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Lecture — 15
Flow Measurement in Natural Gas- 1

Welcome today we shall look into the various types of Flow Measuring devices which
are used in the Natural Gas industries. You might have known that there are many many
devices, which can be used for measuring the flows, but in case of natural gas we use a
few of those measuring devices, which are used in general. So, we shall be focusing on a

few types of flow measuring devices for natural gas.
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What we shall learn

v Differential flow meter (Orifice meter)
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Now, in this particular lecture we shall be learning about a differential flow meter and
that is orifice meter, which is the most widely used flow meter in the natural gas industry.
The differential flow meter, this name signifies that it is measuring the differential
pressure drop; that is caused during the flow of any fluid through a pipeline or a over a

surface.
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Flow meters used in Natural Gas flow metering

v' Differential flow meter (Orifice meter)
v' Elbow meter
v Turbine meter
v’ Positive displacement meters
* Reciprocating
* Rotary
v Ultrasonic meter

v' Corolis meter
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Ah as I was telling that there are many many flow meters available, but in case of natural
gas a following are some of the most commonly used flow meter meters; first is the
differential flow meter that is orifice meter, then there will be elbow meter, turbine meter,
then positive displacement meters. Under this again we have two types; one is

reciprocating and the rotary and ultrasonic meter and Corolis meter.

So, I shall be talking of all of these one by one, but I shall be going in detail on the
orifice meter, which are because this is the most widely used meter and it is quite simple

to use. So, in this particular lecture, we shall be looking into the orifice meter.
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Flow measurement of natural gas

v Needed to know the total quantity of natural gas that has passed through
a given section of pipe over a period of time.

v' Important to both gas sellers and purchasers.
v Commonly expressed in terms of volume.

* For convenience, gas volume is given in units of 1000 cubic ft.
0 Most commonly referred to as one Mef .
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Now, why do we need to measure the flow? We need the flow rate, because whenever we
want to quantify the amount of gas being supplied from the supplier to the customer over

some period of time.

So, we would like to know that how much quantity, how much amount we have been
given and how much amount we have been using, because based on that we shall be ah,
the cost will be decided how much cost I should, we have to pay. So, that is why it is
necessary for us to know the flow rate and it is important for both the customer as well as

the supplier.

Generally the amount in case of gases is given in terms of the volume and conventionally
these volumes are given in terms of or multiples of 1000 cubic feet and most commonly

used is the Mcf a million cubic feet.
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Criteria for choosing flow-metering method

v Desired accuracy

v' Range of flow and temperature
v' Type of fluid: Liquid or gas

v Expected useful life of the device
v Capital cost and Operating cost
v' Power availability, if needed

v’ Availability of parts
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Now, what are the various criteria to choose some flow metering device. So, first is the
accuracy we need, there are many many flow meters of which will give us different type

of accuracies.

So, depending on the kind of use in hand we shall have to decide that how much accurate
we we want to know the flow rate. Then the range of the flow and the temperature,
because when we talk of gas especially, the temperature pleasure role, because it decides
the density of the gas, and the density changes the volumetric flow rate for a given mass

flow rate.

The type of the fluid whether we are handling liquid or whether talking of gas and the
expected useful life, that how long the flow meters is intended to be used. Of course, the
cost factor comes, in this case we have to look into both the capital cost that pertains to
the money we have to pay to purchase it; that is the capital cost and operating cost during
its operation what are the various cost involved in, including the installation, the

maintenance, all these costs come under operating cost.

And if some flow meter is needing some external power for its activation, we shall find
that in some of the flow meters we need external power. So, whether there is this power
available at the given point of use or not;, accordingly also we have to choose the flow

meter.



