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Abstract— The discharge measurement is significant in wide 

engineering applications such as water conveyance, sewer system, 

irrigation, and drainage system. Many devices are designed to 

measure discharge in partially filled circular and semicircular 

channels. In this study new semicircular mobile flume depends 

on the concept of developing a contracted zone to have a control 

section was examined. The contraction was made by installing a 

vertical pipe with axial holes at the semicircular open channel to 

create critical flow. To evaluate the efficiency of this type of 

devices mathematical and experimental studies were presented. 
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Specific energy, discharge, and Froude number equations were 

used to deduce the mathematical model. Experimental work was 

carried out in measuring the discharge values with known 

specific energy values. The experimental data was used to 

evaluate the mobile device to measure discharge. New equations 

for both discharge and discharge coefficient were presented. The 

verification leaded to have a discharge correction equation to 

calculate the discharge based on the contraction ratio and the 

measured water depth in the vertical pipe. Results of the 

comparison showed that the proposed model provided a reliable 

prediction of the discharge with high accuracy and maximum 

error up to 8.7%.  

 

I     INTRODUCTION 

EASUREMENT of discharge in open channels 

has been a classical topic of interest to many 

engineers. When the water available from a 

particular source is limited and must be used 

very carefully, it is necessary to measure the 

discharge at various points in the system and the flow at 
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 انًهخص انؼشبٗ: 
ٔنمٛاط لٛى  إداسة انًُظٕيت انًائٛتيٍ لٛاط انخصشف خلال انًجاس٘ انًائٛت انًفخٕحت جضء أساسٙ اٌ 

انخصشف خلال انًجاس٘ انًائٛت انًفخٕحت أسخخذيج ػذة طشق يُٓا يإْ يؼخًذ ػهٙ لٛاط انسشػت فٙ ػذة 

َماط ٔحخى يٍ خلال يؼشفت يساحت انمطاع انًائٙ حساب انخصشف . ٔحٕجذ طشق اخشٖ حؼخًذ ػهٙ حكٍٕٚ لطاع 

خى حساب انؼًك انحشج ٔانز٘ يُّ ٚخى حشج خلال انسشٚاٌ ٔيٍ ثى لٛاط انطالت انُٕػٛت انحشجت ٔيُٓا ٚ

حساب لًٛت انخصشف انًاس. ٔغانبا ياٚخى إسخُخاج يؼادنت حشبظ بٍٛ انطالت انُٕػٛت انحشجت ٔانخصشف انًاس. 

 ًٔٚكٍ حصُٛف انًُشآث انًسخخذيت نخكٍٕٚ لطاع حشج نمٛاط انخصشف إنٙ يُشآث ثابخت ٔأخش٘ يخُمهت. 

ٓاص َمال نمٛاط انخصشف فٙ انًجاس٘ انًائٛت انًفخٕحت راث انشكم اٌ انٓذف يٍ ْزا انبحث ْٕ إسخخذاو ج

حى أخخٛاس انجٓاص بحٛث ٚخى اسخخذاو ياسٕسة سأسٛت نخهك إخخُاق فٙ انمطاع نخٕنٛذ سشٚاٌ  َصف دائشٖ ٔنمذ

ٔنمٛاط انخصشف بٕاسطت انجٓاص انجذٚذ حى ػًم دساست  حشج خلال انًاسٕسة الأفمٛت انخٙ ًٚش بٓا انخصشف. 

ٚت ٔأخش٘ ػًهٛت. انذساست انُظشٚت حى يٍ خلانٓا دساست شكم سشٚاٌ انًٛاِ خلال انًاسٕسة الأفمٛت َظش

ٔاظٓشث انُخائج حٕنذ انمطاع انحشج ػُذ الاخخُاق. ٔػهّٛ حى إسخخذاو يؼادنت انطالت انُٕػٛت ٔانخصشف ٔكزنك 

ت انُٕػٛت انحشجت ٔػًك انًٛاِ يؼادنت سلى فشٔٚذ يًا أد٘ إنٙ انٕصٕل نًؼادلاث يبسطت نهشبظ بٍٛ انطال

انحشج ٔانخصشف انًاس فٙ صٕسة لابؼذٚت. ٔنمٛاط انخصشف انًاس حى اسخخذاو ْزِ انؼلالاث انُظشٚت انخٙ حشبظ 

انطالت انحشجت ٔانؼًك انحشج يغ انخصشف فٙ صٕسة لابؼذٚت فٙ جذأل ٔبٛاَٛا ٔيٍ ثى اسخخذاو انُخائج 

