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ABSTRACT �

 
The main target of this research is to design an economically and�environmentally 
feasible alternative system, to dredge sandy/muddy soil in navigable channels, by a 
fluidization system and a jet pump. A theoretical formula had been derived to predict 
jet pump performance under various working conditions using basic fluid mechanics 
equations. 
 
A special experimental test rig has been designed and built to study the effect of some 
parameters such as: area ratio, mass flow ratio, driving nozzle to mixing chamber 
distance, suction inlet configuration and speed of the jet pump upon operation.  A set 
of experiments were conducted to check the validity of the theoretical formula to 
predict jet pump performance and to examine the various jet pump parts that achieve 
the best performance. 
 
The best values for design parameters have been obtained from the experimental work. 
Moreover, the study has proved that the new dredging system is more economically 
feasible and more cost-effective as compared with other traditional dredging methods, 
when applied under the same operating conditions. Also, this work includes a brief 
comparison between the dredging cost per cubic meter in the current study and in other 
dredging operations undertaken by the Suez Canal Authority. 
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1. INTRODUCTION 
 
Hydraulic transport could be used for transport and deposition of waste products 
depending on particular technology and local conditions. Two-phase flow appears in 
different forms ranges from river and waterway used for irrigation to the most 
complex of present day petro-chemical works. Two-phase flow can be gas-solid, gas-
liquid and liquid-solid. One of the present applications is hydraulic conveying of 
sediment sand or clay slurries through pipes or channels. 
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Sedimentation at the bottom of navigable channels is a continual problem. Fluidization 
of the sediment can be used to allow the sediment to flow out the navigable channel 
where it can be incorporated into littoral environment. The main target of fluidization, 
in dredging waterway channels, is to create a long deep way after the removal of the 
fluidized sand-water slurry. Fluidization� the injection of fluid into sediment helps the 
grains of sand to disintegrate and separate. Once the sediment has been fluidized it 
behaves as dense fluid and can be transferred by suitable slurry jet pump followed by a 
centrifugal pump through pipes to the outside of the channel. Nowadays, research and 
studies on fluidization of sand, at tidal inlets and harbor mouths, have been undertaken 
to use fluidization system for maintenance of navigable channels where the sediment is 
directed out the channel. The fluidized sediment can be removed by a jet pump for 
hydraulic transport and deposit into a desired location or for waterway channels 
dredging. 
 
Parks �7��classified�that conventional dredging for channel maintenance, sand 
bypassing around inlets and mining of offshore sand for beach restoration and 
renourishment to be �moves the pump to the sand�. Parks classified also that the new 
technologies of fluidization to be �moves the sand to the pump�. The aim of the current 
research is to apply the new technology of fluidization using certain fluidizer fixed 
with a slurry jet pump. The main difference between the current fluidizer and most of 
the other applications which use the new technology of fluidization is the placement of 
the fluidizer. The previous research works utilized a buried pipes as a fluidizers below 
the sand bed interface but the current research uses a movable perferoted pipe over the 
surface of sand bed. The perforated pipe is welded in the under side of the suction part 
of the jet pump. Generally, The fluidization is suitable for environment where it does 
not cause turbidity. Utilizing fluidization is economical and time saving too. 
 
