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PVT Relationship

� Density and Specific Volume of gas do not change with pressure and
temperature

� For Gas we need to know the PVT relationship

� Pressure

� Temperature

� Specific Volume

� Examples of problem requiring PVT relationship

� Propane at 120oC and 2.3 bars passes through flow meter that reads 250
L/min. What is the mass flow rate of the gas?

� A pure hydrocarbon gas fills a 2-liter vessel at 30oC with an absolute
pressure of 25 atm. How many moles of gas are contained in the vessel?

� Calculate the volume in liters occupied by 100g of N2 at 23oC and 3 psig.
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� Equation of state relates the quantity (mass or moles) and volume
of gas with temperature and pressure

� The simplest and mostly used is ideal gas law

P = absolute pressure of the gas

V = volume or volumetric flow rate of gas

n = number of moles or molar flow rate of the gas

R = the gas constant

T = absolute temperature of gas

� Generally applicable at low pressure (< 1 atm) and temperature >
0oC.

Ideal Gas Law

RTnVPnRT   or  PV ==
. .
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Ideal Gas Law

� The equation can also be written as

where = V/n is the molar volume of the gas

� Any gas is presented by the above equation is known as an
ideal gas or perfect gas

� 1 mol of ideal gas at 0oC and 1 atm occupies 22.415 L, whether
the gas is argon, nitrogen, or any other single species or
mixture of gases

PV RT=^

V
^
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Q1 - Application of Ideal Gas Law

Propane at 120oC and 1 bar absolute passes through a flow meter that
reads 250 L/min. What is the mass flow rate of the gas?

How many ways can we calculate the mass flow rate? What additional
information is needed?

…. Using ideal gas law
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Standard Conditions for gases

� Using PVT equation is easy, provided you have a set of R constant
value with different units.

� A way to avoid this is by dividing the gas law from process condition
with given chosen reference condition

Standard Conditions for gases

System Ts Ps Vs ns

SI 273 K 1 atm 0.022415 m3 1 mol

CSS 273 K 1 atm 22.415 L 1 mol

American 492oR 1 atm 359.05 ft3 1 lb-mole
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Standard Temperature and 
Pressure  (STP)

� Reference temperature (0oC, 273K, 32oF and 492oR) and pressure (1
atm) are commonly known as STP (standard temperature and
pressure)

� The other related values is easy to commit to memory like the
relation of

Standard cubic meters (SCM) � m3(STP)

Standard cubic feet (SCF) � ft3(STP)

molelb
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mol
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The pressure gauge on a 20 m3 of nitrogen at 25oC reads
10 bar. Estimate the mass of nitrogen in the tank by

(i) direct solution of the ideal gas equation of state
and,

(ii) conversion from standard conditions.

What does pressure reading obtained from a
pressure gauge reading indicate?

Q2 - Conversion from Standard 
Conditions (STP)
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The pressure gauge on a 20 m3 of nitrogen at 25oC reads 10 bar. Estimate the
mass of nitrogen in the tank by

Pressure gauge reading is not absolute pressure, i.e. Pg.
Thus, absolute pressure, Pa = Pg + Patm

(i) direct solution of the ideal gas equation of state

PV = nRT
m = nMW

(ii) conversion from standard conditions.

m = nMW

TV̂P

PVT
 n

ss

s====
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� If the input and output streams at indicated temperatures
and pressures can be reasonably assumed to follow ideal gas
behaviour, then

Effect of Temperature and 
Pressure on Ideal Gases
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Q3 - Standard and True 
Volumetric Flow Rates

The volumetric flow rate of an ideal gas is given as 35.8 SCMH (i.e
m3/h at STP).

(i) Calculate the molar flow rate (mol/h),

(ii) If the temperature and pressure of the gas are 30oC and 152
kPa, calculate the actual volumetric flow rate.

_______________________________________________________

(i) Molar flow (mol/h) at STP

At STP, 1 mol of an ideal gas occupies 0.0244 m3. Thus,
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(ii) If the temperature and pressure of the gas are 30oC and 152 kPa,
calculate the actual volumetric flow rate,

(Are there alternative methods to solve this problem?)
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Ideal Gas Mixtures - Dalton Law

� Suppose nA moles of substance A, nB moles of B and nC moles of
C and so on, are contained in a volume V at temperature T and
total pressure P.

