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PETROBANGLA

13 companies under Petrobangla dealing in oil 
and gas exploration, production, transmission, 
distribution, conversion and promotion of 
LNG as well as the development and 
marketing of coal and granite.

* Petrobangla: Annual Report (2022)
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Gas Production & Utilization in Bangladesh

* as of 2022 (Petrobangla: Annual Report (2022))

Total 1,001.31 BCF (Billion Cubic Feet) 
in FY 2021-2022

NG (Natural Gas)

RLNG (Regassified Liquefied Natural Gas)
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Gas Transmission Network in Bangladesh

KGDCL

PGCL : Pashchimanchal Gas Company Ltd. (5%)

TGTDCL: Titas Gas Transmission & Distribution Company Ltd. (55%)

JGTDSL: Jalalabad Gas Transmission & Distribution System Ltd. (15%)

SGCL: Sundarban Gas Company Ltd. (4%) 

BGDCL: Bakhrabad Gas Distribution Company Ltd. (10%)

KGDCL: Karnaphuli Gas Distribution Company Ltd. (11%)

Six marketing or distribution companies under Petrobangla 
are entrusted with the responsibility of marketing of natural 
gas (NG) to the customers ranging from large power and 
fertilizer plants to small households:

* Petrobangla: Annual Report (2022)

Total gas sales during FY 2021-22 was 1,001.3 BCF
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Gas Transmission Network

CS: Compressor station

RMS: Regulating & Metering Station

FSRU: Floating Storage & Regasification Unit

RLNG: Regassified LNG

* Petrobangla: Annual Report (2022)
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Gas Transmission Network
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Compressor Station

3nos. compressor stations: (1) Ashuganj (CS-1), (2) Rashidpur (CS-2), and (3) Elenga (CS-3)
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FSRU

Ship to Ship (STS) LNG Transfer Operation LNG Terminal at Moheshkhali Off-shore Area
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Gas Production
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In professional practices in gas pipeline hydraulics, the U.S. Customary System (USCS) 
units are most popular than Systeme International (SI) units.
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Units to be used

Quantity USCS unit SI unit

Mass slug kg

Weight lb N

Mass flow rate lb/hr Kg/hr

Pressure psi Pa

Temperature °F °C

Volume ft3 m3

Volume of gas in gas 
production/distribution

• thousand ft3 (Mft3)
• million ft3 (MMft3)

• thousand m3 (km3)
• million m3 (Mm3)

Volume rate production / 
distribution of gas

MMCFD (Million Cubic Feet per Day)

MMSCFD (Million Standard Cubic Feet per Day)
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When referred to standard conditions (also called base conditions) of temperature and 
pressure (60°F and 14.7 psia in USCS units), the volume is stated as standard volume and, 
therefore, measured in standard ft3 (SCF) or million standard ft3 (MMSCF).

11L-4 T-2, Dept. of ME ME 423: Fluids Engineering (July 2023)

Units to be used

This distinction in the use of the letter M to denote a thousand in USCS units and M for a 
million in SI units must be clearly understood.

Therefore,
500 MSCFD in USCS units refers to 500 thousand standard cubic feet per day (500,000 
ft3/day), whereas 15 Mm3/day means 15 million cubic meters per day in SI units.
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Text Book (s):

   E. Shashi Menon, Gas Pipeline Hydraulics, 2005, ISBN: 978-0-8493-2785-8.

   

Standards:

   ASME B31.8 (2010): ASME Code for Gas Transmission and Distribution Piping System 

   ASME B31.1(2018): ASME Code for Pressure Piping
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Gas density & Specific Weight

USCS : U.S. Customary System

SI : Systeme International

V

mg
=
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Specific Gravity of Gas
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Specific Gravity of Gas



©  Dr. A.B.M. Toufique Hasan (BUET) 16L-4 T-2, Dept. of ME ME 423: Fluids Engineering (July 2023)

Specific Gravity of Gas

Multi component 
gas mixture
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(C1)
(C2)
(C3)
(C4)
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Viscosity

Viscosity

Absolute Viscosity, μ 
(dynamic viscosity)

Kinematic Viscosity, 



 =

lb/ft-s Pa.s (kg/m-s) 
Poise, P = 0.1 Pa.s
centiPoise, cP = 0.01 P = 0.001 Pa.s
Water viscosity = 1 cP

ft2/s m2/s
Stokes, St = 10-4 m2/s

USCS SI
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Viscosity

Pa.s10cP1 3−=
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Viscosity

According to kinetic 
theory of gases

It must be noted that all viscosities must be measured at the same temperature and pressure.
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Ans: 0.0123 cP
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Ideal Gases

Further, in an ideal gas, the molecules are considered to be perfectly elastic, and there is no 
internal energy loss resulting from collision between the molecules. Such ideal gases are 
said to obey several gas laws, such as Boyle’s law, Charles’s law, and the ideal gas law or 
the perfect gas equation.

