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Performance Analysis of a Turbocharged SI Engine System for UAV
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ABSTRACT

A performance analysis of a gasoline engine with a 2-stage turbocharger system for unmanned aerial vehicle(UAV) was

conducted. One dimensional system analysis was conducted for the requirements of turbochargers and adequate turbochargers

were selected from commercially available models for automobiles. Modeling and simulation were performed by Ricardo

WAVE. Gasoline engine modeling was based on a 2.4 L 4-cylinder engine specification. The selected turbochargers and

intercoolers were added to the engine model and simulated at 40,000 ft altitude condition. The results of the engine model and

2-stage turbocharger system model simulation showed break power 93 kW which is appropriate power required for the engine

operation at the ambient conditions of 40,000 ft altitude.
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Fig. 1 Schematic turbocharger system of Boeing Condor"”
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Table 1 Specifications of target engine
Items Hyundai Theta II 2.4 L MPI
Type 24 L DOHC Dual CVVT
Displacement [cc] 2,349
BorexStroke [mml] 88x97
Compression ratio 105:1

Fig. 3 Naturally aspirated gasoline engine WAVE model
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Fig. 4 Comparison of break power and BSFC curves between

experiment and simulation results
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Fig. 5 Ambient conditions with altitude-International Standard
Atmosphere (ISA-1976)
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Fig. 7 Break power of engine with engine boost pressure
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Table 2 Turbocharger power matching results@40,000 ft, no boosting

Stage Pressure Ratio Bypass Ratio F?s;ref{télet(i 1(\{[{25/; Inlet(;r)z?sure Inlet T(Erén))erature
—— LP Compressor 3.00 - 0.372 18.27 216.69
— HP Compressor 2.25 - 0.151 49.34 259.3
L— 1P Turbine 2.2 275% 0.128 BAT2 11316
L—— LP Turbine 2.64 31.8% 0.276 41.34 1050.16
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Fig. 10 2-stage turbocharged gasoline engine model
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Table 3 Comparison of simulation results of 2-stage turbocharger system with engine intake pressure

Case No. 1 2 3 4 5
Engine speed (rpm) 3,000
Final intake pressure (kPa) 101.87 110.14 120.23 130.85 141.03
Final intake temperature (K) 276.52 27847 281.68 284.55 286.82
Max. power (KW) 86.25 93.16 100.29 107.77 114.77
Max. torque (Nm) 274.53 296.53 319.24 343.03 365.34
BSFC (kg/kWh) 0.281 0.279 0.280 0.281 0.281
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