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Lecture — 86
Tutorial on piping in natural gas systems — II

Welcome, today we shall be learning some more applications of the various types of

equations for the flow rate and the friction factor ok.

(Refer Slide Time: 00:25)

Problem Statement 1

A gas having specific gravity ('yg) 0.5 and kinematic viscosity (v) 0.3 cSt flows
through an NPS 16, Sch 10 pipeline at a flow rate () of 3000 gal/min. The
absolute roughness (¢) of the pipe may be assumed to be 0.002 in. Calculate

a) The Darcy friction factor (f) and

b) Pressure loss due to friction per mile of pipe length {API)
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So, let us see that. First we go to an problem like we have a gas gravity given, the kinetic
viscosity is given and now kinetic viscosity is what? It is the ratio of the dynamic

viscosity and the density ok.

And this is given in terms of the; it is if you look at the um a unit of the kinetic viscosity
that is in terms of SI unit that is meter square per second. In the CGS system it is
centimeter square per second, another one is that centistokes. So, in case of the viscosity,
we use the poise that is the gram per centimeter per second and in this case we use stokes

ok. This is stoke the famous scientist from his name it came stokes.

So, this is given as the 0.3 centistokes that is 0.3 into 10 to the power minus 2 stokes.
And this is the type of the pipeline given, this is the flow rate, this is the flow rate as in

gallons per minute and this is the roughness has to be assumed to be 0.002 inches. So, we



have to find out what; the Darcy friction factor and the pressure loss due to friction per

mile of the pipe length.

Now, first you solve this we find one standard table, we find out the outer diameter and

the wall thickness.
(Refer Slide Time: 01:52)

Solution :
(a) In terms of more commonly used units in the petroleum

. industry, the Reynolds number (Re) equation can be written as:

iven: ]
y,=05 Re = 3162.5 (/D) (for ( in gem, D in inch,v in c5t)
v=03c5t Re = 3162.5 (3000)/(15.5 % 0.3) = 2040323

= 3000 gal/min
:'?:0 002 “:‘ / Since Re » 4000, the flow is turbulent and Colebrook-White
For NP5 16 5¢h 10 pipe: equation or the Moody diagram can be used to calculate the

Outside diameter (D,) =161n, t = 0.25in

Pipe inside diameter (D) = D, — 2t friction factar

=16-2x025=1550in Colebrook-White equation :
1/yf = ~2log;ol(e/3.7D) + (251/Re/f)]
To Find:
a) The Darcy friction factor and 1 = ~2logs,[(0.002/(37 x 155) + (251/2040323,7)]
b) Prassure loss due to friction per mile of pipe e -
fngth (47 Using trial and error methed, we get the Darcy friction factor
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And these information first we put here all these gas gravity, the kinetic viscosity, the
flow rate, the roughness factor and we find out the inside pipe line diameter ok. And then

we have to find out the Darcy friction factor and the pressure loss.

So, what we do? First we find out the Reynolds number and this Reynolds number, this
particular constant value is taken for the Q in is gpm, the D is in inches and nu is in
centistokes; that means, whatever values we have been given those values are compatible

with the particular expression for the Reynolds number.

So, we do not need to change much we simply put those values and get the value of the
Reynolds number and we find that it is coming much much more than 4000 that is the
flow is in is fully turbulent. And now it is fully turbulent we may either use a standard
chart which I have shown you in the lecture and all we can use the some expressions like

Colebrook-White equation to find out the friction factor ok.

Now, if you use the Colebrook-White equation again we find this is has to be solved

iteratively using by some numerical method. So, we use this thing and we use some trial



and error method, we plug in the values of the various information data given to us and
we find the friction factor is appearing on the both the sides. Since, I explained to you
how to do this trial and error. So, I am not repeating those things, but if I make those
kind of substitution successively we can find out the friction factor coming to be this

particular value.

