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2.1. MULTI-PHASE TRANSPORT IN A SIPHON AND JET 

PUMP SYSTEM 

 

ABSTRACT 

 A combined pump system is used for vertical transportation of water 

or muddy concentrated fluid from a river, sea, etc. This system has two 

important parts called the injector pump and the siphon pump. The pumps 

are fixed on a vertical pipe with the siphon pump located above the jet pump 

at a distance that is optimized by using an iteration method on a computer. 

 By pumping clear water into the water injector, the mixed fluid is 

raised in the vertical pipe. At the same time compressed air is injected into 

the pipe, and the density of the muddy fluid is decreased. Because of the 

static pressure on the pipe, a two-phase transportation occurs. 

The total pressure drop in the upper part of pipe, which begins after 

the siphon pump, cannot be calculated easily because there is air which is 

compressible in the muddy fluid, and the air in the muddy fluid is expanded 

when it flows towards the top of pipe. Therefore, the pressure drop in the 

upper part of pipe is calculated by an iteration method. 

 In this study the theoretical and experimental results will be 

discussed. 

Keywords: Fluid Flow Computation, Multiphase Flow, Injector, 

Siphon, Combined Pump System  

INTRODUCTION  

 A schematic of the system is shown in Fig. 1. The system consists of 

a centrifugal pump, a water injector, a siphon pump, a compressor and 

several pipes. 
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 The injector of the system must be set under the water where the 

system is used in order to realize the transportation. The greater the distance 

between the water level and the injector is, is the better the efficiency of the 

system. If the water is deep enough to set the siphon pump beneath the 

surface, the transportation is even more efficient [1, 2]. 

 If the clear water is pumped into the injector by using a centrifugal 

pump (P), the pressure in the injector is decreased. Because of the static 

pressure of the water, which exists on the pipe, the fluid level rises in the 

pipe [3,4].  

At the same time, compressed air is injected into the siphon pump, 

where the density of the fluid has decreased. Because of the decreasing of 

the fluid density and of the static water pressure on the pipe, the muddy 

fluid is raised in the vertical pipe continuously [5, 6]. 

 

 

Fig 1: Schematic of the system 
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THE CHARACTERISTIC OF THE INJECTOR 

 The experimental set used to show the injector’s characteristics are 

given as follows according to the references [1, 3]. 

   

(P/q)=2/r+2m
2
/(r

2
-r) - k(1+m)

2
/r

2  
 (1) 

 

 The meanings of the terms that are used in equation (1) are given in 

the section “Nomenclature.”  

 During the transportation, the height of Hw is equal to: 

 

Hw= w.Qp
2
.(P/q)/

2
     (2) 

 

PRESSURE DISTRIBUTION OF THE SYSTEM 

 The pressure distribution of the system is given schematically in 

Fig. 2. Before the transportation occurs, the pressure on the lower end of 

pipe is given as follows: 

 

Po= Patm +m.g.(H j+Hx)    (3) 

 The height of Hx is chosen very small; therefore, this term can be 

removed from the above equation. The pressure drop between the injector 

and the siphon pump occurs because of the weight, friction, acceleration and 

entry pressure drops in the pipe and is given in the equation (4). 

Pb = ( m/
2
).e. Vb

2
 + (Qm/A)

2
 + Ht2.g + 

(/D).(Qm/A)
2
     (4) 
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Fig 2: The pressure distribution of the system 

 

The static pressure on the siphon pump is found as: 

 

Ps= Patm + w.g.Hj -pb     (5) 

 

 The area ratio of the air and the muddy fluid in the upper part of the 

pipe is defined as follows for the system, which has a 50 mm pipe diameter 

3. 

 

a= (Qa/A).(0.16+1.081 (Qa/A)+Qm/A)   (6) 

 

 The average density of the mixed fluid (muddy fluid and air) is 

calculated using the equation: 

x=(1-a)m+a.a     (7) 

 

 The total pressure drop in the upper part of pipe, which begins after 

the siphon pump, cannot be calculated easily because there is air which is 

compressible in the muddy fluid, and the air in the muddy fluid is expanded 
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when it flows towards the top of pipe. Therefore, the pressure drop in the 

upper part of pipe is calculated by an iteration method. 

