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Abstract 

  

The filling or the pressurizing of closed pipes used to collect water, to transfer it, to evacuate it or its bringing from a 

tank implies an evolution of the water head which will be assimilated to a hydraulic jump in the first phase .This jump is 

characterized by two conjugates heads related thanks to a formulation relating them to the Froude number obtained 

using a linear regression applied to the experimental results of tests carried on a Plexiglas pipe using a pump for its 

filling. These heads change in time too until having the value of the diameter’s pipe or exceeding it .this phenomena 

makes transition between different types of flow and three states will be observed: a free surface section, a full section no 

pressurized and a pressurized one. The relationship which we have obtained presents a good correlation but it is 

different from the Belanger’s one addressed to rectangular shape of channels. In this study we hope that we will 

contribute to explain this complicated passage from a state of flow to another said mixed flow by the evolution of the 

conjugate heads in a closed and circular pipe, in order to control better flows in collectors.  
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1. Introduction 

 
1
The occurring of free surface flow and pressurized flow 

in the same time will be explained by the creation of a 

hydraulic jump in a closed pipe and to study its evolution 

by investigating the relationship between the conjugate 

heads.  Hydraulic jump is a complicated phenomenon 

which appears during the passage from a torrential to a 

fluvial regime for free surface flows .It is defined by the 

two heads at its limits andby its distance. It will be made 

as different types depending onthe values of the Froude 

number. For simple shapes several researches have been 

done since a lot of years. The case of a circular closed pipe 

was the object of a few recent studies as the once done by 

Rajaratnam(H. Williet al,1989)and by Helmut and Hager 

in 1999. A study was carried on for different slopes of a 

rectangular closed pipe by Negm in 2003(A.A.M .Negm, 

2003).Some authors have considered that the solution of 

the problem is by using the free surface flow equations for 

all the flow and to solve them by using the piezometry slot 

model (J. Cungeet al, 1964). In 1990 Nguyen Trieu Dong 

attracts the attention for the fact that the Pressman 

approach is not valuable when the flow is entirely 

pressurized (Nguyen Trieu Dong, 1990). In 2003, Steven 

Wright introduces the air phase to describe the mixed flow 

phenomenon using the model of the rigid column and the 

one of the piezometry slot of Pressman(J. Vasconceloset 

al,2004). 

                                                           
*Corresponding author: Wahiba Mokrane 

Investigations of S.Wright and J.Vasconcelosse, in May 

2006, basis on the consideration of the air 

phase(S.Wright,2006)and in December of the same year 

they have presented the mechanism of the air pocket 

during the filling of a storm water collector 

(Vasconcelos,2006) The transition can be quick as for 

storms and slow as for the sediment phenomenon which 

affects many dams in Algeria (B Reminiet al,1996) 

followed by disturbing many hydroelectric centrals (W. 

Mokrane,2005) by making transitions in flows. Also 

sewer’s systems in south of   Algeria are so much affected 

by sediment which reduces their sections and produces 

their pressurizing. Experimental studies are so important 

to understand this hydraulic transition. In this study we 

have made an experimental set up in order to follow the 

development of the water head in a closed pipe and to 

detect the transition between free and and pressurized 

sections. 

So we have a partly free surface flow and a partly 

pressurized flow as it is shown in fugure1,as it is revealed 

in the following cases: 

 A  storm water collector 

 A  tunnel of a hydroelectric planning 

 A filling or the emptying of a pipe 

 Pipes joining two  lakes   

 

2. Methods 

2.1 Equipment 
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Equipment of experimental set up is composed of a 

centrifugal pump, a circular closed pipe equipped of two 

valves at it’s down and up streams and a rectangular tank 

is used as a source of water. The valves allow us to create 

the hydraulic jump in the pipe. A digital camera is used to 

photograph the flow and to read the head values. The 

volumetric method is used for the small discharges. 

Manometers are placed at different distances in order to 

detect the pressurized sections.  

 
 

2.2Formulation 

The following figure shows the development of the water 

head in a closed pipe defined by h1 and h2. 

 

 

Figure.1The filling of a circular closed pipe 

 

For a circular pipe, the water head, the wet section and the 

wet perimeter are defined on the wet angle ‘ ’.So we 
have: 

The hydraulic radius: 
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Where ‘D’ is the conduit diameter 

 

The hydraulic jump happens between two sections, as it is 

shown on figure 1. The impulsion is given by the 

following equation(H. Willi, 1989). 

 

g

QV

g

F

g

QV

g

F 2211 
  

1F and
1

2F are the pressure forces corresponding at the 

first and the second sections of the jump . 02,01F are non-

dimensional pressure forces and ‘V1,2’the flow 

velocity.With considering ‘a’ as a reference length we can 
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For a rectangular channel with a weak slope(H. Willi, 

1989), we have: 
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Y   and   ‘ 1rF ‘  the Froude number .The first 

solution corresponds to 21 hh  and the two others are 

given as it follows: 

 

 
The Bélanger relationship (H. Willi, 1989) is given with 

considering only the positive solution. 

  

3. Results  

 

In order to explain how the filling of the pipe occurs and 

to deduce the relationship between
 

(gD )
 
 ⁄

⁄ and the jump 

depth ratio .Two tests were carried on for two values of 

the discharge.  

For Q=0.875 l/s, results are shown on the figures a, b, c, 

d.Figures (a) shows that the non-dimensional head 

decreases when the expression of 
 

(gD )
 
 ⁄

⁄ increases.  

Figure (b) gives the evolution of the depth depending on 

the position, it shows that the head increases slowly with 

the position then quickly and reaches the conduit diameter. 

Figure (c) shows that h1increases with time then decreases 

then increases slowly. Figure (d) shows   that the second 

head has a same value and it is equal to the pipe diameter.  

Figure2.and figure 3.show the relationship between the 

depths ratio and the Froude number as it is                 given 

in the Belanger solution. We note that the heads ratio 

increases with the other term in a linear relationship with a 

good correlation. 

Conclusion 

The formulation relating the conjugate heads in a circular 

closed pipe with a small slope is obtained on using the  
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Figure2. Evolution of the rapport of the conjugate heads 

 

experimental results and it is different from the one used 

for rectangular channels (H. Willi, 1989) by the values of 

the constants only but Abdel AzimNegm proposes for 

closed pipe a head ratio depending on the Froude number 

and the slope at different powers .For the pipe used for our 

experimental tests we have found a good correlation 

between the head ratio and the Froude number, about 

0.995 for the first test and 0.820 for the second with a 

formulation which agree with the Belanger one. The 

difference is only in the constants of the linear equation 

given by regression. We must notice that these results are 

obtained for small flows and when the second head 

reaches up the diameter, the flow is pressurized or full non 

pressurized. In the two experimental tests the jump is 

considered as weak .The observation of this phenomenon 

 leads us to conclude that a transition occurs from free 

surface flow to pressurized by a hydraulic jump in 

movement then by its propagation along the entire pipe 

with formation of bubbles air and finally by the 

pressurizing of all the flow. Another problem appears if 

the head decreases and a depression can occur. 

 

 
Figure 3 Evolution of the rapport of the conjugate heads 
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