The jet pump could be the necessary alternative pumping system required for deep sea 
dredging. It is completely different from other kinds of pumps as it has no moving 
parts, its construction is simple and its power supply is a high pressure stream of fluid 
directed through a converging-type nozzle designed to produce the highest possible 
velocity. The resultant jet of high-velocity fluid (driving flow) creates a low-pressure 
area at the tip of the nozzle. This reduction in the pressure causes the suction fluid to 
flow in the direction of the driving jet. Subsequently, the high velocity driving jet 
which exits from the tip of the nozzle exchanges momentum with the suction fluid and 
accelerates it throughout the mixing chamber. When the combined fluid leaves the 
mixing chamber, it attains almost complete mixing and flows through the diffuser 
shaped to convert the most of kinetic energy into pressure energy.  In brief, within a jet 
pump, the high-pressure drive fluid imparts momentum to the stationary suction fluid. 
In this process the drive fluid loses energy and the suction fluid gains energy. The low-
volume high-pressure driving fluid is converted to a higher-volume lower-pressure 
discharge fluid. Recently, the research works tend to use the slurry jet pump aided by a 
centrifugal pump for solid-liquid mixture transport because the jet pump hasn’ t any 
moving parts. It is simple to use and its worn parts can be easily and inexpensively 
replaced. Morever, it can be manufactured at low costs. 
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Zandi and Govatos [1] presented experimental work on water and slurry jet pumps. 
They developed comprehensive equations which may be used in designing a slurry 
(water-sand mixture) jet pump taking into consideration the effects of slip velocity of 
particles. Also, Fish [2] presented theoretical and experimental studies on a water and 
slurry jet pumps. He developed a governing equation which predicts the performance 
of the jet pump using two types of solid material (low grade iron ore and cast steel 
shot). Govatos [3] extended his previous work with Zandi [1] where the performance 
equations for slurry jet pump have been developed. Richardson [4] carried out full-
scale laboratory tests on a center-drive water and slurry jet pump. Shaheen [6] carried 
out experimental study on a water and slurry jet pump. The aim of his research was to 
experimentally study the effect of some design parameters on slurry jet pump 
performance. El-Shaikh et al [8] theoretically studied the performance of slurry jet 
pump under the effect of some parameters. They recommended that the maximum 
efficiency is achieved at area ratio R = 0.26. El-Sawaf et al. [9] studied the theoretical 
and experimental investigation for slurry jet pump performance and fluidization 
system. They concluded that the maximum efficiency is achieved at area ratio equals 
0.22 and weight flow ratio M = 1. Wakefield [10] described application of jet pumps 
in many fields for different purposes because of its simple construction and easy 
operation. He designed many jet pumps that have been used frequently in dredging, 
deep pumping, booster pumping, tail water suppressors, as a recirculation device in 
atomic reactors and in many other systems. El-Sawaf et al. [11] studied theoretically 
and experimentally the effect of some parameters on the performance of slurry jet 
pump using two area ratios. El-Shaikh et al. [12] presented theoretical and 
experimental studies on the slurry jet pump using three area ratios of 0.16, 0.22 and 
0.3. The experimental results were compared with the theoretical results and other 
previous works, which showed a relatively good agreement. El-Shaikh et al. [13] 
extended his previous work where he studied the effect of some parameters on the 
movable/stationary slurry jet pump using four area ratios of 0.16, 0.22, 0.26 and 0.3. 
 
The current work is directed to evaluate the results obtaind from a study on dredging 
system using movable jet pump and applying new technology of fluidization which, 
when scaled up, can be used to dredge sandy/muddy soil in navigational canals. By 
moving the jet pump that is equipped with fluidizer (as one part), the suction 
concentration ratio of the sand is expected to be continuous with an approximate 
constant value. Also, in this work, the best values for design parameters have been 
obtained from the experimental work. Moreover, the study has proved that the new 
dredging system is more economically feasible and more cost-effective as compared 
with other traditional dredging methods, when applied under the same operating 
conditions. 
 
The study was divided into three main parts. The first part (theoretical investigation) 
was to drive a formula that could predict the performance of jet pump. The second part 
(experimental investigation) was to check the validity of the theoretical formula to 
predict jet pump performance and to examine the various jet pump parts that achieve 
the best performance. The third part includes a brief comparison between the dredging 
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cost per cubic meter in the current study and in other dredging operations undertaken 
by the Suez Canal Authority.  
 
 
2. THEORETICAL INVESTIGATION 
 
The theoretical analysis of a jet pump has been based on the application of the basic 
equations of fluid�mechanics such as: continuity, momentum and energy equations. 
The analysis, takes into account the mixing of primary and secondary flows in a jet 
pump, where the secondary flow (suction flow) contains sand. The jet pump used in 
this paper is made of steel 42 and is shown in Fig. (1) Fig. (1) (a- with conical suction 
inlet & b- with cylindrical suction inlet). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (1)  Assembly of slurry jet pump  
 
 
The analysis defines the mass flow ratio as follows: 
 
 M = Qs.� s / Qm.� w         (1) 
 
and the head ratio as : 
 

N = (Hd SGd – Hs SGs) / (Hm – Hd SGd) 
    = { [2R (1+(M2.R / SGs (1–R)))] – [(R2 (1+ M)2 (1+Kd+ K t) / SGd)] –  

      [M2.R2 (1+Ks) / SGs (1–R)2]} /{ (1+Km) + [(R2 (1+ M)2 (1+Kd+ K t) / SGd)]  
   – 2R (1+(M2.R / SGs (1-R)))}        (2) 

 
The efficiency of slurry jet pump is given by: 
 

   = M . N           (3) 
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The above equation can now be generally used to determine the behavior of the slurry 
jet pump of the specified dimensions shown in Figs. (1- a, b). 
 
