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31
(1)
(2
:T4< 1950 K,N 2< 105%
(3
1 (H=9144m,M a= 1.5)
R RS N2 EPR Aut ALt Anm T4 N2 SMF Mc| TAN /%
0 0.00 0 1.011 3.535 1.00 1.00 1.000 | 1944.0 1.033 24.8 36.0( 123.32 0.00
1 0.93 - 0.71 1950.0 1.039 24.9 36.9]124.51 0.96
2 7.63 1.31 1.031 3.335 1949.8 1.032° 34.0. 34.0] 137.68 11.60
3 9.99 1.98 1.028 3.288 0.98 1.03 1949.9° 1.049 35.6 33.5|139.69 13.27
4 10.0 0.78 1.026 3.380 1.07 1.04 1.105-11950.0 1.049 22.3/ 46.4| 140.00 13.50
0 0.00 0 1.011 3.535 1.00 1.00° 1-000 | 1944.0 . 1.033 24.8 36.0( 682.24 0.00
1 0.88 - 0.72 1950.0. 1.039 '\ 24.8 36.9]|688.30 0.84
2 0.27 - 0.69 1.020 3517 1949.9/ 1.039° 28.0 37.0]691.41 1.34
3 2.52 0.39 1.010 3:512 1:05 1.05 1949.9 1.050 27.0 38.0]704.08 3.20
4 6. 09 6. 00 1.017 3526 1.05.1.10-1.109-{1950.0 1.050 24.5 38.0| 742.41 8.82
, 2
2
ma(kg/s) BPR TF ® HT mr |ma(kg/sd) BPR T ® HT T
0 113.0 0.288 3.69 5.768 2.869 1.987 113.0 0.288 3.69 5.768 2.869 1.987
1 114.7 0.296 3.70 5.784 2.870 1.999 114.6 0.295 3.70 5.784 2.870 1.998
2 128.1 0.409 3.83 5.740 2.882 2.177 115.9 0.308 3.71 5.785 2.870 2.010
3 130.1 0.398 3.78 6.050 3.034 2.180 116.6 0.280 3.66 5.746 2.869 1.971
4 129.7 0.328 4.16 5.300 2.797 2.240 122.1 0.246 3.85 5.840 3.006 2.020
2 H
, ® @ Ta , Ta
, Ant,ALT An
, , 13%, 8%
Ta , Q , Ant,ALT An
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32
(1)
(2 3
3
( ,H=9144m M a= 1.5 ,H = 11000m,M a= 0.9)
R/ ®e N1 EPR AHT ALT Anm T/% MF sMcC| TsFc /%
0 0.00 0 1.011 3.535 1.00 1.000 1.00 0 24.8 36 | 1.192 0
1 0.93 - 0.71 +0.8. 25.0 37 | 1.191 - 0.08
2 0.63 - 1.65 1.031 3.290 - 0.49 380 38 | 1.171 - 176
3 4.78 0.69 1.010 3.270 0.88 1.011 - 1.85-30.7 24 | 1.166 - 2.18
4 4.12 - 2.46 1.019 3.280 0.92 0.970 1.09 |< 1.79723.0, 30 | 1.161 - 2.60
0o | o.o000 0 0.841 2.637 1.000 1.000 1.00 0 310 38 | 0.989 0
1 | 1.697 - 1.45 +1.60 31.0 40 | 0.986 - 0.30
2 | 1.050 0.248 0.848 2.610 +1.77 320 38 | 0.983 - 0.61
3 | 0130 - 218 0.8462.670 0.924 1005 +/1.70-33.0 33 | 0.969 - 2.02
4 | 2.240 - 6.407 0.861 —2.540 ~0.880 0.970—0:98 |+ 0.58 36.0 32 | 0.967 - 2.22
, 4
4
Ti BPR ¢ % Tt T Ti BPR T % T T
0 1944.0 0.288 3.69 5.768 2.869 1.987 | 1361.2 0.4335 3.08 5.400 2.896  2.08
1 1949.7 0.295 3.70 5.780 2.870 1.998 | 1367.7 0.4420 3.12 5.420 2.900 2.11
2 1934.8 0.377 3.65 5.750 2.880 2.100 | 1364.1 0.4540 3.14 5.385 2.900 2.13
3 1935.3 0.352 3.58 6.590 3.290 2.085 | 1367.5 0.4171 3.09 5.950 3.164  2.08
4 1911.8 0.346 3.89 5.910 3.060 2.200 | 1356.6 0.4930 3.22 5.960 3.270 2.25
4 1 4 H
) Ant,ALT An
, , Ant,ALT
Am )
33

