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How PTC-10 Has Evolved

Improving compressor performance test accuracy.

BY KAPIL PANCHAL AND WILLIAM HOHLWEG

SME Power Test Code (PTC)-10 estab-

lishes standards and rules for conducting

tests that determine compressor thermody-

namic performance at specified operating
conditions. The primary goal of thermodynamic
performance measurement is to estimate some kind
of reference or ideal work input, actual shaft work
input, and resulting thermodynamic efficiency.
However, such estimation requires measurement of
many other quantities. PTC-10 has attempted to
provide standardized methods to measure relevant
quantities and calculate the performance.

Since the first version of PTC-10 was pub-
lished in 19353, it has been periodically reviewed
and revised to provide updated testing standards
as compressor applications have become more
diverse. While the 1935 and 1949 versions pro-
vided initial guidance for compressor performance
measurements, it was the 1965 version that started
addressing real gas behavior in performance mea-
surements. An examination of the versions start-
ing from 1965 until now reveals how the code’s
compressor performance measurement has
evolved over time and may continue to evolve.

1965 — The previous two versions of the code
depended mostly on ideal gas laws and generally
assumed the test was conducted at the site installa-
tion. This revision attempted to address the grow-
ing field of compressor applications using
non-ideal gases, and to make provisions for the
use of multistage compressors with sidestream
injection and extraction flows. It established man-
ufacturing shop procedures for testing gases that
differ greatly from the specified gas at the com-
pressor installation site. Some of the concerns
addressed included: permissible variations in gas
properties between the substitute gas and the
actual contract gas, the process to obtain reliable
thermodynamic properties of the gases, and con-
version of test performance values to the guaran-
tee or spectfied values.

New terms added in the Definitions section
include volume ratio, machine Mach number, and
machine Reynolds number. The surge limit was
added to the list of quantities to be determined by
the performance test. Surge and methods to detect
it during a test are also described. This code also
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Table 1 : Class Il and Class Il limits

Test Variable % Design Value

Min
Volume ratio, Q;/Q, 95
Inlet volume flow/speed 96
Machine Mach # 010 0.8 50
Machine Mach # above 0.8 95
Re# below 200,000 (cent) 90
Re# above 200,000 (cent) 10
Re# below 100,000 (axial) 90
Re# above 100,000 (axial) 10

Max

105

104

105

105

105

200

105

200

introduced a new method for classifying tests based
on the test gas and the thermodynamic properties
at the design point test conditions.

Three test classes were defined. Which test
class is conducted depends on whether it was per-
formed at specified gas conditions, or on a substi-
tute gas at different operating conditions. Class I
tests are made with the specified gas at the con-
tract speed, inlet pressure, and inlet temperature
within the allowable departure (%) limits. Class 1
tests should be used wherever feasible. Class II
and Class III tests are conducted at different oper-
ating conditions from the specified and/or other
gases, depending on the amount of departure of
the gas properties from perfect gas laws. The code
defines limits that are referenced to both the spe-
cific heat ratio and the compressibility functions.
The Class II tests lie within the specified limit val-
ues, while the Class III tests fall outside those lim-
its. If these limits are exceeded by either the test or
specified gas at any state point along the compres-
sion path, then the formulas designated in the
code for “real gases” must be used to calculate the
performance parameters.

Both Class II and Class III must meet the lim-
its in Table 1 at the design or guarantee operating
point. Mechanical losses cannot exceed 10 percent
of the total shaft power at the test conditions.
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This version of the ASME Power
Test Code warns that those setting up
the test conditions need to verify the
accuracy of the gas properties they are
using. If the properties are not reliably
known, then the test does not comply
with the code. Uncertainties in the over-
all calculations should be evaluated
prior to the test to determine if the pro-
posed test will meet the required accu-
racy. This is the first time the concept of
uncertainty analysis was included in the
test code. However, the code does not
include a method to calculate the
uncertainty.

The code also requires that compres-
sors with liquid-cooled diaphragms be
tested on the specified gas using Class I
tests only. Descriptions of the various
compressor test arrangements and their
associated flow meters are included (like
previous versions of the code), along
with several drawings. For the first time,
square-edged orifice plates are listed as
acceptable flow meters. Reference is
made to PTC 19.5 (4-1959) for obtain-
ing their associated flow coeflicients or
K. Also, several types of flow straighten-
ers are described.

This code revision adopts a new
method for calculating polytropic work
(head), developed for use with “real”
(non-ideal) gases, and introduces the
term, polytropic work factor in the head
equation. Another new procedure was
added for adjusting the tested perfor-
mance to the specified as a function of
the ratio of test to the specified machine
Reynolds number.

Impeller

Figure 1. Multistage compressor with sidestreams
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The method was derived from one
established for axial compressors, since at
this time, there was little published test data
on the Reynolds number effect for centrifu-
gal compressors. Therefore, to be conserva-
tive, the efficiency correction was reduced
to about half of the axial correction.

