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Lecture - 85
Tutorial on piping in natural gas systems — I

Welcome, after learning the theories about the friction factor calculation, the flow rate
calculation in the piping’s, in a natural gas systems, in this lecture we shall do some

problems to apply those expressions which we have learnt.

(Refer Slide Time: 00:32)

Problem Statement 1

v A gas flowing through an NPS 16 pipe , Schedule 10 has a flow rate of 80 MMSCFD
(60 °F temperature, 14.7 psia) and 1.0 compressibility factor. Determine the flow
velocity at 80 °F temperature, and 1000 psig pressure. Take compressibility factor
s 0.89,
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So, in this first problem is that in this case a gas is flowing through an NPS of 16 pipe
and schedule 10 has a flow rate of 80 MM SCFD. Now, first I shall be explained the

meaning of NPS, NPS is a nominal pipe schedule and standard.

So, this in this we have 16 we will find I will tell you how what is what does 16 mean

and what is schedule number? As I told you it tells us about the thickness of the pipe line.

So, these are nominal diameters has been given and then we find that this is a standard
flow rate that is the 80 million standard cubic feet per day. And this is the standard
temperature pressure were given and the complicity factor is taken to be 1. So, we have
to determine the flow rate at some other temperature that is 80 degree Fahrenheit and

another pressure that is 1000 psig.



And then understand we are talking into a gate pressure we have to first convert it into
the absolute pressure and at this temperature pressure the complicity factor is taken to be
0.89. Now, as I was telling you to understand the meaning of NPS and schedule number

you will get in the literature standard charts given to us.

So, the standard chart for the nominal pipe sizes and you will find either they are given
in terms of this inches, this 16 is inches or in terms of the DN in terms of millimetre.

Now, this is nominal diameter the millimetre.

So, DN will be always in terms of millimetre and NPS will always in terms of inches and
now we find that for a given nominal diameter the OD that is the outer diameter is

specified.

Now, in this case it is happens to be 16 do not equate the nominal size to be the OD,
nominal size is generally neither the OD nor the ID. So, it depends on the type of the
pipeline for the generally for the higher side.

We find it goes towards the OD side and then we find that this is in inches is in this is in

this millimetre and you can easily see that when DN is 400 it is coming 406.40 ok.

In terms of inches it happens to be same, but in terms of millimeter it is not the same
though in millimetre terms 4 400 DN means 406.4MM of the OD. And now you look at a

schedule number again we find that we have 10 schedule number.

And this is for this 10 schedule number we have in thickness is 0.25 inches or 6.35
millimetre. And these are the some of the diameters in this for feet, this is kg per meter,

these are the other the mass of the pipe line.

So, this field is not considered, these are required when we are calculating a stress
analysis. The how much stress will be given by the pipeline? Because, of the weight of

the pipeline accordingly we have to design the support for the pipeline.

System so, then we will be requiring this particular value of the kg per meter per unit
length of the pipeline how much will be the weight. Now, in this understand this is given

for the stainless still, now this NSI for stainless still.



So, these are specific to a given material of construction of the pipeline. Now, after
understanding this we shall be encountering this NPS and schedule number time and

again.

So, later on I will not be going into the explanation of this NPS and a schedule number

ok that is why I have just explained the things to you in this particular problem.
(Refer Slide Time: 04:15)

Solution Solution: ¢
V==
Given : 4
NNPS 16, Schedule number 10: OD = 16 in, Wall thickness = 0.25 in o BE
Q= Q;?T 7
Inner diameter of the pipe, D = 16 - 2 x 0.25 = 155in g
} = 80 % 106 147 540 0.89
Standard flow rate of the gas, 0, = 80 MMSCFD = 80 x 10°SCFD ¢=80x10"x 10147 X 520 * 10

Standard temperature, T; = 60 + 460 = 520° R
Standard pressure, £, = 14.7 psia 0 = 1071149487 SCFD
Standard compressibility factor, Z, = 1.0 o 1071149487 SSF
"~ 24%60 X 60
Pressure in the pipeline, P = 1000 + 14.7 = 1014.7 psia e -
Temperature of the gas, T = 80 + 460 = 540° R (= 123975 55F5
Compressibility of the gas, Z = (.89 D=155in=155%0083ft=1.286t
A= I.Dz =1.2988 ft*
To Find: 4

12.3975

Velocity of the gas, v - Q - -
e 9.5453 fifs
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Now, first we brought down whatever are given to us. So, first we are writing the
pipeline dimensions and from that we find out the inside diameter is given by the outer
diameter minus twice the thickness of the pipeline. So, this is we are getting the inside

diameter of the pipeline.