And next is the availability of parts whether, because this comes especially when we talk
of the maintenance, because while we are using it, if there is any kind of failure, we
should be able to replace it or we should be able to repair it. So, for that we need to have

the spare parts available for the particular flow meter.
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Differential flow meters

v Incorporate some type of restriction that generates a pressure difference
across the sensor

v’ Measures the volumetric flow rate.

v' The flow rate is computed using Bernoulli Equation.
b
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Now, coming to the differential flow meter, let us see that how it works. In this case what
we do that generally any fluid, when it flows in an open channel or a closed channel due

to drag there will be a pressure drop. Now drag as you know that drag is a resistance to

the flow of a fluid.

Now this drag may be coming due to the skin friction ; that is the friction between the
surface over which the fluid is flowing and this comes due to the, due to viscosity and it
may be due to form drag. And the form that comes into picture whenever there is kind of
a tortuous ; that means, non straight line part of the fluid, that is there is some kind of

change in the direction of the fluid flow then we get the form drag.

So, because of the drags there will be some pressure drop along the flow path of a fluid.
However, this, this pressure drop may not be substantial over a short path and we may, if

I want to measure the pressure drop.

We are, | might have to use a very long linear length. So, in that case, it may be

infeasible to install the flow meter over a long length of the pipeline. So, for that what we



need, we need to artificially create a pressure drop. Now pressure drop on one hand is
going to help us in measuring the flow, on the other hand it also means that we are losing

the energy and it is necessary for us to see to it that we do not create.

So, much restriction on the flow path that the pressure drop is very substantial, and if the
pressure drop increases too much, then we will find that the pumping power will also

increase.

So, whenever we are talking of putting up any kind of restriction on the flow path of a
fluid, we have to decide the restriction very carefully, so that we put enough restrictions
we, that can give us enough pressure drop that can be measured over a finite length of

the pipeline. So, that way we have to look into the provision for the restriction.

Now we put some kind of restriction on the flow path for pressure drop measurement and
then this pressure drop is measured by some sensor. Now, after these days whatever that
pressure drop; that is delta p is measured, based on that we develop some kind of
theoretical formula to get the volumetric flow rate and this flow rate is generally

computed by the Bernoulli equation.

So, Bernoulli equation perhaps all of you know that, it is an equation which is based on
the energy balance and that Bernoulli’s equation we use to derive an expression for the

volumetric flow rate.
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Components of differential flow meters

v' Primary element;

* Used to restrict the fluid flow in the pipe line to produce the
differential pressure.

v' Secondary element:
* Indicates or records the pressure difference between pressure taps, or
pressures at each pressure tap.
+ Comprises a gauge (or a set of gauges) connected with tubing to the
upstream and downstream pressure taps of the primary element.
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Now, first before going to our theoretical derivations, let us look into the various
components of a differential flow meters. These components are same for the various
types of differential flow meters ah. Please mind it, not only orifice meter we have other

differential flow meters like Venturi meter, so this is applicable for that meter also.

So, we have a primary element and what we mean by primary element is this, that this is
the element which restricts the fluid flow to produce the differential pressure across a
finite pipe length. And then we have secondary element which means that this will be,
this will record or indicate the delta p that has been caused by the restriction and this

delta p is measured across some pressure taps.

We have some to pressure taps on the pipeline well, across these pressure taps the delta p
is measured, and it consists of some kind of gauge or a set of gauges. Means either I can
have a differential pressure measuring device or I can measure the pressure at the two
pressure traps and take the difference. So, in either way I may have a single gauge or |

may have a set of gauge. So, these constitute the secondary element.
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‘PR L AEL At BN

Orifice meter

v' The most common equipment used in the natural gas industry.
v' Consists of a thin flat plate with an accurately machined circular hole (may
be concentric or eccentric with the central axis of the pipe line).

* The plate is held by a pair of flanges or other plate-holding device in a straight
section of smooth pipe.

+ Pressure taps are provided on the upstream and downstream sides of the
plate to measure the pressure drop (or differential pressure).
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Now, coming to the orifice meter, it is the most commonly used flow meter in the
industries, because of its simplicity of operation, simplicity of design and installation.