ظشٚت ٔبانخانٙ أصبح لٛاط انخصشف يٍ خلال انجٓاص ٚخضًٍ لٛاط انًؼًهٛت فٗ حصحٛح ْزِ انًؼادلاث انُ

ػًك انًٛاِ داخم انًاسٕسة انشأسٛت ػهٗ اػخباس اَّ انطالت انحشجت ٔححٕٚهّ نصٕسة لابؼذٚت بمسًخّ ػهٙ لطش 

انًاسٕسة الأفمٛت ٔيٍ ثى إٚجاد انؼًك انحشج ٔٚهٙ رنك إٚجاد انخصشف انًاس كًا ًٚكٍ إٚجاد انخصشف انًاس 
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farmer‘s intakes. Some benefits of water measurement were 

listed by the U. S. Department of the Interior Bureau of 

Reclamation [1]. Simonovic [2], selected 27 methods for flow 

measurement from the handbook published by the 

International Organization for Standardization [3, 4].    

 

     Mobile Venturi Flume 

There are two types of discharge measurement structure, 

either the structure is mounted permanently in the channel or 

the structure is temporarily positioned for discharge 

evaluation. The device may be mounted and removed quickly, 

and such device might then be referred to as a mobile device. 

Its major advantages include low cost, reading precision and 

rapid installation in running water. A Venturi body allows 

determining the discharge by a single depth reading. The 

mobile discharge measurement for rectangular, trapezoidal, 

triangular, U-shape and circular profiles is introduced.  
 

     Mobile Venturi Flume in Rectangular Channel 

Balloffet [5] introduced simple elements for mobile 

discharge measurement in rectangular channels. Diskin [6] 

described a mobile arrangement for discharge measurement by 

using Venturi bodies similar to bridge piers instead of circular 

cylinders. In 1985, Hager [7] used a cylinder made of a high 

plastic material to make a contracted section to have with the 

critical flow in contracted rectangle channel. Hager [8] 

presented a modified Venturi type discharge measurement. 

Hager [9] declared that Ueberl and Hager (1994) tested the 

standard Venturi body in a rectangular channel. The Venturi 

body was provided with holes of about 5 mm diameter 

arranged along the front of the cylinder, with an inter distance 

of about 50 mm. If this line of holes is located against the flow 

direction, the flow depth in the cylinder equals to the 

stagnation head, i.e. the energy head H of the flow. Peruginelli 

and Bonacci [10] used mobile pier-shaped prism device to 

measure the discharge in a rectangular channel. Samani and 

Magallanez [11] attached a two semi cylinder of polyvinyl 

chloride (PVC) to the side wall of the rectangular channel. Wu 

and Molinas [12] developed a new discharge equation, which 

based on the conservation of energy and experimental data 

with a wide range of opening ratios. In 2004, three-

dimensional turbulent flow field at a vertical semicircular 

cylinder, attached to the sidewall of a rectangular channel, was 

taken in the laboratory using an Acoustic Doppler Velocimeter 

(ADV) [13]. Gole [14] estimated a discharge equation for free 

and submerged flow condition. Ghare and Badar [15], 

investigated experimentally and calibrated a simple mobile 

flume to measure a discharge through small rectangular open 

channels in agricultural fields.     

     Mobile Venturi with Circular Cone 

Hager [1 ] used a circular cone to made contraction 

section through a rectangular channel. 
 

     Mobile Venturi in Trapezoidal Channel 

In 1986, Hager [17] used a cylinder made of a high plastic 

material to make a contracted section with the critical flow in 

the contracted trapezoidal channel. In 1993, Samani and 

Magallanez [18] used flume consisted of pipe installed axially 

inside a trapezoidal channel with side slope 1:1. In 2012, 

Badar and Ghare [19] developed a new mathematical model to 

predict the discharge through a trapezoidal canal by simple 

cylindrical flume using experimental data available in the 

literature for trapezoidal canal having 1:1 side slope.  
 

     Mobile Venturi in U-Shape Channel 

Hager [9] explained the proposal of Hager and Züllig 

refers to a mobile flume inserted in a prefabricated U-shaped 

channel.  

 

     Mobile Venturi Flume in Circular Pipe 

Hager [20] used a mobile device as shown in Fig. 1 to 

measure the discharge in partially field pipe. The device is a 

cylinder of diameter d < D and the base of the cylinder is 

rounded to D/2. Using specific energy equation and Froude 

number led to having the following expressions: 

*calme E..QQ 20509850                                                               

Where meQ is measured discharge, calQ is calculated discharge and 

*E  is the dimensionless specific energy  DE , D is the 

semicircular diameter.  

