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ABSTRACT

A multi-stage turbocharger system has been constructed for HALE UAV internal combustion engine. To boost rarefied intake

air up to sea level condition, the turbocharger system should consist of 3 stages including heat exchanger located after

compressor outlet to drop compressed air temperature. One dimensional system analysis has been conducted by matching

required power between compressor and turbine and adequate turbochargers have been searched for from commercially available

models targeting for automobiles. By applying commercial automobile turbochargers to the multi-stage turbocharger system, it

is expected that considerable amount of research resources will be saved.
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Fig. 1 Multi-stage turbocharger system layout for HALE UAV engine
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Table 1 Intake air condition at cruise altitude
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Specification Value
Altitude 60,000 ft
Ambient Pressure 7.57 kPa
Ambient Temperature 21665 K
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Fig. 2 Energy release function according to air/fuel ratio
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Table 3 Turbocharger power matching results

Stage Pressure Ratio By-Pass Ratio F?(?\;Telc%ii 1(\;[{25/2) Irﬂet(i}l;z?sure Inlet Te&l{lg)erature
— LP Compressor 34 - 0.937 7.34 216.65
—IP Compressor 2.8 - 0.346 21.97 265.01
|—HP Compressor 2.1 - 0.146 284.34 284.34
LHP Turbine 2.05 30% 0.115 96.95 1012.02
L—IP Turbine 2.24 14% 0.286 45.88 931.14
—LP Turbine 254 14% 0.619 19.83 821.95
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(a) HP turbocharger maps and operating points
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(b) IP turbocharger maps and operating points

GT6041, 141mm, 56 Trim, 1.05 AR
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GT6041, 84 Trim, 1.25 A/R
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(c) LP turbocharger maps and operating points
Fig. 3 Operating points at selected turbocharger maps
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