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

estimation of pressure drop.



(Refer Slide Time: 01:04)

Problem statement
Calculate the hourly flow rate of natural gas for the conditions given as follows:
Base conditions: P, = 14.65 psia (~ 1 atm), Ty, = 60 °F (~15.6°C)

Pipe dimension: 4-in schedule 40 (D = 4.026-in ID), flange taps, static pressure measured
upstream taps

Orifice plate; Stainless steel, orifice diameter (d) 1.5 in. measured at (T},,) 20 °C (68°F)
Recorder: 100 in. water column (0.25 atm) differential, 1,000 psia (68 atm) static spring
Readings:

Elevation (H): 500 ft (152.40 m)

Atmospheric pressure (Py,): 14.4 psia (~0.98 atm)

Flowing temperature (Ty): 100 °F (~37.8°C)

Gas-specific gravity (y,): 0.6

Differential pressure (h,,): 65 in. water column (~0.16 atm)

Static pressure : 641 psig (~43.6 atm), so Py = 641 + 14.4 = 655.4 psia
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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.



(Refer Slide Time: 02:26)

PIPE SCHEDULES & WEIGHTS
SCHEDULE 40 SCHEDULE 80
NOMINAL|  QUTSIDE Wall Wt. Wall Weight
| DIAMETER Thick. Per Fi. Thick. Per Ft.
)
18 0.405 0.068 0.245 0.095 0.315
114 0540 0.088 0425 0.119 0535
38 0675 0091 0568 0.126 0.739
112 0.840 0.109 0851 0.147 1.088
304 1,050 0113 1131 0,154 1474
1 1315 0133 1679 0.179 2172
1-1/4 1,660 0.140 2273 0.191 2997
14112 1900 0.145 718 0.200 3631
2 2315 0.154 3653 0.218 5.022
2412 2875 0.203 5793 0275 7,661
3 3500 0216 1576 0.300 10.250
312 4.000 0.226 0109 0318 12510
4 4500 07 10.79 0337 14980
5 5,563 0.258 14620 0.375 20780
6 6625 0.280 18970 0432 28570
] 8625 0322 28,550 0,500 43.300
10 10.750 0.365 40480 0,500 54.740
12 12.750 0.375 49.560 0,500 65.420
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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.
(Refer Slide Time: 04:31)

Solution
The flow rate of the gas :
q= C hW‘Pf
Where € = FuFe sy Fr i B B RE,Y

Thus C = FyF-Fyp FrpFri By B FnFi Y =
(460.80)(1.0002)(0.9988)(1.0055)(1.0000)(0.9636)(1.2910)(1.0443)(0.9993(0.9995)(1.0006)
= 600.66
So, flow rate of the gas, ¢ = Cm
= 600.66,/(65)(655.4)= 125,100 scfh
schf: standard cubic feet per hour
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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.
(Refer Slide Time: 06:31)

Basic orifice factor(F, )

Based on pipe ID, D = 4.026 in and orifice diameter,d = 1.5 in Table-C1 gives:
: F, =460.80
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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.

(Refer Slide Time: 06:45)

Table C-1 Fy Basic Orifice Factors—Flange Taps

Base temparature = 60 °F
Flowing lemperatura = 60 °F
Base prossure = 14.73 psia
Spocfc graviy = 10

Pipe Sizos—Hominal and Published ingide Diamelers, In

Orifice 2 3 4

Dlameter
(M) 1699 1809 2067 2300 2626 2800 0M 2R 140
0260 1269 12707 12711 121M4 12712 12708 12705 12703 12607
0375 A4 2M4W 2042 AN 200 NN MIW NI ML

Reference: Guo B, Ghalambor

080 GOTTT ST OB KA SO0 B3N EOF WM 02 A, Natural gas engineering
065 W00 TSR T3 THOR TARIG T TREN TOSN M handbook. Elsevier. 2014,
0780 11700 11662 11614 11452 11390 11AT0 1135 11360 1133
Q475 16295 15056 1EA4T 157,12 16600 15641 1854 18503 1B4ATY
1000 2077 21247 2102 0744 20618 20404 20084 20033 2275
1126 20009 27620 27170 20635 26200 20095 20004 26065 26763
1280 3BATE 353068 34613 3612 37 3343 3RO AT 3106

1378 4857 AWM 4ETE 40216 MEE0 3000 WG W0d
1500 54236 1090 40790 4TTI0 4TS 4TIE 4030
1628 @01 60ER W08E SR AT B2
1780 T €744 GO 65090 MTH
14675 0498 T8 TTLB TIOAD TAAT
2000 9065 0601 @608 €705
2126 10912 10825 1081 10014
2250 12222 1999 11477
2975 13117
2500 14588
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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.
(Refer Slide Time: 07:17)

Reynolds number factor (F, )

Based on pipe ID,D = 4.026 in and orifice diameter d = 1.5 in, Table-C2 gives
b=0.0336. Thus,