Samani et al. [21] replaced the graphical approach presented by 

Hager, which was used to calibrate the water measuring device based 

on the measured value of upstream energy. The relation between the 

measured and the calculated discharge was as follows: 

*calme E.QQ 22660075.1                                                           ( )           

 
 

Fig. 1. Schematic plot of mobile device unit. 
 

Kohler and Hager [22] improved the circular mobile flume 

to measure discharge in partially filled pipes, as the case in 

sewage and drainage engineering. Enciso [23], assessed the 

impact of the best management practices (BMPs) on water 

quality at selected agricultural fields located in the Arroyo 

Colorado watershed during two irrigation events in 2009 and 

2010. He used a PVC mobile circular flume placed at the 

drainage ditch to measure runoff flow-rate using a data logger 

and a pressure transducer. Figure (2) shows schematic of the 

flume that was used to measure irrigation return flows. To 

assure that the circular flume measured accurately and with 

less than 10% error, the flow meter was calibrated in the 

Harlingen Irrigation District. 
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Fig. 2. Calibration of the circular flow meter in the 

Harlingen Irrigation District.  
 

Rashwan and Idress [24] evaluated the efficiency of 

mobile flume as discharge measurement device for the 

partially filled circular channel. The experimental data was 

used to evaluate the mobile flume as a device to measure 

discharge. A general equation was developed for discharge 

coefficient (Cd) as: 
 

      *med E.δ-..δ.C 28830491249348138397                          
 

Where Cd is discharged coefficient, *meE is the dimensionless 

specific energy  DEme  and δ is contraction ratio (d/D). 

In 2016, Davis and Samani [25] produced manually for 

simple flow measurement devices in open channels. This 

manual is divided into two main chapters; the first one 

outlines the design characteristics of simple flow measurement 

devices which are typically easier and less expensive to be 

produced. The second chapter investigates more traditional 

flow measurement devices and illustrates the strengths and 

weaknesses of both types. In 2017, Zohrab Samani [26] 

discussed the design and the calibration of three simple flumes 

for flow measurements in open channels. The flumes were 

designed based on principles of critical flow in open channels. 

The critical flow was created through the contraction of the 

flow cross section by installing vertical cylindrical columns in 

an open channel. 

In the present study, a semicircular mobile flume is 

proposed to measure discharge in the small open channel. This 

mobile device consists of a vertical pipe with diameter d fixed 

on semicircular flume with diameter D. The presence of the 

vertical pipe reduces the cross section of the flow and creates a 

critical flow condition. 
 

II     MATHEMATICAL WORK 

There are several types of flow measurement devices 

currently in use across the world. The most common flume 

designs, in use nowadays, include the Parshall flume, the 

Cutthroat flume, the Trapezoidal flume, and the Mobile flume. 

The mobile flume with rectangular, triangular, trapezoidal, U-

shape and circular cross-sections was developed earlier. The 

present study provides a new arrangement mobile with an 

inverted semicircular section that can be used as a 

measurement device in a partially filled pipe.  

The discharge equation is estimated by using specific 

energy equation, discharge equation, and Froude number 

equation. The assumptions to estimate the discharge equation 

led to having an error in the calculated discharge value.  This 

error has to be corrected; therefore an expression of the 

correction factor was driven to have the actual value of the 

discharge.    

 

     Governing Equations 

Chow [27] reported that Bakhmeteff (1912) introduced the 

specific energy term as the energy of water at any section of 

the channel with respect to the channel bottom as a datum as 

follows,  

g

αV
θdE w

2
cos

2

                                                                

Where E is the specific energy, wd is the normal depth of the 

point below the water surface, θ is the slope angle of the 

channel bottom, α is the energy coefficient due to variable 

velocity distribution, V is the stream line velocity and g is the 

gravitational acceleration.  

For a channel of small slope (mild) or horizontal, the 

section depth is more or less the same as the water depth

 yθdw cos . The ideal parallel flow has a uniform velocity 

distribution. This type of flow has unity energy coefficient  α 

≈   .  Therefore, for ideal parallel flow, the energy head can be 

written with substitute the term of the velocity in Eq. (4) by 

discharge term (Q/A) as follows:  
 

2

2

2gA

Q
yE                                                                             )            

 

Where y is the water depth, Q is the discharge and A is an area 

of the water section.  

For a semicircular channel with diameter D, divided Eq. (5) by 

D yields to  
 

2

2

2 


A

Q
YE*                                                                             

 

Where Y is the relative water depth (y/D), 
*

Q is the 

dimensionless discharge )( 52 gDQ and *A  is dimensionless 

water area  2DA .  

 

     Inverted Semicircular Mobile Device 

The main contracted section on the semicircular mobile 
flume is controlled section. This section is shown in Figure (3).  

