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Abstract: In order to study the characteristics of jet—engine injection precooling and compressor wet com-
pression under high altitude and high speed inflow condition, the present paper establishs the corresponding cal-

culation models, respectively, for the gas—liquid two phase flow processes in the inlet duct and the compressor
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section, and develops an integrated analysis approach. For the gas—liquid two—phase flow after the injection in
the inlet duct, a one—dimensional model is established by using a two—step approach with aerodynamic effect —
evaporative correction based on the idea of infinitesimal method. For the compressor wet compression process,
Euler-Lagrange method based on CFD technology is adopted to model the gas—liquid two—phase flow. Consider-
ing the real high altitude and high speed inflow conditions, the characteristics of injection precooling and wet
compression of the engine are analyzed by the established method, meanwhile the equal corrected speed regula-
tion of the engine before and after the injection is guaranteed. The results show that the injection precooling can
significantly reduce the inlet temperature of the compressor under high Mach number inflow condition, so that the
corrected speed of the compressor can be increased under the same maximum physical rotation speed which
makes the compressor achieve better performance. If the liquid droplets evaporate completely before entering the
compressor, the extra water vapor mixed into the working medium will lower the dimensionless speed of the com-
pressor, so that the compressor pressure rise is lower than that of the non—water injection case at the same correct-
ed speed. The faster evaporation of small-size droplets can help to rapidly cool the high—temperature gas flow.
When the particle size of the droplets is 3pum and the water to air ratio is 10%, the air inlet temperature of the
compressor is reduced by 247.13K, and the physical rotation speed is only 76% of that of the non—water injection
case at the same corrected speed.
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Numerical simulation
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Fig. 1 Coupling analysis model of ultrasonic inlet and compressor
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Table 1 Main design parameters of Stage 35

Parameter Value
Rotor/stator blade number 36/46
Design rotate speed/(r/min) 17188.7
Design mass flow/(kg/s) 20.188

Hub to tip ratio 0.7
Rotor aspect ratio 1.19
Stator aspect ratio 1.26
Tip speed/(m/s) 454.456
Tip clearance/mm 0.408

Total pressure ratio 1.82
Total temperature ratio 1.245
Isentropic efficiency 0.828
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Fig. 4 Compressor characteristics in standard atmospheric

conditions
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Fig.5 Flow parameters at outlet of inlet duct under different

water injection conditions
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Table 2 Qutlet parameters of air inlet and corresponding physical rotation speed of the compressor

Injection parameter

Parameter at the inlet duct outlet

n/n,

Case Droplet Injection Static Relative Droplet Total (under the same
diameter/wm rate/% temperature/K humidity/% diameter/um temperature/K ~ corrected speed)
0 0 0 585.15 0.000 0.00 610.5 1.46
1 3 3 482.02 0.229 0.00 507.8 1.33
2 5 3 493.03 15.95 2.59 517.5 1.34
3 3 10 338.02 47.35 1.46 353.8 1.11




566 o R 2021 4f
55 F TR 4 B w5 MR FE Y 1.4% . 1E Case 2(5pm, 3%)

i Case 3(3wm, 10%) Wi T & F R MLVE D TR T+

g1or 7 KR ORI L 76 B 2% 1 R T AR 10 3
AR B R HORVBCR YA BE LTV, 1 TH R HE 5 W kL £ A
s | B G o Case 2(5pm, 3%) BOR TR T L5 TR
= S G auman 45 18 LT L B 9 I 0 24 IR 4 4 T

L6 b I e Gm 108 i 5 10 7.15% % BT L 1 T PG 0

18 19 20 21 22
Corrected massflow/(kg/s)
(a) Total pressure ratio

0.86
0.84 -
0.82 -
? |
.2 0.80
Q
2
= 078 |
0.76 Pure air
—Case 1, (3um 3%)
I —Case 2, (5um 3%)
0.74 . ——Case 3, (3um 10%)
18 19 20 21 22
Corrected massflow/(kg/s)
(b) Isentropic efficiency
1.30
125
1.20

—=—Pure air
- ——Case 1, (3um 3%)
110 F —Case 2, (5um 3%)
s —Case 3, (3um 10%)

Total temperature ratio

18 19 20 21 22
Corrected massflow/(kg/s)
(¢) Total temperature ratio

Fig. 6 Compressor characteristics under water injection at
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