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ABSTRACT

In this research, a low bypass micro turbofan engine was developed using a micro turboprop engine. The development
process included 1D design, airfoil and rig design, fabrication, and testing. The design target of the low bypass micro turbofan
engine was determined based on core engine specification and cycle analysis. To augment thrust, a micro turboprop engine with
15 kW class shaft power was used. The Fan module was designed based on pressure ratio and mass flow rate determined from
the cycle analysis. For 1D design of fan, calculation process considering compressibility of air was executed. With design
parameters from 1D design, the meridian and airfoil shape design of fan module were conducted by using blade shape design
program. To ensure stable approaching airflow in front of the fan, a bellmouth was designed and attached to the fan module.
Performance prediction and verification process of the fan module were conducted through CFD and FEM analysis. Several
design modifications were made to achieve the target performance and ensure structural stability. After the design process, the
parts, including the fan module, were fabricated and assembled into the engine system. Engine system tests were conducted
under different configurations, including with and without the bellmouth and varying core engine exhaust duct directions. Test
results showed distinct differences in performance characteristics, including thrust and specific fuel consumption(SFC). With the
application of the bellmouth and a rear-facing exhaust duct thrust increase of 14 % and 20 % were observed, respectively.

These modifications allowed the engine to achieve the target performance.
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Table 1 Design output of fan 1D design

Variables Value Note
Hub Diameter [mm] 80 Reference Engine
Fan Speed [RPM] 15,000 Specification
Tip Diameter [mm)] 220~
Thrust [N] 240~
Design
2.50~
m [kes] %0 Requirements
Inlet Flow Coefficient 0.5
Outlet Speed [m/s] 97.70~
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Fig. 5 Design process of engine system
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Fig. 6 Bell mouth with fan module
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Table 2 Analysis Settings
Turbulence Model k-0 SST
Working Fluid Air Ideal Gas
Table 3 Boundary Conditions for Analysis
Location Setting Value
Opening Static Pressure [atm] 1
Outlet Static Pressure [atm] 1
Fan Rotating Domain [RPM] 15,000
Fan Disk Rotating Wall [RPM] 15,000
Inblock to Fan Frozen Rotor -
Fan to Outblock Stage -
Fan Tip Clearance General Connection [mm)] 1

I Type — Length — Outlet Diameter — Inlet Diameter — Bell Part Radius

Fig. 7 Bellmouth design in reference case®
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(a) Fan module analysis

Bellmouth

(b) With bellmouth analysis

Fan Casing Front Part

(c) Without bellmouth analysis

Fig. 8 Computational grid




o
i
%
£
Mo

)

Table 3 I} Fig, 89

Kol
=
o W mEe] 4%
=i]

O
o
Olﬂ oz,
=
[
>
[» 4
o
-4
ox
2
H
T
oN oXx j('%
Log o
B o

ol

e

FS HA}SH= Inblocky} 3 £
o|l=7} Z&HE Fan, 18|31 OGV7} ZEHE Outblock =H|
ooz FAEQItE o] % Fani} Outblock Z=H|¢lS HE
Sholx] BEAOR AT, W LE L W wER

oMo B0l fUHE PN M H4F
Inblock S &§3to] +qE oM A A2E A B

Hoz o] A Aol fo] w2

Inblock-g ©]-8-3}o] 4= A},
Zy Az A sl AXA oS TS

f
o
]
rlr
=
[0¢]
©

oo, 27] B4 div] A7) 2718 dA veR

7 A 5 ST, 7 ARAR 4 S asto]
ALHor Fen Seols RYo] BF fHHE b
STt 215t AR} 2 0.6 ZARE BE AR A9
Ao dlEgte] EEE gsiglen, AR Fad
ot A2k 4 0.8, A%} A7]= W HEAE M) 16 % £

Mesh Dependency Check

300
2751
507wy g = - = =
ey = s = g
— 2254
=
=
§ 200+ H\.\R.ﬁ.—.
E
1754
1501
—#— Ideal Inlet
125 4 ~#— With Bellmouth
—@— Without Bellmouth
100 T r r T T
0.2 0.4 0.6 0.8 1.0
Non-Dimensional Number of Element
Fig. 9 Output of mesh dependency check
1.070
-@- CFD Results - Final Design
* #8 CFD Result at 1atm Outlet Pressure
1.065 Sso + 1D Calculation Output
~
*__
1.060 =
S + e
4 ¥
£ 1.055 .. Sy
) .
& S
1.050 <z
\\\'
1.045
1.040 T T T T T T T
2.40 2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80

Mass Flow Rate [kg/s]
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Table 5 Performance comparison between 1D design and
fan module analysis(CFD) — modified design

Fan Module Difference
jabl 1D Desi
Variables esign Analysis %]
m 251 277 + 1040
[ke/s]
Outlet Speed
99.60 87.96 - 11.69
[ke/s]
Pressure Ratio 1.059 1.047 - 113
Thrust
250.00 244.00 - 240
[N]
Power 14.98 13.64 8.95
kW] . . .

Table 6 Comparison of analysis outputs

D Fan With Without
Variables ) Module | Bellmouth | Bellmouth
Design
Analysis Analysis Analysis
m 251 2.77 2.70 243
[ke/s]
Outlet Speed | g9 69 87.96 85.62 78.65
[m/s]
Pressure Ratio 1.059 1.047 1.044 1.038
st 250.00 244.00 231.20 191.12
[N]
Power
14.98 13.64 12.50 12.66
[kW]
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Table 7 Boundary conditions of structural analysis

Tensile
. Rotating Speed Fi .
Variables | [gfg;M]pee sulxejn Material Strength
PP [MPa]
Values 15,000 at Fan Hub | Al6061-T6 259.2

(@ (b)

Fig. 13 (a) Computational grid for structural analysis
(b) Position of boundary conditions

Maximum Maximum
Equivalent Stress : Radial Deformation :

297.7 MPa 0.107 mm

(@ (b)

Fig. 14 Output of structural analysis — initial design

(a) Maximum equivalent stress (b) Maximum radial deformation

Maximum Maximum
Equivalent Stress : Radial Deformation :
211.7 MPa . 0.119 mm

(@ (b)

Fig. 15 Output of structural analysis — modified design

(a) Maximum equivalent stress (b) Maximum radial deformation
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Table 8 Comparison of CFD output and Test — with and
without bellmouth

Power Thrust Thrust by
Case RPM by CFD by CFD Test
(kW] (N] (N]
With Bellmouth 14,934 12.33 229.20 222.10
Without Bellmouth | 14,758 12.03 186.00 194.4
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Fig. 22 Comparison of corrected core engine speed
and SFC
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Table 9 Comparison of engine system test outputs

With With Without Without
Bellmouth | Bellmouth | Bellmouth
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Table 10 Summary of 1D design, analysis and test outputs

1D With Bellmouth Without Bellmouth
Design CFD Test CFD Test
Fan Speed
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