 

Fig. 3. Contracted sections through semicircular mobile flume 

 

The discharge, through semicircular mobile flume, can be 

estimated by using specific energy, discharge, and Froude 

number equations. 

 Contracted Section  

https://www.researchgate.net/researcher/2122865323_Zohrab_Samani
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The contracted section is contracted by a vertical cylinder with 

outside diameter (d) which made contraction ratio δ  Dd ) as 

shown in Figure (4). 
 

 

Fig. 4. Geometric properties of contracted section 

 

The geometric properties of the contracted inverted 

semicircular section can be easily computed as follows 
 

 Yδ
π

A 



8

sin
                                                                 

 

Where is the central angle and δ is the relative diameter of 

the vertical cylinder ( Dd )  

The top width at contracted section can be calculated as, Fig.      
 

 2
2

222
y

DdT









                                                                

 

Where T is top width at the contracted section. 

Divided Eq. ( ) by D yields to  
 

  δYT 
225.02                                                              

 

Where T  is dimensionless top width at contracted section 

According to the water profile through the flume pipe, the 

critical flow happened at the contraction section. So, at the 

contraction zone, the relative specific energy can be written as  
 

c

c
c*c

T

A
YE




2

                                                                     ) 

 

Where cE  is the relative critical specific energy, cY  is the 

relative critical water depth ( Dyc ), cA  is the relative 

critical water area and cT  is the relative critical water top 

width. 

The above equation used to find relative critical water 

depth     ( cY ), from knowing dimensionless critical specific 

energy       ( cE ). By putting Eq. (7) and Eq. (9) in Eq. (1 ) 

one obtains: 

 

  












δY

Yδ
YE

c

c
c*

2
25.0216

8sin 
                                                

 

The general equation of Froude number is as follows; 

 

  3
*

*
2

325

2

3

2
2

A

TQ

DAgD

DTQ

gA

TQ
Fr

                                             ) 

 

Where 2
rF is Froude number 

Applying equation (1 ) for critical flow, 0.12 rF and cyy 

yields the following expression: 
 

c

c

T

A
Q




3

2
*                                                                             

 

Substituting Eq. (7) and (9) in Eq. (1 ) gives: 
 

  

 

21

2

3

*

25.02512

8sin
































δY

Yδ
Q

c

c
                                           ) 

 

     Proposed Model 

The main problem of the study is the determination of the 

discharge value, and this can be done using the proposed 

model with the following steps: 

 . Measure the water depth through the contraction device 

which can be regarded as critical specific energy  meE ; 

 . Divide the critical specific energy by the diameter (D) 

to get the relative critical specific energy  *cE ; 

 . Estimate the value of relative critical water depth  cY  

by knowing the value of the relative critical specific 

energy and δ from Eq. (11). The solution of this 

equation can be done by trial and error, or by using 

tables, or from the graph. 

 . Using the relative critical water depth, the required 

discharge can be calculated from Eq. (14). 

 

III     EXPERIMENTAL WORK 

Diagrammatic sketch for the experimental flume is shown 

in Fig ( ). 

 

 

1- Ground water tank 7- Plastic semicircular pipe 
2- 10 H.P pump 8- Downstream gate 

3- Control valve 9- End channel part 

4- Inlet channel 10- Inner collected tank 
5- Upstream sluice gate 11- Rectangular notch 

6- Vertical cylinder 12- Return pipe 
 

Fig. 5. Diagrammatic sketch for the Flume.  
 

A storage tank of 12.00 m  was made to feed the flume by water 

requirement. The flow of water through supplier pipe and flume can 
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be obtained by 10 H.P pump. A valve at the downstream side of the 

pump was used to control discharge value. Precaution from 

turbulence at the inlet of flume was used in the first part of the flume 

to have uniform flow. The flume dimensions are 14.25 m long, 1.00 

m wide and 1.00 m height. It was divided into three sections. The 

first one was used to remove eddies and to give a uniform flow 

condition. The second part of flume has a Plexiglas plate as a side to 

have a clear view during the experimental work. The development of 

models based on the design of simple flume for flow measurement in 

the open channel was proposed. The semicircular contraction flume 

was constructed by placing a vertical circular cylinder inside the 

semicircular pipe portion of the hydraulic flume. In the present 

experiment, semicircular pipe with three different diameters and three 

different contractions were prepared, (Table 1). 
 

TABLE   

 CONTRACTED RATIOS AND PIPE DIAMETERS 

Pipe Diameter D 

(cm) 

Contraction Ratios 

                   % 

internal external Vertical Pipe Diameter d 

  .     .    .    .    .   

  .     .    .    .     .   