 
3. EXPERIMENTAL INVESTIGATION 
 
The experimental tests were conducted to optimize hydraulic aspects of the 
fluidization system design, including holes direction, holes size and holes arrangement 
in the perforated pipe, also, the design of the slurry jet pump. The experimental test rig 
used in the current research is shown schematically in Fig. (2). It consists of a flume 
and two water tanks as supplying sources for two centrifugal pumps. The first pump 
feeds the driving flow of the jet pump and the second pump feeds the required water 
for fluidization. The test rig contains also fluidizer, slurry jet pump, two flow meters, 
four pressure gauges, valves, pipes and delivery graded tank. Photos for some 
experimental test rig equipment are shown in Figs. (3 - 7). In this work, many trials 
have been carried out to determine the suitable pressure and flow rate of the 
fluidization system to fluidize the sand bed in the flume. Also the direction and size of 
perforated pipe were carried out before starting the tests so as to achieve the highest 
delivered volumetric concentration and the best condition to form the trench. After 
these trials, the best conditions for achieving the highest delivered volumetric 
concentration were detected at a fluidization pressure of 2.8 bars, when the diameter of 
perforated pipe holes is 3 mm. These conditions were attained when the distance 
between the surface of water and the sand bed surface is 20 cm inside the flume for all 
experimental tests. 
 
The experimental procedure is divided into two main parts. The first part is concerned 
with stationary slurry jet pump while the other part deals with the movable slurry jet 
pump. Each part addresses a specific case; one of them is concerned with jet pump 
using a conical suction inlet and the other one is concerned with cylindrical suction 
inlet. Each case of the above has been tested when the jet pump suction inlet is fixed at 
two vertical distances (10 and 30 mm) above the sand bed. Moreover, the two different 
cases for the two different vertical distances, have been tested for jet pump using four 
different area ratios R = 0.16, 0.22, 0.26 and 0.3.  
 
Finally, four different driving nozzle distance ratios �  = 1, 1.5, 2 and 2.5 were tested to 
each area ratio R to attain the maximum efficiency. The experimental procedure using 
movable jet pump is divided into two main cases. The first case deals with the 
description of movable jet pump when it moves at low speed (X = 0.35 m/min). The 
second case deals with the description of movable jet pump when it moves at high 
speed (X = 0.7 m/min). For each case, all experiments that had been carried out on 
stationary jet pump were executed on movable jet pump. 
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Fig. (2) Schematic diagram of exper imental test r ig 

 
 

 
 

Fig. (3) Photo of the jet pump used in the exper imental test r ig 
 

(1) Water  supply   (10) Suction flow pressure gauge (19) Electr ic motor  

(2) Water  tank    (11) Fluidization flow pressure gauge (20) Belt 

(3) Dr iving flow ball valve   (12) Discharge flow pressure gauge (21) Pulley 

(4) Dr iving flow centr ifugal pump (13) Trap    (22) Screw shaft 

(5) Fluidization flow ball valve  (14) Jet pump     (23) Transmission nut   

(6) Fluidization flow centr ifugal pump (15) Fluidizer    (24) Stand 

(7) Dr iving flow meter     (16) Sand bed    (25) Sleeve  

(8) Fluidization flow meter    (17) Flume    (26) U-Rail 

(9) Dr iving flow pressure gauge   (18) Graded tank   (27) Balance weight 
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Fig. (4) Photo of the jet pump and fluidizer  used in the exper imental test r ig 
 
 

 
 

Fig. (5) Photo of the jet pump and fluidizer  dur ing operation 
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Fig. (6) Photo of the four  pressure gauges used in the exper imental test r ig 
 
 

 
 

Fig. (7) Photo of the electr ical motor  and screw shaft used in 
the exper imental test r ig 

 
 
SAND PROPERTIES 
 
In the experiments, one type of quartz sand was used with 0.52 mm mean particle size 
diameter and with a specific gravity of 2.65. Sand is selected as solid material to form 
the bed of the working section inside the flume, and due to its availability and physical 
shape, i.e., spherical grains. The sand bed height in the flume was 200 mm. Figure (8) 
shows the results of sieve analysis according to DIN standard of the solid material 
used. 
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Fig. (8) Sieve analysis of sand used in exper imental test 
 
