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Uncertainty of measuring isentropic efficiency of compressor by
temperature rise method
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(1. School of Energy and Power Engineering, Beihang University, Beijing 100191, China;
2. Research Institute of Aero-Engine, Beihang University, Beijing 100191, China)

Abstract: Based on Rotor37 single rotor compressor performance experiment data, Monte Carlo
method and guide to the uncertainty in measurement method were used for uncertainty evaluation of
measuring the compressor isentropic efficiency by temperature rise method, the measurement uncertainty
of isentropic efficiency under different rotational speed and flow rate conditions were analyzed, and the
allocation scheme of isentropic efficiency measurement uncertainty was studied. Results showed that the
best estimate value and standard uncertainty evaluated by these two kinds of methods were basically the
same, but the shortest inclusion interval of 95% inclusion probability evaluated by Monte Carlo method
was narrower than that evaluated by guide to the uncertainty in measurement method, and the gap was
bigger in case of non-normal distribution of input, so guide to the uncertainty in measurement method
should be carefully used in such case. At the same speed, the measurement uncertainty of isentropic
efficiency increased with the increase of flow rate. At different rotational speeds, the measurement
uncertainty of isentropic efficiency increased with the decrease of rotational speed. It became a lot more

difficult to measure the compressor isentropic efficiency of high accuracy by temperature rise method at
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low rotational speed. The results of isentropic efficiency measurement uncertainty allocation showed that

higher accuracy of total temperature measurement was required for equal action allocation, making it more

difficult for realization. Under the maximum flow condition of 70% designed rotational speed of the

compressor studied, given that the relative measurement uncertainty of isentropic efficiency was 0.5%, the

measurement uncertainty of total pressure and total temperature should reach 35 Pa and 0.083 K,

respectively, according to equal accuracy allocation. Increasing radial measurement points, and using

platinum resistance total temperature probe and gas flow total temperature calibration method can improve

the measurement accuracy of both total temperature and isentropic efficiency.

Keywords: temperature rise; isentropic efficiency; Monte Carlo method; uncertainty;
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Table 1 Inclusion factor of normally distributed inputs
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Table 2 Inclusion factor of other distributed inputs
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Table 5 Best estimate value and standard uncertainty of

isentropic efficiency
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Table 8 Equal accuracy allocation of measurement

uncertainty of isentropic efficiency

SERRCRAN BEAEXT OB SURAHXT RIR

AERE  NEE AERE AEE A
% % Pa % K
0.5 0.027 35 0.027 0.083
1.0 0.053 70 0.053 0.167
1.5 0.080 105 0.080 0.250
2.0 0.107 141 0.107 0.334
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Table 9 Equal action allocation of measurement 013 M - o 7/ —e— 1344

uncertainty of isentropic efficiency

SRCRAN BRI A BIEAH SRR EE A

AW Y%  BERE/%  EREE/Pa BHERE/%  EE/K
0.5 0.063 83 0.020 0.062
1.0 0.126 166 0.040 0.124
1.5 0.189 249 0.059 0.186
2.0 0.253 333 0.079 0.247
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Fig. 7 Influence of the number of measuring points on the

required single point measurement uncertainty
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Table 10 Allocation of measurement uncertainty of
isentropic efficiency at different radial

measuring points

(E I SYE R PO B ENRARDGE Jsei)
SEC AHERE% AHER/Pa AN /% AHE /K
5 0.060 79 0.060 0.187
7 0.071 93 0.071 0.221
9 0.080 105 0.080 0.250
11 0.089 117 0.089 0.277
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