  .     .    .    .     .   

 
TABLE   

 EXPERIMENTAL RESULTS 

Run 

No. 
meQ

 
(cm3/s) 

324.0  413.0  475.0  

meE
 

(cm) 
meE*  

meE
 

(cm) 
meE*  

meE
 

(cm) 
meE*  

       .   .      .   .      .   .     

       .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

        .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

         .   .      .   .      .   .     

 

The water depth in the semicircular pipe can be read using 

piezometer. Discharge through the experimental flume was 

determined using a rectangular notch at the flume sump. Once the 

cylinder was fixed in the circular channel, discharge was varied from 

Q min =  .    L/s to max = .    L/s. For each discharge, the 

approaching depth of flow in the semicircular pipe channel was 

observed and the energy head was evaluated. Then this quantity was 

equal to critical energy head, the sought relation meQ / meE  can be 

established (Table  ). 

 

 

Plate (1) Second part of Flume 

 

IV     ANALYSIS AND DISCUSSIONS 

The main objective of the present study is to get the 

discharge using the mobile flume in the semicircular open 

channel for values of contraction ratio δ. With cE  and Yc that 

is presented in Eq. (11). The corresponding dimensionless 

discharge Q can be computed from Eq. (12). Table   shows 

the values of cE and Q corresponding to values of Yc for 

contraction ratios δ =  .   ,  .    and 0.475.  
  

TABLE   

VALUES OF CRITICAL SPECIFIC ENERGY cE AND Q
CORRESPONDING TO 

VALUES OF YC FOR CONTRACTION RATIOS Δ =  .   ,  .    AND  .    

cY
 

324.0  413.0  475.0  

Q
 cE  Q

 cE  Q
 cE  

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      

 .     .       .       .       .       .       .      
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Figure (6) shows the plot for the critical depth Yc with critical 

specific energy cE for contraction ratios δ =  .   ,  .    and 

 .   .  

 
 

Fig. 6. Critical depth Yc with critical specific energy cE for contraction 

ratios δ =  .   ,  .    and 0.475.  
 

A relative critical water depth plot as ordinate against the 

dimensionless measured specific energy as abscissa will 

appear approximately as a straight line for specific energy less 

than 0.5 regardless of the device diameter. The final result 

corresponds to explicit equations for critical water depth once 

the specific energy height in the vertical pipe at contraction 

section is recorded.  

Also, Figure (7) shows the plot for the Discharge Q with 

critical specific energy cE for the same contraction ratios. 

 
 

Fig. 7. Discharge Q versus critical specific energy cE for contraction ratios 

δ =  .   ,  .    and 0.475.  

 
According to experimental work (Table (1)), the 

relationship between measured discharge and measured 
specific energy can be easily plotted. Figure (8) shows the 
dimensionless measured discharge meQ with dimensionless 
measured critical specific energy meE for contraction ratios δ 
= 0.324, 0.413 and 0.475.  
 

 

Fig. 8. Discharge meQ versus measured critical specific energy meE for 

contraction ratios δ =  .   ,  .    and 0.475.  

 

Using the least-squares techniques, the relationship 

between the dimensionless measured discharge, meQ  and the 

dimensionless measured specific energy  meE  can be written 

as follows: 
 

0721.2
*

8409.0
me* EQ         324.0       9964.02 R               )  

 

0502.2
*

7454.0
me* EQ          413.0     9975.02 R                )  

 

1035.2
*

7362.0
me* EQ          475.0       995.02 R               )  

 

The percentage error for the calculated discharge is: 
 

100Error 



me

calme

Q

QQ
                                                           ) 

 

The error percentages in calculating the dimensionless 

discharge value for various contraction ratios are tabulated in 

Table ( ).  
 

However, the estimated discharge according to Eqs. (15), 

(16) and (17) deviates from the measured one. The calculated 

flow rates were compared with the measured rates. The 

comparison is presented in Table 3. Table 3 shows that the 

calculated discharge deviates the measured discharge by 6.7%, 

6.2% and 8.6% for contraction ratios δ =  .   ,  .    and 

0.475 respectively.  

The error percentages in the calculated dimensionless 

discharge values for various contraction ratios are tabulated in 

Table    . 
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TABLE   

COMPARISON OF MEASURED AND CALCULATED DISCHARGE FOR VARIOUS 

CONTRACTION RATIO (Δ) 

 

R
u
n
 

N
o

. 

meQ
 
(cm3/

s) 

324.0  413.0  475.0  

calQ
 

(cm3/s) 
Eq.      

Error 

% 

calQ
 

(cm3/s) 

Eq. 

     

Error 

% 

calQ
 

(cm3/s) 

Eq. 

