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Abstract—Behavior of turbulent jet is relying on jet parameters,
environmental and geometric parameters. In this research, it has
attempt to Study effect of jet parameters of internal angle on
maximum effective length and velocity on centerline from nozzle
experimentally. Toward this end, four internal angles 30, 45, 60 and
90-degree are considered for this study in a flume with 600cm as
long, 100cm as high and 150cm in width. Various discharges were
used to evaluate effective length for a wide range of densimetric
Froude numbers F, from 17.9 to 39.4 that is defined at the nozzle. As
a result, It is revealed that both velocity on centerline and effective
length decreases when nozzle angle decreased from 90° to 30°. The
results show that, for all range of Fr, the U,,/Uj ratio for nozzle with
a=90° on centerline increases 20% - 27% than nozzle with a=30° that
has lowest velocity on centerline than other nozzle.

Keywords—Turbulent jet, velocity, effective length, Froude
number.

1. INTRODUCTION

ET can be used to dilute pollutants to ambient flow. Thus,

when a pollutant is pumped into receiving water, there is
usually a legal or administrative requirement that significant
dilution be achieved as rapidly as possible [4]. One of the
many techniques for achieving rapid dilution is the turbulent
jet, which entrains and mixes large volumes of receiving water
with the pollutant discharge [3]. By this definition, the simple
jet is a turbulent flow pattern generated by a continuous source
of momentum. A closely related phenomenon is the plume;
however, the plume has no initial momentum and is generally
considered a buoyancy drive phenomenon [7].

The fluid mechanics community has investigated turbulent
buoyant jets intensively for many. As an example of this
research, in the context of waste disposal and contaminant
dispersal, arrays of turbulent buoyant jets are generated in the
marine environment when wastewater is discharged from the
diffuser sections of sea outfalls [1], the achievement of
prescribed dilution limits on the concentrations of
contaminants contained in the wastewater depends crucially
on the behavior of the turbulent buoyant jets within the
receiving water column [5], and the impact of heated buoyant
jets released into the atmosphere from urban incinerator plants
which is a key determining factor for ambient air quality [8].
Study on disruption of the spatial and temporal development
of a round, turbulent, buoyant jet by a localized patch of
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turbulence of horizontally homogeneous turbulence generated
at a location remote from the jet source [6]. Investigated
effective parameters of the buoyant jets have been evaluated in
the stagnant ambient fluid and to precede the goals of the
study, the positive mixing length and trajectory characteristics
from a buoyant jet and the maximum length of upper and
inferior limits of trajectory have been considered [2]. In the
present study, by changing in the geometric parameter of jet
like the internal angles of nozzle, the turbulence level and
effective length of the jet was investigated.

In Fig. 1, an elementary jet is schematically defined. Due to
this figure, the distance L is the length of the zone of flow
establishment or the core length. Within the distance L, the
jet centerline velocity U is constant. For distance x>L,, the
centerline velocity U, is more less than U, and is reduced
oscillatory.
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Fig. 1 Schematic for a plane jet

According to the Fig. 1 the densimetric Froude number, Fr,
and Reynolds number Re are written as:

__Uo
F= (1)
and,
Re = Yok )

v

where dy, v are the jet diameter and viscosity of water
respectively, U, is maximum velocity in longitudinal x
direction.

II. MATERIAL AND METHODS

In order to investigate the research purpose, the researchers
built a flume with 600cm length, 100cm high and 150cm
wide, that sidewalls were made of glass and the bed was made
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of iron metal (see Fig. 3). Two centrifugal pumps supply
pressure and discharge for jets header from reservoir.
Discharges were measured by a Rotameter flow meter that
installed on inlet pipe with DN=2" inches and Velocities on
centerline are measured by Electromagnetic flow meter (E.M.
Flow meter) that is located on a 3D chariot. The nozzle
element is made of aluminum (see Fig. 2) that installed on a
common header that located on 20cm above the bed, to create
a fixed water level on jets; a morning glory spillway was
placed at the end of flume. Flow is circulated between outlets
of morning glory spillway; reservoir, pump station and flume
(see Fig. 4). Values of U, were selected to achieve a range of
the densimetric Froude number, from 17.9 to 39.4 and
Reynolds number Re was in the range of 56000 to 123000.
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Fig. 2 Longitudinal nozzle's section

