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ABSTRACT

Removing deposits is one of the most important maintenance activities that applied to
irrigation canal. This research aims to study experimentally the effect of different flow
conditions such as discharge and water depth on removing sand by using jet pump. To
achieve this goal, an experimental program was set up and a small proto type of jet pump
was tested under different conditions. The flow discharge, water depth and sand type were
related to sand removable by jet pump. Forty five runs were applied on the physical model
which built in the hydraulic lab of the channel maintenance research institute, national water
research center, Egypt. It was found that both of water depth and discharge of open channel
had no direct effect on jet pump efficiency. The efficiency of jet pump is mostly effected by
soil gradation. Finally, it is recommended to use jet pump in limited maintenance work where
the soil is loose.

Keywords: Sediment removable; Jet pump; Flow discharges; Water depth; Grain size
distribution.

1. INTRODUCTION

Sediment deposition is a serious issue facing water sector. Solid material or organic matter
that transported and deposited by water or wind is defined as sediment [1]. Sediment
deposition has a harmful effect on the capacity of the reservoir, the life of dams, hydropower
operation efficiency, intake and outlet structure as it may be clogged [2]. Besides that it may
cause flooding, navigation problems and environmental negative influence [3]. So without
routine removing for sediment deposition, the water based activates will confront several
problems.

Jet pumps are hydraulic dredge devices used to remove sediment (sand/water mixture) from

watercourses. Jet pumps bypassing system don’t have moving parts and the jet of water can
power it, so the primary component of jet pumps is differ from other pumps [4-5]. In the
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suction chamber of jet pump, mixing occurs between (sand/water mixture) and central water
jet, the surrounding sediment is crumbled by small water jet near the intake end of the
suction tube, thus enables the sediment to flow towards suction tube end [6].

The properties of the sediment plays a major role on the jet pump performance. The
sediment properties description is important in designing the system and the properties must
include grain size distribution, in situ porosity, specific gravity of sediment solids, presence of
cohesive material or cementing agents, presence of large objects such as debris and
subsurface profiles in areas where jet pump system may operate, preferably obtained from
core samples [5].

Most studies focused on the jet pump geometry relations to improve the performance, but
few studies explored experimentally the effect of flow characteristics and sediment type on
the sediment removable by using jet pump, although it may be play an important role in the
performance and designing the jet pump. Bosman et al. [6] studied the removal of sediment
from water intakes on rivers by using jet dredge pump to develop a reliable and simple jet
pump design for the application in water intakes. El- Sawaf et al.[7] illustrated experimentally
the influence of the pump geometries and operating conditions on the performance, the
result showed that the jet pump head and the head ratio decrease with increasing suction
capacity. Saker and Hassan [8], showed experimentally the effect of different jet pump
parameters on the performance. Mueller [9] explored experimentally the optimum
dimensions for water jet pump at best performances. El-Sibaie and El-Haggar [10], reported
experimentally the particle size and nozzle outlet location on the slurry jet pump
performance.

2. AIMS OF THE RESEARCH

Most applied studies on the topic of water jet pump interested in studying the effect of jet
pump geometry on its performance. However, the flow characteristics and sand type may be
play a role in the performance of jet pump. Therefore, the research aims to study
experimentally the effect of flow discharge, water depth and different grain size distribution of
sand on deposit removal efficiency by using jet pump to understand the phenomena and
give an integrated outline for designing the jet pumps.

3. EXPERIMENTAL WORK

The experiments were carried out in the hydraulic lab of the channel maintenance research
institute, national water research center, Egypt. The used flume is a reinforced concrete
flume of re-circulating type as shown in fig.1. It has a total length of 22.10m. An underground
reservoir with the dimensions 24.10 m long, 1.75 m wide, and 1.50 m height was used to
supply the flume with water. The main part of the flume is the trapezoidal concrete section
that has the dimensions of 16.22 m length, 0.60 m width, 0.42 m maximum depth and 1:1
side slope. The inlet part of the flume has the dimensions of 4.52 m long, 1.63 m wide, and
1.16 m height, with two vertical reinforced concrete walls to dissipate any excessive energy.
The two walls are in a basin with the dimensions 3.00 m length, 1.63 m width and 1.21 m
height, the inlet bed has a ramp with slope 3:1 is located downstream the two vertical walls.
The outlet part of flume consists of outlet basin of dimensions 0.96 m length, 1.63 m width
and 1.21 m height. The water was drained through two pipes, 8-inch diameter to the
underground reservoir.