     

E
rr

o
r 

%
 

          - .      - .       .  

          - .      - .      - .  

             .        .       - .  

            - .       - .       - .  

            - .       - .        .  

            - .        .        .  

             .        .        .  

            - .       - .        .  

            - .        .        .  

             - .       - .       - .  

             - .       - .       - .  

             - .       - .       - .  

              .       - .        .  

              .       - .        .  

              .        .       - .  

              .        .       - .  

              .        .        .  

              .       - .       - .  

              .        .        .  

              .       - .       - .  

              .        .        .  

             - .       - .       - .  

              .        .       - .  

              .        .       - .  

             - .        .        .  

             - .        .        .  

             - .       - .       - .  

             - .       - .       - .  

             - .       - .        .  

             - .        .        .  

However, the calculated discharge according to Eq. (14) 

deviates from the measured one. The calculated flow rates 

were compared with those measured. The comparison is 

presented in Table 4. Table 4 shows that the calculated 

discharge deviates the measured one by 59.4%, 47.6% and 

56.1% for contraction ratios δ =  .   ,  .    and 0.475 

respectively. Therefore, the estimated equation must be 

corrected by the discharge coefficient. 

 

    Discharge Coefficient Equation  

The relationship between the discharge coefficients 

 *ca*med QQC   versus dimensionless measured specific 

energy for various contraction ratios are shown in Fig (9). 

Equations were developed for the discharge coefficient (Cd) 

based on the data in Fig. (9), using the least-squares 

techniques as follows: 
 

3276.09946.2  mecame EQQ
    324.0    9435.02 R  

 (  ) 
 

4151.08248.2  mecame EQQ
    413.0    9628.02 R   

(  ) 
 

3554.02055.3  mecame EQQ
    475.0     943.02 R  

  (  ) 
 

 
 

 

 

Applying discharge coefficient equation led to decrease the 

percentage of error between the corrected calculated 

dimensionless discharges and measured one for contraction 

ratios, Table (4).  
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TABLE   

COMPARISON OF MEASURED AND CALCULATED DISCHARGE USING EQ.      AND EQ.      FOR VARIOUS CONTRACTION RATIO (Δ). 
 

R
u

n
 

N
o
. 

meQ
cm3/s 

324.0  413.0  475.0  

dC
 

calQ
 cm3/s E

r
r
o
r
 

%
 

dC
 

calQ
 cm3/s E

r
r
o
r
 

%
 

dC
 

calQ
 cm3/s E

r
r
o
r
 

%
 

       .         -  .   .         -  .   .        -  .  

       .         -  .   .         -  .   .         -  .  

        .         -  .   .         -  .   .         -  .  

        .         -  .   .         -  .   .         -  .  

        .         -  .   .         - .   .         - .  

        .         -  .   .         - .   .          .  

        .         -  .   .         - .   .          .  

        .         -  .   .         - .   .          .  

        .         - .   .          .   .          .  

         .         - .   .          .   .          .  

         .         - .   .          .   .          .  

         .         - .   .          .   .          .  

         .         - .   .          .   .           .  

         .          .   .          .   .           .  

         .          .   .          .   .          .  

         .          .   .          .   .          .  

         .          .   .           .   .           .  

         .          .   .           .   .           .  

         .          .   .           .   .           .  

         .          .   .          .   .           .  

         .          .   .           .   .           .  

         .          .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

         .           .   .           .   .           .  

 

 

From Table (4) it can be clearly seen that Eq. (14) has an 

error percentage of 0.3 up to 7.0%, 0.1 up to 6.2% and 0 up to 

8.7% for contraction ratios 32.4, 41.3 and 47.5% respectively. 

Also, it can be noticed that the best contraction ratio used in 

the semicircular mobile flume is 0.413, which gives the 

discharge coefficient less than other contractions. 
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TABLE   

COMPARISON OF CORRECTED CALCULATED AND MEASURED DISCHARGE. 

 

Run No. meQ
 cm3/s 

324.0  413.0  475.0  

dC
 

calQ
cm3/s 

Error 
% dC

 
calQ

cm3/s 
Error 

% dC
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cm3/s 

Error 
% 

       .        - .   .        - .   .         .  
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        .         - .   .         - .   .         - .  

        .         - .   .         - .   .          .  

        .         - .   .          .   .          .  

        .          .   .          .   .          .  

        .         - .   .          .   .          .  

        .         - .   .          .   .          .  

         .         - .   .         - .   .         - .  

         .         - .   .         - .   .          .  

         .         - .   .         - .   .          .  

         .          .   .         - .   .          .  

         .          .   .         - .   .          .  

