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ABSTRACT

In this study, an integrated CFD analysis implementation were conducted for the commercial micro turbojet engine, JetCat

P300-RX, which has a maximum thrust of 300 N. A three-dimensional integrated analysis model includes major components

of the micro gas turbine engine. A steady-state RANS (Reynolds Averaged Navier-Stokes) analysis was performed using

ANSYS CFX V20.2. For the turbulence model and combustion model, the k— w SS7" (Shear Stress Transport) model and
the EDM (Eddy Dissipation Model) model were applied, respectively. The analysis were performed for various engine speed
(RPM) conditions from 30,000 RPM to 106,000 RPM and various altitude conditions from sea level to 3.0 km. And the analysis

results were verified by comparing with the actual engine test results. The comparison results showed that most of the

performance parameters, such as thrust, exhaust gas temperature (EGT), air flow rate, and compression ratio in all analysis

conditions (RPM and altitude) are in good agreement with the ground test results of commercial engines.
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Table 1 P300-RX Specification®

Parameter Property Unit
Idle RPM 35,000 RPM
Thrust @ Idle. RPM 14 N
Thrust @ max. RPM 300 N
Maximum EGT 750 oC
Pressure ratio 3.55
Mass-flow 0.5 kg/s
Fuel Consumption @ max. RPM 980 ml/min
Fuel Consumption @ Idle. RPM 179 ml/min
Weight 2,630 g
Diameter 132 mm
Length (incl. starter motor) 365 mm

Table 2 Specification of Compressor and Turbine

Compressor

#. Impeller blade 7+7

#. Diffuser blade 15
Impeller outlet radius 45 mm
Diffuser outlet radius 65 mm

Turbine

#. Turbine stator blade 21
#. Turbine rotor blade 29

Turbine hub radius 29.34 mm
Turbine shroud radius 44.8 mm

S=FAHDIASE =28 263, H2F, 2023

Fig. 4 P300-RX JetCat Micro Gas Turbine Engine'®
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Fig. 5 Main Components of Micro Gas Turbine Engine“s)
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Fig. 6 Schematic of Micro Gas Turbine Internal Flow®

(a) Compressor (b) Turbine

Fig. 7 Geometry of Component
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Fig. 8 Entire Fluid Domain of Micro Gas Turbine
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Fig. 9 Computational Region

(a) Compressor (b) Combustor

(c) Turbine (d) Exhaust Nozzle

Fig. 10 Grid System of Computational Domains
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Table 3 Gird Configuration Information
Pt | N | e | Mo D
Entry 374,903 821,614 Hex/Tetra
Impeller 3,140,642 3,007,260 Hex
Diffuser 1,010,157 961,150 Hex
Combustor 1,416,746 3,847,684 Hex/Tetra
Turbine stator 1,047,370 1,007,880 Hex
Turbine rotor 1,124,493 1,082,720 Hex
Nozzle 1,645,453 3,804,753 Hex/Tetra
Total 9,384,861 13,711,447
Table 4 Information Analysis Models
ANSYS
CFD Solver CFX 2020 R2
Analysis Type Steady State
Turbulence Model k— w SST with Reattach Modification
Combustion Model Eddy Dissipation Model (EDM)
Inferface Frozen Rotor Impeller - Diffuser
Stage Interface Rest of all

Table 5 Simulation Conditions for Micro Gas Turbine
25)

Engine(
NO. Inlet Pressure Inlet Temperature Simulating
(kPa) K) Altitude
1 101.325 288.15 Sea level
2 943 300.7 0.6 km
3 84 298.9 1.5 km
4 69.7 298.2 3.0 km
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Table 6 Compressor Inlet Reynolds Number

Shaft Speed [RPM] Reynolds Number
30,000 1.64E+05
50,000 3.01E+05
70,000 3.65E+05
90,000 5.17E+05
104,000 6.94E+05
106,000 7.13E+05
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