An ideal gas is defined as a fluid in which the volume of the gas molecules is negligible 
when compared to the volume occupied by the gas. Also, the attraction or repulsion 
between the individual gas molecules and the container is negligible.

If M represents the molecular weight of a gas and the mass of a certain quantity of gas is 
m, the number of moles, n is given by

For example the molecular weight of methane is 16.043. Therefore, 50 lb of methane will 
contain approximately 3 moles.
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Ideal Gases
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Ideal Gases

It has been found that the ideal gas equation is correct only at low pressures close to the 
atmospheric pressure. Since gas pipelines generally operate at pressures higher than 
atmospheric pressures, we must modify Equation 1.9 to take into account the effect of 
compressibility.

The effect of compressibility is accounted for by using a term called the compressibility 
factor or gas deviation factor, Z.
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Real Gases

When dealing with real gases, we can apply the ideal gas equation and get reasonably 
accurate results only when the pressures are close to the atmospheric pressure. When 
pressures are higher, the ideal gas equation will not be accurate for most real gases. The 
error in calculations at high pressures using the ideal gas equation may be as high as 500% 
in some instances. This compares with errors of 2 to 3% at low pressures.

The critical temperature, Tc of a pure gas is defined as the temperature above which a gas 
cannot be compressed to form a liquid, regardless of the pressure. The critical pressure, Pc 
is defined as the minimum pressure that is required at the critical temperature to 
compress a gas into a liquid.

Real gases can be considered to follow a modified form of the ideal gas law. The modifying 
factor is included in the gas property known as the compressibility factor, Z. This is also 
called the gas deviation factor.



©  Dr. A.B.M. Toufique Hasan (BUET) 26L-4 T-2, Dept. of ME ME 423: Fluids Engineering (July 2023)

Real Gases

The compressibility factor, Z can be defined as the ratio of the gas volume at a given 
temperature and pressure to the volume the gas would occupy if it were an ideal gas at the 
same temperature and pressure. 

Z is a dimensionless number less than 1.0 and it varies with temperature, pressure, and 
composition of the gas. Using the compressibility factor Z, the ideal gas equation is 
modified for real gas as follows:
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Real Gases

The theorem known as corresponding states says that the extent of deviation of a real gas 
from the ideal gas equation is the same for all real gases when the gases are at the same 
corresponding state.

The corresponding state can be represented by the two parameters called reduced 
temperature, Tr and reduced pressure, Pr. 

The reduced temperature, Tr is the ratio of the temperature of the gas to its critical 
temperature, Tc. Similarly, the reduced pressure, Pr is the ratio of the gas pressure to its 
critical pressure, Pc as indicated in the following equations:



©  Dr. A.B.M. Toufique Hasan (BUET) 28L-4 T-2, Dept. of ME ME 423: Fluids Engineering (July 2023)

Compressibility factor chart (Standing-Katz chart)

(Ppr)

(Ppr)

Tr (Tpr)

88.0=Z
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Natural Gas Mixtures

When the gas consists of a mixture of different components, the critical temperature and 
critical pressure are called the pseudo-critical temperature, Tpc and pseudo-critical 
pressure, Ppc ,respectively. 

If the composition of the gas mixture is known, we can calculate these pseudo-critical 
values of the mixture, using the critical pressure and temperature values of the pure 
components that constitute the gas mixture. The pseudo-reduced temperature , Tpr and pseudo-
reduced pressure , Ppr for a gas mixture can be calculated as:
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Natural Gas Mixtures

A natural gas mixture that consists of components such as C1, C2, C3, and so forth is said to 
have an apparent molecular weight, Ma as defined by the equation: 

In a similar manner, from the given mole fractions of the gas components, we use Kay’s rule 
to calculate the average pseudo-critical properties of the gas mixture.
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Natural Gas Mixtures

Ans. 19.24

Ans. 383.99°R and 668.47 psia
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Natural Gas Mixtures

Also determine the compressibility factor of gas mixture at this conditions.

82.1
47.668

7.141200

38.1
99.383

46070

=
+

=

=
+

=
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pr

P

T

(Ppr)

(Ppr)

Tr (Tpr)
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