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Part 2. Steady-State Flow of Gas
through Pipes
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INTRODUCTION

* Pipes provide an economic means of
producing and transporting fluids in large
volumes over great distances

* The flow of gases through piping systems
involves flow in horizontal, inclined, and
vertical orientations, and through
constrictions such as chokes for flow
control




ENERGY OF FLOW OF A FLUI

Velocity Va
Pressure Py

Velocity Vg
B pressure Pg

Datum for Elevations




BERNOULLI'S EQUATION

2 2
Z, + i V A+ H ZB+F)B+VB +h,

14 29 y 29

P =the pressure
V  =the velocity
Z = the height

H, = the equivalent head added to the fluid by a
compressor at A

h: = represents the total frictional pressure loss
between points A and B.




VELOCITY OF GAS IN A PIPELINE

Q:VA M,=q,0, =M, =0q,p,
lel = le G =ViAs
_q | P
M.=0,p=0,0,=0,p, G = 0,
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Py = ZbF;T = TJ(PJ[ZJ




L Z, sinceZ, =10
Tb Pl
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Y :qbZl P\l T, :4X144qb21 P, |[ T,
: T, )\ P, d®  \T, )\ P,
P Z T
Vv, =0.0021223 | Do || &1 | uscs)
1 d2
b 1
« V, =upstream gas velocity, ft/s
. , = gas flow rate, measured at standard conditions, ft*/day (SCFD)

(on

H4Uu-d4voo <

= pipe inside diameter, in.

= base pressure, psia

= base temperature, °R (460 + °F)

= upstream pressure, psia

= upstream gas temperature, °R(460 + °F)

CAIRD UNIVERS T

it pepr Fq R
@ PE 607: Oil & Gas Pipeline Design, Maintenance & Repair @ k

uG
ULTY OF ENGINEER

B P e ——



» (Gas velocity at section 2 is given by

v, =0002122% | o |[ £2T:
‘HEWI

« (Gas velocity at any point in a pipeline is given by

g, [ P, ZTj
V =0.002122 (USCS
d* [T ]( P )

b

v :14.739qb2(ij£ZTj (SI)
a2\ T )P

b




EROSIONAL VELOCITY

100

Vmax
e V__ = r‘@aximum or erosional velocity, ft/s

max

* p =gas density at flowing temperature, Ib/ft?

V. .. =100 ZR1
29y, P
« Z = compressibility factor of gas, dimensionless
« R =gas constant = 10.73 ft3 psia/lb-moleR
« T = gastemperature, oR

Yg = gas gravity (air = 1.00)
= gas pressure, psia

o

SiTy *M,wmw'ﬁmhﬂ

@ PE 607: Oil & Gas Pipeline Design, Maintenance & Repair @ A

NG ]
ULTy GF ENGIMEER el i p s



Example 1

e oty 0 e ool o, S

. A gas pipeline, NPS 20 with 0.500 in. wall
thickness, transports natural gas (specific gravity
= 0.6) at a flow rate of 250 MMSCFD at an inlet
temperature of 60°F. Assuming isothermal flow,
calculate the velocity of gas at the inlet and
outlet of the pipe if the inlet pressure is 1000
psig and the outlet pressure is 850 psig. The
base pressure and base temperature are 14.7
psia and 60°F, respectively. Assume
compressibility factor Z = 1.00. What is the
erosional velocity for this pipeline based on the
above data and a compressibility factor Z = 0.90?

e Eetta = e R



Solution

* For compressibility factor Z = 1.00, the velocity of gas at
the inlet pressure of 1000 psig is

250X 107( 14.7 j(60+460

V,= 0.002122[ j =21.29 ft/s

19.0? 60+460 )\ 1014.7

« (Gas velocity at the outlet is

v, = 21.20[ 10147
864.7

) = 24.89 ft/s

* The erosional velocity is found for Z = 0.90,

vV =100 \/O.9x 1014.7x 250
29x 0.6x1014.7

=53.33 ft/s
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REYNOLD'S NUMBER OF FLOW

