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A Study about The Effect of Radiation on Particle-Seeding

Hydrogen Flame
Joon-Won Choi’, Seung-Wook Baek', Jung-Ju Kim", and Han-Seok Kim™

ABSTRACT

From the view of the environmental protection against the use of fossil fuels, a great
of efforts have been exerted to find an alternative energy source. Hydrogen may
become an alternative. However the product species of the hydrogen flame is only H:O,
which emits only non-luminous radiation so the radiation from it is much smaller than
that for a hydrocarbon flame. In this study, the authors designed and fabricated a
laboratory scale test furnace to study thermal characteristics of hydrogen-air diffusion
flame. In addition, the effects of addition of reacting as well as non-reacting solid
particles were experimentally investigated. Among the total heat flux to the wall, about
75 % was occupied by radiation while 25 % by convection. When the aluminum oxide
(AlO3) particles were added, the radiative heat flux was reduced due to heat blockage
effects. On the other hand, the total as well as the radiative heat flux was increased
when the carbon particles were seeded, since the overall temperature increased. The
effects of swirl and excess air ratio were also examined.

Key Words : thad &(Alternative Fuel), 4434 (Hydrogen Flame), 488 942
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Fig. 10 Radiative and Convective Heat Flux
Variation with Carbon Particle Addition

3tt7h 05m #2999l Ha ge A #
28l A4z 23 J9oM AL e JHAE
H gt ¥3l AgAde weld 28y 4= 3§
o] FETE A FrlEy YA FEAd=
B g BAZE Sksle AE & F Ao ol
Ba R dA Al AYEE o]ats e (COy)
o] 2]3 non-luminous thermal radiation® soot



136 #2585 KOSCO SYMPOSIUM =& %

particleo] 2]% luminous thermal radiationo| ¢
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Table 4 Radiative Heat Flux Increase with
Addition of Carbon Particle (%)

TEHEF
93] 150 g/hr | 250 g/hr | 350 g/hr
01 m 11.1 14.3 23.8
02 m 126 186 219
03 m 137 23.3 27.0
04 m 12.7 217 26.3
05 m 13.2 19.6 276
06 m 116 176 255
0.7 m 10.4 16.3 17.1
0.8 m 10.7 17.7 235
09 m 13.4 22.3 229
3 =5 12.2 19.1 24.0

A9 vl Y A (soot particle)?] %¥e] F7h3le] 1
Sol A% dEAY w£§ Fr1s7] o, zt
ARl A2 QA FFH Wt wWE EHA)
9] ZF71&S 4HEY Table 48 2o ¢
Hrreta e A4E vlFez zhzhe 9
%%H*OHAH BA dREe HE Frree
@ 150 g/hrd 3¢ 12.2%, 250 g/hrd 35
350g/hrd A9 24.0%e°)t}t. 28|24
ol Yt Arto| wE wslEn b ws)
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mlru o o
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Q
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BEBr ool S ol 2 LAl
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S

o wmH & gtow wadae drte 5
-F7] B4k ez HES] BAF g H|
3 2 gugg nAdn 2 & Utk TRAHQ

Table 5 Convective Heat Flux Increase
with Addition of Carbon Particle (%)
ki 150 g/hr 250 g/h
94 & &
0.1 m 6.0 25.1
0.2 m 53 125
0.3 m 6.0 23.8
04 m 8.2 12.7
05 m 5.8 17.6
06 m 115 35.2
0.7 m 10.2 25.8
0.8 m 12.7 14.1
09 m 0.8 14
B 74 18.7

ooz ARAFe e
of & elo] AxE AR ALL T F A

ol 49 st BAI Ued, =49 3}
dol EAsE AF F9dMs AU A soot
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Fig. 11 Total, Radiative, and Convective

Heat Flux at Wall

particle)ol 9% luminous thermal radiation®]
74387 W&ol Y=t 5‘47}°1] ol g dHAtel Ft
% @ 2 Aotk ¥ Fig. 108 A Y& 2

Fao] FUFE EHv R84 9dA FEe

H 2T =
d, ol dadxtel FFFel FAUSE A



#A1258] KOSCO SYMPOSIUM =3 137
Bdvo] Frhste] Aoz MR 2Es ks o MY AAE YT E RE Fo] UA
7l gEolth AAY A FFBAN dF IR D4EF 0%0l¥o] Bal d8E JL G 4 o
£o) W3l ARAL BA A4 AW NS o ot A4z YR FUDFe] R
st Afaol Aozl He o] HA dHw Aol os) dgESE AL Judy w9 @

o] Hui7} HE dgE ozt dhFel AA
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Table 6 Radiative and Convective Heat Flux Ratio in Total Heat Flux (%)

s d/f&9

257 45

Wl 3=} (soot
partlcle 59 7R AT E85A9 Frte] oy

TIFE No Particle 150 g/hr 250 g/hr
AA Radiation Convection Radiation Convection Radiation Convection
01 m 77.4 226 78.2 21.8 75.8 24.2
02 m 76.8 23.2 78.0 22.0 77.8 22.2
0.3 m 76.4 23.6 776 22.4 76.3 23.7
04 m 712 22.8 719 22.1 735 215
05 m 73.9 26.1 75.2 24.8 74.2 25.8
06 m 72.4 276 72.4 216 71.7 28.3
0.7 m 73.2 26.8 73.3 26.7 69.5 30.5
08 m 73.2 26.8 72.8 27.2 73.8 26.2
09 m 76.2 23.8 78.2 21.8 79.4 20.6
Ry 75.2 24.8 76.0 24.0 75.2 24.8

Table 7 Radiative and Convective Heat Flux Increase Ratio in Total Heat Flux Increase

Ratio with Addition of Carbon Particle (%)

THZF 150 g/hr 250 g/hr
A A Radiation | Convection Total Radiation | Convection Total
0.1 m 8.6 1.4 10.0 11.1 5.7 16.8
0.2 m 9.7 1.2 10.9 14.3 29 17.2
03 m 10.5 1.4 11.9 178 5.6 234
0.4 m 9.8 19 11.7 16.7 29 196
05 m 9.8 1.5 11.3 14.5 46 19.1
06 m 8.4 3.2 11.6 12.7 9.7 225
0.7 m 7.6 2.7 10.4 12.0 6.9 189
08 m 7.8 3.4 11.2 13.0 3.8 16.8
09 m 10.2 0.2 10.4 17.0 0.3 17.3
ki 9.1 1.9 11.0 14.3 47 19.0
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