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Abstract
The very high cost of valves in water distribution systems in developing countries and 
their ban necessitates  the need to find other alternatives or orifice plate arrangements 
or substitutes for them  Since the main function of valves is to control flow, the orifice 
plate among others was  considered as a viable alternative. In this work, the design, 
fabrication, testing and cost-benefit analysis of the designed orifice plate arrangement 
(OPA) were carried out.
 The designed OPA was also tested and the tests showed that the flow is 
approximately ten times reduced. To assess the effect of eccentricity of the orifice, 
experiments were carried out on eccentric orifices. For the same pressure differences, 
the eccentric orifice plate produced about 18.76% higher flow rates. Hence eccentric 
orifices plates are advocated for measuring flows. As they also prevent the 
accumulation of sediments settling upstream of the plate  . Thus there appears to be a 
promising future for the use of eccentric orifice plates as a substitute for valves in 
water distribution systems.

 Introduction
In developing countries in general and 
Nigeria in particular, the use of valves as 
flow controllers in water distribution sys-
tems has become very expensive. This is 
due to the following: the high cost, ban on 
its importation, lack of effective mainte-
nance and engineers to maintain them and 
the possibility of building on top of valves 

which when faulty or damaged constitutes 
a serious problem in its repair or replace-
ment. Also when valves are not regularly 
operated, they can rust and become inope-
rable.

With the above constraints, the 
need for a substitute for valves in develop-
ing countries arises. Utilising  orifices (that 
are well designed and fabricated) should 
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alleviate the problems resulting from the 
use of valves. This substitution is possible 
as orifices possess some special advan-
tages such as low cost ease of installation 
and maintenance, allowing extraneous 
materials, sediments and allowing com-
plete drainage of the pipeline.

Problem Statement
Due to the high cost of valves and its 
continual increase with time resulting from 
very high inflation in developing coun-
tries, coupled with the ban on valve impor-
tation, there is an urgent need for substi-
tutes for them in water distribution sys-
tems. If the substitutes can be made locally, 
then there is an additional benefit to indus-
trialization and independence from foreign 
suppliers and the vagaries of their markets.
 The main objectives of the work are 
to design and fabricate a low-cost, easy to 
install and replace orifices to act as flow 
controllers and as substitutes for the more 
expensive valves in water distribution 
systems in developing. 

In this work, the following were 
carried out: a design of sharp edged orifices 
(concentric and eccentric) arrangements, 
their fabrication and testing in a distribu-
tion system. For Effective performance, 
each orifice plate is inserted into the pipe 
main between flanges, the outside diameter 
of the orifice plate being turned to fit with 
the flange bolts. The diameter of the hole 
through the orifice plate is of the required 
to produce the appropriate differential 
pressure at the maximum rate of flow.

An orifice as a flow controller 
belongs to a class of measuring devices 
called differential head meters. These flow 

meters are those in which a stream of fluid 
creates a difference in pressure across a 
primary device. This differential head 
depends upon the viscosity and density of 
the fluid. An orifice can be broken down 
into various classes depending upon the 
orientation, shape and design. The shape of 
the edge of the orifice can be referred to as 
sharp edge, rounded or bevelled. The most 
common and popular shape is the 
concentric circular orifice, but there are 
others such as offset circular orifice, square 
orifice and segmented orifices. Hughes 
(1978) suggested that the orifice can be 
used very selectively to constrain peak 
demands only in those sections of a system 
that would otherwise be in danger of 
experiencing negative pressures during 
peak demand periods.
 Orifices also reduce the pressures 
in the system and thus limit the amount of 
water that can be delivered beyond the 
point where the orifice is installed. 
Inserting orifices on service lines can limit 
the flow to about 2-10 litres per minute. 
This pressure reduction in the pipeline due 
to inserting orifice plates reaches a 
minimum at the vena contracta. This 
occurs due to a sudden increase in  velocity 
and hence kinetic energy. The extent of this 
recovery depends on the ratio of the orifice 
to pipe diameter (d/D). The pressure 
recovers fully at a distance 5D downstream 
from the orifice plate. This pressure 
reduction across the orifice plate is 
essentially what is utilized in this design.