A

- = Reynolds number, dimensionless
« V= average velocity of gas in pipe, ft/s
d =inside diameter of pipe, ft

0 = gas density, Ib/ft3

« U = gas viscosity, Ib/ft-s




REYNOLD'S NUMBER OF FLOW

USCS or Si

R, = Reynolds number, dimensionless

« V= average velocity of gas in pipe, ft/s or m/s
d = inside diameter of pipe, ft or m

0 = gas density, Ib/ft3 or kg/m?3

* Y = gas viscosity, Ib/ft.s or Kg/m.s




REYNOLD'S NUMBER OF FLOW IN
CUSTOMARY UNITS

R, :0.0004778(Pb j{ygq) (USCS )
p )\ MO

P, = base pressure, psia

T, = base temperature, °R (460 + °F)

Yg = specific gravity of gas (air = 1.0)

q = gas flow rate, standard ft3/day (SCFD)
d = pipe inside diameter, in.

U = gas viscosity, Ib/ft.s

DDDDDDDDDDDDD



REYNOLD'S NUMBER OF FLOW IN
CUSTOMARY UNITS

R, = 0.5134(Pb j[ygq ] (SI)
T, )\ xd

* P, = base pressure, kPa

« T, = base temperature, °K (273 + °C)

* Y4 = specific gravity of gas (air = 1.0)

g = gas flow rate, standard m3/day (SCFD)
d = pipe inside diameter, mm

* U = gas viscosity, Poise
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Flow Regime

e Re £2000 Laminar flow,
« 2000 > Re £4000 Critical flow
e Re >4000 Turbulent flow




Example

R ot £ e,

in. wall thickness, transports 100
MMSCFD. The specific gravity of gas is
0.6 and viscosity is 0.000008 Ib/ft.s.
Calculate the value of the Reynolds
number of flow. Assume the base
temperature and base pressure are 60°F
and 14.7 psia, respectively.

D N R T e S S S S T
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Solution

* Pipe inside diameter=20-2x0.5=19.0in.
* The base temperature = 60 + 460 = 520 °R
« Using Equation we get

R, = 0.0004778(

14.7 \( 0.6x100x 10°
520 /| 0.000008x 19

] =5,331, 726

* Since Re is greater than 4000, the flow is in the turbulent
region.




FRICTION FACTOR
f
=
. = Fanning friction factor

« f, = Darcy friction factor
* For laminar flow
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FRICTION FACTOR FOR TURBULENT
FLOW

0.10 T T T I T TIT—]
0.09 L%r}'-inar_%;icai a1
i »
0.08 = o Tq&annns‘;tlr_on Complete turbulence, rough pipes .
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Reynolds number Re = <= §
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INTERNAL ROUGHNESS

Type of pipe

e,mm

e, in
Drawn tubing (brass, lead, glass) 0.00006 0.001524
Aluminum pipe 0.0002 0.000508
Plastic-lined or sand blasted 0.0002-0.0003 0.00508-0.00762
Commercial steel or wrought iron 0.0018 0.04572
Asphalted cast iron 0.0048 0.1292
Galvanized iron 0.006 0.01524
Cast iron 0.0102 0.25908
Cement-lined 0.012-0.12 0.3048-3.048
Riveted steel 0.036-0.36 0.9144-9.144
PVC, drawn tubing, glass 0.000059 0.0015
Concrete 0.0118-0.118 0.3-3.0
Wrought iron 0.0018 0.045

Commonly used well tubing and line pipe:

New pipe 0.0005-0.0007 0.0127-.01778
12-months old 0.00150 0.381
24-months old 0.00175 0.04445
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TRANSMISSION FACTOR

 The transmission factor F is related to the
friction factor f as follows




Relative Roughness

Relative roughness = g—

* e = absolute or internal roughness of pipe, in.
* d = pipe inside diameter, Iin.




