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Abstract

Introduction: The co-phase submerged jets of flow with the surrounding environment are generally
analyzed under the influence of momentum parameters. Therefore, in the hydrodynamic analysis of
these jets, the Euler equation, which describes the governing relationships of the flow momentum, is
used. Since the change in flow velocity represents the amount of the momentum, the flow velocity
parameter is considered one of the main parameters in the analysis of submerged flow jets. In submerged
jets, because the jet is surrounded by a co-phase environment, complexities arise in the flow equations
that require experimental studies for understanding. Consequently, numerous experimental studies have
been conducted on flow jets.

The force resulting from the misalignment of the dominant inertial movement direction with the
gravitational force in upward vertical submerged jets means that the governing equations and jet behavior
differ from those of downward vertical submerged jets, the governing equations and jet behavior differ
from those of downward vertical submerged jets. Therefore, in this study, the hydraulic characteristics
of upward vertical submerged jets are examined by measuring the flow velocity parameter, influenced by
factors such as velocity, geometry, and the degree of submersion of the jet nozzle.

Methodology: For conducting this research, a water jet was directed through a pipe with a diameter of
110 mm, with five different flow rates ranging from 2 to 10 liters per second in 2 liter increments, into
a plunge pool with dimensions of 1.8x1.2 meters and a fixed water depth of 73 cm. The experiments
were conducted under two conditions, with initial levels of 6 centimeters and 20 centimeters above the
bottom of the pool. The flow velocity measurements in all conditions were taken at levels of 23, 40, and
60 centimeters above the bottom, as longitudinal profiles, using a three-dimensional velocity meter
(ADV). In the first condition, the measurements focused solely on the mentioned jet flow without any
changes to its geometry. However, in the second condition, in addition to raising the jet nozzle level
from 6 centimeters to 20 centimeters above the bottom, two divergent nozzle angles of 4 and 11degrees
were also examined. Data filtering and processing were performed using Win ADV software to
eliminate potential errors.

Results and Discussion: For the first test case, the longitudinal velocity profiles, plotted along the axis
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passing through the center of the jet at different levels, were examined. The results indicate that due to
the turbulent effect of the flow after exiting the jet nozzle and the effect of gravity, the flow mass
undergoes dispersion, with the flow velocity initially decreasing in a relatively linear manner and then
gradually decreasing exponentially, eventually flowing as a horizontal jet at the water surface. The
intensity of changes in the initial sections of the curve is low, numerically ranging from 6% to 11%, and
then increasing to around 20% (the slope increases with increasing flow rate). The shape of the velocity
profiles transitions from sharp to gradually broadening as the distance from the jet nozzle increases. The
measured turbulence intensities at the central axis of the jet for the tested flow rates ranged from 0.32
to 0.50.

In the second test case, with the first measurement section closer to the jet nozzle, the measurements
show that the velocity along the central axis of the jet initially remains unchanged relative to the jet
nozzle for a certain distance before decreasing. This change in velocity along the central axis of the jet
appears as a break in the velocity graphs. By adding two divergence sections to the experiments and
repeating the data collection, the velocity profiles and central axis velocities of the jet were compared in
three scenarios. In the case of a 4-degree divergence angle, although the flow profile pattern is largely
similar to the non-divergent case, the central axis velocities of the jet decrease. Increasing the divergence
angle from 4 to 11 degrees shows a significant change in flow patterns and central axis velocities
compared to the non-divergent condition. The turbulence intensity values are also affected by these
changes in jet geometry, with turbulence intensity increasing noticeably with the divergence angle.
Besides the impact of jet geometry, comparing velocity values between the two test cases under non-
divergent conditions, influenced by two different submersion heads at the jet nozzle, indicates that
increasing the submersion head increases the collapse rate of the jet core due to the effect of the water
weight in the basin on the jet nozzle.

Conclusion: The hydraulic behavior of an upward vertical submerged jet was examined under the
influence of the geometric parameters of the environment, the submersion depth of the jet nozzle, and
the nozzle divergence, with five different flow rates in the velocity range of 0.25 to approximately 1.25
meters per second. Using an ADV (Acoustic Doppler Velocimeter) for velocity measurements, the mean
and oscillatory velocity profiles along the axis passing through the center of the jet were analyzed. The
analysis shows that increasing the submersion depth of the nozzle leads to an increased collapse rate of
the jet core. Quantitatively, this impact results in a 20% to 25% reduction in mean velocity values at the
central core of the jet when there is approximately a 37% increase in the submersion head. Additionally,
the results indicate that increasing the divergence from 0 to 4 degrees reduces mean velocity values by
about 25%. For a divergence angle of 11 degrees, the reduction in average velocity at the jet core's
breakdown point is about 32% compared to the normal condition.
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Table 3 Average values of the velocity in the center of the jet mass in the levels and divergence angles of the data

measurement
Discharge range (lit/s)
Divergence angle Measurement level - - - - -
(cm) Q=2 Q=4 Q=6 Q-8 Q-10
Z=3 25.68 49.53 75.17 100.22 125.80
0=0° 7=20 24.98 50.24 76.30 99.71 124.17
Z=40 20.70 43.50 62.76 81.91 106.56
Z=3 20.19 37.47 60.66 70.73 95.29
0=4° 7=20 10.98 36.24 56.94 70.92 93.69
Z=40 7.49 28.60 46.57 54.44 77.01
Z=3 18.48 34.65 48.27 64.70 81.17
g=11° 7=20 18.20 23.74 34.42 46.56 58.59
Z=40 14.35 19.46 25.17 29.01 44.62
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