Since the pressure recovers at a 
distance of 5D downstream of the orifice, if 
another orifice of smaller diameter is 
superposed at a distance of 0.5D say, at a 
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distance close to the vena contracta, a 
smaller amount of pressure will be 
obtained. If this process is repeated 
subsequently with orifices of decreasing 
sizes, a stage will be reached at which is so 
small that flow literally stops. This is the 
rationale utilized in this investigation. As 
indicated by Hughes (1974), this concept is 
a compromise between conventional 
demand delivery and the constant flow 
concept. It is closer to the demand 
delivered without storage at the individual 
service points but it also allows 
considerably smaller main pipes.

Theory 
The flow equations which are normally 
developed for use with orifice meters ex-
press the instantaneous relationships 
between flow rate and the differential 
pressure across the orifice. If conditions 
are uniform and steady, a differential 
pressure at a given instant is obtained. 
Assuming steady (continuous) flow and 
applying the Bernoulli s equation, we have

2P   +   1/2wv    +z w g =  constant   =   PTot

where
P   = the static pressure of the fluid

An orifice as a flow controller belongs to a 
class of measuring devices called differen-
tial head meters. These flow meters are 
those in which a stream  of fluid creates a 
difference in pressure across a primary 
device. This differential head depends 
upon the viscosity and density of the fluid. 
An orifice can be broken down into various 
classes depending upon the orientation, 
shape and design. The shape of the edge of 

the orifice can be referred to as sharp edge, 
rounded or bevelled. The most common 
and popular shape is the concentric circular 
orifice, but there are others such as offset 
circular orifice, square orifice and segmen-
ted orifices. Hughes (1978) suggested that 
the orifice can be used very selectively to 
constrain peak demands only in those 
sections of a system that would otherwise 
be in danger of experiencing negative pres-
sures during peak demand periods.

Orifices also reduce the pressures 
in the system and thus limit the amount of 
water that can be delivered beyond the 
point where the orifice is installed. 
Inserting orifices on service lines can limit 
the flow to about 2-10 litres per minute. 
This pressure reduction in the pipeline due 
to inserting orifice plates reaches a 
minimum at the vena contracta. This 
occurs due to a sudden increase in velocity 
and hence kinetic energy. The extent of this 
recovery depends on the ratio of the orifice 
to pipe diameter (d/D). The pressure 
recovers fully at a distance 5D downstream 
from the orifice plate. This pressure 
reduction across the orifice plate is 
essentially what is utilized in this design.

Since the pressure recovers at a 
distance of 5D downstream of the orifice, if  
another orifice of smaller diameter is 
superposed at a distance of 0.5D say, at a 
distance close to the vena contracta, a 
smaller amount of pressure will be 
obtained. If this process is repeated 
subsequently with orifices of decreasing 
sizes, a stage will be reached at which is so 
small that flow literally stops. This is the 
rationale utilized in this investigation. As 
indicated by Hughes (1974), this concept is 
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a compromise between conventional 
demand delivery and the constant flow 
concept. It is closer to the demand 
delivered without storage at the individual 
service points but it also allows 
considerably smaller main pipes.
 In flows two levels the standards of 
accuracy are obtainable: class A and class 
B. In class A every reasonable care is taken 
to ensure that possible flow conditions both 
initially and in service, in addition, the 
overall tolerance corresponding to 95% 
confidence is not greater than+1.8%. The 
main applications are for costing and 
efficiency purpose, The class l B standard 
applies to the normal service conditions, 
where accuracy is not the primary 
consideration. i.e., where it is unnecessary 
or even mal be norm to conform to the 
stringent requirements of a class A  rp and 
standard, in particular from the standpoint 
of pipe layout, cleanliness of installation, 
etc. The overall tolerance may be up to 
+4%. It is emphasized h0wever that even a 
class B installation requires the establish-
ment of an efficient maintenance routine, 
including periodic cleaning examination 
and if necessary, cleaning of the orifice 
plate and adjacent pipes to ensure a 
consistency of performance adequate for 
good plant control. Thus, because of the 
high performance requirements and 
specification for class A standard within the 
accuracy of the laboratory, class B standard 
specifications are utilized in the design of 
the orifice plate arrangement in this work.
 For effective design and perfor-
mance of the orifice plate, the following 
were utilized:

a. The orifice plate must in general be 

normal within 2% of the pipe axis
b. The orifice must be circular and 

concentric with th pipe (a safe limit 
for the latter is to be within0 .05(D-
d)). The orifice bore must be  normal 

