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CHARACTERISTIC FLOW BEHAVIOR OF HIGH SWIRLING JET

IN A CIRCULAR VESSEL
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A swirling jet has been put to practical use to
control hot air flow in spray driers, flames in com-
bustors, etc. by using characteristic flow behavior
such as reverse flow. If the intensity of swirl is weak,
the flow behavior is relatively simple and its structure
can be estimated by appropriate operational param-
eters, e.g. the Swirl number Sw.> However, the
three-dimensional flow behavior becomes more com-
plicated as the intensity of swirl increases and reverse
flow appears. Hence, the investigation of a high
swirling jet with reverse flow is considered necessary.

In this study, a high swirling turbulent jet in a
circular vessel is taken up and the characteristic axial
flow behavior is mainly investigated by measuring
three-dimensional velocity components of water flow
with an electrochemical technique.

1. Experimental Apparatus and Procedure

The experimental apparatus consists of two vertical
acrylic-resin coaxial circular pipes with inside di-
ameters D, (=100mm) and D, (=290mm). The test
fluid in the smaller pipe spouts into the larger one as
jet flow. In the smaller pipe the test fluid is supplied
through two entrances. One is an axial entrance and
the other is a tangential entrance. The flow rates are
denoted by Q, and Q, respectively and the total flow
rate Q is represented by the sum of Q, and Q,. The
tangential entrance consists of two inlet pipes with an
inside diameter d(=10mm), which are attached
tangentially to the smaller test pipe. An axial stream
and a tangential stream join and spour into the larger
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pipe 0.5m downstream from the tangential entrance
as a swirling jet.

Three-dimensional measurements of velocity were
performed by wusing an electrochemical multi-
electrode probe® in downstream cross sections 0.1 m
and 0.3m from the jet exit. In almost the same
measuring range, some visualization experiments of
flow were performed by using polystyrene particles
with a diameter of about 1.2 mm.

In this study, two kinds of dimensionless oper-
ational parameters, i.e., the general Reynolds number
Re and the swirl Reynolds number Re,, which were
proposed in the previous paper,* are used. Re is based
on the cross-sectional average velocity U, in the small
pipe as follows:

Re=D,U,/v
=20/(nvRy) (1)

Re, is based on the characteristic angular velocity o,
at the jet exit. To determine the value of w,, the idea of
the intensity of swirl I' (the circulation) which was
proposed in the previous paper® on swirling pipe flow
is used. The value of I' at the jet exit, ie., I}
(=2nR3w;,; =2nR3w,,), can be calculated from the
initial condition at the tangential entrance by using
the experimental equation® of the decay process of I'
in the small pipe as follows:

Fi/(an%wO)
=0.26 exp{—7100(0.5/R1)(v/(wa0))} (2)
Wy = 2Q9/(775d2R1) (3)
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As a result, Re, is expressed as follows:
Rey=Riw /v
=I/Q2nv) “4)

The experiments were conducted at Re of
2400-14300 and Re, of 0-76200.

If the mean tangential velocity and the mean axial
velocity are assumed to be Uy=w,;r and U, = U, at the
jet exit of the small pipe, the Swirl number Sw% can
be expressed by Re and Re, as follows by neglecting
the pressure term:

Sw=Re,/Re (5)

The above Sw is used as an approximate reference
value of the Swirl number.

2. Results and Discussion

2.1 Visual experiments

Figure 1 shows photographs of vertical sections
containing the center axis when polystyrene particles
are injected into swirling jets at Re=14300 and Re,=
variable. Swirling jets expand in the radial direction
more rapidly with increasing Re,. Three types of axial
flow behavior were observed as shown in Fig. 1 from
trajectories of particles. The flow behavior changes
from Type 1 to Type 2 and further to Type 3 with
increasing Re,. A reverse flow which goes upstream is
a feature of Type 2, and the flow behavior of Type 3 is
characterized by the property that the flow which goes
downstream appears in the central reverse flow
region.
2.2 Axial mean velocity and three types of axial flow
behavior

Some examples of distributions of the axial mean
velocity component U, and the tangential mean ve-
locity component U, at z=0.1 m are shown in Figs. 2
and 3, where negative U, shows reverse flow. As
mentioned in Section 2.1, three types of axial flow
behavior appear according to operational conditions,
i.e., Re and Re,. Similar distributions are obtained
also at z=0.3m, and such flow types seem to be kept
downstream to some extent. These three types of axial
flow behavior are classified by operational conditions
as shown in Fig. 4 for the case of D,/D;=2.9. This
classification in Fig. 4 is based on both results of
visual experiments and measurements of velocity in
the region near the jet exit (z=0.1-0.3m). In this
figure, double keys mean the transitional flow be-
havior between two types. It seems that the flow
behavior of Type 3 is apt to appear in very high
swirling condition as shown in Figs. 3 and 4. The well-
known criterion!*>’ between Type 1 and Type 2, i.e.,
Sw=0.6, is indicated by a dotted line which is calcu-
lated from Eq. (5), and the criterion is almost satisfied
in this study. The flow behavior changes from Type 2
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Fig. 1. Visualization of flow by use of polystyrene particles.
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Fig. 2. Examples of distributions of axial mean velocity.
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Fig. 4. Three types of axial flow behavior and operational
conditions (D,/D; =2.9).

to Type 3 with increasing Re and Re,, and it is difficult
to make clear the criterion between Type 2 and Type 3
by using only Sw. That criterion is approximately
expressed by the following equation within the pres-
ent experimental conditions:

Re- Re)*=7.5x 10 (6)
Nomenclature
D = inner diameter of pipe [m]
d = inner diameter of tangential inlet pipe [m]
0 = flow rate [m?3/s]
R = inner radius of pipe [m]}
Re = general Reynolds number, Eq. (1) [—]

Re, = swirl Reynolds number, Eq. (4) 1
r = radius [m]
Sw = Swirl number [—]
U = time-mean velocity [m/s]
U, = cross-sectional average velocity in jet

nozzle pipe (small pipe) [m/s}
z = axial distance from jet exit [m]
r = intensity of swirl over cross section [m?/s]
T, = intensity of swirl at jet exit [m?/s]
y = kinematic viscosity [m?/s]
w; = characteristic angular velocity at jet exit [1/s]
Wy = characteristic angular velocity at

tangential entrance [1/s]
{Subscripts)

1 = jet nozzle pipe (small pipe)
2 = test vessel (large pipe)
r, 0,z radial, tangential and axial direction
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THE CONTROLLING QUANTITY IN CUBIC EQUATION OF STATE
FOR HEAT OF VAPORIZATION CALCULATIONS
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Introduction

This study concerns the calculation of heat of
vaporization, H**?, by means of a cubic equation of
state (EoS). Its purpose is to show that the same Q,
EoSs (EoSs which have the same cohesion parameter
Q) give identical H"?*? results and to show that the
ability of an EoS to predict PV'T properties is not
related to the HY?P calculation.
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1. Cubic Equations of State

The following general cubic EoS is considered:

RT a

P, "=y =hy @

where “a”, b,, b, and b; are constants, and a=
Q.R?>T?/P, is the only quantity considered to be
temperature-dependent. At the critical point, Eq. (1)
satisfies the critical constraints:
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