So, the orifice meter is the most commonly used flow metering device.



Now, what do you, what it has, it consists of a thin plate if you have a simple a plate. Of
course, this has to be machine properly with a concentric hole; that means, this is a
circular plate with a concentric full generally, but sometimes we also use eccentric hole.

Eccentric means the hole is not having the same axis as the axis of the plate.

So, they have two different axis. So, that we may also use eccentric holes, but generally
well concentric holes orifice meters are very common. And this plate will be held by
flange between the two pipelines or some kind of holding device, and then pressure
drops are provided at some designated locations of stream and downstream of this orifice

meter, and all these pressure taps may locations have been standardized.

(Refer Slide Time: 11:14)
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Orifice meter

Vena contracta—smallest
diameter of the flow stream

; %
Orifice plate _/‘Z Orifice plate

holding device

Reference :Ikoku CU. Natural gas production engineering. Krieger Pub. 1992,
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Now, let us look here that here we see that there is some flow of some gas going through
pipeline, and here we have the metering tube over tube and here we see that by some

flanging arrangement we are holding and, this is the orifice.

This orifice here we see and these are the two flanges and this gas is flowing through this
pipeline, and what happens as it is going through the orifice the flow is converging and is
converges. And here you can see this edge of the orifice is not sharp edge its what we
call Beeville edge and this bevelling is done to slowly expand the gas, because if the

edge is very sharp then what will happen?



There will be lot of energy loss. So, there to reduce the energy loss, we make it Beeville
edge and then we will find that this flow converges here and slowly and slowly at some

point it will start again expanding and again it will occupy the whole fluid.

It does not mean that a vacuum is created here, the fluid will also be here that this fluid
which is here in these zones, there will be in quite turbulent way and this particular area,
where this, because this area is getting constricted and after this orifice is passed this area
keeps on narrowing down. The minimum area attained by this particular stream is called

the Vena Contracta and it gives us the smallest diameter of the flow stream.

So, this is the way we visualize the flow of a fluid happening through an orifice meter.
This is also applicable to any kind of liquid. And here we have the orifice plate holding

device and as I said this is the orifice meter.
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Orifice meter: Placement of pressure taps

Flange (throat) tops

‘/___-Pipe (full flow) tops——u_
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Now, now as I was telling that there are various ways of putting the pressure taps. So,
one way is that, we put the pressure taps right over here in the armoured flanges and they
are flange type or if flange taps, and here what we are showing here that there, we are
finding that there two differ two levels, these levels are indicative of the manometric

reading.

Now, as we see if the flow is taking place from the left to right as is seen here, then

definitely the pressure at the downstream depth will be lower than the tread the upstream



step; that is indicated by some kind of this height of the column, liquid column, you can

say this kind of a barometric column you can say.

And here we have another type of tap, this is the pipe taps here you can see, these tabs
are located away from the flanges and even the distance between this tap and the orifice

are also prescribed in the literature.

(Refer Slide Time: 14:06)
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Components of orifice meter

v Meter tube,

v’ Orifice plate-holding device,
v Orifice plate,

v Pressure taps, and

v’ Straightening vanes, inserted in the upstream section of the meter
tube to reduce swirling in the gas stream.
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Next we come to the various components of orifice meter. In this here meter tube as
shown in the figure orifice plate holding device in orifice plate, pressure traps and the
straightening vanes. These straightening vanes are inserted on the upstream side of the
meter to reduce the swirling action in the gas stream, because the swirls cause lot of

energy loss. So, we reduce the swirls by putting some kind of straightening vanes.
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Working principle of orifice meter

| 2.5 Pipe diameter ———— > L ——|
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And now let us come to the working principle of the orifice meter. As I told you earlier
that the gas is coming now in this two analyse it what we do. We demarcate some points
like these are one; point 1 indicates some point on the upstream side and then 2, it
demarcates the point right inside the orifice and then 3 at the vena contact and 2 again at

a fully developed region on the downstream side of the orifice.

