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INTRODUCTION 

Recent increases in the demand and price for 
natural gas have stimulated requirements for gas 
compressors of all sizes. This paper develops the 
basic fundamentals of gas compressor sizing. 

The scope of this discussion is limited to slow 
speed (300-1000 RPM), horizontal, double acting, 
reciprocating compressors. Since exact 
specifications vary between different 
manufacturers, it is advisable to consult the 
manufacturer concerning his product’s 
performance. The data and tables shown are 
intended to be as universally applicable as 
possible. 

A field gas compressor normally consists of the 
gas compressor itself, a prime mover, and other 
components all coordinated to meet a specific 
condition or range of conditions. The emphasis 
here will be given to sizing the compressor, and its 
flexibility and coordination with other 
components of the package. 

OPERATING CONDITIONS AND 
REQUIREMENTS 

Before any steps in compressor design can be 
taken, a thorough analysis must be made to 
determine the expected operating conditions. 
Since each of the following factors plays an 
important role in the selection of the right 
compressor, it is essential that the preliminary 
data used for sizing be as close as possible to the 
actual operating conditions which will exist. 

Suction Pressure 

The suction pressure is that gas pressure which 
is measured at the inlet to the compressor. This 
pressure is a vital factor used in determining 
compression ratio, horsepower, capacity and rod 

load. Hence, an accurate value for the proposed 
suction pressure is essential. If possible, the well or 
system should be tested to determine the optimum 
suction pressure. For future discussion, in this 
paper suction pressure will be expressed in psia, 
i.e.: 

Suction Pressure = (gauge pressure 
+ atmospheric pressure), psia 

Suction Temperature 

The suction temperature is the temperature of 
the gas stream before it enters the compressor. It 
also plays an important role in designing a 
compression system. For convenience, the 
temperature reading in “F is converted to the 
Rankin scale and compared to standard 
temperature conditions: 

Suction Temperature, “R = “F + 460°F 

Discharge Pressure 

The discharge pressure is the pressure which the 
compressor must overcome to move the gas from 
the cylinder into the sales line. In determining the 
discharge pressure the compressor must handle, 
the effect of the increased volume of gas being 
forced into the sales line must be calculated. Also, 
a pressure drop due to friction in the pipe leading to 
the sales line must be compensated for by an 
increase in discharge pressure. Thus it may be 
incorrect to assume that the discharge pressure 
will simply be equal to that of the sales line 
pressure. Discharge pressure will be expressed in 
psia. 

Discharge Pressure = (gauge pressure 
+ atmospheric pressure), psia. 

Capacity Required 

The actual volume of gas to be compressed, or 
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the capacity, is an equally important factor which 
must be determined. Here again, the necessary 
tests must be performed to determine the volume of 
gas which the compressor will be sized to handle. 
For sizing calculations it is better to be optimistic 
since most compressors are sized at a maximum 
volume which can be lowered but often not raised. 

This paper will use MCFD as the unit of 
volumetric measurement. 

Elevation and Atmospheric Pressure 

The elevation at the compressor site will 
determine the atmospheric pressure for that 
location. Since both the suction and discharge 
pressures used are expressed in psia, it is 
important that we know the correct atmospheric 
pressure at the location. This value can be 
determined from Table 1. 

TABLE 1 

Gas Characteristics 

To accurately size a compressor, it is important 
to know the nature of the gas to be compressed, 
since certain characteristics will affect the 
calculations. The gas analysis should include: the 
specific gravity of the gas; the N or K value, (which 
is the ratio of the specific heat at a constant 
pressure to the specific heat at a constant volume); 
and the content of hydrogen sulfide, if present. The 
determination of the N or K value is important, 
since it affects horsepower calculations. The 
presence of hydrogen sulfide in a gas necessitates 
the use of special compressor trim to combat the 
corrosive nature of the sour gas. 

The most common type of natural gas has a 

specific gravity of 0.65 and an N or K value of 1.26. 
Figure 1 provides the information for determining 
the N or K value from a specific gravity. 