� The partial pressure pA of A in the mixture is defined as the
pressure exerted by nA moles of A alone occupied at the same
total volume V only for ideal gases at the same temperature T

From ideal gas law : PV = nRT …. (1)

From partial pressure: pAV = nART …. (2)

Dividing Eq. (1) by Eq. (2) : or pA = yA P

Thus, the ideal partial pressure of ideal gas add up to the total

pressure P

Σpi = pA + pB + pC + ... =  (yA + yB + yC + ... )P = P

p

P

n

n
yA A

A= =
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Q 4 – Dalton Law

Nitrogen from a cylinder is bubbled through liquid acetone at 1.1 bar and
stream 60oC at the rate of 2 x 10-4 m3/min. The nitrogen saturated with
acetone vapor leaves at 1.01325 bar, 35oC at the rate of 3.83 x 10-4

m3/min. What is the partial pressure of acetone ? Solubility of nitrogen
in liquid acetone is negligible.

nitrogen

Nitrogen saturated with acetone
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Solubility of nitrogen in liquid acetone is negligible. What does it mean?

Nitrogen from a cylinder is bubbled through liquid acetone at 1.1 bar and
stream 60oC at the rate of 2 x 10-4 m3/min.

Moles of nitrogen , nN2 = PV/RT

The nitrogen saturated with acetone vapor leaves at 1.01325 bar, 35oC at
the rate of 3.83 x 10-4 m3/min.

Moles of nitrogen + acetone , nN2+Ac = PV/RT

What is the partial pressure of acetone ?

Pac= yacP yac= nAc / nN2+Ac
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Ideal Gas Mixture - Amagat Law

� Suppose nA moles of substance A, nB moles of B and nC moles of
C and so on, are contained in a volume V at temperature T and
total pressure P.

� The partial volume vA of A in the mixture is defined as the volume
that would be occupied by nA moles of A alone only for ideal gases
at the total pressure P at the same temperature T of the
mixture

From ideal gas law : PV = nRT …. (1)
From partial pressure: PvA = nA RT …. (2)

Dividing Eq. (1) by Eq. (2) : or vA = yA V

Thus the ideal partial volume of
ideal gas add up to the total volume V :

vA + vB + vC + ... = (yA + yB + yC + ... )V = V

v

V

n

n
yA A

A= =

The volume fraction of a substance 
in an ideal gas mixture equals the mole
fraction of this substance
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Q5 - Ideal Gas Mixture

An ideal gas mixture contains 35% helium, 20%
methane and 45% nitrogen by volume at 2.00
atm absolute and 90oC. Calculate

(a) the partial pressure of each component.

(b) the average molecular weight of the gas.
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Real Gases

� At extremely low temperature or sufficiently high pressure, a value
of predicted with the ideal gas law becomes significantly
inaccurate, especially when the gas contains a mixture of several
gas species.

� Equation of state (EOS) for real (i.e. non-ideal or imperfect) gases

Single gas species

- Virial EOS (Benedict-Webb-Rubin, BWR)
- Cubic EOS (Soave-Redlich-Kwong, SRK)

- Compressibility Factor EOS (PV = znRT)

Gas mixtures

- Kay’s Rule

V̂
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Critical Temperature and 
Pressure

� Critical temperature (Tc) – the highest temperature at which
a species can coexist in two phases (liquid and vapor)

� Critical pressure (Pc) – the pressure at which a species can
coexist in two phases (liquid and vapor) at the critical
temperature.

