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Research on radiative heat transfer in sodium combustion
- Modeling, verification and development a radiative properties measuring method -

(Report of the INC cooperative research scheme on the nuclear fuel cycle)

Li Bingxi®
Kudo Kazuhiko®

Abstract

- A quantitative evaluation of a radiative heat transfer is important in sodium combustion
because a large amount of aerosol particles, which are produced as a result of the combustion, exists
in a combustion region. In this study, a development of radiation model with aerosols and optical
property measurement has been carried out for the purpose of evaluating radiative heat transfer
based on a optical property, diameter, number density and statistical and spatial distribution of
aerosol particles. - |

In 2000 research, one dimensional analysis program of the Monte Carlo method has been
developed. This program evaluates a radiative transmission intensity based on an optical property
and a statistic and spatial diameter distribution of airborne particles. Using this program, an optical
property can be estimated from experimental conditions (e.g. diameter distribution) and results
(radiative transmission intensity).

As a result of numerical analyses which evaluate an influence of a size parameter (relation
between a particle diameter[D] and wavelength{ A. ]: =7z D/ 1) on the accuracy evaluation, an optical
property can be estimated within 3% accuracy though an angle distribution measurement of radiative

transmission intensity is necessary when the size parameter becomes large.

! School of Energy science & Engineering, Harbin Institute of Technology
? Department of Mechanical Engineering, Hokkaido University
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Fig.3.5 The phase function of single particle by Mie theory and diffusely
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Fig.3.6 The effects of complex refractive index on phase function of single particle
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Fig.3.7 The effects of complex refractive index on extinction and scattering efficiency
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Fig.3.8 The -effects of complex index of refraction on hemispherical
transmittance (Tw1=600K,£=0.001,D=.5 x m, m=1.5-0.51).
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Fig.3.9 The effects of complex index of refraction on hemispherical
transmittance (Tw1=600K,£=0.001,D=2.0 2 m, m=1.5-0.5).
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Fig.3.10 The effects of complex index of refraction on hemispherical
transmittance (Tw1=600K,£=0.001,D=0.5 ;2 m, m=1.5-1.01).
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Fig.3.11 The effects of complex index of refraction on directional transmitted

energy (Tw1=600K,£=0.001,D=0.5 # m, m=1.5-1.0i, § =0-10° ).




JNC TY9400 2001-007

{(E-E'0)/E'0 (%)

15-18
B12-15
gg-12
O5-9
836
B0-3

1.5
k

15

1.25

025 05 075 1

Fig.3.12 The effects of complex index of refraction on directional transmitted
energy (Twi=600K,£=0.001,D=0.5 4 m, m=1.5-1.0i, &=30-40" ).
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Fig.3.13 The effects of complex index of refraction on directional transmitted
energy (Tw1=600K,£=0.001,D=0.5 u m, m=1.5-1.0i).
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Fig.3.14 The effects of complex index of refraction on hemispherical
transmittance (Tw1=800K,£=0.001,D=1.0 # m, m=2.0-2.01).



JNC TY9400 2001-007

k
(a) 6=0~10°
—3
N
ot s 2 n
s
1 125 15 175 2 225 25 275 &

k

(b) &=30~40°

2 225 25 275 3
k

1 125 15 175

(0 §=70~80°

Fig3.15 The effects of complex index of refraction on directional transmitted

(E-E1V/ET" (%)

1.50E+01-
1.80E+01
1.20E+01-
1.50E+01
O 9.00E+00-
1.20E+01
[16.00E-+00-
9.00E+00
3.00E+00~
6.00E+00
0.00E+00-
3.00E+00

(E-ETVE1 %)

1.50E+01-
1.80E+01

81.20E+01-
1.50E+01

[09.00E+00-
1.20E+01

0J6.00E+00~|
9.00E+00

3.00E+00-
6.00E+00

0.00E+00~
3.00E+00

(E'-E1)/ET

(%)

1.50E+01-
1.80E+01
B 1.20E+01-
1.50E+01
[19.00E+00~
1.20E+01
0 6.00E+00~
9.00E+00
f 3.00E+00-
6.00E+00
0.00E+00~
3.00E+00

energy (Tw1=800K,£=0.001,D=1.0, m=2.0-2.0i) .



JNC TY9400 2001-007

ERR (%)

25 | D9.00E+00-
1.20E+01

—> ™ |DOs.00E+00-
o 9.00E+00
—

S 15 B 3.00E+00-

S 6.00E+00
=y

1 125 15 7% 2 225 25 275 3 B8 0.00E+00~

3.00E+00
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