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Abstract: Given the influence of the atomization cooling of the incoming flow of the aero—turbine engine on
the internal airflow of the compressor, the non—equilibrium transmission process of gas—liquid two—phase on heat
and mass transfer is analyzed based on the Eulerian—Lagrangian multiphase flow method. And then, the motion
factor of the liquid film on the wall is considered. Moreover, the time—domain fluctuation sensitivity of the charac-

teristic parameters of the compressor is transformed into an analysis of the frequency—domain power spectral den-
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sity by the Fast Fourier Transform (FFT) method. Results show that the non—equilibrium evaporation phase tran-
sition in the compressor can easily induce the unsteady aerodynamic fluctuation of the flow field in time and
space. The atomization cooling parameters have a linear relationship with the total temperature ratio and a nonlin-
ear relationship with both total-pressure ratio and efficiency. In the range of 0.5% ~ 5% water/air ratio and 1~
9pm mist particle mean size, the fluctuation degree of total—pressure ratio in the time domain is higher when wa-
ter/air ratio is lower or mist particle mean size is smaller.The fluctuation degree of total-temperature ratio in the
time domain is stronger when the water/air ratio is lower or atomization particle mean size is larger. The fluctua-
tion degree of efficiency in the time domain is higher when water/air ratio is higher or mist particle mean size is
larger. Simultaneously, the sensitivity of the change of water/air ratio to the time domain fluctuation of flow field
during the wet compressor is greater than that of mist particle size.

Key words: Aero—turbine engine; Compressor; Atomization cooling; Phase change evaporation; Un-

steady fluctuation; Fast Fourier transform; Power spectral density
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Table 1 Characteristic parameters of NASA Stage-35 5510 2=1
. . > , o d=sum
compressor at design conditions é sl ?,,T j _— = =5 um
Parameter Value g \} ‘\ | d =d_at R=1/e
6F | ” ‘," i p e -
Rotation/(r/min) 17188.7 g7 i :
g ‘
Stator blade number 36 S 4y ‘l‘ ;
g [V
Stator blade number 46 9 ‘ B
& 21 (1
Span—chord ratio of rotor blade 1.19 2 ‘ A
Span—chord ratio of stator blade 1.26 =0 (I) — 5 1I0 —= 1L5 2|0 = “25
Blade heigh of rotor blade/mm 76.2 Droplet diameter d /um
Blade heigh of stator blade/mm 54.2 Fig.2 Droplet size distributions of initial mist injection by
Tip clearance/mm 0.408 a nozzle at different R-R mean diameters
Hub ratio 0.7
Mass flow/(kg/s) 20.188 22 IHHIFE
Total pressar rato 152 e 1 )P X8 A T 89120 67
Total temperature rati 1.22 N VALY S SRE S s
o TemperTie e JE T A MR AL T A T T AR S 1S WO 28 kL e
Total pressure of at inlet/Pa 101325 NN NN e s — .
i i TR 5 A R A R N A e (] B 9
Total temperature of at inlet/K 288.15 o o R e A e e g g R
o TR K 8RR E B e R 28 R id .
Static pressure of outlet/Pa 138164
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Fig. 1 Calculation domain of a full stage of NASA Stage-35

compressor
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Fig. 3 Schematic diagram of droplet movement trajectory

and water-film formation in the compressor
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Fig. 4 Sensitivity analysis of particle tracking number to

water vapor mass fraction
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Fig. 5 Sensitivity comparison of compressor characteristics
parameters at different grid cell numbers and turbulence

models
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Fig. 6 Periodic analysis of tip leakage flow rate under the

dry air and wet air mixture conditions
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Fig. 11 Power spectral density distributions of total

pressure ratio at different water/air ratios
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Fig. 13 Power spectral density distributions of compression

efficiency at different water/air ratios
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Table 2 Sensitivity of water/air ratio on compressor

characteristic parameters

Cases  (Water/air ratio)/% P T, nl%
Dry air - 1.816 1.22 82.38
0.5 1.769 1.203 82.96
Wet air 2 1.779 1.197 83.64
5 1.774 1.191 82.56
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Fig. 14 Power spectral density distributions of total

pressure ratio at different mist particle mean sizes
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Fig. 15 Power spectral density distributions of total

temperature ratio at different mist particle mean sizes
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Fig. 16 Power spectral density distributions of compressor

efficiency at different mist particle mean sizes
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Table 3  Sensitivity of mist particle mean sizes on

compressor characteristic parameters

d /pm » T, /%

1 1.766 1.186 82.68

5 1.779 1.197 83.64

9 1.778 1.201 82.59
Trend Nonlinear Linear Nonlinear
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