EXERGY ANALYSIS OF SIMPLE PROCESSES

1. EXPANSION (turbine)
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Expansion in an adiabatic turbine (Kotas, 1985).
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Expansion in an adiabatic turbine in a exergy-enthalpy diagram (Kotas,
1985).
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Relationship between isentropic efficiency and exergy efficiency for an
expansion process (Kotas, 1985).



2. THROTTLING PROCESS (Pressure reduction valve)
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Adiabatic throttling process (Kotas, 1985).
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Adiabatic throttling process



3. COMPRESSION
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Compression process: (a) control volume and (b) Grassmann diagram (Kotas,
1985).

b1+WC=b2+i+bQ (8)



lal (b)

Compression process: (a) in T-s coordinates for T1>T( and (b) in exergy-
enthalpy for T,=T, (Kotas, 1985).

Adiabatic Compressor:

~ 1, (s2 — Sl)
We h2 - h1 9)




Nige =1_§ (10)

(11)

04 -
05 1.0 i5

Relationship between isentropic efficiency and exergy efficiency for a
compression process (Kotas, 1985).



Non- adiabatic compressor
1->": polytrophic
1-2°"’: 1sothermal

N, = isothermic work
1so real work (12)
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Reversible non-adiabatic compression process, T1=T, (Kotas, 1985).

[W¢] min=R Toln (p2/p1) (14)



4. HEAT TRANSFER
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Isobaric heat transfer: (a) counter-flow and (b) parallel-flow heat exchanger
(Kotas, 1985).
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Isobaric heat transfer at sub-environmental temperatures (Kotas, 1985).
- Group I: The thermal component of one stream increases at the expense
of a reduction 1n the thermal component of exergy of the other stream.

- Group II: there i1s a heat transfer to or from the environment (cooling
towers, condensers (T >T), heat pump evaporators (T < Ty)) = In either



case the exergy of the stream decreases as a result of the heat transfer
from/to the environment = dissipative process
- Irreversible processes:
- Heat exchange with temperature difference;
- Head loss
- Thermal interactions with environment (insulation)

- Streamwise conduction in the walls of the heat exchanger



ASSP -ASAT \Agép

Heat transfer process in T-S coordinates (Kotas, 1985).
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Heat transfer process in B-H coordinates (Kotas, 1985).
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Heat exchange with heat losses to the environment (Kotas, 1985).
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- Streamwise conduction in the walls of a heat exchanger

Temperature gradients in a streamwise cross-section of the wall between heat
transfer media (Kotas, 1985).

* Small heat exchangers and heat exchangers for cryogenic applications



- Exergy efficiency of a heat exchanger
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5. COMBUSTION

Irreversible processes =  chemical reaction
heat exchange
mixture + head loss

Adiabatic combustion chamber (Kotas, 1985).
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Irreversibility in an adiabatic combustion process (Kotas, 1985).
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Fuel heating value = gTdS

OBS.: To(spz _SRE)» TO(S3 ‘Sl)
The chemical exergy of the combustion gases 1is:
(B S-S

ch )combustion gases TO( 4 3)

The chemical exergy of the fuel:
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Destroyed exergy during combustion process:

(B) dest =1 =To(Sy =5 (28)

- Irreversibility reduction (increase of Tpz):

. Isochoric combustion
. Oxygen enrichment of the reactants

. Preheating of the reactants
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Effect of reactants preheating on the irreversibility rate in as adiabatic
combustion process (Kotas, 1985).

Sy =Sy (S5 =S (29)

- Other forms of Irreversibility
. Heat losses
. Incomplete combustion

. Exhaust losses



6. SEPARATION AND MIXING PROCESSES

- Petroleum processing
- Air separation
- Sea water desalinization

- Absorption cycles



Enthalpy and entropy of mixing (mixture of two substances at T and p)

A(T,p)

M (T, p)

B (T, p)



Diagram enthalpy — composition and entropy — composition for a binary
mixture



Energy balance and 2" Law for the mixing process:

1a Law:

h + QM (same P,T)

m y A+mBhB =(mB+mA)hM

xAhA+thB=hM+qM with qM=QM/(mA+mB)
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Exergy balance:
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(BB ) mixture = AH pp (1 - TTO) * TOR[xAE”(VAxA) +xpin(rgg)

T ;

—destroyed exergy

For an 1deal mixture:

AH,, =0 }
YA =Yg =1 (38)
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Separator of a binary mixture
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Exergy balance for the separator
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- For an ideal mixture: Wi, = ~RT (Exi lnxl-) (44)

- Separator exergy efficiency
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- Mixer exergy efficiency
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* Adiabatic distillation column
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Schematic diagram of a distillation column (Kotas, 1985).
- Energy balance:
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AH separatlon

- Exergy balance
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Heat and exergy transfers in adiabatic distillation columns for T>T, and
T<T, (Kotas, 1985).



