
A Thrusting Device



Example: A Thrusting Device

Objective: to produce thrust

Given: 1) State (1) P1, T1 fixed

2) P2 fixed, P2 < P1

Question: What state (2) do we want to maximize the thrust?
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Combining the equations:
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CP(T) is monotonically increasing

For P1, T1, P2 fixed:
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What is suggested is that you supply heat as the highest possible temperature!

How do we accomplish this?
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Viscous Pipe Flow



Example: Irreversibility in Viscous Pipe Flow
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Recall that for any pure, simple compressible susbstance:

dh = Tds + vdP

Since dh = 0 for adiabatic flow:
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Specialization:
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Discharge of a Vessel
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Where is entropy generated and what is the manifestation?

Ultimately, the ability to perform mechanical work is lost and entropy was produced.

What does the energy balance tell us:
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Introduction to Availability



Some Remarks about  Availability or Exergy

•The quality of energy is the potential of that energy to produce useful work

•The work potential of a given quality of energy is defined as the maximum possible 

useful work that can be obtained from that in a given environment

•When energy changes its form or is transferred from one system to an another:

- the total amount of energy is constant (1st Law)

- the potential for producing useful work is reduced forever (2nd Law)

Goals of Engineering Thermodynamics:

•Optimize methods for converting various forms of energy into work

•Optimize the use of work interactions to bring about desired results

•Minimize loss in work potential of a system even in the absence of work interactions



Total Availability of a System without Flow



A Combined System (Moran, Ch. 3, 1989)

oo

C

o

C

CC

ΔUE)(UΔE        thus

ΔEΔEΔE     where

ΔE         WE.B.







Now, from Gibbs equation:

o

o

o

o

o

o

o

oo

o

ΔVPΔSTΔU        :thus

ΔVPΔUΔST              





Vcombined = V+Vo = constant      (note: Vo may change)

Analysis: for the combined system: undergoing state change to dead state

CM
Wo

Qo

Q=0

WC only

To,Po



 

 

max,WA     

)S(ST-)V-(VP)U-(Emax,     W

where

max,W  W          

:Thus

PT)S(ST-)V-(VP)U-(E  W          

:Combining

ΔSS)(SPor        

SΔSΔSP           

system  combined  :Law 2nd

ΔST-)V-(VP)U-(E   W:then

V)-(VΔVΔV    since  Now,

)ΔVPΔS(TE)(U W          

:Combining

C

oooo

o

C

CC

CS,ooooo

o

C

o

oCS,

o

CCS,

o

ooo

o

C

o

o

o

o

o

o

o

C





















Example of a Process:

i-a: adiabatic process

a-o: constant volume process

Requirements to find the Availability:

• All internally reversible processes, both system & surroundings?
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Availability of a Closed Cyclic System



Availability - Closed System: Cyclic

A system, closed, communicating with more than one TER, cyclic
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Thus we note:

Wmax=  A =   availability referenced to Tj, of heat transfer 

interactions.

Also note:

Wlost= Wmax-W = TjPS Gouy-Stodola theorem (see Bejan)

Sometimes called I = irreversibility see Wark

Remarks:

Wmax obtained when system undergoes an internally reversible process.

Dead State

• The particular state of the system when it is in thermal & mechanical equilibrium

with its environment.

• At the dead state, the system is at (To, Po)

• Restricted dead state does not allow mass mixing with the environment.
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Remarks:

Lost available work is a relative quantity that depends upon choice of reference 

reservoir temperature.

The reference reservoir is the one whose heat transfer interaction floats (changes) as 

the irreversibility and work output of a system change.

Now since PS does not depend on reference temperature

olost 

o

j

jlost 

Soolost 

Sjjlost 

i

n

1i

S

W
T

T
         W:Therefore

P T         W          and

P T  W          then      

T

Q
 P                              















 



Final Remarks:

•Wlost; depends upon convention and usage

•PS depends solely on irreversibility

•To design systems for which destruction of availability work is minimized, 

the entropy produced must be minimized. 



Example: A 2T Engine
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In this case, what is the floating reservoir?

Answer: Reservoir at TL, thus TL=Tj in the general analysis.

Comment: evaluating        and             based on equal          means         varies with 

irreversibility of the engine.
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Steady Flow Availabilty [Exergy]

(see Bejan p. 129 & Wark Chap 3
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This is the “lost work theorem”

Conclusions:

(a) entropy produced is proportional to available work destroyed

(b) upper limit of work transfer rate can be found by letting                   , reversible process0 ζS 
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For Steady Flow:

[compare to Wark eq. 3.43] Wark assumes work inflow
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Examples:

Turbine

Is this the same as isentropic efficiency?

SSSF availability balance:
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Availability [Exergy] Analysis of Steady Flow Processes:

we showed before:

Steady flow availability function

When To is specified, b is a thermodynamic property of the system.
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For a reversible system:

h - Tos = b = “steady flow availability function”
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reference reservoir To,   

i.e. capacity of the heat transfer interaction to do useful work.

Obviously, heat transfer availability for a reservoir             with respect to To is zero!
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Exergy: ex = h - ho   - To ( s - so )

where ho , so , To are referred to the dead state ambient conditions

Example: [Bejan Fig 2.6, p.33]

(a) Exergy of outgoing stream is zero.

Wmax = exergy content of inflow stream.

(a)

(b)
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Lost Work Theorem Applied to Cycles

It is obvious that:

Maximum delivery of available mechanical power:

The heat transfer interaction      can affect ability to perform work if Ti To.

To use exergy notation:
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Heat Engine
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Note: The exergy is referred to the state TL(To); this is eliminated between the     

equations

Let TL be the environment temperature: 

(To eliminated between 1st and 2nd laws)
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Restricted Dead State

Equilibrium (mechanical & thermal) state with environment

To = 298.15 K Po=0.101325 Mpa

Advantage of Exergy Analysis

“What is available work (exergy) content of a stream that is not in

thermal and mechanical equilibrium with its environment?”

Answer: for environment being only thermal reservoir:
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