0to within 0.5  with the upstream face 
of the plate.

c. The upstream edge must be truly 
sharp and  free from burrs or rims

 To make a sharp upstream edge, the 
orifice plate was bored out and then 
by face stoning a good edge is 
produced. The B.S specification for 
acceptable sharpness is an edge 
radius not exceeding d/2500. The 
effect of this sharp edge is to produce 
a percentage increase in the 
coefficient of discharge to 4.5 times 
the edge radius expressed as a 
percentage of the orifice diameter so 
that d/2500 corresponds to an 
increase of 18%.

d The downstream edge must be free 
from burrs and rims,

e. The plate thickness must be uniform. 
It must be thick enough to prevent 
buckling under any working 
differential pressure to which it may 
be subjected. It must, however, never 
exceed 0.ID. The thickness of the 
orifice should not exceed 0.02D or 
d/8 (whichever is smaller). If the 
thickness is greater than the above 
given values, the downstream edge of 
he orifice should be bevelled at not 

0
less than 45 , normal to the plate, to 
the exten sufficient to conform with 
the above requirement,

f. The flatness must be such that under 
working conditions, the deviation is 
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not greater than 0.025 cm/cm in any 
direction along its upstream face.

g. The upstream surface of the plate 
must  be smooth. There is no clearly 
defined specification for the degree 
of smoothness required. In general, 
however, a cold-rolled surface honed 
for at least 1.25cm our from its orifice 
edge has been found adequate even 
down to d= 0.625cm.

h. The orifice plate must be of material 
which will not corrode in service. 
Aluminium plates, especially cold-
rolled, softened, de-scaled, flattened 
steel are acceptable as being suffi-
ciently smooth. But since aluminium 
cannot be welded, a hot-rolled mild 
steel of smoothness within specified 
range, and corrosion resistant was 
used. 

i. In general, orifice diameters of less 
than 0.625cm are not recommended, 
although with very careful manufac-
ture its is possible to have orifice of 
diameter 0.25cm.

j. The   orifice plate diameter, date of 
manufacture and  the word down-
stream should be stamped on the 
downstream face of the orifices plate.
Upstream edge must be truly sharp, 
square and free from burrs or rims. 
The edge must not visibly reflect 

light for bores equal to or less than 
150mm. Diameter of the smooth 
portion on upstream face of orifice 
plate must be equal to or greater than 
1.5d. The thickness of the cylindrical 
part of the orifices should not exceed 
0,02D or 0,12d which ever is the 
smaller. This cylindrical portion to be 
bored through the pipe axis within + 
0.5D, Orifice diameter tolerance + 
0,001d for m values smaller than 0.45 
and + 0.005 where m d/D. Down-
stream edge must be free from burrs 
or rims encroaching into the orifice 
bore. Pipe diameter – for distance of 
2D upstream of the orifice plate, the 
pipe should be cylindrical, no 
diameter within this distance may 
differ from any other by uniform and 
must be too stiff to buckle under the 
working conditions.

Design Of Orifice Plate Arrangement
As fluid flows across an orifice plate, the 
flow pattern is accompanied by the 
considerable changes in static pressure 
along the pipe. A slight build up of pressure 
occurs close to he upstream side of he 
orifice plate followed by a sudden fall or 
pressure across the plate, reaching a 
minimum value at the vena contracta.
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Fig 2. Plain Type Orifice Plate
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Fig. 3: Influence of various Eccentric Orifice plate sizes on Flow Capacity
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Fig. 4: Influence of various Segmented Orifice plate sizes on Flow Capacity
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Cost Analysis for the Orifice Plate Arrangement
No of electrodes used                                                                    = 3        
Cost of one electrode used                                                                    =N25.00
Total cost for the 3 electrodes                                                              = 3 (25.00) =75.00
Material Availability: Scrap from any mechanic workshop may be used
Labour: This includes drilling, filing, welding face smoothing and testing.   = N120.00
Total cost for 50mm orifice = N (45.00 + 120) =    N165.00
The various costs of other orifice sizes were similarly obtained;
The valve prices including non-return valves and sluice valves were obtained from Anambra 

State Water Corporation, Awka and are shown in Table 4.1.

