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entrifugal compressors are widely

used in upstream as well as middle-

stream process plants. The ability to

detect early indicators of eventual

mglﬁmction plays. a crucial role in de.ter— o T oot |

mining plant efficiency and profitability. |
Traditional predictive maintenance I XXy s X e i)

techniques relate to the vibrational and
structural dynamic aspects of rotor opera-
tion. But predictive strategies based on
performance analysis help diagnosis ma- v

chine status during operation. Mixing rules

For centrifugal pumps, for instance,
machine models are being used to com- =
pare measured performance to design .
performance. The same process is more gos )
complex for centrifugal compressors due .
to the dependency of compressor per- W solution
formance upon the gas mix composition '
and inlet conditions (pressure and tem- Gumlx1 Aero-mechanical Compressor
perature). Therefore, a more complex Thermodynamic model
model is required. Rispordes

One of the primary difficulties in the ‘_““"'"""“ Ette st
performance analysis of centrifugal com- Q.
pressors arises from the need for a per- <
formance map adjusted to actual inlet
conditions. One approach is to reduce the
complexity of the problem by considering -
compressor head as invariable and apply-
ing simplified machine formulas. This
works for low-pressures ranges and con-
stant gas mixes.

However, error is introduced as soon
as pressures rise or the gas mix changes.
In these situations, it is necessary to ad-
just the design performance to opera-
tional conditions.

The starting point is the availability of
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and thermodynamic conditions (pressure &t off-design conditions
and temperature).

With these input data are available, ex-

pected compressor performance can be Properties Field value Cmap predict value | Percentage error
calculated. (Figure 1). -

The elements necessary to achieve Discharge pressure [bar a] | 240.5 263.7 -88
this include: Reference and design com- Discharge temperature ['C) | 99 102 29

pressor maps available from OEMs; ref-
erence input conditions and off-design
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Figure 2: Pressure must be maintained a little above atmospheric pressure by means of a

pressurization system (highlighted in light blue)

input conditions.

The Cmap software tool is used to an-
alyze this data and produce an accurate
performance model.

Take the case of a compressor operating
with off-design inlet conditions (Figure 2).
The model calculated at actual flow the val-
ues of expected pressure, temperature, head
and efficiency in the actual (off-design)
conditions and then compare them to the
measured ones. This highlighted an error of

about 9% for discharge pressure compared
to its original design expectation.

This approach is field-tested to predict
compressor performance. Different equa-
tions of state can be included in calcula-
tions based upon variations in the gas mix.

These results provide a useful analyti-
cal basis for compressor maintenance de-
cisions. In most cases, deviations indicate
the early stages of a problem. This proves
especially useful for those centrifugal

compressors that operate in high-pressure
ranges, as well as under time-varying
process conditions.

This approach also opens the door to
continuous monitoring of machine per-
formance. Surge protection can be
strengthened by automatic updates con-
cerning actual inlet condition due to dif-
ferent inlet pressures and temperatures, as
well as varying gas compositions. B
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