 
ERROR ANALYSIS  
 
Generally, the actual value of the measured quantity can never exactly be obtained. 
The difference between the actual value and the measured one is known as the error. 
Errors are created due to imperfectness of human senses and inaccuracy of measuring 
instruments. The existence of errors can be best illustrated by repeating the 
measurement of the physical quantity with great care. Thus, the errors cannot be 
avoided; however, it is required to minimize them. The error in measuring the volume 
flow rates (Q) was calculated in this section. The other parameters recorded during the 
experimental runs and the respective measurement uncertainties�are listed in Table (1). 
The precision limits seen in the table are the smallest interval between the scale 
markings (least count) of the perspective instruments. The bias limit for instruments 
was negligible. An error analysis, including the effects�of both bias and precision 
errors, has been made in this paper�  
 
If we let the parameter (W) represent the result computed from the n measured 
quantities y1, ... , yi, ... , yn, the overall uncertainty interval (� W) is defined using the 
root-sum-square method as follows: 
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During the current experimental work, the volume flow rates varied from 0.0008 to 
0.00183 m3/s� For the current work, using equations (4 and 5), showed that the 
uncertainty in the measured mean volume flow rate (Qm, Qf) is �  2.92 % and (Qd) is 
�  3.78 % within 95� �confidence. Some details about the uncertainly analysis can be 
found in Ref. [5]. Other uncertainty values are summarized in Table (2). 
 
 

Table (1) The precision limits for  the measured parameters 
 

Parameter  Precision limit 
Pressure gage manometer �  2.00 % 
Totalized flow meter �  1.00 % 
Stop watch    �  0.01 sec. 
Length, width, height   �  0.1 mm 

 
 

Table (2) Estimated typical uncer tainties 
 

Parameter  Uncer tainty % 

Static pressure, P  �  2.00 

Volume flow rate, Qm, Qf �  2.92 

Volume flow rate, Qd �  3.78 

Jet pump speed, X �  0.17 

Total head, H �  1.89 

Efficiency,   �  2.12 

 
 
4. EXPERIMENTAL  RESULTS  
 
Some of the experimental results are plotted by curves showed in previous works [11], 
[12] as relationship between mass flow ratio (M) versus head ratio (N) and jet pump 
efficiency ( ) respectively for each area ratio. The figures in previous works and Fig. 
(9) state that the highest maximum efficiency is achieved at driving nozzle distance 
S = 1.5:2D1 at R = 0.16, S = 1.5D1 at R = 0.22, S = 1.5:2.5D1 at R = 0.26 and S = D1 
at R = 0.3 for all cases. Furthermore, the mass flow ratio M that gives the maximum 
efficiency is ranged from 1.07 to 2.11, 1.539 to 2.017, 1.14 to 1.73 and from 0.952 to 
1.52 for R = 0.16, 0.22, 0.26 and 0.3, respectively. The study of the effect of changing 
driving nozzle distance on the performance curve of suggested jet pump stated that the 
nozzle distance corresponding to highest maximum efficiency point depends on the 
area ratio, jet pump speed, suction inlet configuration and vertical level position for jet 
pump. Also, the study stated that the area ratio of 0.3 gives the best performance 
compared to three area ratios of 0.16, 0.22 & 0.26, while the lower performance was 
given with area ratio of 0.16. This may be because the jet pump with area ratio 0.3 
draws more driving fluid than that with area ratios 0.16, 0.22 & 0.26 for the same 
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conditions. On the contrary, the experimental tests reveal that, the higher area ratio 
gives the lower delivery concentration. This may be because of the higher area ratio of 
the higher driving flow rate that dilutes the sand concentration at suction side. 
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R=0.22, stationary, 30 mm, conical
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R=0.16, X=0.7 m/min, 30 mm, cylindrical
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Fig. (9) Effect of changing dr iving nozzle distance (S) on the exper imental per formance 
of slurry jet pump 
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5. THE ADVANTAGES OF CURRENT SYSTEM WITH RESPECT TO 

THE ENVIRONMENT AND THE DREDGING COST 
 
Jet pump and fluidization system can be used in dredging of sites which are difficult to 
approach or need handling of equipment and are impossible to reach with traditional 
methods. The current system is suitable for sand, silt, sludge, mud and other organic 
materials. The material may contain also some bigger grains up to 52 mm in diameter. 
Also, this system, unlike conventional dredgers, does not use a lot of wires, anchors 
and hydraulic winches for dredging. This makes jet pump and fluidization system ideal 
for rivers, canals, harbors etc. where conventional dredgers block other water traffic 
with wires going across the navigation path. The current system can also move and 
operate in shallow waters compared to other conventional dredgers, thus helps to 
preserve environment. The calculation of dredging cost for removing 1 m3 of sand by 
current system and by Suez Canal Authority dredgers are estimated. Table (3) shows a 
comparison between the dredging costs in case of current system compared to that of 
Suez Canal Authority dredgers. 
 
