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ABSTRACT 
This research investigates experimentally the different lengths, positions and direction of 
mouthpieces to determine the value of the corresponding discharge coefficient (Cd in order to 
specify the orifice characteristics that can be properly implemented in the field of imgation. The . .  . . 
e;perikents were carr~cd our in the Hydraulic Research lnsti~ute in a two sidcd glass flume (40 m 
lone. 0.4 m wide and 0.6 rn decol. 126 rims were executed dunne which the leneth and ~osition of -, . , - - 
the mouthpiece were varied. The tested lengths, with respect to the orifice diameter, were 0.5d, 
ld, ISd, 2d, 3d, 4d and 5d, while the tested positions of mouthpieces were fitted either internally 
(opposite to the flow direction) or externally (along the flow direction). Supplementary tests (36 
tests) were canied out for determining the discharge coefficient of the orifice (without 
mouthpieces) to act as a reference to the results using mouthpieces. The discharge was varied 
from 5 to 13 Vs with increment of 1 11s. Measurements were carried out using point gauges, 
ultrasonic flow-meter, current meters and a digital camera to monitor the flow inside and outside 
the tested mouthpieces. 

The results were analyzed andrepreseuted. The results revealed that increasing the throat length 
results in decreasing the loss coefficient to a certain limit after which "Ca" becomes constant. 
Also, the results proved that the discharge coeficient in the case of an internal mouthpiece is less 
than that of the case of an'external mouthpiece as the separation increases. It was also found that 
lowering the mouthpiece under the free surface causes the increase in the head (H) which produces 
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1. INTROUDZICTTON 

Mouthpieces have many applications in irrigation 
and drainage systems in Egypt. Anlong these 
applications are imgation sprinklers and pressurized 
higation and some drainage systems. In most of the 
cases the system faces one main problem which is the 
deficiency of supplying the required designed 
discharge. This is due to the fact that the coefficient 
of discharge :T: is somehow small, This coefficient 
is defined as the ratio between the actual discharge 
and the theoretical discharge which is expressed as 
follows: 

Where: 

Cd discharge coefficient (-) 
Q.., actual discharge (m'k) 
Q t h  theoretical discharge (m3k) 
A. area of mouthpiece (nd2/4) (~1') 
G accclention due to yavity (m/s2) 
H distance from mouthpiece ceuter 

to water surface (m) 
D mouthpiece diameter (1 )  

In order to enhance the efficiency of any hydraulic 
system, this coefficient is desired to be close to one 
"I". That means it is requircd to make the actual 
discharge "Q,,," very close to the value of the 
theoretical discharge "Q,L 
Many researches were carried out worldwide to 
investigate the discharge coefficient of the orifice and 
mouthpiece. These researches focused on evaluatine 
the diicharge coefficient of the mouthpiece shapes 
and cross sections. Most of these researches just 
conducted experiments on mouthpiece lengths from 2 
to 3 the mouthpiece diameter. Moreover, they did not 
take into consideration two important factors; the 
first is the effect ofposition level with respect to the 
water free surface and the second is the mouthpiece 
direction whether it was along the flow direction or 
opposite to it. This current research involved also the 
effect of the mouthpiece lengths on the ratio of 
upstream head to the downstream head (Xuis &IDIS). 
The length was taken as a ratio with the diameter and 
also most output results were taken as a ratio 
(dimensionless) to facilitat: applying these results for 
any different diameter or length. 

This research was thus initiated to investigate the 
effect of various factors affecting the discharged 
quantities from mouthpiecw in order to specify the 
orifice characteristics mat can be properly 
implemented in the field of irrigation. Different 
mouthpieces were tested varying their lengths, 
directions, and position from the water surface. 126 
runs wcre executed during which the length and 

position o f  the mouthpiece wcre varied. The tested 
lengths, with respect to the orifice diameter, were 
0.5d, Id, 1.5d, 2d, 3d, 4d and jd, while the tested 
positions of the mouthpieces were fitting them either 
internally (opposite to the flow direction) or 
externally (along the flow direction). The discharge 
was varied from 5 to 13 Us with an increment of 1 Us. 

The investigation phases are presented in this paper 
under the following topics: 

o Experimenlal work 
o Executed measurements 
o Analyses and results 
o Conclusion 

2. EXPERIMENTAL WORK 

As s prepamtion to the experimental work, a testing 
flume in tile Hydraulic Research Institute (HRI) was 
prepared to calibrate the measwing devices (flow- 
meters, current-meters, point gauges and the water 
~ump).  The preparation was also to adjust the flume 
slope, water depth, and flow velocity at the 
downstream. 

2-a. Description of the Flume 

The flume, used for the present investigation, has a 
rectangular cross section with total length 40.0 m, 0.6 
m height, and 0.4 m width. It has glass sheets of 
1.10 mx0.6 m, and 6 mm thickness, photos (1) to 
(7). The flume is placed over a concrete base 0.8 m 
high. A rectangular sluice gate is fixed at 13.5 rn 
apart of the end of the enhance channel. This sluice 
gate can be manually operated up and down to pass 
different discharges at different gate openings. A 
movable tail gate is located at the end of the flume so 
as to control the tail water depth of the flume. 
A plate of wood is placed at a distance of 7.0 m away 
from the inlet of the flume with the following 
dimensions (0.6mx 0.4m x 0.01m). An orifice of 10 
cm diameter in the dare was made at 2 height of 20 - 
cm above the bed. 