FIG. l-MOLECULAR WEIGHT OF GAS 
VS RATIO OF SPECIFIC HEAT (N) 

THE COMPRESSION RATIO 

The compression ratio is the key in the designing 
of any compression system. To calculate the 
compression ratio simply divide the absolute 
discharge pressure by the absolute suction 
pressure: 

CR = Discharge Pressure (psia) 

Suction Pressure (psia) 

It is normal practice to limit the compression 
ratio for a single stage of compression to 5:l. High 
compression ratios create high gas temperatures 
which shorten valve life. Also, volumetric 
efficiencies and overall efficiency are adversely 
affected. 

When a compression ratio above five is needed, 

152 



the gas should be compressed in two or more 
stages. Multistage compressors compress the gas 
through progressively smaller cylinders until it 
reaches the desired discharge pressure. If the total 
number of compressions is between five and 
twenty-five a two-stage compressor may be used. 
To find the compression ratio of each stage, take 
the square root of the total number of 
compressions. This is called an “ideal compression 
ratio” (ICR) because it assumes perfect cylinder 
sizing to equally balance the work done by each 
stage. If the CR is greater than 25 the cube root 
should be used to calculate the ICR for a three- 
stage compressor. 

Since properly sized multistage compressors. do 
approach perfect balance between cylinders, the 
ICR can be used to calculate interstage pressures 
and the work done by each stage. 

HOW TO CALCULATE HORSEPOWER 
REQUIREMENTS 

Most compressor manufacturers classify the 
power frames of their compressor by horsepower. 
Therefore it is necessary to determine the 
horsepower requirement for each application 
before an appropriate compressor can be selected. 

To calculate the required horsepower, refer to 
Table 2 and determine the horsepower required per 
million cubic feet per day. This is done by locating 
the requirements for the particular CR (or use ICR 
for multistage units) under the appropriate column 
for the N or K value. 

Once the horsepower has been determined from 
Table 2, substitute that value into the following 
equation: 

Horsepower = HP (by Table 2) x Capacity 
Required x Atmospheric Pressure, psia 

x Suction Temperature, “R (1) 
for example: 

Horsepower = HP (by Table 2) x 1 x 1000 MCFD 
x 14.4 psia x 520”R 

The horsepower calculated above is the work 
required for one stage of compression. To calculate 
the total horsepower required for a multistage unit 
enter horsepower from Table 2 using the ICR. 
Substitute that value into the above equation. The 
subsequent figure derived for horsepower can then 
be multiplied by the number of stages to find the 
total horsepower required. 

Total horsepower = Hp (Eq. 1) x Number of Stages 

DETERMINATION OF COMPRESSOR 
CAPACITY 

The displacement of a cylinder is the swept 

volume of that cylinder as the piston moves in a 
reciprocating motion. This value allows for the 
volume required for the piston rod’and varies with 
RPM, cylinder size, and length of stroke. Table 3 
provides cylinders displacement values in MCFD 
for a double-acting compressor operating at 100 
RPM. 

TABLE 2-HORSEPOWER DETERMINATION 
CHART FOR 14.4 PSI ATMOSPHERIC 

PRESSURE 70°F. HP SHOWN FOR 
MILLION CUBIC FEET PER DAY 

C.R. 

1.1 

1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.1 
2.8 
2.4 
3.0 
3.1 
1.2 
1.3 
1.4 
3.5 
3.h 
3.1 
1.8 
3.9 
4.0 
4.1 
4.2 
4.J 
r.S 
4.J 
4.6 
4.7 
4.8 
4.9 
5.” 
5.1 
5.2 
5.i 
,.* 
5.5 
> ‘I 
5. 
J.9 
5.” 
.I I, 

Suction Pressure Correction 

Once the correct displacement for the 
compressor at operating speed has been 
determined, it is necessary to calculate the effect of 
a positive suction pressure. This is accomplished 
by multiplying the displacement by the suction 
pressure in psia and then dividing that product by 
the atmospheric pressure. 

