
entrifugal compressors are a vital component within process
plants and compression machines are widely used in upstream
as well in mid-stream plants accomplishing critical missions

toward meeting overall production goals.

Compressors are often one of the most important assets in these plants
considering their capital investment costs, and the critical impact caused
if temporarily unavailable along with their related maintenance and
repair costs.

From this perspective it is evident how the capability to understand if
the machine is running and working properly assumes a primary role.
The ability to detect early indicators of potential malfunctions and
understanding their causes and possible remedies gives a valuable
contribution toward plant proficiency, allowing overall operational
costs to be minimized.

This growing trend is generally known as predictive maintenance.
Today the predictive approach is well present across all of the involved
industries and applied over several types of machinery. For many of
the most common centrifugal machines the predictive techniques
commonly implemented are connected to the vibrational and structural

approach, being phenomenological, can be applied in the design stage
where insight is given by OEMs to rotor dynamics but often it assumes
more practical and empirical form at operation floor, where basically
the machine vibrational parameters are measured and compared to
acceptable limits and used merely for alarm triggering. Predictive
strategies based on the analysis of performance are increasing their
presence as a tool for diagnostics and evaluation of machine health
status during operational time. For centrifugal pumps, for instance, the
use of machine model for the purpose of comparison of measured
performance to design performance is relatively easy and straightforward.
For the centrifugal compressor the same process is more complex

because of the dependency of compressor performance from the gas
mix composition and operative inlet conditions (inlet pressure and inlet
temperature). For centrifugal compressors an approach based on
performance assessment requires a more complex machine model that
should embed and couple several calculation capabilities from
aeromechanics to thermodynamics.

In fact, one of the main difficulties for the analysis of centrifugal

ready and available the compressor performance map adjusted to actual
inlet conditions. Usually expected performances are described in terms
of graphs of discharge pressures, discharge temperatures, polytropic
heads, efficiencies and absorbed power, related to the design inlet gas
conditions. In general it may happen that inlet conditions, in the field,
are different from specification conditions defined in the machine data
sheets. A somewhat diffused practice consists of trying to reduce the
complexity of the problem considering the compressor head as invariant
with inlet gas conditions, and applying simplified machine formulas.
While this method holds for very low pressure ranges and constant gas
mixes, it introduces considerable errors as soon as the pressures go up
and the gas mix variability is introduced into the problem.

In these situations, in order to assess compressor performance it is then
necessary to proceed to adjust the design performance to operative
conditions taking into account all the complexity of the problem and
then compare that to measured values. This is basically the approach
also indicated on PTC10.

The main purpose of this paper, is to present a general method and
calculation tool for prediction of centrifugal compressor field
performances in off-design conditions. All numerical evaluations
executed with Cmap software reported in this paper have been developed
using the most recent thermodynamic theories and machine aero-
mechanical models in accordance to the ASME PTC10 (Performance
Test Code on Compressors and Exhausters) standard.
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