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Research on the method to solve convergence problem in aero
turbo engine performance computation
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Abstract: The conyergence problems of solving the nonlinear equations of aero turbo-
engines were studied in detail, while the nor convergence cases were counted and the mecha-
nism was analyzed. For solving the common nomrconvergence problems, some improved
methods based on Newton method were presented, such as: limitation of initial variables of
the nonlinear equations based on components maps, polynomial fit of initial values of varia-
bles of the nonlinear equations, variable step Newton method and expansion of components’
maps. T hese improved methods were employed in performance computing program. The

performance calculation results of some fix geometry turbojet and variable geometry turbofan

show that the convergence and convergence rate have been improved greatly.

Key words: convergence problem; aero turbo-engine; characteristics computation;

nonlinear equations; variable steps Newton method
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Table1 Comparison of ‘computing results in different methods with engine rate sudden variation— case 1

Zc TulK Wy Zc FPalK W Ze TWK Wy A Tw/ K Wy
0 0.711 777 134.4 0.711 777 134.4  0.711 777 134.4 0.711 777 134.4
1 0.827_ 1011 162.4 0.746 848 142.8 0.827 1011 151.4 0.939 1184 150.0
2 0.940 1185 150.0
We o  Nico
3~5 - - _
6 ’ ' 0.940 1185 150.0 0.940 1185 150.0 - - -
2 - 2
Table 2 Comparison of computing results in different methods with engine rate sudden variation— case 2
Zc Tu/K Wy A TuW/K Wy Zc TWK Wy Zc Tu/ K Wy
0 0.690 1160 149.8 0.690 1160 149.8 0.805 1117 149.5 0.690 1160 149.8
1 0.649 816 150.1 0.554 300 150.7 0. 686 655 142.2
2~ 3
Tu< Ty,
4 0. 714 616 143.4
0.714 616 143. 4 - - -
- - - 0.714 616 143. 4 - - -
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3 - 3
Table 3 Comparison of computing results in different methods with engine rate sudden variation— case 3
Ze TulK W, Zc Tuw/K W Zc TWK Wy Ze TulK Wy
0 0.910 1145 149.7 0.910 1145 149.7 0.910 1145 149.7 0.910 1145 149.7
1 0.888 755 150.5 0.939 935 150. 1
2 Ne, cor , N, cor , 0.938 939 150. 1
3~ 4 - - -
5 0.938 939 150. 1 - - -

4 - 4
Table 4 Comparison of computing results in different methods with engine rate sudden variation— case 4

Ze  TwK Wew  Zc  TwK Wew  Zc  TWK Wew Zc ToK W,

0 0.886 1126 149.6 0.886 1126 149.6 0.886 1126 _149.6 -0.886 1126 149.6
1 0.876__ 720 150. 6 0.939 937 150. 1
2~ 3
N, cor P Ne, cor ,
4 0. 933 927 150.0
5~ 17 A\ - -
8 0.933 927 150. 0 = - -

Ze= — 0.2034+ 3.85T 100> 5. 4102 ot 2.7260 o ;

Tu= 11542=59027n '+ 116838 n? .= 95349n] oo+ 200050t o+ 7174. 905 w1
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Table 5 ‘ Distancé between convergent variable values and different initial variable values( relatives)
Xo,i X Xy
Zy 1. 0000 2. 3264 1.1337
Zc 1. 0000 0. 9895 0.9811
Ty 1. 0000 1. 6803 1.0529
W e ot 1. 0000 1. 0060 1.0020
W, o1 1. 0000 1. 2524 1.0846
Ag* 1. 0000 0. 4443 0.4443
”Xl—X[)HZ ||X2—X0||=
2 - & 0.5 & as
DUXii- X002 = 1.6108 ¢ D (Xsi— Xo )2 = 0.5805
=1 i=1
*— .
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