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Figure 2 (Color online) Performance curve of compressor. (a) Curve of pressure ratio and flow; (b) curve of outlet temperature and flow
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Table 2 Components of test transport gas and actual transport gas
I3 (%) CH, C,Hs C3Hy N, CO,
AR 97.058 0.152185 0.010113 0.705685 2.074017
ik AUk 97.75 0.03 0 0.88 1.34

R3 NIKRAEEERESISEEM IR
Table 3 Actual working conditions of a compressor used in the natural gas transmission pipeline running from Sichuan to eastern China
5 % 3 (t/min) PR @mh) 3 ) (MPa) HEHERE(C) H O 1 (MPa) AR BE(C)

1 5915 463198 6.58 17.8 8.35 37.6
2 5912 469454 6.62 17 8.45 37.6
3 5912 507977 6.82 17.1 8.62 37.9
4 5912 475913 6.83 16.4 8.76 38.5
5 6551 521631 5.93 13.8 7.83 37.5
[§ 6187 521497 5.95 12.4 7.54 33.0
7 6365 554706 6.01 12.1 7.67 333
8 6094 483835 6.29 14.2 8.11 36.0
9 5003 394538 6.31 11.2 7.49 25.0
10 6369 517707 6.46 15.1 8.52 39.0
11 6006 475467 6.50 14.5 8.40 36.5
12 6369 515604 6.57 15.3 8.73 39.5
13 5914 490160 6.75 16.0 8.59 37.0
14 5280 345968 6.2 21.2 7.57 38.0
15 6710 629196 6.31 14.9 8.13 37.1
16 6596 614181 6.40 14.9 8.23 36.9
17 6485 595374 6.48 14.9 8.33 36.6
18 6485 565381 6.57 15 8.64 37.9
19 6483 594128 6.73 14.9 8.78 36.2
20 6481 588263 6.83 14.9 8.98 36.4
21 6142 544596 6.93 14.9 8.92 36.2
22 6142 554727 6.99 14.9 9.00 34.9
23 6142 587199 6.84 14.6 8.59 33.7
24 6141 573221 6.88 14.6 8.71 34.8
25 6142 568755 6.96 14.7 8.88 35.4
26 6144 576913 7.04 14.9 8.97 36.0
27 6142 565784 7.04 14.9 9.00 36.4
28 6140 621364 7.12 14.9 8.88 35.5
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Figure 3 (Color online) Comparison of the outlet pressure of a cen-
trifugal compressor obtained by different conversion methods
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Figure 5 (Color online) Comparison of the outlet temperature of a
centrifugal compressor obtained by different conversion methods
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A centrifugal compressor is an important rotating tool that is widely used in the natural gas transportation industry.
In engineering practice, working conditions typically deviate from design conditions. For example, inlet pressure
and temperature levels are fixed in design conditions, whereas these two parameters are unstable under actual
working conditions. Moreover, the physical properties of actual gas are often different from those of designed gas.
As a result, it is difficult for a design performance curve to accurately predict the actual performance of a com-
pressor. Therefore, it is necessary to study compressor performance conversions based on similarity criteria. At
present, three primary methods are used for the conversion of compressor performance, i.e., the complete similarity
conversion method, the first similarity conversion method and the second similarity conversion method. The com-
plete similarity method adheres to very strict requirements, and it is difficult to completely meet such requirements
in practical engineering settings. The first similarity conversion method is based on an assumption of polytrophic
processes, and it is suitable to apply to gases with different adiabatic index values. For this method, temperature
conversion results are accurate, but pressure conversion results are less accurate. The second similarity conversion
method is based on an assumption of isometric processes. In contrast to the first similarity conversion method, the
pressure conversion results of this method are accurate, but the temperature conversion results are less accurate.
This is attributed to different means of determining the pressure ratio according to similarity conversion methods. If
calculations of pressure ratios could apply the advantages and overcome the disadvantages of the first and second
similarity conversion methods, the accuracy of performance conversion methods could be effectively improved.
Based on the above, a new similarity conversion method for centrifugal compressors based on the predic-
tor-corrector method is proposed. According to the proposed method, the second similarity conversion method is
first used to predict the pressure ratio, and the first similarity conversion method is subsequently used to correct the
pressure ratio. Thus, the pressure ratio can be corrected to ensure that both pressure and temperature conversion
results are accurate. Finally, the first and second similarity conversion methods and the proposed method are used to
convert the performance curve of a compressor used in the natural gas transmission pipeline running from Sichuan
to eastern China. Compared with the field test data, the conversion errors of these three methods are as follows: for
the first similarity conversion method, the relative of the outlet pressure is about 6% and the error of the outlet
temperature is about 4-7°C; for the second similarity conversion method, the relative of the outlet pressure is about
4% and the error of the outlet temperature is about 2°C; for the proposed method, the relative of the outlet pressure
is about 2% and the error of the outlet temperature is about 2°C. The results show that the method proposed in this
paper is significantly more accurate than the other two common methods. Therefore, the use of this new method for
compressor performance conversion in actual engineering settings is recommended.

centrifugal compressors, performance curve, similar principle, predictor corrector
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