as follows :

e=CpK L (15)
where, L =C;(Vo1-Yoo), and y,;, V.o are coordinates
of the points with velocities equal 10% and 90% of the
maximum velocity in the same section. The values of the
empirical constants are as follows ©:

C,=0,078
Ce=192

Cp=1 C,=0625
Cy=08 ox=10

C. = 1,44
o.= 1,3

The K, - K, - £ model used by one of the authors for
closing system equation of the two-phase non-isothermal
turbulent jets on the basis of two-fluid scheme follows
are as dimensionless forms:
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4. Boundary conditions

We can study the flowing of the free two-phase non-
isothermal jet in a stagnant surrounding of gas phase
with temperature different from the jet temperature. The
flow is symmetrical along the x axis. We can write down
the boundary condition as follow:

- for the axis of symmetry at y =0
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5. Characteristic equations and solving
algorithm

After transforming the system of differential
equations, we obtain one characteristic equation from the
kind of:

o0 o0 __ o'
A—+B—=C——+D
™ o > + 27

where, @, 4, B, C and D are adjusted to the vanable
quantities™* )

An explicit method in finite differences is used for
solving the task. The values of the parameters at i section
arc calculated using known values (or calculated) at two
previous sections (i —1) and (i — 2).
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where
E] - Ai—l,j Cx-l j Ez - Ai»l,j _ Civl,j
2k H? 2K H?
g =Gy By LSV INCEY;
H? 2H 2H = H?
E5 = Di—IJ

K, H are steps in x, y coordinates, respectively. From the
Eq. (28) we can find all the parameters Ug,J, Uy .

Tis Kyir Kpizs &

Prijs> Teij> Tpigr Kgsjr Kpijs &5

6. Numerical Results
The code is calibrated using the case of isothermal jet

at the following conditions: T, = T, = 300K, D, =
451am, Uge= Uy, = 355, pp, = 1,16 kg/m’, ppo = 8340

kg/m’. Comparison of the experimental data® with
numerical results for the maximum velocity distribution
(Ug,,,,U,,,,,) shown in Fig. 1. There is a relatively good
agreement between the calculated results and the
reference data. Comparisons of experimental data with
numerical results (results from K-£model and X, - K, - ¢
model) for incidence of the maximum temperature
difference, T, shown in Fig. 2 with two input initial
conditions:

Fig. 1 Calibration for isothermal jet for the gas and
admixture phase velocity

regime ] (K madel)
gm
1.0 e, T regime 1 (Kg—);-g model )
T TN A - regime 2 (K  -K -s model)
0'75_: . A on data [6]
050] ~ ® ondata [6]
3 )
0.25] ST
0.00 T T T T T T T
0 20 40 60
X
Fig. 2 Comparison with another model for temperature
of the gas phase
x=8
———————— x=16
——————————— x= 32
e x= 40
S
S e R SR
400 6.00
Y
Fig. 3 Prediction for U, - velocity distribution o £ the

Admixture phase
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Case 1: Dpy=32um, Uy=36 m/s, Uy=56m/s, po,=0,59
kg/m’, ppo = 3950 kg/m’, Tyo= T,,=600K = T,=300K.
Case 2: for one phase jet under the same conditions of
flow in the case 1.

The coincidence of the numerical results and
experimental data is better when K, - K, - £ model of
turbulence is used. The proposed model has been tested
in a wide range of flow fields.

1.00
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0754 NN me——eee- x=16
——————————— x =32
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0.25 S
N
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Sl
0.00 T g e e
0.00 200 4.00 6.00
Y
Fig. 4 Prediction for U, - velocity distribution of the
gas phase
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Fig. 5 Prediction for 7/, - velocity distribution of the gas phase
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Fig. 6 Prediction for 7, - velocity distribution of the
admixture phase admixture phase

0.00 2.00 4.00 6.00
Y
Fig. 7 Prediction for the density distribution of the gas
phase
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Fig. 8 Prediction for the density distribution of the
admixture phase

Fig. 9 Prediction for T, - temperature distribution of the
gas phase

Figs. 3-12 show the results of the numerical
prediction of distribution of velocity components,
densities, temperatures, turbulent kinetic energy and
dissipation rate for the gas phase and the admixture
phase. The initial conditions for the non-isothermal two-
phase turbulent axially symmetrical jet in this
investigation are : D, = 32um, Uy= U, = 36m/s, pyo =
0,59 kg/m’, ppo = 3950 kg/m’, Too = Tpo = 600K, T; =
300 K . On the base of the numerical results, the
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distribution of turbulent viscosity and other parameters
can be obtained.
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Fig. 10 Prediction for 7_"’, - temperature distribution of
the gas phase
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Fig. 11 Prediction for X , — turbulent kinetic energy of
the admixture phase
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Fig. 12 Prediction for £ - energy dissipation rate of the

gas phase

7. Conclusion remarks

A modification and improved model for a two-phase
non-isothermal flat and axially symmetrical jet is
realized and numerically tested. The method permits

future investigation of flows with phase transformation
and chemical reactions. The model described can be
applied to channel flows when the boundary conditions
are to be changed and the pressure changes of the gas
phase are to be considered.
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