 

Table (3) Compar ison of dredging cost of current system and Suez Canal Author ity 
dredgers 

 

Dredging cost of 1 m3 sand 
Type of soil 

Suez Canal Author ity dredgers Current system 

Sandy 8-10  L.E. ����  2.55  L.E. 

Mud 2.5  L.E. � ���  1.25  L.E. 

 
 
The previous table stated that the dredging by current system is economical and can 
preserve surrounding environment from dredging side effects compared to Suez Canal 
Authority dredgers. The costs given in Table (3) are estimate, (exact cost is variable 
depending on: type of dredger, site of dredging and conditions of dredging). 
 
 
6. CONCLUSIONS 
 
The conclusions drawn from the current work are as follows: 
 

·  Dredging by current system can preserve surrounding environment from dredging 
side effects specially when used in wetlands, shallow water, lakes, harbors, shore 
lines and under bridges because the fluidized area is sucked momentary during 
operation. 
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·  The new dredging system is more economically feasible and more cost-effective 
as compared with other traditional dredging methods, when applied under the 
same operating conditions. 

 

·  For the four tested area ratios the jet pump suction inlet with conical shape 
attained a higher performance compared to the result of suction inlet with 
cylindrical shape. 

 

·  A jet pump with conical suction inlet gives a higher delivered sand concentration 
compared to jet pump with the suction inlet of cylindrical shape. 

 

·  The best conditions that give the highest efficiency points for jet pump with its 
corresponding suggested area ratios in this work are stated as shown in following 
table:  

 

 
 
7. RECOMMENDATIONS FOR FUTURE WORK  

 
·  Studying the effect of varying solid particles size and solid specific gravity on the 

slurry jet pump performance. 
 

·  Extending the values of area ratio and nozzle distance different than those tested, 
are recommended, in order to complete the picture for the widest possible values 
of these ratios. 

 

·  Studying the effect of changing mixing chamber length, suction nozzle angle and 
diffuser angle on the jet pump performance. 

 

Nozzle distance ratio (� ) Highest 
maximum value 

With conical With cylindrical   Cvd 

Area 
ratio 
(R) 

Pump 
speed  (X) 

m/min 
10 mm 30 mm 10 mm 30 mm % % 

0.35 1.5 11.65 12.8 

0.70 2.0 11.01 10.37 0.16 

stationary 1.5 11.45 8.5 

0.35 15.64 10.25 

0.70 13.51 8.23 0.22 

stationary 

1.5 

15.41 7.54 

0.35 2.5 1.5 19.12 10.15 

0.70 1.5 2 16.54 7.73 0.26 

stationary 2.5 1.5 17.64 6.51 

0.35 24.4 7.95 

0.70 20.58 7.004 0.30 

stationary 

1.0 

21.72 6.76 
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·  Studying the effect of changing holes diameter of fluidization system and its 
directions to sand bed surface on the performance of slurry jet pump. 

 

 
NOTATION 

Roman letters 

Cvs, Cvd  = concentration by volume on suction and discharge lines 
respectively (volume of solid divided by volume of slurry) 

 
(-) 

H = total head (m) 
K = loss coefficient (-) 
M = mass flow ratio = Qs � s / Qm � w   (�) 
N = head ratio = (Hd SGd – Hs SGs) / (Hm – Hd SGd) (�) 
Q = volume flow rate (m3/s) 
R = area ratio =A1/A3, (driving nozzle area/mixing chamber area) (-) 
S = driving nozzle to mixing chamber distance (m)       
SG = specific gravity  (-) 
X  = jet pump speed (m/s) 

 
 

Greek letters 

   = jet pump efficiency = M . N  (-) 
�   = specific weight  (N/m3) 
�  = ratio of nozzle distance S to driving nozzle exit diameter (-) 
 

 

Subscr ipts 

d, m, s   : discharge, driving (main) and suction lines respectively  
t          :  mixing chamber ( throat�)  
w         :  water  
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