         .          .   .          .   .         - .  

         .          .   .          .   .         - .  

         .          .   .          .   .          .  

         .          .   .         - .   .         - .  

         .          .   .          .   .          .  

         .          .   .         - .   .         - .  

         .          .   .          .   .          .  

         .         - .   .         - .   .         - .  

         .          .   .          .   .         - .  

         .          .   .          .   .         - .  

         .         - .   .          .   .          .  

         .         - .   .          .   .          .  

         .         - .   .         - .   .         - .  

         .         - .   .         - .   .         - .  

         .         - .   .         - .   .          .  

         .         - .   .          .   .          .  

 

 

V     CONCLUSIONS 

A simple water discharge device was presented. 

Theoretical results were compared with measured laboratory 

data.  A model has been proposed to estimate the 

dimensionless discharge value. The following conclusions 

have been drawn from the present study. 

 - Simple semicircular mobile flume can be used as a 

mobile discharge measurement device in semicircular 

open channels. The discharge can be estimated directly 

using the proposed model, which incorporates the 

semicircular pipe, the diameter of the vertical cylinder 

and the column head reading. The proposed model 

incorporates all the influencing parameters governing 

the flow. The actual measured flow rates were 

compared with the calculated flow rates and the 

proposed model {Equations (1 ) through (1 )}. Results 

of the comparison showed that the proposed model can 

predict accurate discharge with a maximum error of up 

to 8.6%.  

 - Also, the discharge can be estimated directly using the 

proposed mathematical model {Equations (1 ) and 

   )}, which incorporates the semicircular pipe, 

diameter of the vertical cylinder and the column head 

reading. Proposed model incorporates all the 

influencing parameters governing the flow. The actual 

measured flow rates were compared with the calculated 

flow rates and corrected by Equations (  ) through 

(  ). Results of the comparison showed that the 

proposed mathematical model {Equation (1 )} 

predicted approximately the same accurate discharge 

with a maximum error up to 8.7% as compared to the 

measured discharge.  

 - A relative critical water depth plot as ordinate against 

the dimensionless specific energy as abscissa Fig. ( ) 

appeared approximately as a straight line for specific 

energy less than 0.5 regardless of the device diameter. 

The final result corresponds to an explicit equation for 

critical water depth once the specific energy height in 

the vertical pipe at contraction section is recorded.  
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 - Contraction ratio  .    is the best contraction value 

gave a near value for measured dimensionless 

discharge with least error. 

 - Semicircular mobile flume can be used for discharge 

measurement in open channels with the best accuracy 

of ± 8.7% equations developed. 

 

List of Notation 
A         is the area of the water section; 

A        is dimensionless water section area  2DA ; 

cA     is dimensionless critical water section area  2DAc ; 

dC       is the discharge coefficient; 

d          is vertical pipe diameter; 

wd       is the normal depth of the point below the water surface; 

D         is semicircular open channel pipe; 

E         is specific energy;  

*E        is dimensionless specific energy  DE ;  

cE*      is dimensionless critical specific energy  DEc ; 

meE*    is dimensionless measured specific energy  DEme ; 

Fr       is Froude Number 

g         is the gravitational acceleration.  

Q         is discharge; 

calQ     is calculated discharge; 

meQ     is measured discharge; 

*Q        is dimensionless discharge   2152 gDQ ; 

calQ*    is dimensionless calculated discharge   2152 gDQcal ; 

meQ*    is dimensionless measured discharge    2152 gDQme ; 

R         is factor; 

T         is top width; 

cT        is dimensionless critical top width; 

V        is the stream line velocity and  

y         is water depth;  

Y         is dimensionless water depth (y/D); 

cY        is dimensionless critical water depth;  

         is the slope angle of the channel bottom,  

        is the energy coefficient due to variable velocity distribution, 

         is contraction ratio ( Dd ) 

 

REFERENCES 
     U. S. Department of the Interior Bureau of Reclamation, Water 

Measurement Manual, A Water Resources Technical Publication, 
Revised Reprinted 2001. 

     S. P. Simonovic, ―an Expert System for the Selection of A Suitable 

Method for Flow Measurement in Open Channels‖, Journal of 
Hydrology, 112 (1990) 237-256, Elsevier Science Publishers B.V., 

Amsterdam Printed in the Netherlands. 

     ISO, 1983. Measurement of liquid flow in open channels. ISO Standards 
Handbook, 16, 518 pp.  

http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?
commid=51690 

     ISO, 1986. Liquid flow measurement in open channels, General 
guidelines for the selection of methods. ISO 8363, 6 pp. 