So, that is how we are able to first answer the first part of the question. Now, we have to

go to the second part of the question.
(Refer Slide Time: 03:42)

o S
Solution :

(b) Using the Darcy equation :

Pressure loss due to friction per mile of pipe length (AF)

iz
AP= constﬂ;})—;{‘r for () gpm, D in inch

When ( is in gal/min, const = 71.16

0%,
N 71.16 % 0.0133 x 3000% x 0.5
- 15.5%

= 4.76 psi/mi
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In the second part of the question we have given we have to find out this pressure loss
due to friction per mile of the pipe line. Again in this particular expression if you are
using gpm and this thing we are getting the constant value as 71.16. And now because
we know the value of the frictional factor, we plug in the value of the other parameters.
And we get that this is the value of the friction this the pressure drop per unit mile of the

pipeline.

Now, this is the very simple way you can see that you can find out the pressure drop.



(Refer Slide Time: 04:20)

Problem Statement 2

Afuel gas pipeline is 70 m in equivalent length (L) and is constructed of DN
150 mm (wall thickness, t = 6 mm). The inlet pressure (P;,) is 50 kPa and
the flow rate(Q) is 300 L/s. Calculate the pressure drop (AP) if the specific
gravity of gas (y,) is 0.65.
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Now, we go to second problem, in this problem what we have? Is this we have this gas
pipeline length it is flowing through a length of 70 meter; that means now we are dealing
with SI units ok. And now it is given in terms of DN as I told you earlier this DN is

signifies always in terms of millimeters NPS in terms of inches.

So, we are DN is 150 mm thickness is in this particular thickness and inlet pressure is 50
kilo Pascal. The flow rate is given to be 300 liters per second and a pressure drop has to

be found out for a gas gravity of 0.65.

(Refer Slide Time: 05:02)

Solution :
Given: (0 =B8.0471K ’P,,,,,AM}«EL
L=70m :
P,y =50kPa Iteration 1:Assume Py, = Py
Q=300L/s ) = BOATIK ’P- 8Pyl

= S0 i fh = 1080 m*/h g sl

1000 5
] K= @O X108 |
Pipe outside diameter (D,) = 150 mm 1+91.44/D +0.001181D
t=6mm l 1385
Ebeledte il :_:_Jgo_ _2; CEEEE L T+ OLH47138)+ 0001181 X 138 kL
{ = 8.0471 x 5091,/(50 x AP( /0,65 x 70)

To Find: 1080 = B.0471 % 50.91 ’(su x AP(/0.65 x 70)
The pressure drop (AP) o
Since Py, > 6.9 kPa, the Weymouth formula {in S APt=6.32kFa
unit) will be used.
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Now, what we do? First we put all the expressions here, now only thing is this because
the volumetric flow rate has been given in terms of LPS that is liters per second. What
we do? First we convert into cubic meter per hour because the equations we are going to

use demands this particular unit ok.

And then we find out the inside diameter of the pipeline by subtracting the twice
thickness from the outer diameter. And here we shall be using the Weymouth equation
because the pressure is in is quite high. Now, this is the expression for the volumetric
flow rate and we need the value of the delta P. And delta P is unknown to us we only
know the inlet pressure. So, what we do? First as a first guess we take the P in to be the P

average and again I would not be again going into detail of the solution.

So, we take this replace this P average by P in and we find out the first estimate of the
delta P by plugging in the values of the volumetric flow rate. And everything and we find
the K from this particular expression and we find the value of the K to be 50.91 and we
plug in the values and we estimate the delta P 1 value to be 6.32. Now, once we get delta
P 1 what we do we subtract it from P 1 to find out the P outlet. So, from P in we would

subtract it to P outlet.

Now, with that P outlet again we calculate the P average. And again we find out the value

of the delta P and that is how we keep on doing this particular this particular iterations.
(Refer Slide Time: 06:46)
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Solution :

Iteration 2 :

50+ (50 - 6.32)
Puog = ————— = 4684 KPa

Q = B.0471K [P,y 0P®) [y, L

1080 = B.0471 x 50.91\’(46,84 % AP /0,65 x 70)

AP@) =675 kPa

The process is repeated until |AP*! — APY| < &
£ is a user defined convergence criteria
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And we keep improving the value of this, but the value of the pressure drop. And we
every time we check the pressure drops we are giving getting from the 2 successive
iterations. And as long as this particular this absolute difference is within it is not coming
below the user specified convergence criterion, we keep iterating it. And we will do this

and we find out the value of the delta P pressure drop.

