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COMPUTATIONAL INVESTIGATION OF NOZZLE FLOWFIELD IN A MICRO
TURBOJET ENGINE AND ITS SCALING CHARACTERISTICS
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Thermal flowfield of a micro turbojet engine was computationally investigated for exhaust nozzles with
different aspect ratio and curvature. Special attention was paid to maximum and average temperature of the
nozzle surface and the exhaust nozzle plume. The IR signatures of the micro turbojet engine nozzle were then
calculated through the narrow-band model based on thermal flowfield data obtained through CFD analysis.
Finally, in order to check the similarity of thermal flowfields and IR signature of the sub-scale micro turbojet
engine model and the full-scale UCAV propulsion system, several non-dimensional parameters associated with
temperature and optical property of plume were introduced. It was shown that, in spite of some differences in
actual values of non-dimensional parameters, the scaling characteristics on spectral feature of IR signature and
effects of aspect ratio and curvature of nozzle configuration remain similar in sub-scale and full-scale cases.

Key Words : &-7-57(Thermal Flowfield), "lo]T =2 EJHAE <% (Micro Turbojet Engine), Z2]41 A3 (IR Signature),
2 AL % (Scaling)
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Fig. 1 Micro turbojet engine configuration
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Table 1 Micro turbojet engine specification

Diameter 131 mm | Thrust@max. rpm 230 N

Length 384 mm |Mass flow@max. rpm|0.456 kg/s
Turbine weight|2,850 gram| Maximum EGT 750 C
Maximum rpm| 108,500
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Fig. 2 Picture of a micro turbojet engine
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Table 2 Flight and nozzle inlet conditions

Operating Condition
height(m) | Temperature(K)| Pressure(Pa) | Speed(m/s)
0 288.15 101,325 0
Nozzle Inlet Condition
1\1%:::(& V)V Temperature(K)| Pressure(Pa) Speﬁ;ftiiz I;(Ieat
0.456 973.15 167,848 1.3477
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Fig. 5 Validation of the CFD code using a benchmark JPL nozzle
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Table 3 Comparison of temperature and thrust in various nozzle

configurations
Exit Wall
Temperature(K) Temperature(K) | Thrust

Exit | Cur- A g ™)
AR | vature Average | Maximum | Average | Maximum
Cir-
cular NA 560 872 548 566 997
) Small | 579 859 540 564 983

Large | 561 865 537 570 964
6 Small | 561 858 537 569 980

Large | 525 817 520 583 893
10 Small | 479 762 534 572 941

Large | 373 862 522 588 8717
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