FLOW EQUATIONS FOR HIGH
PRESSURE SYSTEM

General Flow equation

«  Colebrook-White equation
Modified Colebrook-White equation
« AGA equation

«  Weymouth equation

« Panhandle A equation

« Panhandle B equation

« |GT equation

«  Spitzglass equation
Mueller equation
Fritzsche equation




0.5
PZ_PZ d5
O =77.54(Tb) (R -P7) (USCS)

¥y ZaTafL

I:)b av = av

d.. = gas flow rate, measured at standard conditions, ft>/day (SCFD)

f = friction factor, dimensionless

P, = base pressure, psia

T, = base temperature, °R( 460 + °F)
P, = upstream pressure, psia

P, = downstream pressure, psia

Y = gas gravity (air = 1.00)

= average gas flowing temperature, °R (460 + °F)

= pipe segment length, mi

= gas compressibility factor at the flowing temperature, dimensionless
= pipe inside diameter, in.
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Steady flow in a gas pipeline

Diameter D

Tempsratur&Jl
Flow Q

Pressure P, Pressure Ps

g,

@ PE 607: Oil & Gas Pipeline Design, Maintenance & Repair (@ Ye

L ]
4 Ll
EEEEEEEEEEEEEEEE



GENERAL FLOW EQUATION (SI)

0.5
P2_P2 d5
q.. =1.1494x10° T, [ (PC =P (S1)
b 7/gzavTava

* d, = gas flowrate, measured at standard conditions, m3/day

e f = friction factor, dimensionless

- P, =Dbase pressure, kPa

- T, = basetemperature, °K (273 + °C)
« P1 = upstream pressure, kPa

« P2 = downstream pressure, kPa

* Y, =gasgravity (air = 1.00)

= average gas flowing temperature, °K (273 + °C)

= pipe segment length, km

= gas compressibility factor at the flowing temperature, dimensionless
= pipe inside diameter, mm
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General flow equation in terms of the
transmission factor F

q.. =38.77F [TbJL(Pl ~P/)d J (USCS)

b 7/gzavTavL
2

F=——

Ji

0.5
PZ_PZ d5
0, =5.747x107*F T, | (P =P (SI)
I:)b )/gzavTavL

« F =transmission factor
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_— z 0.5
Pz_esPZ d5
) L= s
Vg

b av' av —e
2 s 2 5 0.5
4. =5.747x10™F T, | (RE-€°P7)d (SI)
b 7/gzavTavLe
L=

e

5 = (0.05375) y,(A)I(Z,T.,) (USCS)
s = (0.0684)7, (A2)/(Z,,T.,) (SI)

S = elevation adjustment parameter, dimensionless
AZ = elevation difference
e = base of natural logarithms (e = 2.718...)




Gas flow through different elevations

INLET
_T * SECTION

Az \“\.‘.’__.-" -q._:I l'____.- n
1

OUTLET
S S1(aS2 $1+82 (aS3 ZSH Sp
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AVERAGE PRESSURE IN PIPE
SEGMENT

p =2 (ppi]
3

P, +P,
Diameter D
O r Tomperature T, Pressure P,
Pressure P, Flow Q
L .J

2 P13 . P23 . é Length L @
I:)av Y 2 2

3\ P2-P,




COLEBROOK-WHITE EQUATIO

A relationship between the friction factor and the Reynolds
number, pipe roughness, and inside diameter of pipe.

» Generally 3 to 4 iterations are sufficient to converge on a
reasonably good value of the friction factor

1 2.51
_— = — e I
N 2 log (A'M)J{Re\/f_j Turbulent flow

f = friction factor, dimensionless

d = pipe inside diameter, in.

e = absolute pipe roughness, in.

