5036 % 2 W SO S S ) B- Vol. 36, No. 2
2022 4 4 F Journal of Experiments in Fluid Mechanics Apr., 2022

XEHS: 1672-9897(2022)02-0102-13 doi: 10. 11729 /sylt1x20220004

ETRATNGE BRI AN ESIE
HR I J2% S0 SE IG5
SRMV, BRRS2 ERAN BHL, BBV ER0

1. tf E R 2B T mi A D E R E AL E, LR 100190
2. E B K TRERBESE, b 100190

IR B AL R 28 S AR B LR R s PE e 2 R 48 FADEC KRB R —. JFR T — M3k F33h JOG B &G
WER TG K IAAE R IFHEAT G S W, WP IR T OGA JOE AL B B MR I PR B N 8 . 6 T v (BB 27 B ) 5B 9 T 174
B A ERBE I &, BT R AR 1475 K. AJE 1.68 MPa. D% 5.6 IR ZINL LIRS . ERFYLELMZE
MR KT, BT R A B RO KGR, W& T DL CH*RAE MR PR R L) Cyf /CH*RAE M R LR L
ZE R OGRS T IR AR S B R I A AR R T s P B RO A S TR S AT A e R 35 R 1, SI2 36K
PRBEILFE AT R E R I A E IR % IR N BT AP (L 38 Co* /CH* G 5 A A0 JR) 8 24 2 b pO I 28 J AR s 1, 5 5
CH* M5 5 AT N H TR & 3 5 B SR OB 70 s R 30 SO B O B I GE v AR AR R AE 1 59 D) R AR A B 2RISR i R i AR A

[T
FIRIR): BB AL IR B s RBE IR R P RS BeHGR R =t
FE S 2S:V235.21 CRRFRIRTE: A

Supersonic combustion sensing by the passive
endoscopic flame sensor

LI Zhongpeng" ?, ZHOU Ruixu" ?>, MENG Fanzhao" ?, CHEN Chi" ?,
LI Tuo"? LIAN Huan""

1. State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of
Sciences, Beijing 100190, China

2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100190, China

Abstract: The improvement of ramjet performance in the future wide-area flight envelope
requires advanced combustion organization strategies and engine system control technology.
Among them, high-dynamic frequency response sensors and actuators are one of the key
technologies of the high-performance control system FADEC. Stable and reliable, simple
structure, non-intrusive, low energy consumption, and light weight are the basic requirements of
the ramjet online sensors. This paper develops an optical fiber flame sensor based on passive
flame chemiluminescence for optical diagnosis, andpreliminarily verifies the value of the optical
fiber flame sensor’s data for sensing the combustion process. Based on the direct-connected
supersonic combustion test bed of the Institute of Mechanics, Chinese Academy of Sciences, the
flight conditions with a total incoming flow temperature of 1475 K, a total incoming pressure of
1.68 MPa and an incoming Mach number of 5.6 are simulated. Using a newly developed
endoscopic fiber optic flame sensor, the combustion heat release rate characterized by CH* and

the local equivalence ratio characterized by C,*/CH* were measured under different equivalence
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ratios and momentum-to-flux ratios. The analysis results show that the endoscopic optical fiber
sensor can sense the temporal and spatial evolution characteristics of the heat release rate of the
combustion chamber; The endoscopic fiber optic sensor can sense the combustion oscillation
characteristics in the frequency domain, and experiments show that there may be spanwise
thermoacoustic oscillations in the combustion process; The C,*/CH* optical signal of the
endoscope optical fiber sensor can perceive the temporal and spatial evolution characteristics of
the local equivalence ratio, and can be combined with the CH* optical signal to study the
correlation between the mixed field and the combustion field; The statistical characteristics of the
local flame centroid position characterized the shear-layer flame stabilization mode and jet wake
flame stabilization mode.

Keywords: endoscopic flame sensor; combustion sensing; supersonic combustion; heat release

rate; local equivalence ratio
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