A sand basin of 1.00 m length, 0.60 m width, and 0.10 m depth was constructed. Three-soil
gradation were used to represent fine, medium, and coarse sand. The medium grain size of
the experiment sand soil (Dsy) were 0.41 mm, 0.47 mm, and 0.58 mm respectively.
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An experimental model was built up, the jet pump and the sand basin were attached to the
hydraulic flume. The main components and dimensions of the used jet is shown in the fig. 2.
The output mixture of sand and water was collected in 4 m® sediment basin. The collecting
basin is provided with geo textile membrane filter at its drainage hole to prevent sand from
escaping. Five discharges were selected to pass through the flume (30, 35, 40, 45, and 50
I/s). For each discharge, three water depths were applied (25, 30, and 35 cm). For each run
both discharges and water depths were adjusted and both the volumes of mixture and sand
in the collecting basin were measured. Fig. 3 shows the components of the experimental
model. The variables of the experimental program runs showed in (Table 1).
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1 5inch diameter pipe 8 Tilted tail gate

2 Control valve 9 8 inch diameter drain pipe

3 Turbulence elimination 10 5 inch diameter suction pipe
4 Horizontal bed trapezoidal flume 11 Group of motors and pumps
5 Sediment basin 12 Under ground reservoir

6 Feeding pump 13 Current flow meter

7 Jet pump 14 Sand basin

Fig .1. Lay out of the experimental flume
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Fig .2. Principal components of the used jet-pump [11]
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Fig. 3. Components of the experimental model

Table 1. Variables of the experimental program runs

Discharge

L/sec

Water depth
Cm

Velocity

Cm/sec

Soil gradation

30

20

18.7

Fine sand
Coarse sand
Very fine gravel

25

141

Fine sand
Coarse sand
Very fine gravel

30

11.1

Fine sand
Coarse sand
Very fine gravel

35

20

21.8

Fine sand
Coarse sand
Very fine gravel

25

16.4

Fine sand
Coarse sand
Very fine gravel

30

12.9

Fine sand
Coarse sand
Very fine gravel
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Fine sand
20 25 Coarse sand
Very fine gravel
Fine sand
40 25 18.8 Coarse sand
Very fine gravel
Fine sand
30 14.8 Coarse sand
Very fine gravel
Fine sand
20 28.1 Coarse sand
Very fine gravel
Fine sand
45 25 21.1 Coarse sand
Very fine gravel
Fine sand
30 16.6 Coarse sand
Very fine gravel
Fine sand
20 31.2 Coarse sand
Very fine gravel
Fine sand
50 25 235 Coarse sand
Very fine gravel
Fine sand
30 18.5 Coarse sand
Very fine gravel

NB:( L/sec) : (liter / second) unit of the discharge; (Cm): (centimeter )unit of water depth; (Cm/sec):
(centimeter / second) unit of flow velocity in the flume.

4. THEORETICAL APPROACH

Dimensional analysis is used in the derivation of general equation to determine the efficiency
of the used experimental jet pump.

E=f DSO/Vto.s.s r<Y/Vto.33>»<VS/(Q * T)) (1)

those relations according to Buckingham’s m-theorem[12-13] .

Where (g) is jet pump soil removal efficiency = (V¢/Vy), (Vs) is volume of removed soil, (Vy)
total volume of jet pump out put (mixture sand / water),(Q) is the discharge of the flume, (V)
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is the flow mean velocity of the flume, (T) is the time of run, (Y) is the water depth of the
flume, (Dsp) is the medium grain size of the used soil.

5. ANALYSIS OF RESULT AND DISCUSSION

Forty-five runs were applied on the physical model using small prototype of jet pump to
identify the effect of changing water depth, discharges, and soil gradation on the efficiency of
jet pump in removing soil.