R, = Reynolds number of flow, dimensionless




COLEBROOK-WHITE EQUATIO

R, Vf

1 —_2 |og£ 201 ) Turbulent flow In smooth pipe

1 - -
= e
2 IOg(AJd ) turbulent flow in fully rough pipes

JE




Example

* A natural gas pipeline, NPS 20 with 0.500
in. wall thickness, transports 200
MMSCFD. The specific gravity of gas is
0.6 and viscosity is 0.000008 Ib/ft-s.
Calculate the friction factor using the
Colebrook equation. Assume absolute
pipe roughness = 600 y in.

S - T e
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Solution

Pipe inside diameter =20-2x0.5=19.01n.
Absolute pipe roughness =600 ~ in. = 0.00060 In.

First, we calculate the Reynolds number

Re = 0.0004778(14.7/(60+460))x(( 0.6 x 200 x 106)
/(0.000008x 19)) = 10,663,452

This equation will be solved by successive iteration.

Assume f = 0.01 initially; substituting above, we get a
better approximation as f = 0.0101. Repeating the
iteration, we get the final value as f = 0.0101. Therefore,
the friction factor is 0.0101.




MODIFIED COLEBROOK-WHITE

% =-21og (%.7d )+ (Re—\/f_

=200 (% )+

2.825

1.4125F

J

R

e

turbulent flow

j with transmission factor
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AMERICAN GAS ASSOCIATION

3.7d

F =4log (—j Von Karman, for rough pipe
e

1.412F

t

F =4D, Iog[ R, j VVon Karman, smooth pipe

» D; known as the pipe drag factor depend on bend index,
Its value ranges from 0.90 to 0.99
* F,=Von Karman smooth pipe transmission factor

F =4log (Re) —-0.6
Ft




Bend Index

« Bend index is the sum of all the angles and bends in the pipe
segment, divided by the total length of the pipe section under
consideration

_ total degrees of all bends In pipe section

5| total length of pipe section
Material Bend Index
Extremely Low Average Extremely High

5° to 10° 60° to 80° 200° to 300°
Bare steel 0.975-0.973 0.960-0.956 0.930-0.900
Plastic lined 0.979-0.976 0.964-0.960 0.936-0.910
Pig burnished 0.982-0.980 0.968-0.965 0.944-0.920
Sand blasted 0.985-0.983 0.976-0.970 0.951-0.930
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WEYMOUTH EQUATION

Tb (P12 _estz)d 16/3
P, VolaTlale

av - av

(USCS)

q., =38.77E

* d,. = 9gas flowrate, measured at standard conditions, ft3/day (SCFD)

e f = friction factor, dimgnsionless F-11.18d"® (USCS)

- P, =Dbase pressure, psia

« T, = basetemperature, °"R(460 + °F)

« P, =upstream pressure, psia

- P, =downstream pressure, psia

* Yy =gasgravity (air = 1.00)

- T, =average gas flowing temperature, °R (460 + °F)

« L, =equivalent pipe segment length, mi

« Z,, = gas compressibility factor at the flowing temperature, dimensionless
- d

= pipe inside diameter, in.




WEYMOUTH EQUATION

P2 _eSP2 d16/3
q,. =3.7435x10°XE To ( - 2) (SI)
I:)b 7/gZavTav Le

* d,. = gasflowrate, measured at standard conditions,m3/day

o f = friction factor, dimensionless 16

- P, =base pressure, kPa F=6521d™ (SI)

« T, = Dbasetemperature, °K(273 + °C)

« P, =upstream pressure, kPa

« P, =downstream pressure, kPa

* Y, =gasgravity (air = 1.00)

- T, =average gas flowing temperature, °K (272 + °C)

- L, =equivalent pipe segment length, km

« Z,, = gascompressibility factor at the flowing temperature, dimensionless
- d = pipe inside diameter, mm




PANHANDLE A EQUATION

b

1.0788 2 Sp 2 0.5394
P°-—-eP
q,, =435.87E (T—b] [ ( 1 2) J d**% (USCS)

