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Compressor stations are installed on gas pipelines to provide the pressure needed to transport gas
from one location to another. Due to limitations of pipeline pressures, multiple compressor stations
may be needed to transport a given volume through a long-distance pipeline. The locations and
pressures at which these compressor stations operate are determined by allowable pipe pressures,
power available, and environmental and geotechnical factors.
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Compressor Station

The maximum pressure that a pipeline can
withstand (without being ruptured) is know
an maximum allowable operating pressure
(MAOP) of the pipeline. This MAOP is
normally taken as 1200 psig.

Fig. Gas pipeline with two compressor stations.

Req.

Comp.# 1 Comp.# 2

900 psig

inflow

Calculations would show that in order to
deliver the 100 MMSCFD of gas at Leeds at
required terminus pressure of 500 psig, the
pressure required at Dover would have to be
1580 psig which is greater that MAOP (1200
psig). Accordingly, we need to install more
that one compressor station.



© Dr. A.B.M. Toufique Hasan (BUET)

Compression ratio is simply the ratio of the compressor discharge pressure to its suction pressure,
both pressures being expressed in absolute units:
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Compressor Station

where the suction and discharge pressures Ps and Pd are in absolute units.

Fig. Gas pipeline with two compressor stations.

Req.

Comp.# 1 Comp.# 2

900 psig

inflow

An acceptable compression ratio for
centrifugal compressors is about 1.5. A
larger number requires more compressor
horsepower, whereas a smaller
compression ratio means less horsepower
required.
In gas pipelines, it is desirable to keep the
average pipeline pressure as high as
possible to reduce compression power.
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Example 1 (p-142)
A natural gas pipeline, 140 miles long from Dover to Leeds, is constructed of NPS 16, 0.250 in. wall
thickness pipe, with an MOP of 1200 psig. The gas specific gravity and viscosity are 0.6 and 8×10−6

lb/ft-s, respectively. The pipe roughness can be assumed to be 700 μin., and the base pressure and
base temperature are 14.7 psia and 60°F, respectively. The gas flow rate is 175 MMSCFD at 80°F, and
the delivery pressure required at Leeds is 800 psig. Determine the number and locations of
compressor stations required, neglecting elevation difference along the pipeline. Assume Z = 0.85.
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Problem
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Solution:

Relative roughness:

We need to use the Colebrook-White equation in conjunction the general flow equation to calculate
the pressure drop in the gas pipeline from Dover to Leeds which is 140 mi long.

First, calculate the Reynolds number, Re
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Colebrook-White equation:
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Using general flow equation
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It can be seen from Figure that since the MOP is 1200 psig, 
we cannot discharge at 1579.3 psig at Dover.
This will not satisfy the requirment of gas pipeline MOP. 
Thus, compressor (s) is (are) required to be installed in 
between Dover and Leeds.
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We will need to reduce the discharge pressure at Dover to 1200 psig and install an additional compressor
station at some point between Dover and Leeds, as shown in Figure below.

We will initially assume that the intermediate
compressor station will be located at Kent,
halfway between Dover and Leeds (70 mi). For
the pipe segment from Dover to Kent, we will
calculate the suction pressure at the Kent
compressor station as follows.
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Considering the 70 mi segment from Kent to
Leeds, using the General Flow equation we get
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This is less than the 800 psig desired. Hence, we must move the location of the Kent compressor 
station slightly toward Leeds so that the 800 psig delivery pressure can be achieved.
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We will calculate the distance L required between Kent and Leeds. To achieve this, using General
Flow Equation 2.2
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Therefore, Kent must be located approximately 61 miles from Leeds (not halfway).
We must now recalculate the suction pressure at the Kent compressor station based
on the pipe length of (140−60.57) = 79.43 miles between Dover and Kent.
From this suction pressure, we must also check the compression ratio.
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using General Flow Equation 2.2, for pipe segment between Dover and Kent,
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The amount of energy input to the gas by the compressors is dependent upon the pressure of the gas
and flow rate. The horsepower (HP), which represents the energy per unit time, also depends upon
the gas pressure and the flow rate. As the flow rate increases, the pressure also increases and, hence,
the horsepower needed will also increase. Since energy is defined as work done by a force, we can
state the power required in terms of the gas flow rate and the discharge pressure of the compressor
station.
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Horse Power Required

The head developed by the compressor is defined as the amount of energy supplied to the gas per
unit mass of gas. Therefore, by multiplying the mass flow rate of gas by the compressor head, we can
calculate the total energy supplied to the gas. Dividing this by compressor efficiency, we will get the
horsepower required to compress the gas.
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Horse Power Required

More commonly used formula for compressor horsepower that takes into account the compressibility
of gas is as follows:
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Horse Power Required
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Horse Power Required

From the adiabatic compression, the discharge temperature of the gas is related to the suction
temperature and the compression ratio by means of the following equation:

The adiabatic efficiency can be calculated as

* Derivation Homework
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Problem

Homework
Ans: HP = 3550 HP

BHP = 3737 HP
T2 = 326.46°F
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Compressor Performance Curve