And now we have been given a standard cubic feet the flow rate of the gas. So, here we

have that we are putting the now this million means 10 to the power 6.

The standard temperature again we first convert the Fahrenheit into Rankin. The standard
pressure is this and as I told you the pipe line pressure has to be first converted from the

gauge pressure to the absolute pressure by adding the ambient pressure.

And this is the temperature of the gas again we are adding 460 to convert from

Fahrenheit to Rankin and this is the given value of the compressibility factor.



Now, with this information we have to find out the velocity of the gas. Now, this is the
expression basic expression for the velocity that is the volumetric flow rate divided by

the area of cross section.

And this particular expression we also found out earlier that we are representing the
actual volumetric flow rate in terms of the standard volumetric flow rate. And we have
the various temperature pressure and the dependency of the compressibility factor. So,

here we have.

Now, we just plug in the values of the various these parameters over here and we will
find out this is the actual volumetric flow rate at the given condition. You can easily see
the difference between these 2 values, the standard value is 80 million and in this case if

I it is about or 1 million.

For the given condition because the pressure has increased tremendously from 14.7 it has
gone to 1014.7 that is quite a high amount of pressure. So, that is why you find the

volumetric flow rate has come down.

So, here again we put this expression for the area of cross section in terms of feet square
and this inches. So, we divide by 12 to get feet. So, after doing this we find this is the
velocity of the particular thing. And one more thing you have to understand that it is

given in terms of per day ok.

So, this per day has to be given in terms of per second ok. So, what we do? To convert
day into second we simply put 24 into 60 into 60, 24 hour into 60 minute into 60 second.
So, that is how we are converting the day into seconds. So, that is how we are getting the

velocity in terms of second.

Now, please understand if you keep 2 per day it is not that we are we are wrong, one
thing 1s this value of this velocity will be quite high. And generally we represent the
velocity in terms of per second and not in terms of per day. But,, but the flow rate may be

given in terms of that the capacity may be given in terms of per day.



(Refer Slide Time: 07:30)

Problem Statement 2

v A gas with gas gravity of 0.6 and compressibility factor 0.85, enters a NPS 20 pipe of
Schedule 30 at 80 °F and 1000 psig. Calculate the flow rate of the gas, if the pressure at the
outlet, 20 miles downstream is 800 psig. Assume the friction factor to be 0.02. Consider the
standard temperature and pressure to be 60 °F and 14.7 psia respectively.
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Now, we come to the second problem, in this case with the gas has a gas gravity you
have 0.6 and the compressibility factor of 0.85. And it is entering a pipe line with NPS

20 and schedule of 30 and these are the pressure and temperature values.

We have to find out the flow rate of the gas for a pipe length of 20 miles and this is the
outlet pressure given to be 800 psig. Understand this, we are not given the inlet pressure,
we are given the outlet pressure. And the friction factor will be taken to be 0.02 and the

standard pressure temperature are given like this.

Now, first thing is this, again we shall be referring to the standard table to find out the
pipe and dimensions for 20 inch, 20 nominal diameter. We find that 20 inches is the outer
diameter and for the schedule number of 30, we find this is 0.5 is the thickness of the

pipe line.



(Refer Slide Time: 08:34)

Solution

Given:
For NPS 20, Schedula number 30 pipe,
Inner diameter of the pipe, 0 = 20 - 1.0 = 19.0in

Solution:

: T\ (PR -\ .
)

4

Length of the pipe, L = 20 miles f= 7]
2R
Standard temperature, T, = 60 + 460 = 520° R = ﬁ i 14.142

Standard pressure, £, = 14.7 psia

szu)( 1014.7% - 814.7% )”5 s

P =3877x 14142 % (m 1% St0X 20 % 0ES

Temperature of the gas, Ty = 80 + 460 = 540° R
Pressure at inlet, A = 1000 + 14.7 = 1014.7 psia
Pressure at inlet, P, = 800 + 14.7 = 814.7 psia .
@ = 248706760.8 SCFD
REERLD i Q = 248.70 MMSCFD
Compressibility of the gas,Z = 0.85 .
friction factor, f = 0.02

To Find :

Flow rate, ¢
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Now, with this expression what we do? Again we put down all these expressions and
what we find that the inside diameter we will find out ok. This is a length of 20, we

convert the temperature from Fahrenheit to Rankin.

We convert the gauge pressure to the absolute pressure and then we write other values
which have been given in the particular problem. And now, we are ready to find out the

volumetric flow rate.

Now, here we write this expression for the volumetric flow rate and we find this f the
transmission factor we find like this. And this we know that in terms of friction factor

and this is given.

And now we understand that this friction factor is the Darcy friction factor as I told you

in the lecture. So, by default we shall be taking the Darcy friction factor.

