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IR radiation imaging test, process and evaluation of jet aero-—

engine

Chen Shiguo, Jiang Yong, Fang Haobai, Li Zu
(Science and Technology Plasma Dynamics Laboratory, Air Force Engineering University, Xi’an 710038, China)

Abstract: The infrared(IR) signature is the important basis for IR stealth design and anti-stealth detection
of jet aero-engine. There were three major contributions in this paper. Firstly, the jet aero-engine had a
wide temperature span to be measured, which was far too large for an IR camera to cover in one
snapshot. This was accomplished by using multi-integral time combined measure method, each integral
time was optimized to a definite range of temperature and to make sure that the combination of all
integral times seamlessly covered the entire temperature range of target. Secondly, the measured
temperature range of each integral time was defined by multi-frame image time-averaging method, then a
per-pixel radiance replacement and images synthesization method was proposed to form an integrated IR
image. Compared with IR image of single integral time, the integrated image shows abundant target
details and signature information. Finally, the distribution of IR radiant intensity was calculated, compared
with IR spectroradiometer measurement at the same test-point, and error was less than 10%. The result
shows that proposed methods based on IR camera are all reasonable and efficient.
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Fig.1 Configuration of turbofan-engine and IR camera
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Fig.2 IR images of random frame in different IT at P1
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Fig.3 Comparison of IR images by time-average in different IT at P1

300

Radiant temperature/°C

0 50 100 150 200 250 300
Pixel
A A ) B4 iF ) R 2 sh AL G0 £k s 0 R Ay A

Fig.4 Radiant temperature distribution along engine axis

in different IT



730

roh ok TAR

% 43 A

XF I 1 & s AL 2 b SR R G Ay A I L, Ak b
o A G U B A B MR F R

ATRLA W IT1~1T4 : (1) IR 75 50 28 Wi 2%
H A e 5L D% G B, B 3() T s B9 B R A5 S K4
H R S IR e < P B0 A AR I (2) B ER Y
A AN [ R B A T B G 5 (3) I T B AN, BT LAY
) H AR WA S B, 2 B0 i ) 414 K
PR AT AT I, R AR Y D G BOHE A AL
22 BBEREEERSEGAEK

RA4E 2.1, 1 TR 4 DR R i) ok,
WM NEEAMME R S AA 4 DA R 40 52 B i TR
DL), {HACAH — S E & A &, Ry, 2 200 8 H A
LA

FEHAE 1.3 8943 b7 . AR ALY DL H 2RI 25 Pk g
P WA ¥ R AN 728 0 5 17 5 8 R S0 R D 5
H b @ 5 B it A ¢, HUE N BT ANE 2 B A /Y
8 e B (e S IR ) T 6 L Rl — A4~ DL, 24 IT 2 48 i
PR AR F AN LY B AR R 5 B (SR SR ) KR
TR, R, B bR R ST R (AR IR ) 2 S A T
DL 11 {0 LA AT A Ay $5080 A 280t 0 40 AR 4

BT R, R TBRRERESEENR
5B A Bk AT A A B SR AR A 5
/R, o SCT300M 45 7 19 %5 H°F DL B B i [

For IT1-1T4
export DL,radiance,
temperature and store
in a matrix respectively.

1

For IT1-IT4
define the valid range of temperature respectively,
then fix the out range data of DL,radiance,
temperature as zero,and update matrixes.

For IT1,
if DL<12 306
of pixel?

For 1T2,
if DL<12 306
of pixel?

No

For IT3,
if DL<12 306
of pixel?

No

For 1T4,
get all radiance,temperature data.

I

Get and store the valid data of radiance,temperature
of each IT,then update the combination matrixes.

P 5 5 F R S IR A Uk A A
Fig.5 Flow chart of per-pixel radiance replacement and images

synthesization

& 1180~12 306, 1% 55 1 4% 0 JEVAE 2 43 B i a2 1%
BN G PR L BUE, EEE T BB R A
52 R, SR 5 A R — I 20 A0 AR % A B AR el A
& T HRR2HEER.

AR LLA EHR an i 6 s .

& 6 4 B 20 41 E 1%

Fig.6 Combined IR image

HE 3L, K6 & T Hbrm AR 4 S
BORWO W A0 A w, Hom i DX R A5 LE 1R 3(d)
SR BT, PO nT DL G R Ak BE T R A BT AT Y
2.3 ASMNEHEEITE

MBS EF, 208 R A 20 AP 63 4 A Y
5 A 000 3 S B[R], X O % A3 4 B T AR I s ok
A7 25 [ T A PG SCAR S B DR e, ) 2
0 S AG I 3R L T A SR E bR A4 21 S0 R G o
FCZE A AE T 20 A AR 6 18 0 1R 15 1, Tl
T A S ASC U T e AR S A5 I e 1 % B A AT REE DG
T AR A SR

il o e HUE 6 & BEL A1 R B B AR R A e
Ly, 25 5 AR AU 3 # 0 R B 45 2 000 580
I 37 %68 0 64 B 1 B AA, LT 2 0D 3R T 44
0 A3 21 S0 5 5 L

1= X LAA,

(1)
i=0 j=0

WWRERME 1 PR, HAHEE E2%5BHE
SERCHE  H AR R B IESF N, 408 15%
®1BBEMUERIEMNIIINEGEEST
(3.7~4.8 pm)
Tab.1 Comparison of IR radiant intensity of

spectrometer and camera between 3.7 and 4.8 pm

Azimuth Test point ~ SC7300M MR254 Error
90° P1 0.105 0.096 -9.7%
60° P2 0.158 0.146 -8.4%
30° P3 0.334 0.353 5.3%
0° P4 0.954 1.000 4.6%
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