P, Y OOXT XL XZ

g

1.0788 5 S 5 0.5394
P°-—-eP
qSC:4.5965x103E(T—bj [ (1 2) ] d 2% (S])

« E = pipeline efficiency, a decimal value less than 1.0




PANHANDLE A EQUATION
Transmission Factor

q 0.07305
F =7.2111F [%} (USCS)

0.07305
F =11.85E (j (SI)
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PANHANDLE B EQUATION

1.02 5 S 5 0.51

P°-—eP

Usc =137k T_b o.(96iL 2) d** (USCS)
Pb 7, xTanLexZ

1.02 5 S 2 0.51
P°-—-eP
., =1.002x10E | 1&- 0_(9611 :) d?= (SI)
P, 7y XTgXL,XZ

« E = pipeline efficiency, a decimal value less than 1.0




PANHANDLE A EQUATION
Transmission Factor

q 0.01961
F =16.7E (%] (USCS)

0.01961
F =19.08E (] (SI)
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INSTITUTE OF GAS TECHNOLOGY
(IGT) EQUATION

(P2 eSPZ) 0.555
qsc—136.9E£Tbj£ . - ] d 2% (USCS)

o M 7o OXT XL XZX 2

e M = gas viscosity, Ib/ft.s

0.555
PZ_eSPZ
qsc=1.2822x103E(Tb]( (1 2) ] d**" (SI)

o ) 7g XT 4 XL XZX g

* U = gas viscosity, Poise




SPITZGLASS EQUATION
Low Pressure

0.5
P,—e’P
g, =3.839x10°E Lk (Pi—e'P.) d*> (USCs)
Py | 7¢XTo XL xZ,, (1+3.6/d +0.03d)

* Pressure less than or equal 1.0 psi

0.5
P, —e°P
g.. =5.69x10°E Ty ( - 2) d?® (SlI)
P, | 7 XTa XL XZ (1+91.44/d +0.03d)

* Pressure less than or equal 6.9 kPa




SPITZGLASS EQUATION
| High Pressure __

0.5
P,—e’P
g, = 729.608E [Tbj[ (1 2) J d** (USCS)
y

P, XT XL xZ,, (1+3.6/d +0.03d)

* Pressure more than 1.0 psi

0.5
P, —e’P
g, =1.0815x102E Ty (R—e"Py) d* (S1)
Py )| 7 XTuxLxZ,, (1+91.44/d +0.0012d )

 Pressure more than 6.9 kPa
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MUELLER EQUATION

0., =85.7368E (

Ty

b

3

(P12 _g$ P22

0.7391

Vg

M = gas viscosity, Ib/ft.s

g.. =3.0398x10°xE (

XT,, XL X 1

) 0.575
0.2609 J d e (USCS )

)

« M = gas viscosity, cP

IIIIIIIIIIIIIII

0.7391

Ve XTg XL X

0.575
(P12 _g$ P22 )
0.2609 d #1% (Sl )
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FRITZSCHE EQUATION

T (p2_esp2) 0.538
qsc=410.1688E[—b]{ _ : J d*® (USCS)

(Pz eSPZ) 0.538
q302.827E(Tb]{ . : ] d2® (SI)
0

b
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EFFECT OF PIPE ROUGHNESS

240
230
o
5 220 -
E‘ 210 ] -:-""-—--.._.______.
L —
190 —
180
200 400 600 800 1000

Roughness, microinches
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COMPARISON OF FLOW
EQUATIONS

Pressure, psig

1450

1400 1

1350 ;

1300

1250

S~ ‘
\\\%

1200

AN

1150
0.00

Distance, mi

Panhandie B
Panhandle A
Colebrook-White
AGA

Weymouth

100.00




COMPARISON OF FLOW
EQUATIONS

bl T Weymouth
I AGA
= f Colebrook-White
“E_ 1100 1 | Panhandle B
& Panhandie A
2
Ly
?_1 1000
E
pax
-
2 900+t
- |
800 -- . - -
200 300 400 500 600
Flow rates, MMSCFD
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Flow Characteristics of Low-
Pressure Services