And here we have shown the kind of typical dimension of the pipe ok. And here we have

shown some manometer, which is measuring the pressure drop across the orifice meter.

(Refer Slide Time: 15:17)
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Working principle of orifice meter

v' The general energy balance (Bernoulli’s equation) between the any
two points of the flow stream is given as :

2 2 2
j vdPJrf udu+f 9dZ = -w —wy
1 1 1
Where

- 1
v specific volume= - .
P p Z: vertical distance above datum

P: pressure
u: average linear flow velocity
g:acceleration due to gravity

w: work done by the flowing fluid, and

w; : work lost due to friction

'~ NPTEL ONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IITKHARAGPUR CERTIFICATION COURSES



Now, coming to the analysis what we do that, we use the Bernoulli’s equation between
point 1 and 2 as shown in the figure. Now here we are writing the various terms in the
Bernoulli’s equation. First term is the, is representing the, you know that in Bernoulli’s

equations.

We have three terms pressure energy, then potential energy and the kinetic energy. So,
first term is indicated pressure energy, second term the kinetic energy and third term is
the potential energy. And in this Bernoulli’s equation this is a bit modified that, from
what we learned in our school, that here in this case we include two more terms in right

hand side, this is not given in our school days.

Here these two terms of right hand side show the effect due to any kind of work done by
or on the system. And in this the w f shows the work done due to the friction. So, this is
the engineering Bernoulli’s equation that is the modified from the Bernoulli equation,

where we assume the or neglect the all the frictional losses and other works.

So, the, this v is the specific volume; that is the reciprocal of the density, p is the
pressure, u is the average linear flow velocity at a given point over a cross section and g
is the acceleration due to gravity, Z is the vertical distance from some datum and w is a

work done by the flowing fluid and w f is a work lost due to friction.

(Refer Slide Time: 16:58)
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Working principle of orifice meter

v' The basic orifice equation can be written as :
2 2
CZJ vdP+J udu =0
1 1

Where CZis an empirical taking care of friction and other irreversibilities

v Taking integration on both sides of the above equation

uzz—ulz

Czﬁ(Pz'_Pl)'{‘ ") =1

¥ is average specific volume
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So, after writing the Bernoulli’s equation what we do that, we read at is the equation and
neglecting the potential energy loss politica. Potential energy really, if the flow meter is
horizontal, then we can neglect the change in the potential energy by assuming that we

can write this equation.

And in this case we put some kind of an parameter C, this C accounts for any kind of
losses due to the turbulence or any other loss. So, this C and here we say that on the right
hand side we are keeping zero; that means, this C is incorporating all the work effects
during the flow of the fluid. So, this is the way we are simplifying the Bernoulli’s

equation.

And once we integrate, we integrate by assuming some average specific volume oh
between the points 1 and 2 and this is especially necessary in case of compressible fluids;
like gases. For liquids this may be assumed to be constant, but for gases we have to be
careful. So, we use some kind of an average specific volume and then we integrate this

kinetic energy term.

(Refer Slide Time: 18:12)
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Working principle of orifice meter

uz — uf _ C3(P, - P))
2 p
Where Py, P, are the pressures at points 1 and 2 respectively

p is average density

If m is mass flow rate

m = pud
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After this we rearrange the equation like this to. On the left hand side we have the
change in the kinetic energy, on the right hand side, we have the change in the pressure
energy, and these are the pressures people and put on the pressures which are measured

by the pressure gauge.



Here we are using the row average, the density average. Now what we are doing that we
are representing the mass flow rate in terms of the product of the density, the velocity
and the area of cross section. This product area of cross section into the velocity is the

volumetric flow rate into the density gives the mass flow rate.

