CRTECN P e K TR Vol.34 No.4
2026 4£ 2 A Optics and Precision Engineering Feb. 2026

XEHS 1004-924X(2026)04-0525-11

MEEZHVNEREREIHNE=LHEAFRORIE

2 0, %2 %
(PERMAE B ITEER, X2 300300)

FEE X R SOE R T UL b A 5 25000 75 52 O B2 5 il o) R UL EE 3 7 2R ECIRD AL, AR SR s — P e T LD 2
HEAGL I 2 O S TE D70 o A 88 7 B B AR LG 5 0 Tl ™ R R, R 2 S R 2 O P AN T S 0 A e 25 . AR
TR 5 380 2o 33 37 A7 7E S5 7 AR A L AT A 3 T SR 452 A b 5 B AELA SRR AR A s 22 ) 1 A AT I 5 OC R L FE ML
Xof R I S SR A T S BT O A % 25 1 O T R AR AR S . 256 Abel i AE 4 55 Gladstone-Dale ¢, 58 i 1 MR 4 £ B 4T
B2 P RNR R A R S R T, SO0 R GUAE £ 67 A B N EAT I A5 R R A £6T LN ARG
T 22 A 50 7 5 1 18. 26 KREZE —0. 94 KRG BEAR THEY — A B 9. %05 vk W8 4 o T 3 5o 0 AR e < AR B 0 2%
PETT 000 e TSR S S K S ML R R R 7 0 R RS B SR B R O AR S W R T RO IR E B

X B W:BFREAHBEMERADIEFTRIED  LF T ORE LT R FAR ; Abel £ T #
RESES V231 1;0439 XEIRIREA

doi:10. 37188/0OPE. 20263404. 0525 CSTR:32169. 14. OPE. 20263404. 0525

Optical center calibration for aero-engine exhaust temperature
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Abstract: To address the projection offset and axisymmetric temperature-field reconstruction distortion
caused by camera optical-axis misalignment in background-oriented schlieren (BOS) technology, this pa-
per proposed an optical center calibration method based on geometric optical modeling. Conventional
methods assumed strict alignment between the camera optical axis and the flow axis, neglecting unavoid-
able angular deviations in practical installation. In this work, an accurate geometric model incorporating
optical-axis tilt was established, from which an analytical mapping between actual projection coordinates
and ideal sensor coordinates was derived. This enabled precise deflection-angle calculation under mis-
aligned conditions while maintaining a single-camera axisymmetric measurement architecture. By integrat-
ing the Abel inverse transform and the Gladstone-Dale relation, a complete reconstruction chain from de-
flection angles to refractive-index fields and finally to temperature fields was achieved. Experimental vali-
dation was conducted within a misalignment range of £6°. The results show that under a +6° tilt condi-

tion, the average temperature deviation is reduced from 18. 26 K using the conventional method to —0. 94
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K with the proposed approach, corresponding to an improvement of approximately one order of magnitude

in accuracy. The method significantly enhances the measurement reliability of BOS under non-ideal instal-

lation conditions and provides an effective calibration tool for high-precision, robust optical diagnosis of

aero-engine exhaust temperature fields.

Key words: background-oriented schlieren; aero-engine exhaust temperature field; optical center calibra-

tion; geometric optical model; Abel inverse transform
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Fig. 2 Schematic of the path of light through the tempera-

ture field into the deflected optical axis camera
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Fig.8 Experimental temperature and error at different deflection angles
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