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ABSTRACT: As one of the fundamental purposes of the technical thermodynamics is to minimize entropy generation

through improvements to thermodynamic design, the present paper provides a study on compression and expansion processes.

By analyzing the irreversibility of compression and expansion processes we will identify the effect, cause and measures that

can be taken to limit the generation of entropy and implicitly the destruction of exergy.
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1. GENERAL APRECIATIONS

In thermal machines, due to internal
friction, the compression and expansion processes
are irreversible.

This will either lead to additional
mechanical work (compression processes) or to a
decrease in the mechanical work produced (the
expansion processes). In thermal machines, due to
internal friction, the compression and expansion
processes are irreversible.

This will either lead to additional
mechanical work (compression processes) or to a
decrease in the mechanical work produced (the
expansion processes).

For these processes, the fundamental
equation of exergy is written as:

de+ 1, +ep =0 [kikg] 1.1)

which will give the relation to further calculate the
destruction of exergy:

ep = —de — |, [kd/kg] (1.2)
By determining the variation of exergy,
de =iy, —ig —Ty(sy —sq) [kIkg] (1.3)

and the technical mechanical work,
2

Iy = —[di =i; —i, [kJ/kg] 1.4)
1

it will result in destruction of exergy specific to
compression and decompression processes

eD = TO(SZ - sl) = TO 'Sgen. [k‘]/kg] (15)

Fig. 1 illustrates the compression (a), and
expansion processes (b), achieved at temperatures
higher than the ambiental temperatures.
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If we consider the perfect gas working
fluid, the entropy increase for these processes is
expressed as:

"R P2 kg K

Py

(1.6)

Because the entropy generated in the
compression process, compared to the process of
expansion, has characteristic elements that
fundamentally differentiate it, we will analyze
separately the two processes.

2. PROCESSES OF COMPRESSION

& = P2 | compression ratio,

P1

o — i L L
n. = — - adiabatic compression yield

I =11

Depending on this, considering the
theoretical (adiabatic) 1-2,, compression, the

temperature T will be determined

k-1 -
Tot

Jat [ Pa ko
Ty Py

2.1)

17

In the relationship of adiabatic compression yield,
considering ¢ p invariable with the temperature, we

will get:
Tar
. gy Ty -Ty Ty 2.2)
c= = = :
I -1y T,-T, T——l
T

By using the relations (2.1) and (2.2), we will get
the temperatures ratio,

-
2t

(2.3
T U e

and the entropy relation generated during the
compression process.

[
e kK -1
_ ¢ _ | |
Sp) =S; =Sgen =Cpn 1+ -
—cp, —In e [kKikgK] (2.4)
c
p
Knowing the expression of specific heat
c, = ——R [KIkgK] (2.5)
k-1
we will have
1-k
—Ing=-Ing X (26)
Cp

Introducing the relation (2.5) into (2.3), we
will get the &hEGBYOVERRERRRRIOrdUIBUsethe
compression process, the expression:

1-k

1-k

k

[ki/kgK] (2.7)

Therefore, the exergy destroyed in the perfect gas
compression process has the expression:
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175 Ikakg] (28)
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The efficiency of the compression process
is expressed using the exergetic yield as follows:

n =TT ;= = - T .
B S Y Il
3. PROCESS OF EXPANSION
) .
B = —= - degree of expansion,
P1
i
Mg = - —— - adiabatic expansion yield
11 =12t
Depending on this, considering the
theoretical (adiabatic) expansion 1-2,, the
temperature T, will be determined.
k-1 k-1
T k ko
_2t _ [p_zj .y (3.1)
T Py

In the relation of the adiabatic expansion yield,
considering c¢ , invariable with temperature, we

P
will get:
T
T2
T, -T T
1 2 1
Mg = = T (3-2)
Ta=Tor _ lat
T

Using the relations (3.1) and (3.2), we will
obtain the temperature ratio,

k-1
PR
R

And the relation of the entropy generated in the
expansion process.

(3.3)

c |

.
Sy —S1 = Sgen =cp|lntlnd(lﬁ k )JI
]

“RInp [KI/kgK]

18

Knowing the expression of specific heat,

cp, = ——R [KIkgK] (3.5
-1
we can determine the equivalent relation,
1-k

R el

—1Ihpg=-Inp kK (3.6)

Cp
Introducing relation (3.6) in (3.4), we will

determine the entropy generated in the expansion
process :

[k Lk ]
st =c m|Bg Y —n. | B " —1|]|[kIkgK
0 P | Use Was made of n]e[notagtio]ns:
3.7

the exergy destroyed in the perfect gas expansion
process has the expression:

[ 1ok -k )]
d
€p =TocpInIB k —ndLB k —1JI
L J
[kd/kg] (3.8)
The exergetic expansion yield will be:
d
oo s [aemen
¢ |ael |ael
o d
-1- 2 (3.9)
[ae]

4. CONCLUSION

The study of the irreversibility of the
thermodynamic  compression and  expansion
processes allows to identify the factors that lead to
the generation of entropy, and implicitly to the
destruction of the mechanical work production
capacity. The thermodynamic evaluation based on
the destroyed exergy will allow for measures to
improve the thermodynamic design.
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Rezumat: Deoarece unul dintre  scopurile
fundamentale ale termodinamicii tehnice este
minimizarea generarii de entropie prin inbunatatiri
aduse  proiectarii  termodinamice,  lucrarea
analizeaza procesele de comprimare si destingere.
Prin analiza  ireversibilitatii proceselor de
comprimare si destindere se va identifica efectul,
cauza si masurile ce se pot lua pentru a se limita
generarea de entropie si implicit distrugerea de
exergie.
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