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Design of a high-resolution optical measuring ring for

supersonic combustion flow field
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Abstract: The separate optical probes have been widely used in scramjet laser absorption spectroscopy
measured system. High resolution flow field cannot be obtained because of the limitation of the probe size. A
high-resolution optical measuring ring based on free-curved lens and cylindrical lens was designed for
combustion flow field. The beam distribution was determined by numerical simulation. The measuring ring
adopted double-layer structure, the transmitters were located at the most edge of each edge. The fan-beam was
formed by collimating lens and free-form lens. And then after passing the measuring flow field, the laser beam
was defected by the wedge lens and focused by the focusing lens. The measuring ring receiving unit minimum
interval was 5 mm, achieved dense array of 88 beams in 5 cmx7 cm space. The beam distribution of the optical
system was discussed. The structural design scheme suitable for engine measurement was given. The

measurement result shows that the light efficiency is greater than 50%, the total transmission efficiency is greater
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than 55%. The high-resolution optical measuring ring can be directly connected with the engine body to avoid the

interference of environmental factors. The two-dimensional distribution of temperature and concentration in the

isolation and outlet of the combustion can be measured.

Key words: laser absorption spectroscopys;

fan-beam;  combustion flow field
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Tab.1 Power measurement results of optical system
(a) Long edge test results/mW
Transmitter number 1 3 5 7
Input power: P 11.7 13 13 12.8
1 0.36 0.58 0.37 0.35
2 0.56 0.57 0.67 0.45
3 0.44 0.56 0.6 0.57
4 0.51 0.55 0.54 0.59
5 0.54 0.55 0.57 0.6
6 0.37 0.56 0.63 0.57
Output power: g; 7 0.57 0.57 0.61 0.62
8 0.56 0.53 0.64 0.57
9 0.45 0.54 0.48 0.5
10 0.53 0.43 0.62 0.58
11 0.57 0.58 0.61 0.59
12 0.65 0.52 0.63 0.62
13 0.36 0.32 0.41 0.44
Total output power: Q 6.47 6.86 7.38 7.05
Energy efficiency: n 55.30% 52.77% 56.77% 55.08%
Receiver uniformity: 6 55.38% 55.17% 55.22% 56.45%
(b) Short edge test results/mW
Transmitter number 2 4 6 8
Input power: P 11.8 12 12.9 11.68
1 0.63 0.69 0.68 0.55
2 0.52 0.62 0.58 0.65
3 0.7 0.7 0.58 0.52
4 0.67 0.71 0.65 0.64
Output power: g; 5 0.79 0.8 0.64 0.92
6 0.82 0.8 1.04 0.88
7 0.72 0.82 1.05 0.9
8 0.93 0.83 1.03 0.93
9 0.61 0.46 0.59 0.53
Total output power: O 6.39 6.43 6.84 6.52
Energy efficiency: n 54.15% 53.58% 53.02% 55.82%
Receiver uniformity: 0 55.91% 55.42% 55.24% 55.91%

20210063-7



i E ok A2

% 10 4

www.irla.cn

% 50 A

U R O RERE (1 O B MO R AN Dy 41 7
AEROL LA W RS LR, SRR B 57t 0 3151
g G

Gmax

RVl — & S &t G R R/ M S R KB LE o
i 1 45 5L AT, B R R Z R H

HORRKT 50%, S LI KT 55%. 0T RNHE

Wi B H B8 2, T AR A 2 W0 i 1) ) A1 T 3 Y

3 MEBRFEREZTAR

)

TS BUREAA vh A S AL e 0 B ) — 4

Measured ring flange module

W, 76 RGBT IERL b, 8500 T 5 & ShLaE
BINSIREREX (2 7 87N Dh 80 W B s NN o) O 1 2
WA B | DL EF R R B | I PRk 2 A R = 4
B, N 9 B

WO A B0 28 B 2R 1 i 2= HOL A 4T
PRI, WOL K ST ITRE UG TR B E LR, B IE
TS W I 90 S O R ITHG O HE N
TGRSR RGO 2 AL B 2O LT A AR5 5
2 PR FEEE AR, WOt K SHE Ry R A,
TRETHA 4 DMROCAST RO, BAHOE R SO
TR ERID I —M, 73 50— R RO oA T
R — 5 BRSO IC R TR B 5 mm, 7] LASE

M /N ZE ] 43 B A S mmxS mm SRS E i
Single mode fiber
Fiber flange '

Optical fiber
transmissiong cable |
Multi-mode fiber

Region of interest

receiver module

Laser transmitter and

Optical fiber transmissiong module

(a) EARLE B R

(a) Schematic of the overall stucture design

Focus lens

Collimation|lens

Free-form lens

Laser transmitters

Deﬂectlng dglﬁ_lr;‘r_%r_i &5
f -——

o ‘._: &= -

Laser receivers

(b) ML IR RS

(b) Internal structure of the measuring ring

P9 PR ARG

Fig.9 Measuring ring system composition

20210063-8



s Gk A2

% 10 £ www.irla.cn % 50 A&
@{W%O diode laser absorption tomography technique for combustion
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