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NUMERICAL AND EXPERIMENTAL MODELING OF INTERACTION BETWEEN A TURBULENT
JET FLOW AND AN INLET

SYNOPSIS: There has been discussed a two-component flows of air and gas in ventilation devices. A two- velocity
scheme of flow is used to realize the numerical method and an integral method of investigation is used. A compari-
son of numerical results and nature experiment is made for two conditions: over catching and not full catching.

Conclusion is that the present model is precise and can use for engineer calculations.

NOTATION

Q.. - capacity in initial section

L - distance between outgoing section of jet and inlet
u,, - velocity of admixture

u, - velocity of air

Pg- density of air

Py, - density of admixture

x - concentration of admixture

1 INTRODUCTION

In ventilation devices to get rid of harmful sub-
stances out of working places, we use sucking de-
vices. The local sources of pollution get evacuated
by them. The applications of some methods of
calculating such devices are given in [1] and others.
A basic element when creating the model of sucking
device is: the source of harmful substances is dis-
cussed as a rising convective flow, which is ejected
out of sucking spectrum, created by a sucking appa-
ratus. Some well-known works about this problem
[1,2,3]etc., when developing a numerical model of
the flow, discuss it often by method summing up the
flows (superposition). All though the last given
satisfying results, by a theoretical point of view it's
not very precise. It has been presumed summing up
a real turbulent jet flow to a potential one, created
by an inlet (sucking) spectrum. In order to avoid this
moment, in the present work, the flow is a whole
one with variable quantity of motion and kinetic
energy along its length. The change in those two
parameters is caused by and is in function depend-
ence of the inlet spectrum.

This was confirmed in our experimental
studies [4,5]. In the so presented model the
ungrounded summing up of the flows is avoided and
it's presented a solution of complex interaction of jet
and inlet spectrum, using the usual methods in the
dynamics of real fluids.

2 BASIS OF THE NUMERICAL MODEL
There has been discussed a two-component flows of
air-smoke gases. To realize the numerical model a
two-velocity scheme of the flow is used and it's
been accepted that velocities of two components do
not coincide [6,7]. An integral method of
investigation is used, based on the conditions of
keeping mass contains, quantity of motion, kinetic
energy. It's been accepted that quantity of motion
and energy change in function of inlet action.

The numerical model is developed on the ba-
sis of following integral conditions:

- for keeping mass contains:
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- for keeping quantity of motion:
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- for keeping kinetic energy of admixture:
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Equation (5) is an integral condition of higher order with
no physical interpretation. Using equation (6) and
Schmidt's turbulent number Sc; we get the connection
between diffusion R, and by velocities R, boundary
layers. In the right side of equations (2), (3) and (4) stands
correspondingly the changeable quantity of motion and
flow energy. According to our experimental studies [4,5]
they can be presented in the following:
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In the system of equation (1+5), the marked
integrals are done using the similarity of cross velocity and
concentration distribution of the kind:
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Having done the integrals after some revision and
normalisation, we obtain the following system of equations:
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in which the values of integrals arc  Aj; in presumed

similarity [7]. Normalisation is done with the initial pa-

rameters of the flow. The system of equations (10+15) is
solved numerically using a suitable algorithm. The joint
solution of (10+15) comes to an equation regarding Ugm of

the kind:

—9 =8 =7 —6 —5
S38ugm +S37ugm +S36ugm - S”ugm +S3,,ugm
+S, =0

where Sij are complexes of constants [5].
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RESULTS
Equation (15) is solved by the method of Newton. The
determined Ujj is replaced consecutively in the rest

equations and demanded quantities are determined. The
initial concentration and velocities' components are used as
input data. The following integral parameters of jet are
results of solution: the change of maximum velocities
components (upm , Ugm)» concentration (y) and borders of

diffusion R, and dynamic Ry, jet boundary layers. Results

of calculation about two conditions - over catching and
not full catching are given on Fig.1 and Fig. 2.
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Fig.2. A case with not full over catching

The distance between outgoing section of jet and inlet is
LL=L/r, =20 and the relation of capacities in initial
section and in the inlet is QC =Q, /QI =38 and 1.5. In

the experiment the second component as an admixture is a
smoke gas. To determine the diffusion border of two-



component flow, some photo visual studies are done. We
can make a comparison of numerical results and nature
experiment. On fig .3 and fig. 4 is shown the case of
described above conditions of outflow.

Fig. 3. Photo with over catching

Fig. 4. Photo with not full catching

Some conclusions are drawn by checking with the
experimental data:

-the presented model is precise and can be used for
engineering calculations;

-the considerable contraction of diffusion boundary
layer speaks about a great security in realising such
devices. Being enveloped by a zone filled with air of
environment, does no allow any harms to come out into the
working places. This, of course, is possible when the
sucking installation works in a condition of over catching
or full catching.
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