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The gas pipeline throughput (flow rate) will depend upon 

• the gas properties, 

• pipe diameter and length, 

• initial gas pressure and temperature, and 

• the pressure drop due to friction. 
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Energy Equation (Bernoulli Equation)

Starting with the basic energy Equation 2.1, applying gas laws, and after some simplification, 
various formulas were developed over the years to predict the performance of a pipeline 
transporting gas. These formulas are intended to show the relationship between the gas 
properties, such as gravity and compressibility factor, with the flow rate, pipe diameter and length, 
and the pressures along the pipeline.
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Flow Equations
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General Flow Equation

The General Flow equation, also called the Fundamental Flow equation, for the steady-state 
isothermal flow in a gas pipeline is the basic equation for relating the pressure drop with flow 
rate. The most common form of this equation in the U.S. Customary System (USCS) of units is 
given in terms of the pipe diameter, gas properties, pressures, temperatures, and flow rate as 
follows. 
Refer to Figure 2.2 for an explanation of symbols used.
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General Flow Equation

In SI units, the General Flow equation is stated as follows:
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General Flow Equation

Sometimes the General Flow equation is represented in terms of the transmission factor, F 
instead of the friction factor, f. This form of the equation is as follows.

and in SI units
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Average Pipe Segment Pressure

In the General Flow equation, the compressibility factor Z is used. This must be calculated at 
the gas flowing temperature and average pressure in the pipe segment. Therefore, it is 
important to first calculate the average pressure in a pipe segment, described in Figure 2.2.

Consider a pipe segment with upstream pressure P1 and downstream pressure P2, as in Fig. 2.2, 

the average pressure is calculated more accurately as:

Another form of the average pressure in a pipe segment is
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Velocity of Gas in a Pipeline

Unlike a liquid pipeline, due to compressibility, the gas velocity depends upon the pressure and, 
hence, will vary along the pipeline even if the pipe diameter is constant. The highest velocity will 
be at the downstream end, where the pressure is the least. Correspondingly, the least velocity 
will be at the upstream end, where the pressure is higher.
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Velocity of Gas in a Pipeline
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Velocity of Gas in a Pipeline
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Velocity of Gas in a Pipeline
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Velocity of Gas in a Pipeline
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Velocity of Gas in a Pipeline
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Erosional Velocity
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Erosional Velocity
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Problem
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Problem

Example 2:

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.
The compressibility factor, Z can be calculated based on CNGA or Standing-Katz method.

CNGA:
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Problem
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Solution with Standing-Katz method is remained as homework
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Problem
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Reynolds Number
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Reynolds Number
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Reynolds Number
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In order to calculate the pressure drop in a pipeline at a given flow rate, we must first understand 
the concept of friction factor. The term friction factor is a dimensionless parameter that depends 
upon the Reynolds number of flow. In engineering literature, we find two different friction factors 
mentioned (Darcy & Fanning friction factor). However, the Darcy friction factor, f is more common 
and will be used throughout this course.

For turbulent flow, the friction factor is a function of the Reynolds number, pipe inside diameter, 
and internal roughness of the pipe. Many empirical relationships for calculating f have been put 
forth by researchers. The more popular correlations include the Colebrook-White and AGA 
equations.
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Friction Factor

It can be seen from Equation 2.39 that in order to calculate the friction factor f, we must use a trial-and-error approach. It is an 
implicit equation in f, since f appears on both sides of the equation. We first assume a value of f (such as 0.01) and substitute it 
in the right-hand side of the equation. This will yield a second approximation for f, and continue until the convergence criteria.
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Friction Factor
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Modified Colebrook-White Equation

The U.S. Bureau of Mines in 1956 introduced a modified Colebrook-White equation which results a 
higher friction factor (and hence a smaller transmission factor, F) so that a conservative estimation 
of gas flow rate can be achieved.

26L-4 T-1, Dept. of ME ME 423: Fluids Engineering (Jan. 2024)

Friction Factor

(Modified Colebrook-White Equation)

(Original Colebrook-White Equation)
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The transmission factor, F is considered the opposite of the friction factor, f. 

Whereas the friction factor indicates how difficult it is to move a certain quantity of gas 
through a pipeline, the transmission factor is a direct measure of how much gas can be 
transported through the pipeline. 

As the friction factor increases, the transmission factor decreases and, therefore, the gas flow 
rate also decreases. Conversely, the higher the transmission factor, the lower the friction 
factor and, therefore, the higher the flow rate will be.
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Transmission Factor, F
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Accordingly, modified Colebrook-White equation take the following form in terms of 
transmission factor, F:

28L-4 T-1, Dept. of ME ME 423: Fluids Engineering (Jan. 2024)

Transmission Factor, F

using
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In 1964 and 1965, the American Gas Association (AGA) published a report on how to calculate 
the transmission factor for gas pipelines to be used in the General Flow equation. 

According to AGA, the transmission factor, F is calculated using two different equations. 

• First, F is calculated for the rough pipe law (referred to as the fully turbulent zone). 

• Next, F is calculated based on the smooth pipe law (referred to as the partially turbulent zone). 

• Finally, the smaller of the two values of the transmission factor is used in the General 
Flow equation for pressure drop calculation.
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American Gas Association (AGA) Equation

First, F1 for fully turbulent zone: 
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For the partially turbulent zone, F (F2) is calculated from the following equations using the 
Reynolds number, a parameter Df known as the pipe drag factor, and the Von Karman smooth 
pipe transmission factor Ft:
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American Gas Association (AGA) Equation

fD

2F

AGA: F = smaller of F1 & F2

(implicit)



©  Dr. A.B.M. Toufique Hasan (BUET) 31L-4 T-1, Dept. of ME ME 423: Fluids Engineering (Jan. 2024)

Problem

fD
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