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Lecture – 22
Tutorial on flow and pressure measurement in natural gas systems

Welcome after  learning about  how to measure the flow rates  and the  pressure using

various types of devices; especially in case of flow rate we found that we were using a

orifice meter which is very common in the natural gas industries and in case of pressure

we  also  learnt  about  the  manometer  which  is  very  common.  So,  today  we  shall  be

looking into two problems on the estimation of the flow rate using orifice meter and

some pressure measurement the pressure drop.

(Refer Slide Time: 01:03)

So,  what  we  shall  learn  today  is  estimation  of  flow  rate  using  orifice  meter  and

estimation of pressure drop.
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So, first let us take up a problem on the flow measurement here we are given that to

calculate  the hourly flow rate  of natural  gas for the given conditions.  Here there are

various conditions are given as we will find in the equation for the orifice meter which

we saw earlier. First is the base condition here the things are given in fps units because

the equations we learned they were having the fps units.

So, here we find out base pressure is 14.65 psia that is pound per square inch absolute.

Then the base temperature is 60 degree Fahrenheit that is about 15.6 degree centigrade.

Then the natural  gas  is  flowing through a pipeline  of  4 inch  schedule.  Now, 4 inch

schedule 40; now generally what happens that whenever you talk of the pipelines these

pipelines the dimensions are given in terms of the nominal diameters and the schedule

numbers signifies the thickness of the pipeline.

So, whenever we want to know the exact inner diameter and outer diameter; we have to

go to  some standard  charts  from which  we can  get  the  inner  diameter  or  the  outer

diameter and the thickness.
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So, let us see that how a typical charts looks like here; we have a chart it on the first

column in the chart you find that we have a nominal pipe size one eighth, one fourth,

three eighth all these are inches. And corresponding to each of the nominal size we have

the outside diameter like for example, for a one eighth inch nominal pipe size we have

0.405 inches of outside diameter. And then on the next column we find we have the

schedule number 40 and schedule number 80.

And you if you see that the wall thickness is given in the schedule number; so, for one

eighth nominal  size for 40 schedule number the wall  thickness is  0.068 inches.  And

similarly for the schedule number 80 the wall thickness is 0.095 inches and the, these

columns are signifying the weight per feet of that particular pipe. So, with this we shall

see that we have in our problem we have been given 4 inch schedule number 40.

So, what we will do? We will go to the 4 inch here and correspondingly we will find the

outer diameter has 4.5 inches and for a schedule 40, the thickness of the pipe is 0.237

inches. So, these are the data we would need from this particular table. So, here we have

the outer diameter as 4.5 and from that we subtract twice the thickness to get the inner

diameter that is 4.026 inches is the inner diameter of the pipeline, then the that the flange

tab.



As we learnt earlier that for whenever we are putting the pressure taps to measure the

pressure difference across the orifice meter;  we can have the pressure tap as various

positions.
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So, in this case it is specified that we have flange taps and if you recall we can see that

how these taps were looking; that these taps were given in terms of the their distances

from the flange. So, in case of flange taps the taps are just on the flanges.

Then  we  have  the  static  pressure  measured  upstream taps;  then  the  orifice  plate  is

stainless  steel  orifice  diameter  is  1.5  inches  and  the  it  is  measured  at  20  degree

centigrade then we have a recorder that is having a 100 inches of water column it is

measuring the pressure difference across the orifice meter. And then this is the 1000 psia

is the static spring that is a 68 atmosphere. And here we have some ordered data like

elevation;  that  means,  elevation  from the  sea  level  about  500 feet;  this  is  important

because the gravitational force changes with the sea level.

So, naturally it will also depends on the potential energy will change with the sea level;

then you have the atmospheric pressure as 14.4 psia, the temperature of the flow is 100

degree Fahrenheit,  gas specific gravity is 0.6, differential  pressure is 65 inches water

column and static pressure is 645 psig that is about 43.6 atmosphere.  And this is the

gauge  pressure  with  the  gauge pressure  we add the  atmospheric  pressure  to  get  the

absolute pressure as 655.4 psia.



Now, we go to the solution the solution is this we this is the equation which we use to

solve for the flow rate. Here the C is the discharge coefficient which is a function of

various other factors about which we learnt in our lecture. So, in this problem we shall be

evaluating each of these factors one by one.
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So, let us first look at this basic orifice factor and this basic orifice factor is based on the

inner pipe diameter and the orifice diameter.
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And this table we have to refer to get the value of the C 1 here in this thing you find that

we have the orifice diameter. And we have the various nominal diameters from this table

and this is also given the base table 60 degree Fahrenheit flowing temperature 60 degree

Fahrenheit.  So,  all  these  things  are  given  here;  so,  based  on this  table  we shall  be

obtaining the value of the F b and that is obtained at 460.80.
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Next  we go to  find out the Reynolds number factor  even for this  we shall  be using

another table. So, this is also based on the inner diameter and the orifice diameter.
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.