So, that is how we may vary means iterative manner and again I am telling you that you
can use either a MATLAB a programming or you can do it manually. Or you can write
your own code in any standard language like FORTRAN, you can use from C plus plus

any of these languages also you can use to make this kind of calculations.

(Refer Slide Time: 07:44)

Problem Statement 3

DN 500 steel pipe having wall thickness of (t)10 mm is used to transport a gas

from a refinery to a storage tank 15 km away. A delivery pressure (Py,;) of

1800 kPa must be maintained at the delivery point, and the storage tank is at

an elevation(h) of 200 m above that of the refinery. Neglect any difference in

elevations, and assume an internal pipe roughness (e) of 0.05mm. Calculate

a) The friction factor (f)

b) Pressure loss due to friction (APy) in kPa/km at a flow rate(Q) of 990
m?/h.

¢} The pump pressure (P;) required at the refinery to transport the given
volume of the gas to the storage tank location.

For the gas, specific gravity (y,) is 0.5 and viscosity (v) is 0.3 cSt.
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Now, we have another problem in which we are doing steel type of DN 500, thickness of
this, and this is transporting a gas from a refinery to a storage tank that is 15 kilometer

away ok.

So, the length the length of the pipeline is 15 kilometers. The delivery pressure has been
given to be 1800 kilo Pascal and we have been given a elevation is about 200 meters. So,
this is the elevation effect is also there, but these 2 the neglect the any difference in
elevation, even if it is 200 we are neglecting. Thus, this difference in elevation and

assume the internal pipe roughness to be 0.05.



And based on these information we have been asked to find out friction factor, the
friction loss per kilometer of the pipe length at a flow rate of 990 cubic meter per hour.
And we have to find the pump pressure required to transport this particular expression.
And as I told you the pump pressure is taken to be to be to form we have to find the total
pressure drop in the pipeline to decide the pump pressure. And these are the information
that the gas diversity is 0.5 and viscosity is taken to be sent these centistokes that are

kinetic viscosity.
(Refer Slide Time: 09:05)

Solution :
(a) In 51 units,
Given: :
y,=05 Re = 353678 (0/Dv)
u=03cst Re = 353678 x (990/480 X 0.3) = 2431536
(=990 m'/h
e=0.05 mm Since Re > 4000, the flow is turbulent. Colebrook-White equation
Pipe outside diameter (D) = 500 mm or the Moody diagram may be used to determine the friction
t=10mm
Pipe inside diameter (d) = D, - 2t factor
=500 -2 x10 =480 mm Colebrook-White equation :

Tao Find:
a) The Darcy friction factor and 1/ff = =2logyo[(e/3.7D) + (251/R{F)]
b) Pressure loss due to friction per mile of pipe . ) S

length (4P,) 1//f = ~2log,[(0.002/(37 x 155) + (2.51/2431536,)]
¢} The pump pressure (F,) required at the refinery | \ysing trial and errar method, we get the Darcy friction factor

to transport the given volume of the gas to the Y

storage tank lacation. f=0.0128
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So, we first put in all the data given to us and then we find; what are the things we have
to find out least them out separately and this will help you know to make the things very
methodically. So, first in SI unit because all the expressions are given the units are in SI
units. So, either SI unit expression or we find the Reynolds number to be this value and
which is much higher than this value and. So, we get it and take it to be a fully turbulent

Reynolds number.

And we use the Colebrook-White equation again we put all these values which I am not
now repeating and by trial and error you find this is the value of the friction factor. So,

this answers the first part of the question.



(Refer Slide Time: 09:50)

..
Solution :

(b)Using the Darcy equation : (©

Pressure oss due tofriction in kPa/km Pressure drop due to friction in 15 km of pipe (Py) = L x AF;= 15

A2
APy= (62475 X mw)% x15.38 = 230.7 kP
Where 0 is in m'/h, and D is in mm Pressure due to elevation head (P,j.y) = (h % 1,)/0102
- 10 ) 200%0.5
” (6‘2475 % 10 ) % 0.0128 % 990° x 0.5 = X =080.39 kpa
4805 0102
=15.38 kPa/km The total pressure required at the refinery is

Py = PPyt Paqr = 230.7 4 980.39 + 1800 = 30111 kPa
&
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Now, once we know the friction factor what we do that to find out delta Pf? So, we use
this expression for the delta Pf, friction the friction the pressure drop and we find out, we
plug in the values, and we find out the value of the pressure drop per unit length of the

pipeline is coming to this.