The equation for calculating suction pressure 
correction is: 

Corrected Displacement = 

Displacement (Table 3) x Suction Pressure, psia 

Atmospheric Pressure, psia 
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Temperature Correction 
The corrected displacement may be subject to a 

temperature correction. If this is the case, the 
correction factor equals the temperature at which 
the gas is to be measured in “R divided by the 
suction temperature in “R: 
Temperature correction = 
Corrected Displacement x Temp. of Measurement “R 

Suction Temperature “R 

Volumetric Efficiency 
In reciprocating compressors, loss of volumetric 

efficiency is due to the “inherent clearances” 
which are present in the cylinder. Inherent 
clearance is the sum of all the unswept spaces in a 
given cylinder and is usually expressed as a 
percent of the volume of that cylinder. The higher 
the inherent clearance at a given CR, the lower the 
VE. Each manufacturer and each cylinder has a 
different set of inherent clearances which will 
affect the volumetric efficiency of the machine. 
Once the displacement has been corrected for 
suction pressure and temperature, it is multiplied 
times the volumetric efficiency to determine the 
actual through-put of gas for the machine. 

It would be difficult to list the inherent clearance 
of each and every cylinder or to show the specific 
effect the compression ratio has on the volumetric 
efficiency. Table 4 shows some approximate 
volumetric efficiencies for varying compression 
ratios. These values are used in calculating 
compressor capacity using the following equation: 

Corrected Displacement = 
Compressor Capacity x Volumetric Efficiency 

PRIME MOVERS 

Proper sizing of the compressor in both power 
frame and cylinder is only a part of the job of 
selecting the right compressor package. Most 
compressor packages use some type of natural gas 
engine to provide the power. It is standard practice 
to derate natural gas engines to 65Yo of their rated 
maximum power outputs. 

This derated horsepower normally will be 
matched with the maximum horsepower rating of 
the compressor frame. An engine of this sufficient 
size will allow for full flexibility of the compressor. 

Recent years have brought about an increasing 
use of electric motors for compressor power plants. 
When using an electric motor, it is permissible to 
use the rated hp of the motor. However, there are 
other power requirements which must be added to 
the compressor requirements. Coolers may require 

up to 20 hp in addition to a 3Yo loss occurring in a 
belt drive. 

SCRUBBERS, COOLERS AND ACCESSORIES 
A frequent difficulty which occurs when 

adapting gas compressors to new conditions is 
that often the accessary equipment is not designed 
to withstand pressure, volumes or other demands 
that may be placed upon the system. The scrubbers 
which remove the liquids from the inlet gas stream 
should be designed to handle the maximum flow of 
gas through the broadest range of pressure. In 
addition the scrubber should have a maximum 
working pressure which approaches the maximum 
cylinder pressure. 

The dump trap mounted with the scrubber 
performs a vital function of removing any liquid 
before it can get to the compressor. The dump trap 
should be checked at regular intervals to ensure 
proper operation. 

Coolers are generally sized to remove the heat of 
gas compression created by the horsepower energy 
transformation. It is important in compressor 
design that the interstage and aftercooling coils 
have the pressure capability necessary for the 
operation. Here again, the pressure ratings for 
coolers should approach the maximum cylinder 
working pressure. 

Normal cooler design calls for aftercooling of the 
gas to 120°F with the intercooling coils rated at 
130°F. Since most of the coolers in use are 
air-cooled heat exchangers, this means a 20°F 
approach to normal ambient of 100°F. 

Table 5 shows the approximate heat buildup for 
a corresponding compression ratio. This table is 
based on a gas with specific gravity of 0.65 and an 
N value of 1.26. 
COMPRESSOR SAFETY LIMITATIONS 

To protect gas compression equipment, safety 
relief valves and shutdowns are included on 
today’s compressor packages. They should be 
periodically checked. It is important to remember 
that before a packaged unit is moved from the job 
for which it was designed to a new one, it should be 
thoroughly examined to ensure that all vessels, 
piping, valves, etc., meet the new pressure 
requirements. 

Rod load is another factor which must be 
considered to safeguard the compressor design. 
The easiest way to ensure that a compressor is not 
overloaded on rod load is by calculating the 
maximum differential pressure the compressor 
can handle. This maximum differential pressure 
must always be greater than the actual discharge 
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pressure minus the suction pressure or the 
compressor is over rod load. 