     A. Balloffet, ―Critical flow meters‖, Journal of the Hydraulics Division 

ASCE 81(HY4),     ,  -  . 

     M. H. Diskin, ―Temporary flow measurement in sewers and drains‖. 

Journal of Hydraulics Division ASCE 89(HY4): 141–159; 90(HY2): 383–
387; 90(HY6): 241–   . 

     W. H. Hager, ―Modified Venturi channel‖, Journal of Irrigation and 
Drainage Engineering, ASCE, Vol. 111, No. 1, March     . 

     W. H. Hager, ‗Venturi Flumes of Minimum Space Requirements‖, 
Journal of Irrigation and Drainage Engineering, ASCE, Vol. 114, No. 2, 

May 1988, pp. 226–   . 

     W. H. Hager, ―Wastewater Hydraulics theory and Practice‖, © Springer- 
Verlag Berlin Heidelberg 2010.  

      Peruginelli A. and Bonacci F., Mobile Prism for Flow Measurement in 
Rectangular Channel, Journal of Irrigation and Drainage Engineering, 

ASCE, Vol. 123, No. 3, May     . 

      Z. Samani, and H. Magallanez, ―Simple Flume for Flow Measurement 
in Open Channel‖, Journal of Irrigation and Drainage Engineering, 

ASCE, Vol. 126, No. 2, March    -   ,     . 

      B. Wu, and A. Molinas, ―Choked Flows through Short Contractions‖, 

Journal of Hydraulics Engineering, ASCE 127(8), 2001, pp. 657–   . 

      B. Abdul Karim and D. Subhasish, ―Measurement of the turbulent flow 

field at a vertical semicircular cylinder attached to the sidewall of a 

rectangular channel‖, Flow Measurement and Instrumentation 15 (2004) 
87–  . 

      A. Gole, ―Flow meter for discharge measurement in irrigation channel‖, 
Flow measurement and instrumentation, Science Direct, Vol. 17, (2006). 

      A. D. Ghare and A. M. Badar, ―Experimental studies on the use of 
mobile cylinders for measurement of flow through the rectangular 

channel‖, ASCE Vol. 12 No. 4 December (2014). 

      W. H. Hager, ―Wastewater Hydraulics theory and Practice‖, © 

Springer- Verlag Berlin Heidelberg 1999, 2010.  

      W. H. Hager, ―Modified Trapezoidal Venturi channel‖, Journal of 
Irrigation and Drainage Engineering, ASCE, Vol. 112, No. 3, August 

1986, pp. 225-   . 

      Z. Samani, and H. Magallanez, ―Measurement Water in Trapezoidal 
Canals‖, Journal of Irrigation and Drainage Engineering, ASCE, Vol. 

119, No. 1, January     . 

      A. M. Badar and A. D. Ghare, ―Development of discharge prediction 

Model for trapezoidal canals using simple portable flume‖, International 
Journal of Hydraulic Engineering, (2012), No. 2, Vol. 1, pp. 37-  . 

      Hager, W. H., Mobile Flume for Circular Channel, Journal of Irrigation 
and Drainage Engineering, ASCE, Vol. 114, No. 3, August     . 

      Z. Samani, S Jorat and M. Yousef, ―Hydraulic Characteristics of 
Circular Flume‖, Journal of Irrigation and Drainage Engineering, ASCE 
117(4), 1991, pp. 558–   . 

      A. Kohler, and W. H. Hager, ―Mobile Flume for Pipe Flow‖, Journal of 
Irrigation and Drainage Engineering, ASCE, Vol. 123, No. 1, January 

    . 

      J. Enciso, Evaluation of BMPs to Reduce NPS Pollution at the Farm 
Level, Arroyo Colorado Agricultural Nonpoint Source Assessment, Texas 

State Soil and Water Conservation Board (TSSWCB), U.S.A., Task 7 

Report, May 2012. 

      I.M.H. Rashwan, and M.I. Idress, ―Evaluation efficiency for mobile 
flume as discharge measurement device for partially filled circular 

channel‖, Ain Shams Engineering journal, Elsiver, November 2, 2012.   

      S. Davis and Z. Samani, ―Simple Flow Measurement Devices for Open 
Channels‖, June 2016.  

      Z. Samani, Three Simple Flumes for Flow Measurement in Open 
Channels, Journal of Irrigation and Drainage Engineering, ASCE, 

February 2017. 

      V. T. Chow, ―Open channel hydraulics, International Student ed. 
McGraw-Hill Kogakusha Ltd.; 1959. 

 

. 

 

 

 

 

 

http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=51690
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_tc_browse.htm?commid=51690
https://www.researchgate.net/researcher/2122865323_Zohrab_Samani