Now, the ¢ part is how to find out what should be the pumping pressure ok. So, first for
that first what we do? We find out the total pressure drop in the pipeline by multiplying
the length of the pipeline with the pressure drop per unit length of the pipeline ok. And
then we find the elevation effect is coming like this, this is the expression for the
elevation effect; this is the pressure drop for the elevation. And the total pressure definer
is now the due to the friction, the elevation and the outlet pressure that is the delivery

pressure.

And we add these 3 pressures to get the pressure which has to be it is needed at the inlet

of the pipeline.



(Refer Slide Time: 10:58)

Problem Statement 4

Calculate the capacity (Q] of fuel gas distribution piping consisting of NPS 4 pipe,
with an insice diameter (D) of 4.026 in and a total equivalent length (L) of 150 ft.
The inlet pressure (P;,) is 1.0 psig.

Consider a loss of pressure head (h) of 0.6 in of water column and a specific
gravity of gas (¥, ) is 1.52. 3
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Now, we come to another problem, in this we have been given the capacity and the and
the pipeline we are using, equivalent length is given like this and the inlet pressure is like
this. So, we have been asked that consider a loss of pressure head by these 0.6 inches of

water column and is gas gravity of 1.52.

(Refer Slide Time: 11:19)

Solution :
Given: For low-pressure (P, <1 psig), the Spitzglass formula is used.
L= |§o ft Spitzglass formula :

Py = 1.0 psig ( = 3550K [h/y,L
Jo=152

D=4026in D*

h= 0.6 in of water K= [T+36/0+000

e } 40269 e
To Find; h ‘11 +(36/4026) +0.03%x 4026
The capacity () of fuel gas ( = 3550 x 22.91,/(0.6/1.52 x 150) = 4172 ft3/h = 4172 SCFH
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So, we put all these given information and we have to find out the capacity for what?
Because, it is P is very small we are using the Spitzglass formula. So, we use a Spitzglass

formula here and to find out the value of K we put this expression. Because we get the



value of K and you plug in the values of everything here and we find out the a
volumetric flow rate using this particular Spitzglass formula and this is coming in a

standard cubic feet per hour ok.
(Refer Slide Time: 11:50)
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Problem Statement 5

A cryogenic liquid with a density(p) of 70 Ib/ft* flows through an NPS 6 (wall
thickness, t =0.250 in) pipeline at a flow rate (Q) of 500 gal/min. The
friction factor(f) of the pipe may be assumed to be 0.02 in. Calculate

a) The average flow velocity(u) and

b) Pressure loss due to friction (AP¢) in 200 ft of pipe length

| & | 150 | 6625 | 16828 | sto/aofa05 | o020 | 7.1 | 18s70 | 2823 |
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And that is next one we have a cryogenic liquid because we are we may having this LNG
is cryogenic sometimes we have a liquid nitrogen also is there in the plant. So, we have
the cryogenic liquid is there which has viscosity and density of this particular things
flowing through this particular pipeline at a volumetric flow rate given like 500 gpm. So,
assuming the friction factor to be 0.02, we have to find out this the average flow velocity

and the pressure drop ok.

So, from this whatever the thing we again go for NPS 6 we find out a schedule number is

40. So, we find out the wall thickness and the outer diameter.



(Refer Slide Time: 12:33)

