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ABSTRACT

Recently, research on micro gas turbines has been actively conducted, and the development of small unmanned aerial vehicles
(UAVs) utilizing these systems is also progressing. Various UAVs employing turbojet-based micro gas turbine engines have
been developed; however, their high noise characteristics impose limitations on low-altitude operations. To address this issue,
research on small UAVs employing hybrid electric propulsion (HEP) systems has been expanding. Accordingly, the demand for
the development of turbo-generators utilizing micro gas turbine engines has been increasing. In this study, the design and
performance evaluation of a power turbine were conducted for the development of turbo-generator based on a 300 N class
micro turbojet engine. The power turbine was developed based on a commercial turbojet engine, and a conversion approach
to a turboshaft engine configuration for turbo-generator applications was applied to satisfy specific power output requirements.
For the design of a single-stage power turbine, a thermodynamic cycle simulation was performed to determine the gas generator
turbine outlet conditions. Based on these conditions, the power-turbine geometry was determined and its performance was
evaluated through three-dimensional numerical simulations. A parametric study over the flow coefficient identified an operating
point that satisfies the target shaft power while maintaining consistency with the predicted inlet total pressure level. The selected
case achieved 22 kW of shaft power at 41,553 rpm, corresponding to an estimated electrical output of approximately 20 kW
when gearbox and generator efficiencies are assumed. The results demonstrate the feasibility of a micro-gas-turbine-based

turbogenerator for UAV HEP applications and provide a design procedure linking cycle analysis to power-turbine numerical

simulation.
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Fig. 1 Schematic of a hybrid electric propulsion system for unmanned aerial vehicles
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Table 1 300 N Turbojet engine specification

Parameters Values Unit
Idle RPM 38,000 RPM
Max RPM 98,000 RPM
Thrust @ max. RPM 250 N
Maximum EGT 700 °C
Pressure ratio 3.2 -
Mass flow 0.67 kg/s
Fuel Consumption @ max. RPM 0.82 kg/min
Weight 2500 g
Diameter 133 mm
Length 332 mm
Performance Analysis of
a 300 N-Class Turbojet
Micro Gas Turbine
Power Turbine Inlet Flow
Conditions Calculation
Power Turbine "
Geometry Design N
CFD Analysis of
the Power Turbine
Comparison of
CFD and Performance
Analysis Results Not
Acceptable
Acceptable
Turbo-Generator
Concepual Design
Fig. 2 Turbogenerator design process
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Table 2 Parameters and values used for performance

analysis
Parameter Value Unit
Altitude 0 ft
Delta T from ISA 0 °R
Mach Number 0 -
Inlet PR 0.98 -
Compressor PR 3.0 -
Compressor 7) 0.75 -
Fuel mass flow rate 0.01 kg/s
Fuel Heating Value 4238 Ml/kg
Combustor PR 0.95 -
Combustor 7 0.9 -
Turbine 7 0.85 -
Turbine exit duct PR 0.99 -
Shaft speed 92,500 RPM
Mass flow rate 0.58 kg/s

Fig. 4 Flowchart of turbojet engine design—point analysis
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Table 3 Performance analysis results
Parameter Value Unit
Thrsut 242.89 N
SFC 0.1486 kg/N-h
TIT 1027.22 K

Table 4 Gas generator turbine exit state variables

Parameter Value Unit
Mass flow 0.59 kg/s
Total pressure 145342 kPa
Total temperature 907.25 K
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Table 5 Power turbine geometric design parameters

=
o .
o T [

Parameter Value Unit
Hub-to-tip-ratio 0.62 -
AR 14 -
o 1.12 -
Ry, 40 mm
Rn:p 64.5 mm
R con 52.25 mm
b 24.5 mm
c 17.5 mm
S 15.6 mm
n 21 -

Table 6 Stator and rotor blade design parameters

Parameter Symbol Value Unit
Stator Inlet Absolute Flow Angle oy 15
Stator Exit Absolute Flow Angle Qly 54
Rotor Inlet Relative Flow Angle By 10
Rotor Exit Relative Flow Angle Os 57

olo} e TS Fa) AT Seol= 0k ALt 715}

St2] A HM5HELS Table 59F ZTh,
AR="2 (11)
C
o= (12)
S
2
n ><7T><Rmean (13)
S
A8 A5 Fatste] stator?] &4t At 524+ 54°
2 dAsHeH Rotor U+ Al fred 10°= sk
o}, 07|14 a= AR5, Be Adeeze ouleky, 2
7b SRS 7120 R Aolsiolt. 7t fIA| oA Y] &= AR
1} 5572 WA= Fig. 69] 2349 &% AHzZHgoll vrehi gl
o} AAsE AgHolE L ZEHO - EF 857 4 &5 A
-2 Table 6] AEjst9lon, dAH 42 Fig. 79 Yel

ek, B wgelAe] A SE(0)2t Beol= s
(VE 5] SAaA A (02 4 (158 Fo) et %
o] §5 A% Aol Basleh. Wt B AT HAT

_]

Beol= FAol AR SEASE AHstaK A o)
& syt
Cm
-G (14)
40

= o C,

// a
o /_/ B2 : , .
a w, 2
é'/ AN : 3
Stator Rotor \ :

Fig. 6 Velocity triangle

U, i
\\\

Fig. 7 Designed configuration of a stator and rotor

Table 7 Gas composition at turbine outlet of turbojet engine

Material N, 0, co, H,0
Mass fraction 0.05534 0.02171 0.75355 0.16940
U< 60
2><7r><R7n€ll7T (15)
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Table 8 Analysis cases for different flow coefficients

Case P U [ms] N [RPM]
1 0.44 330.76 60,441
2 0.54 269.51 49,248
3 0.64 227.40 41,553
4 0.74 196.67 35,938
5 0.84 173.26 31,659
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Fig. 10 Effect of rpom on power and inlet total pressure
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Table 9 performance of the designed power turbine

Parameter Value Unit
Ah, 37.21 kJ/kg
Total torque 5.06 N-m
Power 22.02 kW
m 0.91 -
Exhaust

Core engine

| Gearbox

_|

|
Generator

Power turbine

Fig. 11 Concept design of turbogenerator
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