So, here we have given a friction factor to be find the value of the F and we plug in the
values of the various things the inlet pressure, the outlet pressure etcetera. And we find

out this is the value of the Q in terms of the standard cubic feet per day.

We understand this in this particular expression we have to understand with these units,
this particular value, this vary with the parameter it is this vocalized-noise] has been

derived when the Q is in terms of the in cubic feet per day.



So, we plug in and we find this is. Now, this standard mean per day is also converted by
if we divide by the 10 to the over 6, we will find out that we can find out the in terms of

million standard cubic per day.

(Refer Slide Time: 10:09)

Problem Statement 3

V' A gas with gas gravity of 0.6 and viscosity of 0.000008 Ib/(ft - s) at 80 F is flowing through a
16 NPS schedule 10 pipeline at a flow rate of 100 MMSCFD. Calculate the friction factor and
transmission factor using the Colebrook-White equation. Assume a pipe internal roughness
of 600 microinches (uin). Consider the standard temperature and pressure to be 60 °F and
14.73 psia respectively.
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Next problem we take, in this case again we have given the gas gravity as 0.6. The

viscosity is now given in terms of pound per feet per second at 80 degree Fahrenheit.

And we are given this particular pipeline that is 16 NPS and it schedule 10 and the flow
rate is 100 cube million standard cubic feet per day. Friction factor and the transmission
factor may be taken from the Colebrook fight equation. And the internal roughness may

be taken to be 600 micro inches, the standard temperature pressure are given here.

Now, first again we refer to this standard table to find out the outer diameter and the

thickness of the pipe line for the given a nominal diameter and the schedule.



(Refer Slide Time: 11:01)

Solution

Given:

For NPS 16, Schedula number 10 pipe,

Inner diameter of the pipe, D = 16— 0.5 = 15.5in
Flow rate of the gas, § = 100 MMSCFD

=100 x 10°SCFD

Standard temperature, Ty = B0 + 460 = 540° R
Standard pressure, F; = 14.7 psia

Gas gravity, y, = 0.6

Solution:

Re = 0.0004778 (’F_EJ = 0.0004778 (

1 [
Colebrook-White equation \Tf ==2 lng”’(ﬁ + W

Assume, [ = 0.02

1
—===1l b —————
JF He (S.Tx 155 63064464002

(AN 147 06

i

Re = 6306446

0.0006 251

) =19.7538

100 % 10°
540 0.000008

155

251

= f =0.0105
Compressibility of the gas,Z = 0.85 1 0.0006 251
iscosi e g = ; ===l |t == = %.6865
Viscosity of the Bas = U.UDUDDEF Ib/(ft.5) _ J gm( 37%155 63054-!6\30.0105)
Roughness of the pipe, e = 600 pin = 0.0006 in
= f = 00107
To Find : 1 0.0006 251
e . — = 2ogp | et ————— | =0,
friction factor, f Jf 37%155 ° 6306446+0.0107
Transmission factor, F 2
= f = 00107 === ——= 193}

7 e
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And next we proceed to write all the data which are available to us, needless to say that
we are again putting this million into this standard cubic feet per day. Again converting
the temperature from Fahrenheit to Rankin, the taking the standard absolute pressure

these are the other extra information we are having.

Now, we have to find out the friction factor and the transmission factor. Now, this is the
expression for the Reynolds number. Because, for friction factor we need the Reynolds

number ok.

So, we are using this particular thing for Reynolds number and we find that we when we
use a Colebrook expression this is the expression. We have a Colebrook expression and
for this expression we find that this is I told you that is an implicit expression in friction

factor.

So, we need to solve it iteratively using some numerical method. So, what we do? We
first assume arbitrarily the friction factor to be 0.02. And now once we put the 0.02 value
on the right hand side we can find the left hand side we can find that this is coming to 0.0
0105. That is, this 0.02 is not a very bad guess.

So, with this particular thing we can successfully substitute this value of the f to update

the value of the friction factors. Again we take this value, we take this value over here on



the right hand side. Again we modify this value and we find slowly and slowly we are

converging.

And we will keep on doing this until we reach some user specified convergence criterion.
We may say that we want to approach 5 percent, 10 percent, 1 percent. You can you can

decide any of these convergence criterion to find your solution.

So, we find that it is not very different from 0.0105 and 0.0107 not much difference
percentage also. So, we may again find out that we can keep doing this, we can keep

iterating over it.

But, let us stop at this particular value and we find that if we take this as the friction
factor. Then using this expression for the transmission factor we find it is coming to be

this particular value.

So, that is how we are able to use the Colebrook white equation for finding the friction

factor and the transmission factor.