 The pressure drop in the upper part of pipe occurs because the 

friction, the acceleration and the weight pressure drops. 

 x is a very small step in the upper part of pipe where it is assumed 

that all variables stand constant. 

 For the step x, the pressure drop is found as follows:  

 

Pu= (P/x)fu. x+(P)au.x + (P/x).x  (8) 

 

The pressure distribution between the siphon and the upper end of 

the pipe is determined from equation (9), which is inferred from Fig. 2. 

 

Ps
l

i

Pu= Patm     (9) 

where i=(Hs +Hu)/  x     (10) 

 

 The pressure drop in the step x is calculated with the equation 

below: 

 

Px = (x./2.D).(m.m.Vm
2
 +a.a.Va

2
) + 0.5 

(m.m(Vm2
2
-Vml

2
)) 

  0.5 (a.a(Va2
2
-Va1

2
)) + g (m.m +a.a).x (11) 

 

where Vm=Qm/(A1-a)), Va=Qa/(A.a) and a+m=1 

 The volumetric mass of air, which is compressed, to the siphon 

pump is written as follows: 

  Qa= Qas (Patm/Ps)     (12) 
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 For the system used, performance is found from the equation (13) 

because of the compressor and centrifugal pump. 

 

Pu=Patm.Qas In(Ps/Patm)+Qp.w.Vp
2
/2   (13) 

 The consumed performance of the system is: 

P=Pb.Qm + 
l

i

Px(Qm+Qa(x)) - w.g.Hj.Qm (14) 

 Finally, the efficiency of the system is: 

 

=m.g.Qm(Hu+Hs+Ht)/Pu    (15) 

 

RESULTS OF THE EXPERIMENTS 

 The muddy fluid volume flow rate in the upper half of vertical pipe 

is measured as a function of the standard air volume flow rate, which is 

compressed into the system. These measurements are taken for a pipe which 

has a diameter of 50 mm. Different injectors are used for this pipe, and for 

each injector, multiple measurements are taken using different injector area 

ratios (r). 

 For the injector in the 50 mm pipe system, three different injector 

area ratios are used  ( r = 6.12, r = 18.75, r = 33.33). The results are obtained 

for this system with all other parameters such as Hj, Ht, Hs, Hu held constant. 

 Centrifugal pumps and injectors used in the system are selected so 

that without the siphon pump there will not be any water flow in the upper 

half of the pipe. The purpose of using the centrifugal pump and injector is to 

raise the beginning height of Hj to Hw. 

 In Fig 3., the injector area ratio is r = 18.75. In this figure the muddy 

fluid volume flow rate Qm in the upper half of the pipe is given as a function 

of the standard air volume flow rate Qas. 
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Fig 3: The transported muddy fluid volume flow rate Qm as a function of Qas 

 

 As shown in the figure, it is necessary to have an exact standard air 

volume flow rate in order to realize the fluid transportation in the upper half 

of the pipe. If the amount of the pumped volume water flow rate Qp is 

increased, the minimum standard air volume flow rate Qas will be decreased 

to transport the muddy fluid. If the standard air volume flow rate is raised 

continuously, the transported muddy fluid volume flow rate will be 

increased to an exact point, but after an exact point increasing the standard 

air volume flow rate will be increased to an exact point, but after an exact 

point, but after an exact point increasing the standard air volume flow rate 

does not have any effect on the muddy fluid because the curves go 

horizontally, and they even go down sharply later. 

 In Fig .4. the muddy fluid volume flow rate in the upper part of pipe 

is given as a function of the pumped water flow rate for different standard 

air volume flow rates which are compressed in the system. 
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Fig 4: The relationship between the transported muddy fluid volume flow 

rate and the standard air flow rate. 