An exact description to the flume parts, Fig. (1) 
and photo (I), is given as follows: 

o The Flume Inlet consists of nlasonry to receive 
the delivered water irom the centrifugal pump 
through a pipe line that dissipates the energy of 
the flow to enter the model to avoid any 
disturbance of flow in the flume, Photo (2). 

o Deceleration plate: the water passes duough a 
deceleration movable plate (1.0m x 0.33m) that 
makes the flow to be steady without any 
disturbances. 

o Rectangular Sluice Gate: It is used for 
controlling the water, Photo (3). 

o Tailgate (0.4 x0.4): it was installed at thz 
downstream end of the flume to control the 

308 Engineering Research Journal, Minoufiya University, Voi. 31, No. 3, July 2008 



SayedE. A. Mahgoub, "Effect ofMouthpiece Length andPosition on The a is charge Coefident" 

downstream tail water depth and to control water. 

o The Flume Outlet: The flume outlet consists of a 
h x i n  that starts directly at its end followed by a - -- -.. - 
tail controlgate to adjist the water levels in the 
model, Photo (4). 

Photo (3) Control Gate 

photo (4) Flume Outlet 

Photo (1). General Photo of the Flume 

Photo (5) Feeding Water Pump 

Figore 1 ,  Cross-Section of the Flume 

Photo (2) Flume Inlet 

2-C. Experiment Procedure 

During each run, the discharge was adjusted and 
determined using an ultrasonic flow meter. The 
upstream head HI is firstly adjusted, then the 
downstream head H is adjusted. The length of 
mouthpiece is changed as a function of the diameter 
L = f (d), Figs. (2) and (3). The water velocity is 
measured using a, y e n t m e t e r  and is compared to 
the calculated values.. Re Froude number F. and Cd 
are calculated. This was achieved I26 times to every 
mouthpiece length, discharge, water level and 
mouthpiece direction, Photos (6) and (7). 

Figure 2. Cross-Sections of Different Mouthpiece 
Lengths 
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Photo (6) Different lengths of Transparent 
Mouthpieces 

Mouthpieces 

3. TEST PROGRAM AND EXECUTED 
MEASUREMENTS 

The test program was planned to check the different 
values of discharge coefficient at different operation 
conditions. Therefore, 126 runs were executed 
during which the length and position of the 
mouthpiece were varied. The tested lengths, with 
respect to the orifice diameter, were 0.5d, id, lSd, 
Zd, 3d, 4d and 5d, while the tested positions of 
mouthpieces were fitting them either internally 
(opposite to the flow direction) or externally (along 
the flow direction). The discharge was varied from 5 
to 13 11s with an increment of 1 Us. 

Figure 3. Mouthpiece with sharp entrance 
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4. TEST RESULTS 
The measurements were analyzed and graphically 
represented. A sample of the measurements is given 
infigures4to 11. 

These measurements were conducted at discharges 
that ranged behveen 5 Vs and 13 Us with an 
increment of 1 Vs at a head of (H) = Huts - 20 cm, 
external pipe orifice at a head of (H) = Hu~s -15 cm, 
internal pipe orifice at a head of @JJ = Huts - 20 cm, 
and intemal pipe orifice at a head of (H) = Huis - 15 
cm. The presented sample figures are at flowing 
discharges of 7 Vs and 13 Vs at different mouthpiece 
directions and positions of the mouthpiece. 

As for the produced graphs, a sample is given on 
Figs. (4) to (11). They show the results of one test 
series that was investigated for the external pipe 
direction and internal pipe direction at a head of 0 
= Huis - 20 cm and (H) = Hu~s - 15 cm at flowing 
discharges 7 Us and 13 11s. 

I I 

Figure 4. Effect of H, L & HdHl on Cd 
(!3xtemalMouthpiece -Q= 7 LIS-{H = HUIS - 20 } 

U.uUlp1.c. U".Ul (em1 J 
Figure 6. Effect of H, L & H?/Hl on Cd 

(Internal Mouthpiece -Q= 7 LIS -{H - HUIS- 20 } 
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Figure 7. Effect of H, L & H~IHI on Cd 
(Internal Mouthpiece -Q= 7LIS - {H = IWiS - 15 } 
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Figure 8. Effect of H, L & H2/HI on Cd 
(Externel Mouthpiece -Q= I3LlS-{H= HUIS -20) 
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Figure 9. Effect of H, L 81 H~IHI on Cd 

(External Mouthpiece -Q= 3LlS-{H= HUIS-15) 
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Figure 10. Effect of H, L & H2iHl on Cd 

(Internal Mouthpiece-Q=13L/S-{H = HUIS-20) 
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L 
Figure 11. Effect of H, L & HZMI on C, 

(Internal Mouthpiece Q=13L/S-{H =HUB-15) 

5. CONCLUSIONS 
From the experimental work, the following was 

concluded: 
o As the length of the mouthpiece increases, the 

discharge coefficient (Cd) decreases till a limit 
after which it becomes constant. 

o Using internal mouthpieces increases the losses 
in case of using external mouthpieces due to the 
fact that the separation increases. 

o Using internal mouthpieces, the discharge 
coefficient (Ca) is less with about 20%. 

o Increasing discharge leads to decreasing H m , .  
o Lowering the orifices under iYee surface induces 

higher losses. 
o Lowering the orifices under free surface results 

in decreasing Huis and increasing H ~ M I .  

o Huls /HD/s are affected by the discharge, the 
length, the height and direction of the 
mouthpiece. 
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