(Refer Slide Time: 13:31)

Problem Statement 4

v' A gas having gas gravity of 0.6 and viscosity of 0.000008 Ib/(ft - 5) at 80 F is flowing through
a 16 NPS schedule 10 pipeline at a flow rate of 100 MMSCFD. Calculate the friction factor
and transmission factor using the modified Colebrook-White equation. Assume a pipe
internal roughness of 600 microinches (uin). Consider the standard temperature and
pressure to be 60 °F and 14.73 psia respectively.

&
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Now, we have another problem in which we have the gas gravity 0.6, viscosity has this
value and it is flowing at this particular temperature. In this pipeline is given like this,
schedule drew 10 and 16 NPS and the flow rate is given standard flow rate is given as

100 million standard cubic feet per day.



And again we have to given these development factors and we find these particular

things.
(Refer Slide Time: 13:59)

s | 1.' Solution:
olution e = 00004778 (212%) - g g0uzzs (06 _100X 107 L
i e ud) 5400000008 155
For NPS 16, Schedule number 10 pipe, Re = 6306446
Inner diameter of the pipe, D = 16— 0.5 = 15.5¢ a_ i L+@
Flow rate of the gas, §, = 100 MMSCFD I %810 375 Reyf
=100 % 10°5CFD Assume, f = 0.02
Standard temperature, Ty = B0 + 460 = 540° R 1 0.0006 2825
Standard pressure, P, = 14.7 psia T ~Zlogyy (3.? w155 " e3os-146ﬁ1'€i) Sl
Gas gravity, y, = 0.6 = f = 00106
Compressibility of the gas,Z = 0.85 i 0.0006 2825
Viscosity of the gas, i = 0.000008 Ib/(ft.5) i = '0810(3., RES i TRRE IS u.ams) = 9.6865
Roughness of the pipe, e = 600 pin = 0.0006 in
= f = 00107
To find 1 00006 2625
— = 2oy [ o + ————— | = 96599
friction factor, f T (3.? X155 " 6306446y u.mm)
Transmission factor, F
= f=00107
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And we, now what we do that we use this modified Colebrook expression and again we |
am not going detail into this because, I have done it already for the Colebrook. Now, just

we are changing the to modified Colebrook. So, I am not repeating my this procedure.

So, here we find it again we adopt this iterative manner by. The substituting it
successively and ultimately we reach a value of this 0.0107. So, what we find that in this
case there is not much difference by the Colebrook expression and the modified
Colebrook expression. So, you may use any of these 2 equations to find out the friction

factor and the transmission factor.



(Refer Slide Time: 14:41)

Problem Statement 5

¥ A gas having gas gravity of 0.6 and viscosity of 0.000008 Ib/(ft - s) is flowing through a 20
NPS schedule 30 pipeline at a flow rate of 250 MMSCFD. If the absolute pipe roughness is
0.0007 in, and bend index is 60°, determine the transmission factor using the AGA method.
Consider the standard temperature and pressure to be 60 °F and 14.73 psia respectively.
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Now, we come to the next problem, in this case we have been given the gas gravity, the
viscosity and the pipe schedule, the pipe, nominal pipe diameter. And this is the standard
flow rate and this is the roughness factor has been given and now we are using bend

index.

So, we shall see how to use this bend index and this standard temperature and pressure
are given. So, we shall be using the AGA method that is the American Gas Association
method. So, again corresponding to the given pipe line we find out the outer diameter

and the thickness of the pipe line.



(Refer Slide Time: 15:21)

Solution

Given:
For NPS 20, Schedula number 30 pipe,

Inner diameter of the pipe, D = 20— 0.5 = 19in
Standard flow rate of the gas, ¢, = 250 MMSCFD

= 250 x 10°SCFD

Standard temperature, Ty = 60 + 460 = 520° R

Standard pressure, £, = 14.73 psia
Gas gravity, y, = 0.6

Viscosity of the gas, it = 0.000008 Ib/(ft.s)
Absolute roughness of the pipe, e = 0.0007 in

To Find :
Transmission factor, F

: NPTEL ONLINE
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Solution:

. B va s 147 06 250x10°
Rc—U.Oi}Dﬁ?s( 520 0000008 190

= =
Tu D) 0.0004778 (

Re =13329314.27

Since the flow is fully turbulent, )
AGA equation

27D for fully
F = 4logy, (T) turbulent

flow
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And here we first list out all the information given to us and we have to find out the
transmission factor. So, we use this expression first we find out the Reynolds number and

we use the AGA equation like this one and we find out the transmission factor to be this,

for the fully turbulent flow.

