
26b.1 © Davide Ziviani

ME 50000 – Advanced Thermodynamics

Spring 2024

Lecture 26b: 

Summary of Availability/Exergy

Davide Ziviani

Assistant Professor of Mechanical Engineering

Associate Director of Center for High Performance Building

Purdue University

Ray W. Herrick Laboratories

West Lafayette, Indiana 47907, USA

E-mail: dziviani@purdue.edu

Updated material and slides from

© Terry R. Meyer



26b.2 © Davide Ziviani

Review Availability and Exergy

Mass balance for CV:

» For CM: m=constant

Energy balance for CV:

» For CM: 

Entropy Balance for CV:

» For CM:

dECV

dt
= ሶQ + ሶW + 

in

ሶmin h +
v2

2
+ gz

in

− 

out

ሶmout h +
v2

2
+ gz

out

dmCV

dt
= 

in

ሶmin − 

out

ሶmout

dECM = dUCM + dKECM + dPECM = ሶQdt + ሶWdt

dSCV

dt
= 

j

ሶQj

Tb,j
+ 

in

ሶminsin − 

out

ሶmoutsout + ሶσ

dSCM

dt
= 

i

ሶQi

Tb,i
+ ሶσ



26b.3 © Davide Ziviani

Review Availability and Exergy

Availability or non-flow exergy for closed systems:

Relationship between useful work and availability:

Φ = m𝜙 = 𝑚 u − u0 + P0 v − v0 − T0 s − s0 + ke + pe
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Tj = temp. of reservoir

Ti = temp. of sys. bound.



26b.4 © Davide Ziviani

Review Availability and Exergy

Stream availability or flow exergy:

Exergy balance for CV:

Irreversibilities or exergy destruction

ሶΨ = ሶm𝜓 = ሶm h − ho +
v2

2
+ g z − zo − To s − so

dΦ𝐶𝑉

dt
= 

𝑖𝑛

ሶ𝑚𝑖𝑛 𝜓𝑖𝑛 − 

𝑜𝑢𝑡

ሶ𝑚𝑜𝑢𝑡 𝜓𝑜𝑢𝑡 + 

𝑗

ሶ𝑄𝑗 1 −
𝑇𝑜

𝑇𝑗
+ ሶ𝑊CV + 𝑝𝑜

𝑑𝑉𝐶𝑉

𝑑𝑡
− 𝑇𝑜 ሶ𝜎𝐶𝑉

ሶWCV = ሶWuse − po

dVCV

dt

ሶ𝐼𝐶𝑉 = 𝑇𝑜 ሶ𝜎𝐶𝑉



26b.5 © Davide Ziviani

Review Availability and Exergy

Heat Engine (power cycle):

» Thermal efficiency (based on First Law):

» Reversible heat engine (Carnot heat engine)

» Second Law efficiency/effectiveness

– For reservoirs:

– Finite temperatures: 
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Review Availability and Exergy

Heat Pump (Air-conditioning/Refrigeration):

» Coefficient of Performance (cooling mode C):

» Reversible heat pump cycle (cooling mode)

» Second Law efficiency/effectiveness

– For reservoirs:

– General expression: 
𝜀HP,C =

𝐶𝑂𝑃𝐶,𝑎𝑐𝑡
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ሶ𝑄𝐿
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𝜀𝐻𝑃,𝐶 =
𝐶𝑂𝑃𝐶,𝑎𝑐𝑡

𝐶𝑂𝑃𝐶,𝐶𝑎𝑟𝑛𝑜𝑡
=

ሶΦ𝑄𝐿
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Review Availability and Exergy

Heat Pump (Heating):

» Coefficient of Performance (heating mode H):

» Reversible heat pump cycle (heating mode)

» Second Law efficiency/effectiveness

– For reservoirs:

– General expression: 
𝜀HP,H =

𝐶𝑂𝑃𝐻,𝑎𝑐𝑡

𝐶𝑂𝑃𝐻,𝐶𝑎𝑟𝑛𝑜𝑡

𝐶𝑂𝑃𝐻,𝐶𝑎𝑟𝑛𝑜𝑡 =
𝑇𝐻

𝑇𝐻 − 𝑇𝐿

𝐶𝑂𝑃𝐻,𝑎𝑐𝑡 =
ሶ𝑄𝐻

ሶ𝑊

𝜀𝐻𝑃,𝐻 =
𝐶𝑂𝑃𝐻,𝑎𝑐𝑡

𝐶𝑂𝑃𝐻,𝐶𝑎𝑟𝑛𝑜𝑡
=

ሶΦ𝑄𝐻

ሶ𝑊
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Review Availability and Exergy

Turbine (adiabatic):

» Isentropic efficiency:

» Exergetic efficiency/effectiveness

Compressor/Pump (adiabatic):

» Isentropic efficiency:

» Exergetic efficiency/effectiveness:

𝜂t,is =
𝑤actual

𝑤isentropic

𝜀𝑡 =
ሶ𝑊actual / ሶ𝑚

𝜓𝑖𝑛 − 𝜓𝑜𝑢𝑡

𝜂c,is =
𝑤isentropic

𝑤actual

𝜀𝑡 =
𝜓𝑜𝑢𝑡 − 𝜓𝑖𝑛

ሶ𝑊actual/ ሶ𝑚
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Review Availability and Exergy

Heat exchanger without mixing and adiabatic (c=cold stream; h=hot stream):

» Exergetic efficiency/effectiveness

Direct contact heat exchanger (mixing) adiabatic:

» Hot stream: 1

» Cold stream: 2

» Mixed stream: 3

General definition of second law efficiency/effectiveness:

𝜀𝐻𝑋 =
ሶ𝑚c(𝜓𝑐,𝑜𝑢𝑡 − 𝜓𝑐,𝑖𝑛)

ሶ𝑚h(𝜓ℎ,𝑖𝑛 − 𝜓ℎ,𝑜𝑢𝑡)

𝜀𝑚𝑖𝑥 =
ሶ𝑚2(𝜓3 − 𝜓2)

ሶ𝑚1(𝜓1 − 𝜓3)

𝜀𝐼𝐼 =
Exergy recovered 

Exergy supplied
= 1 −

Exergy destroyed 

Exergy supplied
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