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Aerodynamic Design of Fan-Booster under Condition of High
Altitude and Low Reynolds Number

YANG Jia=shou, JI Guo—feng

(AECC Guiyang Aero—Engine Research Institute, Guiyang 550081, China)

Abstract: In order to develop a type of fan/booster suitable for high—altitude and low Reynolds number flow
to solve the problem of HALE UAV power demand, the aerodynamic design of fan/booster working under the con-
dition of high altitude and low Reynolds number is performed. The design process includes 1D thermodynamic cal-
culation, S2 through flow design, blade profiling design and 3D numerical calculation. After the design iteration
is carried out for several times, the optimum blade profile suitable for high altitude and low Reynolds condition is
acquired. The results of 3D numerical calculation indicate that the core and bypass performances of fan /booster
accord with the requirements of design targets, and have a high stability margin at high altitude and low Reynolds
number. Compared with the performance of current engine fan component, the newly designed fan/booster has
better ability for operation at high altitude and can satisfy the performance requirements addressed by overall en-
gine.
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Fig.1 Aerodynamic design flow chart
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RF is fan rotor blade; SO, S1, S2, S3 are booster stage stator blades;
R1, R2, R3 are booster rotor blades; SF is bypass stator blade;
SC, BC are strut blades

Fig.2 Fan/booster meridian flow path diagram
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Table 1 Hub/tip ratio and aspect ratio of each blade row

Blade Hub/tip ratio Aspect ratio
RF 0.36 1.57
SO 0.67 1.65
SF 0.74 1.47
R1 0.72 1.39
S1 0.75 1.66
R2 0.76 1.43
S2 0.77 1.68
R3 0.78 1.46
S3 0.78 1.58
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Table 2 Total performance results of through flow design

Fan/booster Fan/booster
Item

core parameter  bypass parameter

Relative mass flow 1.030 1.000
Overall pressure ratio 1.003 0.971
Efficiency 0.983 1.030
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Fig. 3 Fan/booster meridian relative (absolute) Mach

number distribution
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Fig.4 RF Mach number distribution along the spanwise
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(a) Rotor D factor distribution
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(b) Stator D factor distribution
Fig. 5 Fan/booster diffusion factor distribution along the

spanwise
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Fig. 8 Computational mesh of fan/booster stage
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Fig. 9 Characteristic curve of fan/booster core
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Fig. 10 Characteristic curve of fan/booster bypass
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Table 3 Comparison between design index and calculated value

Relative deviation/%

Parameter Design index Numerical calculation result Absolute deviation

Fan inlet relative mass flow 1 1.000 0.000 —
Fan/booster core pressure ratio 1 1.003 +0.003 +0.3
Fan/booster core efficiency 1 1.020 +0.020 —
Booster stage mass flow 1 1.003 +0.003 +0.3
Fan/booster core surge margin/% <15 17.500 +2.500 —
Fan/booster bypass pressure ratio 1 1.008 +0.008 +0.8
Fan/booster bypass efficiency 1 1.014 0.014 —
Fan/booster bypass surge margin/% <15 21.800 +6.800 —

Bypass ratio 1 1.010 0.010 1
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Fig. 12 Mach number distribution on root, middle and tip

section of booster blade
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Table 4 Comparison of Reynolds numbers at high altitude

Typical fan R1 Sl R2 S2 R3 S3 R4 S4
Test result 1.6x10°
Numerical calculation result 1.7x10° 7.0x10* 1.6x10° 7.0x10* 2.1x10° 8.0x10* 2.5%10° 9.0x10*
Fan/booster RF SO/SF BR1 BS1 BR2 BS2 BR3 BS3
Numerical calculation result 2.3x10° 8.2x10%1.25x10°  1.4x10° 8.0x10* 2.1x10° 8.0x10* 2.2x10° 9.0x10*
Table 5 Comparison of the performance attenuation rate at M52 35 V880, B T i 8 18 B A Sk i RGP 2

high altitude to ground

Attenuation parameters Typical fan Fan/booster

Mass flow attenuation rate/% 2.4 1.6
Pressure ratio attenuation rate/% 5.8 4.1
Efficiency attenuation rate/% 3.5 1.5
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