 

 In these figures the injector area ratios (r) are given as parameters. If 

the injector area ratio is increased the muddy fluid volume flow rate is 

raised also. If Qp= 0 for the different r value, the given curves should join on 

the same point of the ordinate because for the Qp=0 value, the r does not 
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have any effect on the transportation. If the injector is not in use, the curves 

cut the abscise instead of the ordinate for the Qm= 0 value because the 

standard air volume flow rate Qas is not enough to realize the transportation. 

 In Fig.5. the efficiency of the system is given as a function of the 

standard air volume flow rate for three different pumped volume water flow 

rates Qp and for an injector area ratio r =18.75. It should be distinguished 

that the efficiency of the system does not rise with the increasing of the 

amount of pumped water volume flow rate Qp. For example, the efficiency 

for the Qp= 2.33 m
3
/h is equal to 7.7%, while for Qp=3.451 m

3
/h the 

efficiency is equal to only 6.5%. The cause of this decrease is the friction 

pressure drop in the pipe because of the raising of the pumped volume water 

flow rate Qp. 

 The experimental and theoretical results are compared in Fig. 6. The 

net transported muddy fluid flow rate Qm is given as a function of the 

standard air volume flow rate Qas for different Qp and r values. The 

maximum deviation between theoretical and experimental results is ±15 %. 

 

 

Fig 5: The system efficiency 
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 As shown from Fig. 6. the experimental results support the expected 

theoretical values. 

 

 

 

Fig 6: The comparison of the theoretical and experimental results 

 

CONCLUSION 

 The transported muddy fluid volume flow rate can be calculated 

using the theory, which is given in this paper. 

 Because of expansion of the air in the upper part of pipe, the 

pressure drop must be calculated using an iteration method on a computer. 

Otherwise, it is not possible to find the theoretical results. 

 The experimental set is constructed so that the jet pump of the 

system cannot transport the muddy fluid volume flow rate alone until the 

siphon pump is operated. Therefore the efficiency of the system is lower 

than expected. In application, the condition of the location where the system 

is used can be more suitable, which affects the efficiency of the system. 
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NOMENCLATURE 

A Pipe cross section m
2
 

D Pipe diameter, m 

g Gravitational Acceleration, m/s
2
 

Hj Height between the water level and the injector, m (Fig 1)

  

Hs Height m (Fig 1) 

Ht Height between the water level and the siphon, m (Fig 1) 

Hu Height, m (Fig 1) 

Hx Height between the lower end of the pipe and the injector, m 

(Fig 2) 

Hw = Ht + Hs, m 

i Integration step number, - 

k Total friction factor of the  injector (k=1.7) 

m The mass flow ratio = Qm/Qp,- 

Patm Atmospheric Pressure, Pa 

Po Pressure on the lower end of the pipe, Pa 

Ps Static Pressure on the siphon pump, Pa 

Pu  Pressure drop in the upper part of the pipe, Pa 

pump, Pa 

Pu Pressure drop in the upper part of the pipe (in the stepx), Pa  

r The cross section ratio, - 

Qa Air volume flow rate, m
3
/s 

Qas Standard air volume flow rate, Nm
3
/s 

Qm  Muddy fluid volume flow rate, m
3
/s 

Qp Pumped volume water flow rate, m
3
/s 

Va Air velocity, m/s 
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Vb Muddy fluid velocity between the injector and the siphon 

pump, m/s 

Vm Muddy fluid velocity, m/s 

x Step in the upper part of the pipe, - 

a Air ratio in upper part of the pipe, - 

m Muddy fluid ratio in the upper part of the pipe, - 

 Efficiency of the system, - 

 Friction factor of the pipe, - 

e Entry pressure drop coefficient, - 

a Density of air, kg/m
3
 

m Density of muddy flow, kg/m
3
 

 

INDEX 

fu friction pressure drop in the upper part of the pipe 

au acceleration pressure drop in the upper part of the pipe 
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