3 total pressure drop in service, in H,0
ft°/hr = ,
(K, ) (777 )(L+Ly )

* K, =pipe constant
« Yy =spgrofgas
« Vv =spgr0.60
« L =length of service, ft
L, = equivalent length of fittings given below

0.54




Values of Kp

S o i R

Pipe size and type Ko

3/4-in CTS copper 1.622 x 106
1-in ID plastic 0.279 x 10
1-in CTS copper 0.383 x 106
1Y4-in CTS copper 0.124 x 106
1V4-in NS steel 0.080 x 10
1%2-in NS steel 0.037 x 106




Fitting

Equivalent length, ft

1-in or 1%-in Curb cock for copper service
1%2-in curb cock for 1¥4-in steel service
1%%-in curb cock for 1Y2-in steel service
1%%-in street elbow for 1%:-in steel service
1%-in street elbow for 1%2--in steel service
1%-in street tee for 1¥s-in steel service
1%%-in street tee on sleeve or 1¥-in hole in main
1% x 1 X 1¥s-in street tee

1% x 1Y X 1Y%-in street tee

Combined outlet fittings

*  Y-in copper

» 1-in copper or plastic

e 1Y%-in steel

e 1%-in steel

3.5
13.5
12.0

7.5

7.5
10.5
15.0
23.0
19.0

2.0
6.0
8.0
22.0
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Flowing Temperature in (Horizontal])

|:TS +C4/C2_(C1C5)/(C2(C2+C3)):|C1C2/C3 C4+C5LX +C5(C1+C3LX)
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Flowing Temperature in (Horizontal])
Pipelines

 z, = mole fraction of vapor (gas) in the gas-liquid flowstream
« P = pressure, |bf/ft?

« L = pipeline length, ft

« v  =fluid velocity, ft/sec

* ¢, = fluid specific heat at constant pressure, Btu/lom.°F
* Mg = Joule-Thomson coefficient, ft2.°F/Ibf

« m = mass flow rate, Ibom/sec

« Q = phase-transition heat, Btu/lbm

e Kk = thermal conductivity, Btu/ft.sec.°f

« g = gravitational acceleration, equal to 32.17 ft/sec?

* h = elevation difference between the inlet and outlet, ft
« d, = outside pipe diameter, ft

« Ts =temperature of the soil or surroundings, of




SUMMARY OF PRESSURE DROP

Equation Application

General Flow | Fundamental flow equation wusing friction or
transmission factor; used with Colebrook-White
friction factor or AGA transmission factor

Colebrook- Friction factor calculated for pipe roughness and
White Reynolds number;
most popular equation for general gas transmission
pipelines
Modified Modified equation based on U.S. Bureau of Mines
Colebrook- experiments; gives higher pressure drop compared to
White original Colebrook equation
AGA Transmission factor calculated for partially turbulent

and fully turbulent flow considering roughness, bend
Index, and Reynolds number
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SUMMARY OF PRESSURE DROP

Equation Application

Panhandle A | Panhandle equations do not consider pipe roughness;

Panhandle B [instead. an efficiency factor 1Is wused; less
conservative than Colebrook or AGA

Weymouth Does not consider pipe roughness; uses an efficiency
factor used for high-pressure gas gathering systems;
most conservative equation that gives highest
pressure drop for given flow rate

IGT Does not consider pipe roughness; uses an efficiency

factor used on gas distribution piping
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PIPELINE WITH INTERMEDIATE
INJECTIONS AND DELIVERIES

* A pipeline in which gas enters at the beginning
of the pipeline and the same volume exits at the
end of the pipeline is a pipeline with no
intermediate injection or deliveries

* When portions of the inlet volume are delivered
at various points along the pipeline and the
remaining volume is delivered at the end of the
pipeline, we call this system a pipeline with
intermediate delivery points.
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PIPELINE WITH INTERMEDIATE
INJECTIONS AND DELIVERIES