(Refer Slide Time: 15:48)

Problem Statement é

v A gas having gas gravity of 0.6 and viscosity of 0.000008 Ib/(ft - s) at 80 F is flowing through
a 16 NPS schedule 10 gas pipeline at a flow rate of 100 MMSCFD. If the gas enters at 1000
psia, calculate the pressure drop for a 10-mi segment, using the Panhandle A equation.
Use the CNGA method for the compressibility factor Z and a pipeline efficiency of 0.95.
Consider the standard temperature and pressure to be 60 °F and 14.73 psia respectively.

[ e ] 40 | 16000 | 40840 |

10 [ o2 [ 635 | 42080 [ 6258 |

NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION COURSES

Prof Pavitra Sandilya
Cryogenic Engineering Centre

Now, we come to this particular n problem. Again we are given the gas gravity, viscosity,

the temperature of the flow, the pipe type, the standard flow rate. The is the 10 mile is the

length of the pipeline.




And we have to use the Panhandle A equation and we have been asked that CNGA
equation, that is the California Natural Gas Association method to find out the
compressibility factor and the pipeline efficiency is taken to be 0.95. And we are this

standard temperature pressure.

So, again we go back to this particular table to find out the actual outer diameter and the

thickness of the pipeline.

(Refer Slide Time: 16:32)

Solution Solution: "
For NP5 16, Schedule number 10 pipe, 7= 1
Inner diameter of the pipe, I = 16 - 0.5 = 155 in “T1+p 344400)Ew):.?asr_.,ﬁf.ﬂzs
Standard flow rate of the gas, . = 10t Panhandle A equation o e
=100  10°5CFD 0= (E) ( il ) pram
Initial Pressure, Py = 1000 psia 1 SN Yo LT

Standard temperature, T, = 60 + 460 = 520° R
Standard pressure, F, = 14.73 psia
Gas flow temperature, Ty = 80 + 460 = 540° R

I I T

900 psia 08873 99475 psia 194.75
Length of the pipeline, L = 10 miles : - -
Gas gravity,y, = 0.6 994.75psia  99737psa 08765 995.00 psa 025
Viscosity of the gas, y = 0.000008 b/(ft. s) 995psia 9975 psia 0.8765 995.00 psia 00
Pipeline efficiency, E = 0.95
To Find :

Pressure Drop, Py — Py
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And we list out all the in given information to us and now we go to the find the value of
the P average. Now because we are given the expression the value of the inlet pressure,
but not the outlet pressure. What we do that first we go by some kind of the simple

average by taking this value and we write the Panhandle equation here.

Now, after the panhandle equation what to do? Now, we have because we do not know
the value of the P 2. We have to find a pressure drop for that we need the P 2 value and
we do not know the P 2 value. What we need to do is this we have to find out by iteration

method the value of P 2.

So, initially what we do? That we take the P 2 to be same some arbitrary P 2 value. And
this is should be less than the P 1 that is it 1000 here and we take it to be 800 arbitrarily.

And now we take the average as this value. Now, this average value is taken for the time

being, but you can also use that expression that 2 by 3 P 1 plus P2 minus P1 P2 by P 1



plus P 2. So, that particular expression you should take. You should take and you can see

that these are this is a P 2 value we are taking here.
(Refer Slide Time: 17:53)

: lution:
Solution L .
e
For NP5 16, Schedule number 10 pipe, 7= / 1
Inner diameter of the pipe, D = 16— 0.5 = 15.5in 14 Py 344400)(10)'-7“51’";7?8?5

Standard ﬂll\\' rate of the gas, J; = 10¢ Paphandle A equation

=100 x 10°SCFD :

Initial Pressure, P, = 1000 psia Qs =43587E
Standard temperature, T, = 60 + 460 = 520° R
Standard pressure, P, = 14.73 psia |n
Gas flow temperature, Ty = 80 + 460 = 540° R 800 psia
Length of the pipeline, L = 10 miles

10788 o 7 g (0539
_P’ P [pA6IB2
YT 12

0.8873 994,75 psia 194.75

Gas gravity,y, = 0.6 994.75psta 99737 psia 08765 995,00 psfa 0.25
Viscosity of the gas, j = 0.000008 b/(ft. 5) 9%5psa  9975psa 08765 995.00psia 00
Pipeline efficiency, E = 0.95

To Find :

Pressure Drop, Py — Py
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And this is a average value we have taken from here.
(Refer Slide Time: 17:57)

Solution Solution: -
Given: Favg = =
For NP5 16, Schedule number 10 pipe, 7= 1
Inner diameter of the pipe, 0 = 16— 0.5 = 155 in 1+ Poy5(344400)(10)1 7557 /7382
Standard flow rate of the gas, 0. = 101 Panhandle A equation e A
= 100 x 10°SCFD et (T_b) ( P - ) pasie
Initial Pressure, P, = 1000 psia o ' P, ¥ BT L2

