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Adiabatic compressor. Performance of reciprocating (pis-
ton) compressors with large valve area, or where valve losses
are evaluated, is considered as close to adiabatic behavior as
can be measured. The thermodynamic definition of an adi-
abatic process requires that no heat be added or removed
from a system in which a change of state occurs. The adia-
batic head produces the following equation, which is similar
to the polytropic head of Eq. 33. This is expressed as:

E-1
e
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This can also be given by:

galdz WAE
H, = o
i M ( k- 1]

w

BT

avg

M,

kdJ
e =L 4
kg !

ad

k-1
R* - 1}, kI (44)
kg

The discharge temperature is:

k-1
T,=T,R,* ,K (45)

The adiabatic work required is:

(-W) b [EBE ) o 1. kJkg  (46)
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The actual adiabatic work required is:
( i W ) ad
( - Wcz('tuu’ )ad Sy k‘J/kg (47)
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The adiabatic power required by the compressor is:

(7Wactua1 )ad w l
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Power,, = {

Efficiency. The adiabatic efficiency, E_,;, assumes that
work done in compressing the gas is reversible (that is,
there is no heat loss or gain, and on re-expansion to the
original pressure, volume and temperature will remain
the same as the original).

The adiabatic efficiency, E 4, is defined by:

k-1 ‘
B LY
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where:
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The polytropic efficiency, £,, is used to compare adia-
batie with polytropic performance. This is defined by

nff{ﬁ%}‘gp (51)

The polytropic efficiency assumes that heat is lost (radi-
ation or conduction) or gained by friction during an actual
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Fig. 5. Compresscr generalized flow characteristics.

compression process. Both polytropic and adiabatic effi-
ciencies represent the difference in theoretical energy
required in compressing a gas and the actual energy
required. However, the adiabatic efficiency closely repre-
sents the power absorbed. The polytropic efficiency gives
a better estimate of the temperature rise. Generally, poly-
tropic efficiency is used in all centrifugal compressor com-
putations. Table 1 gives some typical polytropic efficiencies
for different types of machines.

Fig. 4 shows the relationship between the polytropic effi-
ciency and adiabatic (isentropic) efficiency of a perfect gas.

The mass flowrate, w, kg/h, can be determined from
the volumetric rate, @, m®h, as:

w=Qp {(52)

where:

weight  PM,

= = 53)
P volume ZRT (
substituting Eq. 53 into Eq. 52, w becomes:
Q Pl Mu‘ (54)
W paEe
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The discharge volumetric flowrate, &, is defined by:

. PoVT, (%) m? -
o-az |7 )7)3 1

2 1

The actual intake volume, @, is the volume aspirated

into a reciprocating compressor cylinder during the suction

stroke, or drawn into the inlet of a centrifugal compres-
sor impeller. @, is defined by:

0 —q [Lows) T
e e 05

](Zlh m¥/s (57)

Generally, if the compression ratio for piston machines is
less than 5 or 6, single-stage compression is used. If the total
compression ratio is between 6 and 36, two-stage compression
will be required. Three or more stages may be required for
compression ratios greater than 36. For a two-stage com-



