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Introduction 

 

On a microscopic level the three states of matter 

solids, liquids, and gasses, show different 

particle behaviors. The particles of solids have 

little space between them and are arranged in a 

uniform pattern and shape. Liquid particles are 

also close in proximity to one another but do not 

share the same rigid pattern of solids allowing 

them to conform to the lowest part of their 

containment unit. 

 

Gas molecules differ from its counterparts in that 

the particles themselves are widely spaced, are in 

a constant rapid motion, and are in no regular 

arrangement. The fast moving particles of the gas 

collide with one another and cause changes in 

direction and velocity while the absence of 

volume allows the gas to expand to the full shape 

of its container. 

   

A basic understanding of the Gas Laws is 

extremely beneficial to members of the gas 

industry. Using the knowledge of the Basic Gas 

Laws allows one to better understand and predict 

a gas’s behavior, and better interpret real life 

applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Factors That Influence Gas Behavior 

 

Gas behavior becomes more predictable when 

the Pressure, Volume and Temperature are 

known.  

      

Pressure is expressed as P = F/A where F is Force 

and A is area. When a gas is contained the force 

that the gas exerts on the area is the pressure.  

 

Pressure can be expressed in different ways.  

• Atmospheric pressure is the pressure of the 

gaseous envelope that surrounds the earth, or 

the force that is exerted from the earth’s 

atmosphere. In atmospheric pressure the 

greater the altitude the lower the atmospheric 

pressure. As an example the atmospheric 

pressure in New Orleans Louisiana is greater 

than that of Denver Colorado due to Denver’s 

high altitude and New Orleans proximity to 

sea level. The units for atmospheric pressure 

are PSIA (Pounds per Square Inch Absolute). 

• Gauge pressure is the pressure found within 

the gas piping system commonly referred to 

as the “line pressure”. The units for gauge 

pressure are expressed as PSIG (Pounds per 

Square Inch Gauge). 

• Absolute pressure is the sum of the 

Atmospheric and the Gauge Pressure. When 

using gas law equations pressures are always 

expressed in absolute pressure. 

 



• Temperature is the measurement of heat. 

An increase in gas temperature is also an 

increase of the velocity of the gas particles. 

• Volume is simply the space that the gas 

occupies. 

 

The following sections will demonstrate the 

relationships amongst these properties in the Gas 

Laws. 

 

Boyle’s Law 

 

Boyle’s Law states that the pressure of a gas is 

inversely proportional to the volume of the gas 

when the temperature is at a constant.  

 
When the volume of a gas container decreases 

while the number of gas particles remains 

constant there is an increase in the concentration 

of the gas. This increase in concentration leads to 

an increase in the number of particles near any 

area of the container walls which causes an 

increase in the number of collisions against the 

walls(force) per unit area in a given time. The 

gradual increase in particle collisions mean an 

increase in the pressure of the gas. Simply put 

with the   increased forces and reduced area the 

pressure naturally increases as shown by P = 

(Force/Area). 

  
 

 

The Boyle’s Law formula is expressed as 

P α 1/V  

Volume is indirectly proportional to Pressure 

 

P1V1 = P2V2 = Constant 

 

Example: A technician’s boiler requires 1200cfh. 

Given she is heating with natural gas at 15psig 

how many standard cubic feet of gas will she use 

per hour? (atmospheric pressure = 14.7psia) 

 

P1V1 = P2V2 = Constant  

 

V1 = (P2V2)/P1 

 

V1 = (14.7)(1200)/(15+14.7) 

 

V1 = 593 ACFH 

 

Note: The absolute pressure was calculated by 

taking the sum of the 15 pounds gauge pressure 

+ the 14.7 atmospheric pressure. 

 

Charles’ Law 

 

Charles’ Law states that when an ideal gas is 

contained in an area and the pressure is held 

constant, that the Volume and Temperature are 

directly proportional to one another.  With an 

increase in temperature to the gas inside of the 

container the particles of the gas increase their 

velocity because of the additional heat. The 

increased velocity causes a greater number of 

collisions amongst the container walls. These 

collisions within the container walls create a 

greater internal pressure from within the 

container which is greater than the external 

pressure and causes the gas to expand in volume. 

When the inverse occurs there are fewer 

collisions amongst the gas particles as their 

velocity has decreased, which reduces the 



volume of the gas as shown in the figure below.  

 
The equation for Charles Law is as follows 

 

     Vα T where P is constant 

     Volume is directly proportional Temperature 

     

     V/T = K 

      

     V1/T1 = V2/T2 

 

     V1T1 = V2T2 

 

Absolute Temperature is used with Charles Law. 

This means that the temperature units will be in 

either Kelvin (Celsius +273) or Rankine 

(Fahrenheit + 460). 

 

Example: Assuming that the pressure of a gas 

remains constant and that the initial volume is 

100ft3 and the initial temperature is 100F what 

would be the final temperature of the gas if the 

volume of the gas is 4 times the original volume? 

 

      V1/T1 = k = V2/T2 

       

      T2 = V2T1/V1 

 

      T2 = (4)(100)(100+460)/100 

 

      T2 = 2240R 

 

      T2 = 1780F 

 

 

Ideal Gas Law 

  

Boyle’s and Charles Laws can be combined to 

form the rule that any ideal gas can be 

characterized.  

Where: Volume is directly proportional to the 

absolute temperature and inversely proportional 

to the absolute pressure. 

