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COMPUTATIONAL ANALYSIS OF EFFECTS OF THERMAL FLOW FIELD
AND CHEMICAL COMPONENTS ON THE IR SIGNATURE
IN THE EXHAUST PLUME OF A MICRO JET ENGINE
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Because of high levels of infrared signature generated by engine exhaust plume, aircraft can be detected by
infrared guided missiles equipped with a modern detector. In order to investigate the characteristics of plume IR
and reduce the level of its signature, the exhaust plume around an engine nozzle was calculated with a
Navier-Stokes-Fourier computational code. The narrow-band model was employed to calculate the spectral
characteristics of the IR signature. Computational models were compared with the experimental results of a
micro jet engine. By considering an aircraft flying at an altitude of 20,000 ft, the effects of thermal flow field and
chemical components on the IR signature was investigated. As expected, the plume IR signature showed the
greatest effect at 4~4.5 pm CO; and 5~8 pm H>O, and the temperature affected the IR signature over the whole
band. In addition, the molar fraction change in CO, and H,O resulted in higher variation in plume IR signature.
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Fig. 1 Absorption coefficient band spectrum per gas|[7]
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Fig. 2 3D grid in circular and deformed nozzles

A 3% ek Fig 28 99 w39 1Y xE A
A 5E 9 A% 30 ek 7t wEe] £ moe) o
7] o] Q1T ABL D 2 BAA Asle] 0% /1F
0% EFo] F28) FHIES FYOR 60 D, WA YFO
2 15 D9 3 A wrlalS AYsela, Ego) AR
o A7k QFH = AP,

29 wZ3) WY w2 Aol P A wZel uls) 1Y

ol AlPgH7E A8

0
'E_
=< 50| A8Ho] glom, % o
bl 0 §]-O]6’]— _/':

ol Ak ARG BEHoR B
SEF BRI S Bt

3 49 CIo[EH<t CFD

*J%— AT EdolE ARg3lo] AAtet 03#%% ke
A3l A% EHEAE RS ARl 2EE st
[9,10]. = Aol ARESE A% ERAE Oi{% =z 27
°] 13 em FEQ! ulEdFH=C] AMTARS] University Olympus
HP 7S AMESISITE o] <zl 32 230 N, EGT(Exhaust
Gas Temperature) 1,023 K714 BA} 71s3}T

Fig. 30l 23 el i Jeplislth 43 ERAE
Qe 93 &S 8k =EEYE 300 mm "ozl X
RakeE é 16}“3} Rakeolli= x5, y& 217 97l £ =
Ol—‘?— T 1A 2k dlojelE Atk
%ﬁﬁ & A &% delElsl CFD A¥E Fig
A9 dojelE ®w CFD g tEA 93

ac 745

oiér&

ié"doﬂE =3t yg?‘Oﬂ*i A fte] Aol7k A71=vl, Rake
of AxE 2= 54 A AR 94 24k v 9% &
2 Qlel e Zlow Holth TJRelt Etekal 7k 1

-03 0 03

Fig. 3 Measurement of plume temperature
in micro turbojet engine test
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Fig. 4 CFD code validation on x,y-axis
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Table 1 Nozzle inlet condition and boundary conditions
in the experiment

Fuel Kerosene
Mach number 04
. Pressure 134,875 Pa
Nozzie inlet Temperature 823.15 K
CO, mole fraction 0.1269
H;O mole fraction 0.1375
N; mole fraction 0.7356
Altitude 0 km
Mach number 0.01
Pressure 101,325 Pa
Flight conditions Temperature 288.15 K
N; mole fraction 0.7902
0, mole fraction 0.2095
CO, mole fraction 0.0003

Fig. 8 LOS and temperature distribution in circular and
variable nozzles
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Fig. 9 Comparison of IR signature in circular nozzle
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Fig. 10 Comparison of IR signature in deformed nozzle
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Table 2 Flight and boundary conditions

Flight Altitude(ft) 20,000
conditions Mach No. 0.8

Atmospheric Temperature(K) 248.6

conditions Pressure(N/m’) 46,594

Pressure(N/mz) 188,171.7

Nozzle inlet Temperature(K) 698.1

conditions Velocity(m/s) 232.3

Mach No. 0.448

Fig. 11 LOS of circular nozzle at different angles
(up : XY plane, down : ZX plane)

Fig. 12 LOS of deformed nozzle at different angles
(up : XY plane, down : ZX plane)
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Fig. 15 Maximum IR signature of circular nozzle for different CO,
mole fractions on XY, ZX plane
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