(Refer Slide Time: 18:59)
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Working principle of orifice meter

2p(P1-P2)
(1-p

v Mass flow rate throgh orifice, i = C4,

D,
Where f = D—z
il

v' Using the gas law,
297,P

P= 2Rt
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Now, after this we can rearrange the equation to obtain this equation and that are not
explaining this. In this equation this beta is the ratio of the diameters at point 2 and at
point 1 that and you can see that D 2 is always less than D 1, so beta will always be less

than unity.

And then what we are doing that, we are again representing the average density by a

some gas law. In this equation this gamma g is the specific gravity.

Z is the comfortability factor, T is the temperature and P is the pressure, R is the
universal gas constant and 29 is the molecular weight of air, because this gamma g is

defined as the density of the gas to the density of the air.
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Working principle of orifice meter

v Density at STP is given as

_29Ps
Ps= ZRT,
Where T, and P;are temperature and pressure at STP respectively

v Mass flow rate in terms of flow rate Q B
" ZgQVgPs
ZRT;
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Then what we do that, because in case of gases we have always referred to some
standard condition. So, we again define the density as some standard condition, and like
this that in this case we write the same gas flow, but now we put the standard pressure
and standard temperature. And now we put the mass flow rate in terms of the standard

conditions.

We must remember the mass flow rate will remain the same irrespective of pressure
temperature, but the volumetric flow rate will change depending on the pressure and

temperature.
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Working principle of orifice meter

v Flow rate is given as

0= K(E) CaVERP
P/ \1-B* [y, TZ
Where Kis a constant

. m o '
area of cross section = p (D,)?, D, = orifice diameter

= (KL 1L LD
or Q_(W)Ps\/;\[;\/; Ah.P

Where K’ is a constant
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So, after this rearrangement now what we see that, we write the volumetric flow rate and
my considering the above equations and here we put that if you manipulate the equation
you will find some constant K will come and then the delta h. In this delta h is the

differential pressure in terms of the head, head of the fluid.

Now, this fluid may be water, this may be mercury. So, it can be something appropriate
liquid it will be. So, this delta h is representing the differential head and then we have all
the other parameters here. And ultimately we get put the area of cross section A 2 in
terms of the diameter and this is a pi by 2 D 2 square and then we incorporate this D 2
over here; that is the orifice, orifice diameter and then we obtain this particular equation.
Again we can get some another parameter K prime 1, once we are manipulating this

equation.
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Orifice equation

v' The general orifice meter equation is given as :

(0 = CVARP

Where Ah is differential pressure read by manometer,
C is orifice flow constant, and
P is absolute static pressure.

v’ Orifice flow constant is given by
C = FbE‘prFT;bFTfF}}vaFmFlFaY

-
¥
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Now, in case of natural gas industry what would equations we have shown, this is given
in terms of this particular equations C under root delta h into P, and this delta h is the
differential pressure measured by the manometer, C is some orifice flow constant and P
is the absolute static pressure and orifice flow constant has been given in terms of
mainly, many correction factors about which we shall see now, that in this case these

values will be given in terms of some table or some formulas.
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Orifice equation: Various, narameter
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So, we just see the significance of them, the basic orifice factor, it depends on the
locations of tabs and the internal diameter and the size of the orifice and this is given by

some table in the literature.
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Orifice equation

Reynolds number factor (F, ) :

* Depends on the pipe diameter and the viscosity, density, and velocity of
the gas.

+ Itisgivenas

e
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Similarly, we have another correction factor Reynolds number correction factor, it
depends on the pipe diameter, viscosity, density and the gas velocity and is given by this

particular term.
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In this case b is some base factor and is also obtained from some table given in the

literature.
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Orifice equation

Pressure base factor (F,, ) :
* |sgiven by applying Boyle's law as

Where P, is the base pressure
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Then we have the pressure base factor. This applies to the change in the volume due to
the pressure change and this is the that factor, pressure base factored these P is the base

pressure, Ssome base pressure.

(Refer Slide Time: 23:02)
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Orifice equation

Temperature base factor (F;,) :

* s the correction for the base temperature change from 60 °F because gas
volume measured at one base temperature will be different from that sold
to a customer on a different base temperature.

