
ChemE 2200 – Chemical Thermodynamics Lecture 3
Today:

Joule-Thomson Expansion.
Calculating Enthalpy Changes.

Defining Question:
How does one choose (or design) a refrigerant?

Reading for Thermodynamics Lecture 4:
McQuarrie & Simon, Chapter 19.919.12, 20.120.3

Reading for Today’s Lecture:
McQuarrie & Simon, exercises 19-52 and 22-48.



Engineering Peer Advisor Job Openings
The paid position offers a chance to grow in professional competencies such as 
teamwork, oral and written communication, service orientation, reliability, 
adaptability, and more by:
 Co-planning an ENGRG 1050 seminar
 Co-presenting and facilitating class discussions with Engineering Faculty
 Assisting students transitioning from high school to college by sharing your 

Cornell experiences
 Communicating academic opportunities and co-curricular activities to students
 Referring students to appropriate academic, personal, and campus resources

Visit Peer Advisor Position FA25 The application deadline is February 26. 
Questions email eng-peeradvising@cornell.edu.

I will work with Engineering Advising to 
pair ChemE-affiliated Peer Advisors

with ChemE faculty members.



Recap
The internal energy of an ideal gas

depends only on its temperature
(not pressure or volume).

Joule’s Second law

Joule’s Second law
was originally suggested
by Joule’s experiments

with real gases. 



Gases passing through a restriction (a throttle)
Gas flow is throttled to control flow rate, to measure flow rate, and to cool the gas.

Image from Joule Processing, Houston TX

Process to remove condensible gases.

throttle valve to
reduce gas pressure

NGL  Natural Gas Liquid



Devices to Throttle Gas Flows

an orifice plate

a partially-open valve

a porous plug How much
does the gas cool?

porous plate



Joule-Thomson Expansion

Because energy is a state function,
we can represent the steady-state
flow process as the change from
an initial state to a final state.

Images adapted from Lionel M. Raff, Principles of Physical Chemistry (2001)

initial state: gas in an insulated
cylinder is compressed reversibly
at external pressure P1. Gas passes
through porous plate into volume V2.

insulation porous plate

adiabatic
flow

final state: gas expands against 
an external pressure P2.

What is T2?

through the
porous plate



Thermodynamic Analysis of a Joule-Thomson Expansion

initial state final state: What is T2?

Basis: 1 mol of gas U  U2 – U1  q  +  wpiston 1  wpiston 2

0 adiabatic

 P1(0 – V1)  P2(V2 – 0)

 P1V1  P2V2  0  for an ideal gas T  0)

U2  P2V2   U1  P1V1

H2   H1
A Joule-Thomson expansion
is an isenthalpic process

Recall our goal:  How does T change with P?  
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We now know H is constant.



Temperature vs Pressure at Constant Enthalpy
The Joule-Thomson coefficient:
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A Real Gas
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for P < 0 (expansion),
then T > 0 (warming).

gas warms on expansion

gas cools on compression
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Joule-Thomson Coefficients
Temperature dependence of  at 1 atm.

 increases with
molecular weight

 increases with
molecular polarity.

CO2 leaves a
fire extinguisher
as dry ice.

C+
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O C+

O

O

Ideal gas
 < 0.

gas warms
on expansion.

 > 0.
gas cools

on expansion.



How to calculate T for a Joule-Thomson Expansion
N2

200 atm
300 K

N2
1 atm
T = ?
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But  depends on T and P.  = 0.22 at 1 atm and 300K

 = 0.28 at 1 atm and 256K

 = 0.078 at 200 atm and 300K



How to more accurately calculate T for a Joule-Thomson Expansion

Because enthalpy is a state function, we can model the actual process
as a progression of convenient states: expand isothermally and then cool isobaricly.

N2
200 atm

300 K

N2
1 atm
T = ?

nitrogen
200 atm
300 K

isothermal
expansion

nitrogen
1 atm
300 K

isobaric
cooling
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expansion
(adiabatic)

isothermal
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isobaric
cooling

V2

state 1 state 2 state 3



How to more accurately calculate T for a Joule-Thomson Expansion?

state 1: 200 atm, 300 K

isothermal
expansion

state 2: 1 atm, 300 K

isobaric
cooling

state 3: 1 atm, T = ?

Enthalpy is a state function, independent of path.

H13  H12 +  H23  0

H12  H23

1  2 is at constant T: PCn
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Best fit:  = 0.22 – 7.5  104P K/atm at 300K

From Perry’s Handbook, p. 3-237:

0

0.05

0.1

0.15

0.2

0.25

0 50 100 150 200
Pressure (atm)

Jo
ul

e-
Th

om
so

n 
C

oe
ff

ic
ie

nt

300Kat   mol)J/(K040.029P  PC

see next slide…

Because a Joule-Thomson 
expansion is isenthalpic

N2



Universal Dimensionless Correlation for CP

From Perry’s Handbook of Chemical Engineering, p. 3-237

N2: Tc = 126 K,
Pc = 34 bar

1 bar/34 bar = 0.03

200 bar/34 bar = 6

300 K/126 K = 2.4

300Kat   mol)J/(K040.029P  PC



How to more accurately calculate T for a Joule-Thomson Expansion

state 1: 200 atm, 300 K

isothermal
expansion

state 2: 1 atm, 300 K

isobaric
cooling

state 3: 1 atm, T = ?
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How to more accurately calculate T for a Joule-Thomson Expansion

state 1: 200 atm, 300 K

isothermal
expansion

state 2: 1 atm, 300 K

isobaric
cooling

state 3: 1 atm, T = ?
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Because the temperature change is small (~40ºC) assume CP is independent of T.

PdTCndH constantatP

 
3

2

3

2

P

T

T

H

H

dTCndH

)( 23P23 TTCnHH 

32
P

32


 
 T

Cn
H













molK
J.29)mol1(

J.930
 32ºC

If we assume CP is not independent of T.
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cf. T = 44ºC calculated assuming  and CP were independent of T and P.



Enthalpy-Pressure Diagrams (Mollier Diagrams)

liquid vapor

liquid+vapor

Initial state: 200 atm  20 MPa, 300K Final state: 1 atm  0.1 MPa

Final state: T = 270K, T = 30C

Isenthalpic change: vertical path



“The Father of Thermodynamics”

Manchester Town Hall