 

      V = ( k x T)/P 

 

      P1V1/T1 = k = P2V2/T2 = Constant 

 

Example: Assuming that helium reacts as an 

ideal gas, what would the resultant temperature 

of a balloon be if its size is to be reduced by 30 

% (assume an atmospheric pressure of 14.7 psi) 

Given T1 = 100F, V1= 0.5ft3, P1 = .25psig, P2 = 

.25psig 

 

      P1V1/T1 = k = P2V2/T2 

 

      T2 = (P2V2T1)/(P1/V1) 

 

      T2 = (.25+14.7)(.3)(100+460)/(.25+14.7)(.5) 

 

      T2 = (2511.6)/(7.475) 

 

      T2 = 336R 

 

      T2 = -124F 

 

Gas Correction Factors 

 

The preceding sections have shown that pressure 

via Boyle’s Law and Temperature via Charles’ 

Law can have significant impacts to the gas 

behavior. In the natural gas industry, the standard 

cubic foot of gas conditions are 14.73 psia and 

60F. The gas that passes through a meter is rarely 

at the standard conditions. For this reason it 

becomes necessary to relate the nonstandard 

conditions of the gas to the standard conditions 



in order to see the true value of the gas. This is 

achieved via correction factors. 

 

      The Gas Pressure Factor is defined as  

 
𝐿𝑖𝑛𝑒 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒(𝑝𝑠𝑖𝑔) +  𝐴𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑖𝑐 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒(𝑝𝑠𝑖𝑎)

𝐵𝑎𝑠𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒(𝑝𝑠𝑖𝑎)
 

 

Where line or delivery pressure is gauge 

pressure, the atmospheric pressure is usually 

14.4 (dependent on geography) and the base 

pressure is defined as a pressure value used to 

establish tariff rates for custody transfer 

measurement. Base pressure value is commonly 

set to 14.73(or sometimes 14.65) in the natural 

gas community.  

The above equation shows that increasing the 

gauge delivery pressure to the system increases 

the density of the gas through the pipe and 

compresses the gas such that more gas can fit in 

the same amount of space. 

 

   The Gas Temperature Pressure Factor is 

defined as 

 
460 +  𝐵𝑎𝑠𝑒 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒(𝐹)

460 + 𝐿𝑖𝑛𝑒 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
 

                                     

Where Base temperature is 60F and Line 

Temperature is the temperature of the gas in the 

system.  

When viewing the two gas correction factors it is 

clear that a 10 psig pressure swing would affect 

the gas more than say a 10F temperature swing. 

The pressure factor is approximately 1 when the 

line pressure is .25psig or 7” w.c. Likewise the 

temperature factor is 1 when the gas temperature 

is at 60F. When the two factors are combined the 

product is in standard cubic feet as follows. 

 

    SCF = ACF * Pf*Tf 

 

    SCF = Standard Cubic Feet 

 

      ACF = Actual Cubic Feet 

      Pf = Pressure Factor 

      

      Tf = Temperature Factor 

 

There are a few methods in which the pressure 

and temperature factors are monitored in the 

field.  

 

Fixed Factor billing is a method in which the 

utility holds either temperature and or pressure 

factors constant during the measurement and 

adds the factor later in the customer billing. 

 

The mechanical method for compensating 

temperature in diaphragm gas meters is via 

temperature sensitive bimetals that expand and 

contract with response to heat. The pressure can 

be calculated mechanically using pressure 

compensated indexes. These are special indexes 

that have gear ratios specified to reflect a certain 

fixed pressure. 

 

The digital method for temperature and pressure 

compensation utilizes a form of Electronic 

Volume Compensator (EVC) that gathers 

temperature and or pressure information and 

applies it to the raw actual cubic feet of the gas. 

 

 

Ideal vs Real Gas 

 

The Ideal Gas Law takes into assumption that the 

molecules of a gas have no volume and that there 

are no repelling or attractive forces between the 

particles. In a real gas there are small attractive 

and repelling forces between particles, the 

volume of the particles is small, and the 

collisions of the particles are not elastic and lose 

energy when making impact with one another.   

 

 

 



Supercompressibility 

 

The conditions that have been discussed earlier 

are of gas conditions at lower pressures that show 

a more linear predictable pattern. However when 

gasses are subjected to higher pressures   they do 

not follow the behavior of the Ideal Gas law. This 

factor that better represents the gas behavior 

under the extreme conditions is known as the 

Supercompressibility factor or z-factor.  

 

The ratio of the real volume to the ideal volume 

is a measure of the amount that the gas deviates 

from perfect behavior. In other words z = 

 
𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑎𝑠 𝑎𝑡 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑 𝑇 𝑎𝑛𝑑 𝑃

𝐼𝑑𝑒𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑎𝑠 𝑎𝑡 𝑠𝑎𝑚𝑒 𝑇𝑎𝑛𝑑 𝑃
 

 

 

When gasses are closer to the standard conditions 

for pressure and temperature the Z-factor 

(deviation factor) is always 1. 

 

When taking into account the z-factor the 

equation for standard cubic feet becomes 

 

      SCF = ACF * (PF)*TF*ZF 

 

Applications of supercompressibility are most 

commonly seen in gas transmission and 

compressed natural gas stations that utilize 

turbine and or orifice metering. 

 

Conclusions 

 

A basic understanding of gas behavior is a 

necessary skill in the natural gas industry.  

Grasping the key concepts of the gas laws will 

arm any individual with the knowledge to tackle 

real life applications. 

 