H .
Solution :
(a)In FPS,
. ¢
Given: u = 1833461 »”
= 1
:; il Eﬂzlgy& When () is in gal/min,the above equation can be written as
e [ 500 )
o =500 g‘.ijn u= 0;40855 = (.4085 x i =544 h,’h
f=0.02 (b)Using the Darcy equation :
For NPS & pipe: Outside diameter (D) = 6.625in Pressure loss due to friction in psi/ft (AP;) and s in gal /min
t=025in c
2
Pipe inside diameter (D) = D, - 2t M;r = (21635 % w-l)m_p
=6.625-2x0.25=6125in b*
21635 % 107* % 0.02 x 500% x 70
To Find: = 6125
a) The average flow velocity(u) and = 0.0088 psi/ft
b} Pressure loss due to friction (AF) In 200 ft of The total pressura drop in 200 Ref pipe s
Pipe length AP = 200 % 0.0088 = 1.75 psi
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And we put all these expressions here, we find the inside diameter and we write other
values given to us. And we find we have to find out the average flow velocity and the
pressure loss ok. Now, in the fps systems we are using so, this is the velocity expression

for the fps system and this is coming out to be 5.44 feet per second.

And now we are using Darcy’s expression to find out the pressure drop. So, here we have
the in the fps system this is the expression and we plug in the values and we can easily

find out the pressure drop per unit length of the pipeline ok.

So, this is how we can find out, and the pressure drop. And now once we get this value
we simply that we have to multiply this with the actual length of the pipe to get the total

frictional pressure drop to the pipeline.



(Refer Slide Time: 13:26)

Problem Statement 6

A cryogenic liquid having density (p) of 70 Ib/ft* and kinematic viscosity (v) of
0.2 cSt flows through an NPS 10 (wall thickness, t =0.250 in) pipeline at a
flow rate () of 1500 gal /min. The absolute roughness (e) of the pipe may be
assumed to be 0.002 in. Calculate

a) The Darcy friction factor (f) and

b) Pressure loss due to friction in 500 ft of pipe length (APF)

10" 250 | 10750 | 27305 20 0250 | 635 | 28040 | 41.73
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In this next one we have the same cryogenic liquid with some given value of density. The
kinetic viscosity, the pipeline type, the flow rate, the roughness is given the 0.002 inches;

we have to calculate the friction factor and the pressure loss ok.
(Refer Slide Time: 13:44)

H .
Solution : )
(a)In terms of more commonly used units in the petroleum industry,
Given: the Reynolds number () equation can be written as:
p =700/ Re = 31625 (0/Dv)
v=02cSt
() = 1500 gal/min Re = 3162.5 (1500)/(10.25 x 0.2) = 2.31 x 10°
¢=0002in Since Re > 4000, the flow is turbulent and Colebrook-White equation o
For NPS 10 pipe: Qutside diameter (D,) = 10.75 inf
t=025in the Moody diagram can be used to calculate the friction factor.
Pipe inside diameter (D) = D, - 2t Colebrook-White equation :
=11075-2x0.25=10.25in
1/f = ~2logyo[(e/3.70) + (251/R{F)]
To Find: 1/f = =21log;,[(0.002)/(3.7 % 10.25) + (251/2.31 x 105/7)]
:]]I :r:ﬁ:::r:;:;ﬁ: ::i:(i,crr;nndper e e Using trial and error method, we get the Darcy friction factor
length (AF;) [=0.0141

NPTEL ONLINE Prof Pavitra Sandilya

il EEIECNCN Cryogenic Engineering Centre

Now, here we put all the given information first. And this is what we need to find out and
here we taken the expression for the Reynolds number like this and we find again it is

coming in the turbulent regime.



So, we use this Colebrook-White equation and you plug in the values, we do some
iterative calculation and we get the friction factor to be this particular value ok. So, this

is a first part of the question.
(Refer Slide Time: 14:11)

o ...
Solution :

(b)Using the Darcy equation :
Pressure loss due to friction in psi/ft (AFy) and () is in gal /min
i
[E
21635 % 107* x 0.0141 x 1500% x 70

10.25°
= 0.00424 psi/ft

The total pressure drop in 500 ft of pipe is
AP =500 % 0.00424 £2.12 psi

AR/= (21635 x 10°%)
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And second part of the question, we have to find out the pressure drop. So, we again go
back to Darcy’s equation, we plug in the values of all the data in this in required in this
particular expression. And we get in terms of per unit length of the thing we get this delta
Pf and to for the 500 feet pipeline, we multiply this with this value and we get the total

pressure drop due to friction.



(Refer Slide Time: 14:35)
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These are the books which you may refer to for further description of these calculations.

Thank you.