Fig. 3 Flume Perspective

III. RESULTS AND DISCUSSION

For submersible jets with inner convergence angle can be
shown to be function of

Data acquisition system

Jets Header Pipe 3D Chariot
“a Y

fl = (UO'H,V'Um,g;X,do:P,(X) (3)

In which p, g are the mass density and acceleration of gravity
respectively, H is the water level over jet, a is the jet internal
angle and other variables have been defined previously. Using

Buckingham’s  theory, the following dimensionless
relationship is finally obtained
X = S = Uodo H Um 4
do_fZ(E‘_M'Re_ v ’dg'Uo'a) ()

In this equation Fry and Re are, respectively the Froude and
Reynolds values at the jet nozzle. The value of the Reynolds
number in these experiments was quite high. It means that
viscosity has no effect and thus Reynolds number can be
eliminated from analysis. As a result, (4) would change to (5).

U H Up

x
a_f3(Fr_\/g_do 'd_o'UO'a) (5)

During experiments, the intensity (H/d,) was kept constant
equal to 50, this ratio obtained with increasing gradually
Insofar as jets flow have not effect on water level, so (5) for
submersible jet can be written as:

x _ Ug U_m
= filf =7 ) ©)

With using the results, the relation between dimensionless
parameters of (6) was plotted which shown in Fig. 5 to Fig. 9.
These figures show the dimensionless parameter X/d, against
U./Uy for a constant densimetric Froude number for each
nozzle. As illustrated in this figures jet with a=90° has highest
velocity on effective length in compare with the other jets. The
results also show that, for all range of Fr, the U,/U, ratio for
nozzle with 0=90° on Effective length increases 20% -27%
than nozzle with 0=30° that has lowest velocity on centerline
than other nozzle. These differences for nozzles with 0=45°
and 0=60° are 10% -15% and 6% - 12% respectively.
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Fig. 4 Schematic view of the experimental setup
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Fig. 5 Relationship between U,,/U, and x/d, in Fry=17.9
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Fig. 6 Relationship between U,,/U, and x/d, in Fr;=22.4
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Fig. 7 Relationship between U,,/U, and x/d, in Fr,=28.2
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Fig. 8 Relationship between U,,/U, and x/d, in Fr;=33.7
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Fig. 9 Relationship between U,,/U, and x/d, in Fr;=39.4

Fig. 10 shows that the ratio of U,/U, against X/dyfor jet
with inner angle 90°. According to this figure, Effective
Length can be divided into two regions, (a) Near Field and (b)
Far Field.

0 \IJIF

Fig. 10 Velocity on centerline for jet with o = 90°

In near field, flow pattern is affected by initial jet’s
momentum and velocity on centerline is reduced with steep
slope by constant gradient. For this region, Upstream
boundary is approximately limited in X/dy=100. For
X/dp>100, the rate of decreasing U,/U, has a mild slope. In
this zone the jet’s flow momentum are very low and eddies
that generated between jet’s flow and ambient resource are
stronger than eddies flow in near field. Thus, the velocity on
centerline has an Oscillating gradient. For finding relationship
between X/dy, U,/Uy, and Froude number according to
experimental data of jet nozzle with a = 90° by using
SPSS.ver.19 software, (7) are generated.

(&) =0.45 - 0.086 Ln (=) **R*=0.970 (7
Uy do

IV. CONCLUSION

The present study was carried out with the purpose of
identifying the effect of inner Convergence Angle on
Maximum effective length in Submersible jet. Twelve tests
were conducted and the results were analyzed. From these
results, the following conclusions can be found.

A. Velocity on Effective Length decreases when nozzle inner
angle decreased from 90° to 30°.
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For all range of Fry the U,,/Uj ratio for nozzle witha =90°
on centerline increases 6%-27% than nozzles with a=30°,
45° and 60°.

Flow on centerline is divided into two zones (a) Near
Field and (b) Far Field. In Near Field flow in Zone (a) is
affected by jet’s momentum and ratio of U,/U, has a
constant gradient but in zone (b) eddies flow is stronger
and velocity on centerline has an Oscillating gradient
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