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Abstract Composition should be initially determined when analyzing temperature distribution using the refractive index
measurement method. A method which divides the measured flow field by combining the phase and emission intensity
distributions is proposed to confirm the composition of each region and significantly improve the temperature reconstruction
accuracy. Candle-air (non-premixed flame) and propane-air (premixed flame) combustion flow fields are selected for the
experiments. The refractive index, phase, and emission intensity distributions are matched. The composition distributions
of both flow fields are analyzed and confirmed. A comparison of the temperature results obtained using the phase partition
method (Model 1), emission intensity partition method (Model 2), and integrating phase and emission intensity partition
method (Model 3) shows that Model 3 is the most reliable. Furthermore, the reliability and adaptability of the method are
analyzed and discussed. This study provides a reference for the temperature diagnosis of complex flow fields based on
refractive index measurements.
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Fig. 1 Schematic diagram of experimental set up
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Fig. 2 Measured flow field. (a) Candle-air flame;

(b) propane-air flame
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Fig.3 Moireé fringes. (a) Candle-air flame; (b) propane-air flame
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Fig. 5 Refractive index distribution (candle-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 6 Refractive index distribution (propane-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 7 Emission intensity distribution (candle-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 8 Emission intensity distribution (propane-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 9 Region partition (candle-air flame). (a) Cross section 1; (b) cross section 2
1.6 10 ¢
o 14 8
11
g 1.2 6
glzh 3| 4 (3| [2 |
1 £10 ? 41l /\2 3 4 | 2 h
1 E 2 =
> 08 £ L
£} =S
0.6 5l
E 04 4l
0.2 AV~ LA -6t
o 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 1.5; 2 25 30 35
x/mm  fmm X fmm
) 4 Co0. 10
”_U 1 L0 8t
= 3 1 4 1 l
- £ 08 213 tl = 41 3 4 3 |2 0L
é p]'i%uult-' & 2 |
=S s E o6 g 2
L z 0
% 04 -2 |
E 02 L ':;
ol - ey, VY, Mo 1L | 1| ]
0 5 10 15 20 25 30 35 1] B 10 16 20 25 30 36 0 5 m 15 20 25 30 35
x /mm x /mm x/mm

P10 DA 73 (P ke -28 KD o (a) T 15 (b) BT 2

Fig. 10 Region partition (propane-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 11 Temperature distribution (candle-air flame). (a) Cross section 1; (b) cross section 2
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Fig. 12 Temperature distribution (propane-air flame). (a) Cross section 1; (b) cross section 2
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