¢ |s obtained by applying Charles's law as

Ty + 460

==

Where T, is the base temperature.
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Then we have temperature base factor, is a correction for the base temperature, if it is
change, it is different from 60 degree Fahrenheit about 50 degree centigrade, because the

because of reason that gas volume changes with the temperature.

So, we have to put this correction and it is obtained by putting some Charles Law, this is
the Rankine. So, in this case 5 20 Rankine and this is this T b is in terms of Rankine. So,
if we can also put it in terms of Kelvin on other things. So, it will be either that means,

but it is the ratio of the absolute temperature, either Rankine or Kelvin.

In literature we will find that the values are given in terms of FPS system, so that is why
you will find all the tables are also given in fps system, it does not matter we can later on

convert the, convert the units.
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Orifice equation

Flowing temperature factor (F) :

* Corrects the effects of temperature variation. The flowing temperature has
two effects on the volume.

1. Higher temperature means a lighter gas so that flow will increase.
2. Higher temperature causes the gas expansion, which reduces the flow.
* |s usually applied to the average temperature during the time gas is passing. It
is given by
_ 520
T T+ 460

T is the flow temperature in °F
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Then we have the flow temperature factor, this corrects for the temperature variation and
this flow temperature has two effects; one is that, if it is high temperature then the gas
becomes lighter and the flow will tend to increase and if the, this high temperature also
causes gas expansion and, then by expansion, it was reduced the flow. So, this ah, this is
applied to the average temperature during the time gas is passing and is given by this

particular factor.
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Orifice equation

Specific gravity factor (F):

+ Used to correct for changes in the specific gravity and based on the actual
flowing specific gravity of the gas.

* Determined by air with a specific gravity of 1.

+ To make the correction factor usable for any gas, the proper correction for
the specific gravity of the gas being measured must be applied.

* Varies inversely as the square root of specific gravity.
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Now, we have the specific gravity factor, what is used for? It is used to collect for the
changes in a specific gravity and because it can change due to change in the density and

which is a function of the temperature pressure.

So, during the flow it this temperature pressure may change, due to which the specific
gravity factor will also take change and determine by the air with specific gravity of one.
And we have to have the proper correction for the specific gravity of gas and this is

given in terms of the square root of the inverse of the specific gravity.
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Orifice equation

v' Orifice thermal expansion factor (F,)

* Corrects for the error resulting from expansion or contraction of the
orifice operating at temperatures appreciably different from the
temperature at which the orifice was bored.

* |sgivenas
F,=1+18x1075(T - T,)

where T, = temperature during orifice boring, °F
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Next we have the thermal expansion factor and this corrects for the any kind of
expansion or contraction of the orifice, because of the change in temperature if it is very
high temperature the orifice will itself expand or some tempted slow it will be contract.
So, this contraction and expansion of the orifice with the temperature of the gas is
corrected by this particular formula F a and these formulas have been given empirically,

so there is no theory behind this kind of things
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Orifice equation

Supercompressibility factor (F,,) :
* Corrects for the fact that gas does not follow the ideal gas laws.
* Varies with temperature, pressure, and specific gravity.

* |s particularly appreciable at high line pressures.
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And then we have the super compressibility factor; that is the compressibility factor, this
we have to. Again we use this kind of an equation to account for the changes in the

pressure temperature and specific gravity.
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Orifice equation

Manometer factor (F,) :

* Used only with mercury differential gauges to compensate for the column
of compressed gas opposite the mercury leg.

Ah

Patm * 277707
623663 - —2r L

Fn = 62.3663
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Lastly, we have the manometer factor due to the, this compensates for the column of the
compressed gas, because whenever we have this; as I told you that the manometer

contains some kind of liquid, either water or mercury.

So, if this mercury is existing and the degree compression for the, of the gas due to the
prints of mercury. So, due to this there may be a change in the delta p and this correction
has to be given and this is the way the correction is provided for the presence of the

mercury, mercury.