So, here we have the value of the Fr for the various types of orifice diameter and we find

the value of this Fr from this particular formula 1 plus b by under root h w P f. Here we

put the value of b which is obtained from this table and then we have the h w that is the

water column height that is 65 and this is the pressure absolute pressure and from this we

get the value of the F r.
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Next we come to the another correction factor that is the pressure base factor; here we

are using this particular formula; please note that in this formula the pressure has to be in

terms of psia. So, we are putting this pressure value here and we are getting this value of

the pressure base factor.
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Next we come to the temperature base factor; in this case the temperature has to be in

terms of the Rankine. So, here we put the Rankine pressure and temperature and we get

it  as 1; next we come to now just for recalling that temperature pressure are needed

because they change the density of the gas and the density of the gas changes means that

the volumetric flow rate for a given mass flow rate will also change that is why we apply

the pressure and temperature correction factors.
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Next we come to the gravity factor;  the gravity factor  is  taking care of the specific

gravity of the gas which is given as 0.6 and this is the value.
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Next we go to the super compressibility factor this is given by under root 1 by Z and this

Z value can be found out from the compressibility chart about which we learnt earlier.
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Here  we  have  the  P  R  that  pseudo  reduced  pressure  and  on  this  here  the  reduced

temperature and accordingly we can find out the value of the Z. So, knowing the P R and



the T R, we can find the value of the Z; so, here we have the value of the Z as this and

this is the formula with which we get the super compressibility factor.
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Next we go to this value of the manometer factor here we have the manometer factor

with  this  particular  formula  it  does  not  need any kind of  charts,  simply  we put  the

atmospheric pressure the water column height and with this particular formula we get the

manometer factor as 0.9993.
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And  next  we  have  the  gauge  location  factor  this  takes  care  of  the  gauge  location

depending on the latitude and the elevation from the sea level.

Now, the latitude is taken to be 66 degree and the sea level is term in taken in feet. So,

these 2 factors are incorporated in this particular formula of g. So, you see that this g

depends on the latitude and the elevation from the sea level. So, we calculate g using this

66 degree and the elevation which is given in the problem and we get the value of g as

32.1418. Now with this using this formula we get the gauge location factor.
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And then we have the orifice thermal expansion factor using this formula this is the fluid

temperature 100 and this is the manometric this temperature that is 68 and with this we

get the value of 1.0006.
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And lastly we have the expansion factor and this expansion factor is obtained from table

C 3, but before that we have to find some parameter value like beta beta is the ratio of

the orifice diameter to the inner diameter of the pipeline. With this we get the value of

beta and then we find the value of this ratio h w by P f from the given data and we get

this value.
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Now, we go to table 6.3; here we have the beta value d by D and this is the value of the h

w by P f. So, with this 2 values we locate the value of the Y and this value we take and



we find that this value is almost 0.9988. Now with all the values calculated now we use

the expression for C which is given like this and we put all the values here and we get the

value of C as 600.66.

Now, once we get the value of C we shall put this value in this equation and with; in this

equation once we put it; we find that this is the value of the flow rate. And please mind it

that  the unit  of  the  flow rate  is  also specified  that  is  scfh which is  nothing,  but  the

standard cubic feet per hour perhaps you know that the whenever we are reporting the

volumetric flow rate of any gas which is a function of the temperature pressure, the v

generally report in terms of some datum pressure temperature.

And in this case we are using the standard temperature pressure that is stp. So, this that

this is how we are getting the value of the flow rate in terms of the standard cubic feet

per hour. So, this is how we have solved a problem to estimate the flow rate of a gas in

this case natural gas through a orifice meter applying various types of corrections.
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After this we shall move on to the pressure measurement; the pressure measurement as

we learnt earlier that manometer is a very common device with which we measure the

pressure difference; it can also be used to measure the absolute pressure by exposing one

of its limbs to the atmosphere.



So in this problem we have a situation like this that 2 pipes having air on both sides are

connected by a U-tube manometer. So, here we find that is a U-tube manometer and the

pipe is having the air is flowing through the pipe line. So, we find that the 2 ends of the

manometer, we have 2 pressures P 1 and P 2 and looking at the figure we can find out

that pressure P 1 is more than pressure P 2; that is why the this manometric fluid has

been depressed more on the P 1 side than in the P 2 side.

And here we find that difference in the levels of the manometric liquid in the 2 limbs is

given by h. So, here in this problem we have told that if the manometric fluid in the limb

connecting the pipe is 2 meter height; that means, this is the 2 meter this h here is our 2

meter we have to find the pressure difference between the 2 limbs that is we have to find

out the P 1 minus P 2.
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So, for this we see that these are the things given to us the manometric liquid is water.

This is a water we take the density of water generally as 1000 kg per meter cube and the

density of manometric fluid is air; it is approximately about 1 kg per meter cube; And

because with this we find that the delta P is found out to be this by rho m h and g. Now

please note that in this case we are neglecting the density of the air with respect to the

density of the water; that is why we are taking only the density of the water here. And by

incorporating the various values we find that the pressure drop between the 2 limbs of

the manometer is coming out to be 19620 or about 19.6 kilo Pascal.



Now, please understand that this  is  how we are finding the delta  P and this  kind of

method may also be incorporated to find out the flow rate. Like in the previous problem

of the orifice meter, we can we can say that we are using a manometer across the orifice

meter and this is how we can get the pressure difference across the manometer and with

this information, we can solve for the flow through a manometer.

Thank you.