� A substance at Tc and Pc is said to be at its critical state

� Substances at temperatures above Tc and Pc are referred to
as supercritical fluids
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Physical properties for calculations 

involving Real Gases
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Physical properties for calculations 

involving Real Gases

Sem 2 (2013/14)

www.utm.my/petroleum

Faculty of 

Petroleum & 

Renewable Energy 

Engineering

Compressibility Factor 
Equation of State

� An equation of state that retains the simplicity of the ideal gas law
but describe the PVT behavior of real gas

� The coefficient z is called the compressibility factor, and the
equation is known as the compressibility factor equation of state

� A value of z = 1 correspond to ideal gas behavior

� The compressibility factor of a gas depends on the gas
temperature and pressure

� Values of z(T,P) for air, argon, CO2, CO, H2, CH4, N2, O2 are given in
Perry’s Chemical Engineers’ Handbook, pp 3-112 to 3-118

zRTV̂r       PznRT     oPV ========
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Corresponding States Approach for 

Compressibility Factors

� Simple (two-parameter) corresponding states: All fluids obey the
same equation of state written in reduced form.

� Since zC is nearly a constant for many organic species (about 0.27),
the most often used form is

(see charts on pp. 208-211)
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Estimation of Compressibility 
Factors

1. All temperatures and pressures used to estimate the compressibility factor
(z) must be absolute !!!!

2. Look up or estimate the critical temperature (Tc) and critical pressure (Pc)

3. If the gas is hydrogen or helium, determine the pseudo critical constant
from the empirical formulas (newton’s correction)

(Tc)adjusted = Tc + 8 K and (Pc) adjusted = Pc + 8 atm

4. If both temperature and pressure are known

� Calculate the reduced temperature, Tr = T/Tc and reduced pressure,
Pr = P/Pc

� Look up the value of z on a generalized compressibility chart (z vs Pr for
specific values of Tr)



Sem 2 (2013/14)

www.utm.my/petroleum

Faculty of 

Petroleum & 

Renewable Energy 

Engineering

Estimation of Compressibility 
Factors

5. If either temperature or pressure and molar volume is unknown

� Calculate the ideal critical volume

� Look up the value of z on generalized compressibility charts (low,
medium or high pressure ; z vs for specific values of Tr)

c
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Compressibility Factor
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Compressibility Factor 

(Low Pressures)

(Figure 5.4.2)
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Compressibility Factor 

(Medium Pressures)

(Figure 5.4.3)



Sem 2 (2013/14)

www.utm.my/petroleum

Faculty of 

Petroleum & 

Renewable Energy 

Engineering

Compressibility Factor 

(High Pressures)

(Figure 5.4.4)
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Q6 – Ideal Gas vs Real Gas 

Natural gas contains mainly methane is stored in a

35-liter CNG tank at 3000 psig and 30oC. Estimate the

actual capacity (m3) at standard temperature and

pressure (STP) assuming

a. ideal gas behaviour

b. real gas behaviour
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Real Gas Mixtures: Kay’s Rule

� Techniques to be used when we have mixture of real gas

PV = zmnRT or

� Calculate the pseudo critical constant of gas mixture component

� Pseudo critical Temperature: Tc
’ = yaTca + ybTcb + ycTcc +...

� Pseudo critical Pressure: Pc
’ = yaPca + ybPcb + ycPcc +...

� If the temperature and pressure of the mixture are known, calculate

� Pseudoreduced Temperature: Tr‘ = T/Tc’

� Pseudoreduced Pressure: Pr‘= P/Pc
’

� Use the generalized compressibility chart to obtain zm

� All pseudo critical constant of mixture are simply empirical parameters
and do not have any physical significance

  
P ˆ V = zm RT
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Q7 - Kay’s Rule

The interest in natural gas as an alternative fuel stems 
mainly from its cleaner burning qualities. Natural gas can 
either be stored onboard a vehicle as compressed natural 
gas (CNG) or  natural gas (LNG). Suppose that  natural gas 
containing 85% methane and 15% ethane by volume  is  
stored  in a  35-liter CNG tank at 3000 psig and 30oC.

a. Estimate the actual capacity (m3) of natural gas at 
standard  temperature and pressure (STP). 

b. Calculate the exact volume (m3) of combustion air at   
standard  temperature and pressure (STP), if natural 
gas undergoes complete combustion. 
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Working sessions

(a) Use generalized compressibility chart to
estimate z for (a) nitrogen at 40°C and 40
MPa, and (b) helium at -200°C and 350 atm.

(b) Question 5.74 (pp. 234)