Standard temperature, T, = 60 + 460 = 520° R

Standard pressure, P, = 14.73 psfa |n

Gas flow temperature, Ty = 80 + 460 = 540°R

I D T

elbera .t i 800 psia 08873 | 94T5psa | 19475
Length of the pipeline, L = 10 miles ; :

Gas gravity, y, = 0.6 994,75 psia 997,37 psia 08765 995.00 psia 0.25
Viscosity of the gas, = 0.000008 Ib/(ft. 5) 995psia  9975psia  OB7ES  995.00psia 00
Pipeline efficiency, £ = 0.95

To Find :

Pressure Drop, Py — Py
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(Refer Slide Time: 17:59)

Solution e o
Given: Favg = il
For NPS 16, Schedula number 10 pipe, e 1
Inner diameter of the pipe, 0 = 16— 0.5 = 15,5 in 1+ PM(3-1,4400)[10)'-?"5"”7';-“?5
Standard flow rate of the gas, 0. = 101 Panhandle A equation o 5804
= 100 % 10°SCFD 4, = 4358 T_n) ( Pi-P ) iz
Initial Pressure, Py = 1000 psia J ' P 1174
Standard temperature, T, = 60 + 460 = 520° R
Standard pressure, P, = 14.73 psia [ e | e | 7, I

. T = = tl
Gas flow Fr:mpe.l atw e T; =80 +_46t] 540°R 800 psia 900 psia 994,75 psia 19475
Length of the pipeline, L = 10 miles

Gas gravity, Yo = 0.6 994.75psia  997.37 psia 08765 995.00 psia 0.25
Viscosity of the gas,u = 0.000008 Ib/(ft. 5) 995psia  9975psia  OB7ES  995.00psia 00
Pipeline efficiency, £ = 0.95
To Find :

Pressure Drop, Py — Py
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And now we are using this P average over here to get the value of Z.
(Refer Slide Time: 18:01)

¥ Solution:
Solution 2 s

For NPS 16, Schedule number 10 pipe, 1

Inner diameter of the pipe, = 16 - 0.5 = 15.5in k= 1+ PM(3444[)0)(1u)'-m"nﬂf-m
Standard flow rate of the gas, 0. = 101 Panhandle A equation

0788
= 100 x 10°5CFD (, = 435.87E T—° 3
Initial Pressure, P, = 1000 psia A Py

Standard temperature, T, = 60 + 460 = 520° R
Standard pressure, F, = 14.73 psia
Gas flow temperature, Ty = 80 + 460 = 540° R
Length of the pipeline, L = 10 miles

0.5394
i - P2

‘) i

Gas gravity,y, = 0.6 994.75psia 99737 psia 0.8765 995,00 psla 0.25
Viscosity of the gas, jt = 0.000008 Ib/(ft. s) 99%5psia  9975psa 08765 995.00psia 00
Pipeline efficiency, E = 0.95

To Find :

Pressure Drop, Py — Py
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And then we find that from this we find the P 2 value. Now, we take the Z value over

here we find this is a P 2 value we are finding by in the delta P.

Now, this first we are writing the absolute error. Now, with this modified P 2 value now

what we do? Again we take this modified P 2 value again take the average P 2 value.



And this we repeat I repeat again we will find that we are getting and this particular
expression for the P 2. And we find that as we do the iterations slowly and slowly this

error is coming down.

And ultimately we find if you go up to this second place of decimal we find the error has
come to 0. So that means, this pressure drop will be now calculated based on this P 2

value and we find that this pressure term is coming to 5 psia.
(Refer Slide Time: 18:57)

S
Problem Statement 7

v A gas having gas gravity of 0.6 and viscosity of 0.000008 Ib/(ft - s) at 80 F is flowing through
a 16 NPS schedule 10 gas pipeline at a flow rate of 100 MMSCFD. If the gas enters at 1000
psia, calculate the pressure drop for a 10-mi segment, using the Panhandle B equation.
Use the CNGA methad for the compressibility factor Z and a pipeline efficiency of 0.95.
Consider the base temperature and pressure to be 60 °F and 14.73 psia respectively.

[ e [ 400 [ 16000 [ #0640 [ 10 [ 0250 [ 635 [ 42050 [ 6258 |
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Now, we go to the next problem, in this we have the gas gravity given, viscosity given,
the temperature, the pipe type, the flow rate, the length of the pipeline and we have been

to do the same thing with now Panhandle B.