D142 4 o002

=L mz |/ (65)(655.4)

I NPTEI AN INE | Nenf Ny H
IIT KHARAGPUR L R
| viyvgeine cnglneering Centre

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.
(Refer Slide Time: 07:26)

Table C-2 “b” Values for Reynolds Number Factor F, Determination—
Flange Taps

PIpe Sizes—Nominal and Publishad Inside DIameters, I

Onifice 2 1 4

) 1609 1900 2087 2 262 29 2088 3182 24N
"07% 0T OO 000 00D 00079 GOws 01010 oW o010 [y

0375 0067 00700 00726 0O7E 002 00RO 00D 0B 0087
Reference: Guo B, Ghalambor
0626 00620 00605 00506 00516 00541 00%66 00563 0050 00618 A. Natural gas engineering
0760 0053 0045 Q0TI O0M2 00470 00486 0OHE DOSDI 00528 handbook. Elsevier. 2014.
0875 00605 00506 OOI7H 00MS 0009 0043 0OKE DOMZ 0DE

0500 0056 00576 008 00812 00648 00677 00895 0073 00728

1000 00677 00650 00516 00458 Q0416 00403 00802 00403 00411
1125 00762 00630 00574 00495 00427 0036 00386 0033 00380
1260 00824 00707 00846 00560 00466 00408 00389 00381 00366

1am 00772 00716 00814 00501 00435 00408 00354 00385
1.500 00773 00679 00554 00474 00436 00420 00378
1625 00735 00613 00522 00477 OOMET 0.0402
1780 00660 00575 00524 00500 00424
1476 00717 00626 00574 00540 00473
212 00716 00869 00642 008563

2260 00708 00665 0.0607
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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.
(Refer Slide Time: 07:58)

Pressure base factor (Fy)

1473 _ 1473
pp = —— = == =1,0055
P, 1465
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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.



(Refer Slide Time: 08:18)

Temperature base factor (Fy)

b Tot40_60+460
™= 50 T 50
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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.
(Refer Slide Time: 08:57)

Il
Specific gravity factor (F )

B = JT = \/T =1.2910
rg  \O06 )
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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.
(Refer Slide Time: 09:06)

Supercompressibility factor (F,,)

il

Using compressibility factor chart Z= 0.917 at 655.4 psia and 100 °F for a 0.6
specific gravity gas.

4
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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.
(Refer Slide Time: 09:14)

Pseudoreduced pressure Py

o ) 2 3 4 5 8 7 8
[} o

Psoudoroduced lempe

10 =

Compressibility factor Z
Compressibility factor Z

&

/ Z .

2t

¥ Psoudoreduced temperalure Tn —
‘.__ = "

‘ 10

g L) 9 10 1 12 13 14 16

Pseudoreduced prossure Pg
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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.
(Refer Slide Time: 09:45)

Manometer factor ()

fy
Papmtsr =
62.3663—M
F = 192.4 =
m

=0.9993
62.3663
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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.
(Refer Slide Time: 10:03)

Gauge location factor (F))

g
= \32.17405

The gravitational acceleration at the given location is calculated ésing the following equation
to be 32.1418 ft/s?, taking latitude as 66°.

9 =328 x 1074(9.7801855 x 102 — 2.8247 x 107°L + 2,029 x 107*1% ~ 15058 x 107 1* - 9.4 x 107°H)
Where L is latitude in degree, and H is the elevation above sea level (ft.). g is in ft/s.

F = 32.1418=0l9995 —
\‘32,17405

l
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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.
(Refer Slide Time: 10:45)

Orifice thermal expansion factor (F,)

+

Fo=1+18%x107%(T; - T,y) = 1+ 1.8 1075(100 - 68) =1.0006
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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.



(Refer Slide Time: 11:01)

Ve
Expansion factor (Y)

Based on pipe ID ,0 = 4.026 in, orifice diameter d = 1.5 in,
B=d/D=(1.5)/(4.026)=0.373 )

LA
iy 0008

Table —C3 with interpolation gives ¥ = 0.9988.

(=
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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.
(Refer Slide Time: 11:25)

Table C-3 ¥y Expansion Factors—Flange Taps (Static Pressure Taken from Upstream Taps)

-1
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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 scth 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.
(Refer Slide Time: 12:59)

Problem statement :

Two pipes having air on both sides are connected by a U-tube manometer
using water as manometric fluid. If the manometric fluid in the limb
connecting the pipe-1 is 2 m higher than the other, find the pressure
difference in two pipes.
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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.
(Refer Slide Time: 14:25)

Solution
Given,
Height difference(h) =2 m
Density of manometric liquid (p,,) = 1000 kg/m?
Density of measured fluid(p) = 1hkg/m3
Pi=P, =pn h g=1000x 2 x 9.81 = 19620 Pa
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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 tho 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.