The polytropic head is also corrected
by the same ratio of specified to test efli-
ciency. It was not uncommon for com-
pressor manufacturers to apply only half
of the resultant efficiency correction to
the test due to the magnitude of the full
correction, and possibly because of some
skepticism from the compressor pur-
chaser. The 1965 code also provides
examples of Class I, II, and III tests, with
detailed calculations showing test values
converted to specified conditions.

1997 — Up to 1965, the average time
between code revisions was 15 years.
Thirty-two years later, the 1997 revision
was published and is 195 pages, more
than twice the length of the 1965 version,
including 100 pages of sample calcula-
tions. The code committee reaffirmed
this version in 2009, and then again in
2014. In it, the basic list of parameters
determined from the performance test
has grown to include: quantity of gas
delivered, pressure rise produced, head,
shaft power required, efliciency, surge
point, and choke point.

This edition of the ASME Power Test
Code includes more detailed explanations
of the procedures and their associated sam-
ple calculations. The main changes are: dis-
cussion of uncertainty analysis, a new
performance correction method based on
the Reynolds number, requirements for the
treatment of sidestream flows, definition of
the allowable departures of machine Mach
number and Reynolds number from speci-
fied 1n the form of graphs, revision of the
test class or type of test to two (Types 1 and
2), and requirements for multipoint tests.

The code committee wanted to demon-
strate how measurement error could propa-
gate to the final calculated results, and that
such an analysis before the test can help in
choosing instrumentation and methodol-
ogy. The degree to which uncertainty anal-
ysis may be applied to any test depends on
the specific test objectives. Based on this,
the code makes no firm requirements
regarding the use of this analysis and
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advises addressing this issue prior to the test.
Although these calculations can be complex, the
1997 code considers that personal computers now
allow for the associated equations and procedures to
be programmed and solved rapidly. PTC 19.1 is ref-
erenced for providing step-by-step calculation proce-
dures for performing an uncertainty analysis.

By the mid-1970s, both manufacturers and
many end users of centrifugal compressor equip-
ment acknowledged that the code correction to effi-
ciency based on the Reynolds number was too
large. As a result, the committee adopted a new
method based mainly on Wiesner’s work with some
simplification for ease of application. However,
some end users prefer the ICAAMC method, and
have asked that it be applied for their performance
tests instead of the recommended one.

Because of the many petrochemical processes
requiring multi-section compressors with injection
or extraction side streams, the 1997 code tried to
provide better guidance for test procedures under
these circumstances. It gives clear specifications for
the allowable range of variation of sidestream to
upstream volume flow rate ratio. These limits are
especially important for Type 1 tests at site where
only conditions at the compressor flanges (internal
data not available) are normally measured. Type 2
tests are commonly performed at the manufactur-
er’s facility where internal pressure and tempera-
ture instruments can be installed. The code only
requires the temperature to be measured internally
to allow calculation of both the upstream section
head and efficiency, and the internal mixed tem-
perature of the downstream section inlet. Internal
pressure is not required to be measured and is
allowed to be estimated based on the sidestream
flange pressure. It also warns to be cognizant
during the test of the flow stream temperature dif-
ferences, which could cause thermal stratification.

For tests requiring multiple points from choke
flow to surge flow, the same equivalency rules with
respect to volume ratio, Mach number ratio, and
Reynolds number ratio apply at each point. Also,
the same sidestream to upstream volume flow
ratio tolerances apply at off-design points, unless
otherwise specified prior to testing. Multipoint
tests are now quite common, and typically follow
the recommendation of five points to define the
necessary performance curves. Purchasers of vari-
able speed compressors often will require addi-
tional test points at alternate speeds to define a
surge line. Determining choke flow was a new
addition, and an explanation is included on how
to achieve it on test. However, depending on the
compressor and test loop arrangement, a clear
definition of choke flow may not be possible.
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Figure 2. Multistage compressor cross section with measurement locations for
various quantities

Thus, it 1s important that the purchaser define this
requirement well in advance of a test. This allows
the testing facility to investigate the best means to
achieve choke flow or to define the highest flow
possible based on the test loop system resistance.

CONCLUSION

PTC-10 has evolved with both changes in tech-
nology and with design and testing of various
compressor configurations. It has been almost 25
years since the last version of the code. The limita-
tions of the current version, including its accuracy
in evaluating centrifugal compressor thermody-
namic performance have been discussed, and the
need for an upgrade debated.

Many methods have been proposed for correc-
tion of performance prediction based on deviation
of Reynolds number from nominal conditions.
This includes a unified method for correction of
the effects of the Reynolds number, size, and
roughness. Such changes in both the performance
calculation and correction method should lead to
a more accurate compressor performance result

and are expected to find a place in future updates
of the ASME PTC-10 code. ®
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