100 MMSCFD 80 MMSCFD 50 MMSCFD 90 MMSCFD
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PIPELINE WITH INTERMEDIATE
INJECTIONS AND DELIVERIES

* Pipe AB has a certain volume, Q1, flowing through it.
« At point B, another pipeline, CB, brings in additional volumes
resulting in a volume of (Q, + Q,) flowing through section BD.
« At D, a branch pipe, DE, delivers a volume of Q, to a customer
location, E.
* The remaining volume (Q, + Q, - Q,) flows from D to F through pipe
~segment DF to a customer location at F.

calRO UNIVERS Ty mmwmwwpq

N HEZD
@ PE 607: Oil & Gas Pipeline Design, Maintenance & Repair o w

oG
UCTY OF ENGINEED



SERIES PIPING

100 ey 80 MMSCFD
e 50 MMSCFD
3 bt
C_ NPS 12
A NPS 16 B NFS 14
\ 30 MMSCFD
20 MMSCED

D

« Segment 1 - diameter d, and length Le,
« Segment 2 - diameter d, and length Le,
« Segment 3 - diameter d; and length Le,
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SERIES PIPING

AP, =

Sq_dS

- AP, = difference in the square of pressures (P2 - P,?) for
the pipe segment

« C =constant
« L =pipelength
« d = pipe inside diameter
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SERIES PIPING

CL, _CL,, o (dljs
e2 — 2| 4

d, d;

|||||||||||||||

- (e}
EEEEEEEEEEEEEEEEE

B P e ——



PARALLEL PIPING

¢ @
Q Q.
A B E
2.0

Q=Q,+Q,

where

Q = inlet flow at A

Q, = flow through pipe branch BCE
Q, = flow through pipe branch BDE
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PARALLEL PIPING

(PBZ_PEZ): K1L15Q12 (PBZ_Pz): K2L2Q22

dy

0.5 \2.5
Q _ (L_j Eﬂ
Qz Ll d 2/

where

« K, K, = a parameter that depends on gas properties,
gas temperature, etc.

* L,, L, =length of pipe branch BCE, BDE
* d, d,=inside diameter of pipe branch BCE, BDE
« Q,, Q, =flow rate through pipe branch BCE, BDE




PARALLEL PIPING

KLQ K.LQS K,LQ? K.LQ°
2 2 111 _ ThotoN2 . Thele
(PB_P) E d>  dy  df

— —1/5
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LQ, _LQ, _LQ° [1+constlj
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LOCATING PIPE LOOP
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(b) Downstream loop
-, 0 = - —QOe
(c) Midsection loop
Different looping scenarios
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Summary

This part introduced the various methods of calculating the
pressure drop in a pipeline transporting gas and gas mixtures.

The more commonly used equations for pressure drop vs. flow
rate and pipe size

The effect of elevation changes and the concepts of the
Reynolds number, friction factor, and transmission factor were
iIntroduced.

The importance of the Moody diagram and how to calculate the
friction factor for laminar and turbulent flow were explained.

Comparison of the more commonly used pressure drop
equations, such as AGA, Colebrook-White, Weymouth, and
Panhandle equations.

The use of a pipeline efficiency in comparing various equations

The average velocity of gas flow and the limiting value of
erosional velocity was discussed.




Summary

Several piping configurations, such as pipes in series,
pipes in parallel, and gas pipelines with injections and
deliveries

The concepts of equivalent length in series piping and
equivalent diameter in pipe loops were explained and
illustrated using example problems.

The hydraulic pressure gradient and the need for
iIntermediate compressor stations to transport given
volumes of gas without exceeding allowable pipeline
pressures were also covered.

The importance of temperature variation in gas pipelines

and how it is taken into account in calculating pipeline

pressures were introduced with reference to commercial
hydraullc simulation models..
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