The maximum differential pressure equals the 
rod load divided by the area of the bore of the 
cylinder: 

Maximum Differential = 
Rod Load 

Area of Cylinder 

Rod load can be calculated by subtracting the 
suction pressure from the discharge pressure and 
then multiplying this value times the area of a 
circle which would correspond to the bore of the 
cylinder. 

Rod load = (Discharge - Suction Pressure) 
x Area of Cylinder 

Table 6 provides information concerning the 
various areas of a circle which can be used in the 
above formula. 

MODIFICATION 
Compressors can be altered to change their 

capacity by slowing the unit down, by adding 
clearances either with variable pockets or the 
addition of fixed clearance bottles, by use of 
unloading valves, by using a bypass, by removal 
of a portion of the valves, or by changing suction 
pressure. The most frequent method used to 
control capacity is adding clearance. If a unit still 
moves too much gas for the operation after adding 
maximum clearance, one or more of the other 
methods can be used. 

SUMMARY 

Gas compressors perform a vital role for the 
petroleum industry in the production of natural 
gas. When a gas compressor is needed, a thorough 
examination of the job conditions must be made. 
This study must determine the expected suction 
pressure, suction temperature, discharge pressure, 
capacity required, elevation, and the 
characteristics of the gas to be compressed. Once 
the expected operating conditions have been 
compiled, the methods described in this paper can 
be used to calculate compression ratio. From the 
CR and capacity, the horsepower requirement and 
subsequent cylinder size can be determined. 

When the compressor has been properly sized, 
the rest of the components of the package should 
be designed to provide the maximum flexibility for 
the different job requirements of the compressor. 
The field compressor consists of a group of 
interdependent components all of which must be 
matched in capability and kept in top operating 
form if there is to be an adequate and safe return on 
the significant investment it represents. 

TABLE 3 

TABLE 4 

Volumetric Efficiency Values 

Compression Ratio Volumetric Efficiency 

1.5 85% 
2.0 80% 
2.5 78% 
3.0 74% 
3.5 71% 
4.0 68% 
4.5 65% 
5.0 60% 
5.5 55% 
6.0 50% 

I.5 

TABLE 5 

Table based on Gas with a 1.26 N value 
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TABLE6 

AREAS OF CIRCLES 

2-l/E 3.5466 

2-l/4 3.9761 

2-318 4.4301 

5-518 24. 8505 12-l/4 117.859 

5-314 25.9672 12-l/2 122.718 

5-718 27.1085 12-314 127.676 

19-l/4 291. 039 

19-l/2 298.648 

19-314 306.354 

2-l/2 

2-518 

2-314 

2-7/a 

4.9087 b 

5.4119 b-114 

5.9396 b-112 

6.4918 b-314 

28.2743 

30. b79b 

33. i a31 

35.7847 

13 132.732 

13-l/4 137.886 

13-l/2 143.139 

13-314 148.489 

20 314.159 

20-l /4 322.062 

20-l/2 330.064 

20-3/4 338.163 

3 

3-l/a 

3-l/4 

3-318 

7.0686 

7.6699 

a. 2958 

a. 9462 

7 38.4845 

7-l/4 41. 2825 

7-l/2 44. i 787 

7-314 47.1730 

14 153.938 

14-l/4 159.485 

14-l/2 165.130 

14-314 170. a73 

21 346.361 

21-l I4 354.656 

21-l/2 363.050 

21-314 371.542 

3-l/2 9. b211 

3-518 10.3206 

3-314 11.0447 

3-718 11.7932 

a 50.2655 

a-114 53.4562 

a-i/2 56.7450 

0-314 b0. 1321 

15 176.715 

15-1 I4 182.654 

15-l/2 188.692 

15-314 194. a28 

22 380.133 

22-l/4 388. a21 

22-l/2 397.608 

22-314 406.493 

4 12.5664 

4-118 13.3640 

4-l /4 14.1863 

4-318 15.0330 

9 63.6173 

9-l/4 67.2007 

9-l/2 70. a822 

9-314 74.6619 

16 201.062 

lb-114 207.394 

lb-112 213. a25 

lb-314 220.353 

23 415.476 

23-l/4 424.557 

23-l/2 433.736 

23-3/4 443.014 
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