5.1 Effect of Water Depth on Jet Pump Sand Removal's Efficiency

Three water depths were applied through the experiment with five flow discharges and three-
soil gradation. The used jet pump prototype is the same for all runs. Fig. 4 represents a
sample of experimental results. It shows a comparison between the efficiency of different
water depths when passing different discharges for coarse sand removal. Maximum values
for the efficiency were corresponding to water depth 30 cm that is not the maximum or
minimum depth of the experimented water depths. Fig. 5 shows the relation between the
efficiency of jet pump in removing sand (€) = (V¢/Vy) and the term (Y/V'*).The curve
representing the relationship did not show a definite trend. The efficiency was increased with
increasing (Y/V*®) to a certain value then it started to decrease. This may be due the fact
that for each jet pump (size, geometric dimensions, and feeding pump properties) an ideal
water depth, which gives maximum efficiency.
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0.004 L — — /

Efficiency (V/V,)

0.002
| @ Depth 25cm M Depth 30 cm Depth 35 cm
0 T T T T T J
25 30 45 50 55

5 40
Discharge (L/s)

Fig.4. The relation between jet pump sand removal's efficiency (Vs/V;) and discharge
for different water depths
NB: those results are results from the analyzing the experimental data. (V¢/V:) : jet pump sand removal's
efficiency as (Vs) : volume of removed soil;(V;) :total volume of jet pump out put (mixture sand / water).
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Fig.5.The relation between jet pump sand removal's efficiency (Vo/Vy) and (Y/V,>%®)

NB: those results are results from the analyzing of the experimental data. (Vs/V:) : jet pump sand removal’s
efficiency as (Vs) : volume of removed soil;(V;) :total volume of jet pump out put (mixture sand / water); (Y) is
the water depth of the flume.

5.2 Effect of Soil Gradation on Jet Pump Sand Removal Efficiency

The efficiency of jet pump in removing sand was determined when using three soil
gradations. Fig.6 represents a sample of experimental results. It shows comparison between
the efficiency of different soil gradations when passing different discharges for water depth
35 cm. The efficiency of removing sand is decreased with increasing soil particle size. Fig.7
Shows the relation between the efficiency of jet pump in removing sand (£€) and the term
(Dso/V"®). The efficiency is inversely proportional to the term (Dso/V"™).
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5.3 Relation between Jet pump Sand Removal's Efficiency (Vs/V;) and the term
(Vs/QT)

The Relation between jet pump sand removal's efficiency and the term (VJ/QT) is
represented in the fig.8. The removal efficiency is increasing with increasing the value of the
term (V¢/ QT). The rate of increasing is high for smaller values of the term (VJ/QT). For
higher values, the rate of increasing getting lesser. The relation between the two terms could
be stated in the following equation:-

QET]Z +0.20 (Q];ST) =

€=O.59[

NB: The equation was based on analysis of experimental data using Microsoft office excel program.

Where (g) is jet pump soil removal efficiency = (V¢/Vy), (Vs) is volume of removed solil, (Vy)
total volume of jet pump out put (mixture sand / water),(Q) is the discharge of the flume, (T)
is the time of run.
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Fig.8.The relation between jet pump sand removal’s efficiency (V¢/V,) and (Vs/QT)
NB: those results are results from the analyzing of the experimental data. (Vs/V:) : jet pump sand removal's
efficiency as (Vs) : volume of removed soil;(V;) :total volume of jet pump out put (mixture sand / water); (Q) :

the discharge of the flume; (T) is the time of run

The research interested in studying the effect of open channel hydraulic parameters on Jet
pump sand removal's efficiency, so the same prototype of jet pump was used in all runs.
The experimental result showed that the efficiency decreased with increasing discharges to
a certain point then start to increase again. Also efficiency increased with increasing depth to
a certain point the start to decrease. This may be related to jet pump dimensions. The
observed trend may be due to that for each inner dimensions of jet pump there is optimum
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water depth and shear velocity that gives maximum efficiency. The efficiency of removing
sand is decreased with increasing soil particle size.

6. CONCLUSIONS

The experimental investigation focused on exploring the effect of the change in open
channel hydraulic parameters and soil gradation on the efficiency of jet pump in removing
loose deposit. The conclusion of the experimental investigation could be summarized in the
following statements.

1. Both of water depth and discharge of open channel had no direct effect on jet pump
efficiency of removing loose deposits. There is an optimum water depth and discharge
for each jet pump geometrical dimensions.

2. The efficiency of jet pump is inversely proportion to soil gradation. It increased by
average percent of 67% when using medium sand instead of coarse sand. The
increase reaches an average percent of 116% when using fine sand.

3. The jet pump could be used in removing small quantities of loose deposits, which
represent a problem nearby hydraulic structures. It is not encouraged to be used in
large scale in open channel maintenance due to the high percentage of water in the
resulting mixture.

There are some considerations, which could be recommended for future studies as studying
the relation between different hydraulic parameters of open channel to the properties and
different geometry of jet pump.
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