(Refer Slide Time: 26:31)

‘PR P AHL L BN

Orifice equation

Gauge location factor (F) :

* Used where orifice meters are installed at locations other than 45°
latitude and sea-level elevation.

*  May affect the total flow of gas as recorded by the orifice meter.

B g
fon = 32.17405
Where “

g =3.28%107%(9.7801655 X 10? = 2.8247 X 1073 + 2.029 x 107 = 1.5058 x 10751% = 9.4 X 1075H)
L = latitude

H = elevation above sea level
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And then depending on the how the gauges are located in what, at the, what latitude and
sealable that also have a effect on the metering, so for that we give this particular
correction. And this here this g is not, is the correction for the gravitational acceleration
and this is given by this equation. In this equation we have L is the latitude and H is the

elevation above the sea level.
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Orifice equation

Expansion factor (Y)
*  Corrects for the variation in density.
*+ Depends on the expansion of gas through the orifice.

* Isafunction of the differential pressure, the absolute pressure, the
diameter of the pipe, the diameter of the orifice, and the type of taps.

* s given in separate table
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And next we have the expansion factor, it is used to correct for the density variation, and
it depends on the way the gas expands through the orifice and is a function of the
differential pressure, absolute pressure, diameter of the orifice, diameter of the pipe and

the type of taps.
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Orifice equation ...... o

Expansion factor (¥)
*  Corrects for the variatit

+  Depends on the expant

* Isafunction of the diff
diameter of the pipe, tt

* |sgiven in separate tab
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And it is given in some table and these are table in which this particular correction factor

can be obtained.
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Errors in orifice
meterin

| |

Constant errors Variable errors
|

[ 1.pulsating flow

h 2.Flow disturbances
| 3.Incorrect location of the pressure taps
4.Buildup of sediments, dirts
5.Liquid accumulation at the bottom of horizontal

1.Inaccurate knowledge of orifice bore
2.Contour of orifice place (concave or convex)
3.Dullness of orifice edge

4 Thickness of orifice edge pipe line

5.Eccentricity of orifice bore with respect to pipe 6.Liquid in pipe or meter body
bore 7.Leakage around orifice

6.Excessive pipe roughness

J 8.Change in operating conditions from those used
in coefficient calculation
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Now, there are many errors in measuring, we should be aware of the errors like a
constant errors, due to the inaccurate knowledge of the orifice board, then the contour of
the orifice is not put properly concave or convex, the dullness of the orifice edge. It may

be the thickness of the orifice edge, the eccentricity of the orifice, whether they have the



same axis with the orifice plate or not, the excessive pipe roughness, there are constant

errors and variable errors are like this.

There be pulse the flow may be pulsating, there may be flow disturbances, then the
pressure taps may not be located properly, then there could be with time, there will be

some deposition of the sediments, dirt’s etcetera.

There could be liquid accumulation due to the condensation at the bottom of some
horizontal pipe, then liquid in the pipe or the metering devices, then leakage around the
orifice and change in the operating conditions from those, from the base conditions
which have been used for in to derive the coefficient values. So, these are the some

variable errors.
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Orifice meter

Advantages:

*  Low cost, especially on large sizes
*  No need for recalibration

* Easy to install and maintain,

+  Widely accepted

Disadvantages:

« Poor turndown (4:1 typical)
. Long installations [20D to 30D)
Accuracy dependant on geometry
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And then advantages is this that orifice meter is low cost, especially for large sizes it, but
there is no need of calibration then easy to install and maintain and widely accepted.
Disadvantage is this, it causes poor turndown that is a change between the maximum and
minimum should accept maximum and minimum flow rates, there is turn down ratio,
then installations about 20 D to 30 D, D is the pipe diameter, it needs that kind of a

length and the accuracy of the orifice meter depends on the geometry.
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So, this information can be obtained in more detail from these references.

Thank you.