Now, again we have to use the CNGA method for the compressibility factor and the pipe
line efficiency is same as earlier. And these are the standard temperature pressure. Again
we go to this particular table to find out the outer diameter and the thickness of the pipe

line.



(Refer Slide Time: 19:30)

. Solution:
Solution e
Given: Favg = 2
For NPS 16, Schedula number 10 pipe, 1

Inner diameter of the pipe, D = 16— 0.5 = 15.5in
Standard flow rate of the gas, §; = 10 paphandle

B equation

I=
14 By (344400)(10) 17557 77825

0 051

= 100 x 10°SCFD s (1 WopR-p ps3

Initial Pressure, P, = 1000 psia 4T P, Py (T

Standard temperature, T, = 60 + 460 = 520° R

Standard pressure, £, = 14.73 psia I |:I
Gas flow Ff:ln]ll'.]'utlfl'C,T‘ =80 + 460 = 540° R 800 psia 900 psia 99579 pea 19579
Length of the pipeline, L = 10 miles .

Gas gravity, Yo = 0.6 995,79 psia 997,89 psia 08764 996,00 psia 0.1
Viscosity of the gas, it = 0.000008 Ib/(ft. s) 99600 psia 998 psia 0.8764 996.00 psia 00

Pipeline efficiency, E = 0.95
To Find :
Pressure Drop, Py — Py

Pressure Drop = P, = P, = 1000 - 996 = 4 psia
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And now put all the expressions given to us now only change is this, we are going to use
the Panhandle B equation. So, again this is a slight change in this equation, but we repeat
the same procedure as we did for earlier. Again starting with 800 psij, we find out that

how do we modify this value of the P 2.

And ultimately we reach a value of this particular 996. So, here we will find that
Panhandle A was giving us 5 psia delta P, whereas, Panhandle B is giving us a 4. That is
it is if you take these 2 values what we find that it is you know 20 percent difference in

the values of the pressure drop.

So, this 20 percent difference whether this is acceptable or not that will be decided by the

user, but we find that by using these 2 equations we are getting 2 different values

and if this is not acceptable then naturally because Panhandles B is a modified form of
Panhandle A. So, we may go choose the Panhandle B equation to have a more accurate

value of the pressure drop.



(Refer Slide Time: 20:48)

Problem Statement 8

¥ Calculate the fuel gas capacity of NPS 4 schedule 40 pipeline of total equivalent length 150
ft. The inlet pressure is 1.0 psig. Consider a pressure drop of 0.6 in water column and
assume the specific gravity of the gas to be 0.6.

100 | 450 | 11430 | so/do/dos | 0237

I
I T T T T T

602 [ 10790 [ 1606 |
i Ll L

NPTEL ONLINE Prof Pavitra Sandilya
Cryogenic Engineering Centre

IIT KHARAGPUR CERTIFICATION COURSES

Now, here we take some fuel it may be natural gas some other LP something some fuel
gas capacity. we have to find out and here for the this particular pipeline. Equivalent
length has been given as 150 feet and this is the inlet pressure in terms of the gauge

pressure and.

This is the pressure drop in terms of the inches of water column and this is the specific
gas gravity. Again, we find out the outer diameter and the thickness of the particular

pipeline for this given schedule number and the nominal diameter.

(Refer Slide Time: 21:27)

Solution Solution: , h
0, = 3550K |[— EieEEROlnE
Yyl
Given DS
For NP5 4, Schedule number 40 pipe, K= o
Inner diameter of the pipe, D = 4.026in &b
Length of the pipe, L = 150 ft 1t D $0030
Specific gravity of the gas, y, = 0.6
Frictional head loss, h = 0.6
rictional head loss, A J 40265 o
ToFind: i 36 S
Gas flow rate at standard conditions, §, J 1+ 4026 +(0.03 x 4.026)
{, = 3550 x 22.911 L 6641 ft/h
o 706150,
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And now we find that we are using the speech gloss equation because, which is used for
the higher pressures. So, what we do is this sorry the lower pressures we use the
Spitzglass equation and higher pressures we use (Refer Time: 21:37) equation. So, we
are using a Spitzglass equation and we are taking this particular expression and we are
plugging in the values of the inside diameter of the pipeline. We get the value of the K,

we plug in the value of the K, h has been given also and this L has been given.

So, we plugging the values, we find out this is the standard flow volumetric flow rate

through the pipeline.

(Refer Slide Time: 22:07)

Problem Statement 9

¥ Calculate the fuel gas capacity of DN 100 (6-mm wall thickness) pipe for a total equivalent
length of 50 m. The inlet pressure is 6 kPa. Consider a pressure drop of 25 mm of water
column and assume the specific gravity of the gas to be 0.6.
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Now, we do the same calculation. Now, here we are using this 6 kilo Pascal in that

pressure.



