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ABSTRACT

A study to modify and develop a turbofan engine using a micro turboprop engine has been conducted. The turbofan engine

has been designed by adding a fan blade module as well as other required accessories to the existing turboprop engine. CFD

and FEM methods were used for numerical analyses of the additional fan module to assess its aerodynamic performance and

structural stability. Components of the fan module were fabricated with consideration for manufacture and assembly, and a test

rig was also designed and built to measure the turbofan engine performance. The performances of the turbofan engine were

measured and compared to an existing micro-turbojet engine. The performance tests were conducted in two phases: In the first

phase, the robustness of the designed turbofan and test rig were investigated and in the second phase, the maximum power test

has been conducted to measure performance variables such as engine thrust, engine exhaust temperature(EGT) and fuel flow

rate according to the engine RPM. The test results indicated that the turbofan engine SFC was reduced by 40~50% of the

existing turbojet engine, demonstrating the successful implementation of turbofan characteristics.
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Table 1 Designed turbofan engine system characteristics

Parameter Value Note
Power (kW) 15 Constraint (a) Side view
m (kes) 6

Fan RPM 6,000 Targeted

Thrust (N) 300

Table 2 Boundary conditions for CFD

Location Parameter Value
Total pressure 101.3kPa
Inlet
Total temperature 288.15 K (b) Tsometric view
Fan Rotating domain 6,000 RPM
Outlet Mass flow outlet 6 ke/s Fig. 1 Preliminary design of turbofan engine

Table 3 Fan characteristics derived by CFD

Parameter Value
Outlet Axial speed (m/s) 48.74

Thrust (N) 29244
Torque per blade (Nm) 1.91

Power (kW) 15.60

Fig. 2 Fan flow domain for CFD analysis
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Table 4 Cast nylon characteristics

Parameter Value
Density (g/cm’) 1.11~1.17
Ultimate Tensile Stress (MPa) 50.0~90.0
Yeild Strength (MPa) 40.0~100
Shear Strength (MPa) 44.8~175.8
Young’s Modulus (GPa) 1.30~4.20

Pressure
106000

105000
104000
103000
102000
101000
100000
99000
98000
97000

96000
[Pa]

2 Hub

Pressure side Suction side

Fig. 3 Static pressure contours on the blade

Pressure
106000

105000
104000
103000
102000
101000 ‘L
100000
99000
98000
97000

96000
[Pa]

50% Span

Fig. 4 Static pressure distribution contour at the mid—span
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(a) (b)

Fig. 5 FEM analysis of the fan blisk — (a) Fan 3D
modeling (b) Fan mesh model

Maximum equivalen
stress : 18.6 MPa

1.8614e7 Max
1.6546e7
1.4478e7
1.241e7
1.0342¢7
8.2736e6
6.2055¢6
4.1374e6
2.0693e6
1143.8 Min

Fig. 6 FEM analysis result — Maximum equivalent stress
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Maximum radial deformation :
4.23 mm

0.0042342 Max
0.0037637
0.0032933
0,0028228
0.0023523
0.0018819
0.0014114
0.00094093
0.00047047

0 Min

Fig. 7 FEM analysis result = Maximum total
deformation

Fig. 8 Fan in fabrication process
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Fig. 9 Fan balancing — (a) Fan balancing process (b) Fan
after balancing process

IGuide vane made by 3D printingl

Fig. 10 Guide vanes

Fan housing -

Front Pylon

Aft Pylon

(a) Test rig modeling

(b) Test rig configuration

Fig. 11 Turbofan engine test rig
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