(1)
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, [1] : 38.9K 1
(2
5 6
5 ( ,H = 9144m M a= 1.5)
R/ R/ N 1 EPR AHT ALT Am T/% SMF 9MC T4 /K
0 0 0 1.011 3.536 1.000 1.000 1.000 0 3.0 36.0 | 1944 0
1 |-233 -0.06 1016 3.507 - 2.00 26.3 36.1| 1931 - 13
2 |-095 -1.43 1011 3500 095 1.016 1.032 |- 1.99 253 35.6 | 1919 - 25
6 ( ,H =9144m,M a= 1.5)
ma(kg/s) BPR " U3 HT T
113.0 0.288 3.69 5.768 2. 869 1.987
112.0 0.284 3.66 5:-740 2.867 1.975
2 112.7 0.263 3.67 6.010 3.020 2.000
7 , 25 K
4
(1) 8% ; (2)
2% ; (3)
25K
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Reynolds number changed from 60000 to 240000 The mainstream turbulence varied from
0.75% to 13.5%. T he results show ed that themainstrean turbulence enhanced heat transfer
coefficients on the suction surface to a great extent, and al increased the heat transfer coef-
ficients on the pressure surface Both onset and end of transition on the suction surface
boundary layer move forw ard w ith increase of mainstream turbulence intensity. T he end-
wall effect region energed at the root region of x,/C> 0. 24 of suction surface for the present
turbine blade The end- wall effect raised on the heat transfer coefficients for a low main-
stream turbulence, but diminished for a high mainstream turbulence at the end- wall effect
region T he influence of mainstream turbulence on the heat transfer coefficients vanished at
the end- wall effect region

KeyWords Turbulence Blades Heat convection M easurements

PERFORM ANCE OPTM IZATION

OF HIGH THRUST- WEIGHT RATIO TURBOFAN ENGINE
Zhu ZhiliandW ang X iaobo
(4thDept Beijing University of A eronautics and A stronautics, Beijing 100083)

ABSTRACT Theoptim ization of installation performancewas completed by the
comprehensive optimal method for the high /thrust- weight ratio turbofan engine The
propulsion systen performance model of the variable geometry turbofan engine served as the
base, and themaximum of install-thrust, minmum of install SFC and minimum of the inlet
tenperature of turbinew ere taken as-the optim izationmaodules regectively. The calculation
and the follow ing-analysis show'ed that the propulsion system performance can be improved
significantly by multiple param eter perfomance seeking control for the turbofan enginew ith
afterburner. The mprovanents are asfollow s (1) the supersonic cruise install thrust can be
increased by about 8% on themodule of maximum thrust; (2) the subsonic cruise install SFC
can be decreased by 2% on themodule of minimum SFC; and (3) the turbine inlet tempera-
ture can be low ered by about 25 K at the constant install thrust on the module of minimum
temperature

KeyW ords A ircraft engines Performance analysis Optimiation

NUM ERICAL SMULATIONOF ROTOR- STATOR
INTERACTION IN A TRANSNIC COM PRESOR

STAGE AT OFF- DESIGN COND ITIONS
Ren Yuxin, ShenM engyu, L iu Qiusheng
(Tsinghua U niversity, Beijing 100084)

ABSTRACT A numerical method is developed for simulation of rotor- stator in-
teractions in a compresor or turbine stage Thismethod lves quasi- three- dimensional
N avier- Stokesequationsby an mplicit high reolution finite volumemethod A fully conser-
vative method is designed to compute the inviscid and visoous flux at the interface of rotor
and stator grids Numerical results of rotor- stator interactions in a tranonic compresor
stage at off- design conditions arepresented Themechanisn of rotor- stator interactions in
this compressor stage is discussed in tem s of the computational results