(Refer Slide Time: 22:15)

Solution

Given :

Inner diameter of the pipe, D = 100 — (2 x 6) = 88 mm
Length of the pipe, L = 50 m

Specific gravity of the gas, y, = 0.6

Frictional head loss, h = 25 mm

To Find :
Gas flow rate at standard conditions, ¢,

NPTEL ONLINE
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Solution:

; h
G, = 11.0128K E Spitzglass formula
L)

D

91.44

K = (3,075 X 107) [—prmm—r
14 == +0001181D

88°

9144

K=Q@U5%10™Y) |—qmm
14 =g~ + (0001181 x 88)

=15259

) 2
= = 3
k<;,_11.mzxax15.259 Torg= S/
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to millimeters of water ok.

And with that we what we get that this is the in terms of the cubic meter per hour. We get

the standard these are standard condition for standard flow rate by the same Spitzglass

formula.

(Refer Slide Time: 22:45)

Problem Statement 10

And we shall be using again we put down all the information given to us and we find that

here we are simply changing the type of the unit. So, unit has been changed from inches

v Afuel gas pipeline is 250 ft in equivalent length and is constructed of NPS 6 schedule 40
pipe. For an inlet pressure of 10.0 psig, calculate the total pressure drop at a flow rate of
60,000 standard cubic feet per hour (SCFH). Specific gravity of gas is 0.6.

& | 50 | 825
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Next, we come to another thing that in this case the pipeline length has been given and
this is the type of pipeline. This is the inlet pressure and in terms of gauge and we have to
find out the total pressure drop at the flow rate of this. And a specific gravity is given to
be 0.6.

Now, again we find out the pipeline OD and the thickness.
(Refer Slide Time: 23:12)

Solution Solution:
: | :
K= ‘ 3 fs = |—5 Gl = 67985

J1+ 003 | 1+ g + (003 6.065)
Given : Weymouth equation
For NPS 6, Schedule number 40 pipe, T
Inner diameter of the pipe, D = 6.065 in {; = 3550K % AP=p =P Pug = Lty
Length of the pipe, L = 250 ft Ta z

Inlet pressure of the gas, Py, = 10.0 psig
= 60000 SCFH
_ ; 10.0psi 100psip  09271psig 9.0729psig  0.9271 psi
Specific gravity of the gas, y, = 0.6 Assume Bk = BN N L2
’ 90729 psig  9.5365psig  0.9721psig 9.0279psig  0.045psig
To Find : 90279psig  95140psig 09744 psig  9.0256 psig  0.0023 psig
Total pressure drop, AP 90256psig 95128psig 0ST5psig 9.0255psig  0.0001 psig
90255psig  9.5128psig  0.9746psig  9.0254 psig  0.0001 psig
90254 psig 95127 psig 0976 psip  9.0254 psig  0.000 psig
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And we put all the information first and to we have to find out the pressure drop. Now
we find that the inlet pressure has been given, but not the outlet pressure. So, now, first
what we do? We find the value of the K and we use the Weymouth equation because, it is

higher pressure.

So, we have to find out the value of this P 2. So, we if we take this P 2 now what we do
is this to find out the value of P 2 initially we assume it to be 10 psig; that means, we are

taking it to be the same as the inlet pressure. So, if it is take P 10.

That means there is no pressure drop we assume then we find the P average is 10 and we
from that we find out the delta P value. And with this delta P value we can find out the
from Weymouth equation we put the delta P value here. The P average here we find out

the value.

Again we find out that the what kind of flow rate we are getting. Now, what we do rather

than that we take the flow rate which is given to us.



We find the value of the K we take the P average value from this and we determine the
value of delta P. And once we determine out delta P and then what we found? That delta

P pone minus delta P is P 2.

So, we find the P 2 by subtracting delta P from P 1 ok. And now we use this P 2 to find
out P average and this P average we take here. Again we know this value we know this

value and again we determine the value of the delta P.

So, we find the delta is changing by using this Weymouth equation and for each delta P
we are getting different values of the P 2 and ultimately we find that the error is also

coming down and ultimately this coming to almost 0.

So, with this we take this P 2 to be 9 0.0 to 54 psig and the delta P is coming taken to be
0.97 4 6 psig. So, that is how by taking using iterative calculation we are able to find out

the delta P what the pipeline.
(Refer Slide Time: 25:15)
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So, more can be found out from these books. And please understand that all these
iterations you may either do it in the in the manually or you can use any kind of standard
software like MATLAB to do these calculations. And we shall be providing you the

sources of this data in separately during the assignments.

Thank you.