Table 2.1:
VALVE PRICES FROM ANAMBRA
STATE WATER CORPORATION & 
FRIM SOME DEALERS ON VALVES

MATERIAL         SIZES OF VALVES (mm)         COST(N)                   COST(N)                                 
CAST IRON                       25      500.. 0        165.0  
CAST IRON                       32         960.0```  234.0 `` 

 
CAST IRON                       50      1,440.0               289.0  
CAST IRON       75      1,800.0   639.0  

 
CAST IRON      100      5,000.0   830.0    
CAST IRON          150      6,000.0                         1021.0 
CAST IRON      250      9,000.0                         1305.0  

    
     NON-RETURN VALVES
MATERIAL   SIZE OF VALVES (mm) COST(N)
BRONZE        75   1,760
BRONZE       100   3,200
BRONZE                   150   6,000

     SLUICE VALVES
MATERIAL SIZE OF VALVES (mm)  COST(N)  
CAST IRON  75     3,000 
CAST IRON  100     5,000 
CAST IRON  150     6,000 

From the above table and the computed costs for a 50mm orifice pipe arrangement, it is seen that 
the cost of the OPA is far less than the imported valves.
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Conclusion
Orifice plates should be installed at points 
where manholes exist (if the distribution 
system has manholes).to facilitate gleaning 
and checking since there will be accumu-
lation of extraneous materials, e.g., debris 
at the point of installation.

Also, it (i.e., the orifice) could be 
tampered with .It should be sealed

Finally, a mould could be carefully 
designed, with which the orifice plate 
arrangement can be cast, instead of going 
through cutting and welding of plates.

The design and fabrication of the 
orifice plat arrangement (OPA) were 
carried out.

The OPA was also tested and from 
the results, it showed that the flow became 
approximately ten (10) times reduced 
when the plates were installed.

From the performance tests carried 
out by tapping pressures at DISTANCE D 
UPSTREAM AND D/2 downstream, it 
was found that the OPA when compared 
with commercial valves act as better flow 
controllers.. The lower costs are an added 
advantage.

From cost analyses, the OPAs are 
cheaper by 68.7% when compared with 
commercial  valves.

The main reasons are that the 
materials for the OPAs are obtainable 
locally and their manufacture does not 
require a great deal of expertise.. Also it 
does not take much time to produce the 
OPAs.

Eccentric and segmented orifice 
plates can be used in a situation where the 
fluid to be measured is non-homogeneous, 
e.g., coal slurries and in irrigation flow.

Since the orifice plate arrangement 
has been established to control flow 
effectively, this allows customers the 
freedom to choose the orifice sizes they 
want, cheaper and easier to modify. This 
would be preferred over the more 
expensive commercial valves as flow 
controllers in water distribution systems. 
Thus if a customer desires more flow, a 
larger orifice size can then be installed.

Nomenclature 
Ap  =  area of pipe, 
Agb   =   area of orifice plate
PP = static pressure of the fluid pipe 

before orifice
POP =  Pressure in pipe at the orifice 

plate
Pth =  theoretical pressure
dop =  The diameter of the orifice plate
D =  the diameter of the pipe
g =  acceleration due to gravity 
w = the specific weight of the fluid = 

(pg)
 where p = density of the fluid
Qm = flow rate of the fluid at a given 

section
AOP  = cross- sectional area of orifice 

plate
V =  Velocity of flow
Vop  =  velocity of flow at the orifice 

plate 
Z = the elevation head relative to a 

datum 
Vtot =  the total head at the section
Vop =  velocity of flow at the orifice 

plate
Zp =  the elevation head in the pipe 
Zop = the elevation head at the orifice 

plate
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