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An Experimental Study about The Effect of Solid Particle Seeding
on Thermal Characteristics of Hydrogen Flame
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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 encrgy 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 (ALOs) 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.
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Fig. 6 Temperature in the furnace
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Table 3 Total heat flux increase with addition of

carbon particle(%)
it R
93] gH 150 g/hr 250 g/hr

0.1lm 10.0 16.8
02m 10.9 17.2
03m 11.9 23.4
04m 11.7 19.6
05 m 11.3 19.1
0.6 m 11.6 22.5
0.7m 10.4 18.9
0.8 m 11.2 16.8
0.9m 10.4 17.3
A 11.0 19.1

Table 4 Radiative heat flux increase with addition of
carbon particle (%)

%

e 150 ghr 250 g/hr 350 g/hr

0.1m 11.1 143 23.8

02m 12.6 18.6 21.9

0.3 m 13.7 233 27.0

04m 12.7 21.7 26.3

05m 13.2 19.6 27.6

0.6 m 1.6 i7.6 25.5

0.7m 10.4 16.3 17.1

0.8 m 10.7 17.7 23.5

0.9m 13.4 223 229

BF 12.2 19.1 24.0
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JFA SHY BA A5 YF IHEE Fig.
10 ol EASAT BAl Ag&e WAshE BY, A
AHow oo AAToE YA imf& B
o} o] MY &7E HF F7Hechrb 0.5m #

g An e AL Gadel Bt 3
T QAN Ha e e NE ug A
Y poh Ty 93 ¥EF] $HEFS
ey AR YA B B 3
e e & & Aok ol Bh PR o A
of 4=t oltstda(Coy)l 4?.‘ non luminous
thermal radiation ¥} soot particle ol €3} luminous
thermal radiation ol €3] HAH oz FEALI} 3
A7) W&o}, YAt FFFo] FAEFE BA

<
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Table 5 Convective heat flux increase with addition of

carbon particle (%)
9 SG 150 g/hr 250 g/hr

0.lm 6.0 25.1

0.2m 5.3 12.5

0.3m 6.0 23.8

04m 8.2 12.7

0.5m 5.8 17.6

0.6m 115 352

0.7m 102 25.8

0.8m 12.7 14.1

0.9m 0.8 1.4

BaF 7.4 18.7
EHEol Frhele AE ©a davd & A4
29l o]Astet A ¢} soot particle 9] %o] F71alo
age g FdEAGE EF Frhetr] dioelrh
ztzbo] AelM o A FEF WSt ME Hal
dRdo 27188 AT EY Table 4 & 2ot YA
& HA7EA ¥e ASE Ve 449 A
TEFHNM Y BA A/ HEF TUES FF
=15 Og/hr%l % 12.2%, 250 g/hr & 7§ 19.1%,
350 g/hr A A9 24.0%°|th a2 ER 4k3leEn|

F U @7}01] ue Wt vjuss o o
wnH E goR, gaddad dAvke a3 &
& HHo2RE BAL dddd] nuy 2 9%
£ PG & 5 ok SEEQ WSE due

W gUHoR ARAFe Frhgel 2 g9ol
a2 4fel A& %+ Ak ole A9
Agh BAN A, =@M Hge] Easti

AF g FGd M= soot particle o & 3 luminous
thermal radiation ©] 7¢3}7] wl&o) ¢z} Hste] 9
o dEALe] FoAs g 2 ol EF Fig. 10
£ 29 Y4A FEFFO FESFE dR 45S%
| F7teted ol #AYAY FgHe] Ft
£ Ax BdFo| FUhste d4AE YR &
| WZolth dAe xt FFFA
45 9 t\"iﬂ' AL B drsy a3
g digel Hd7 = dHo] Al
] 3‘1}]7} HE 98 ozt &Fo AHA
o}@o] 9uth Table 5 o YA TEHZF W3}
AA2 B diF dF&e FH&
At dF EHEY HF FHELS 9
150 g/hr A% 7.4%, 250 ghrd B $-
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Fig. 11 Total, radiative, and convective heat flux at wall
18.7%0]ch. 22uh BA} d4s dojH de
vus] B o A7) e A dAde F 8
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st71 98 Fig. 11 o AT = FFENA HA
s 44 $hE R AF LhEe 2o £
2 Uehy

3% a1, Table 6 o] 71 H]F& HEFH
o}, Xhﬂ g FAA HAF 4 =
H|Z& FaAoz gh gRE Yrieh] ¢ H
$ 752%, JA FHE 150 ghr Y B$ 76.0%, 250
ghr & 2% 752%2 A7HA 244
2 B9t £ RE 99
’e}OI %*} %%% dg & F Ut ol dAE

@ A a@%%ﬂ F7h Fol ¥4 244G o
F dAgo zAREE ¥ FE 2#2E7] Y8
Table 7 o YAE Hrbslr] e /\/\i}%log_r,ﬂ_
Hel WAl d44g J1FoR s g% I
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Table 6 Radiative and convective heat flux ratio in total heat flux (%)
IEF No particle 150 g/hr 250 g/hr
BB Radiation Convection Radiation Convection Radiation Convection
0.1m 77.4 22.6 78.2 21.8 75.8 24.2
02m 76.8 23.2 78.0 22.0 77.8 222
03m 76.4 23.6 77.6 224 76.3 23.7
04 m 77.2 22.8 77.9 22.1 78.5 21.5
0.5m 73.9 26.1 75.2 24.8 74.2 25.8
0.6 m 72.4 27.6 72.4 27.6 71.7 28.3
0.7m 73.2 26.8 73.3 26.7 69.5 30.5
0.8m 73.2 26.8 72.8 272 73.8 26.2
0.9m 76.2 23.8 78.2 21.8 79.4 20.6
B 75.2 24.8 76.0 24,0 75.2 24.8

Table 7 Radiative and convective heat flux increasc ratio in total heat flux increase ratio with addition of carbon
particle (%)

TREF 150 g/hr 250 g/hr
91 ) Radiation Convection Total Radiation Convection Total

0.1m 8.6 1.4 10.0 11.1 5.7 16.8

0.2m 9.7 1.2 10.9 14.3 2.9 17.2

03m 10.5 1.4 11.9 17.8 5.6 234

0.4m 9.8 1.9 11.7 16.7 2.9 19.6

0.5m 9.8 1.5 1.3 14.5 4.6 19.1

0.6 m 8.4 3.2 11.6 12.7 9.7 22.5

0.7m 7.6 2.7 10.4 12.0 6.9 18.9

0.8m 7.8 3.4 11.2 13.0 38 16.8

0.9m 10.2 0.2 10.4 17.0 0.3 17.3

B 9.1 1.9 11.0 143 4.7 19.0
Z7he & el AifelA B 5 Sl (excess air)2] Z718td AAHoE ALr=E
A Afsel F7HE FIM HAb dRse S WRY 2k delrtn, A4 sE delrt aol
o] zt#lshiz BlFo]l it A& FrhgEY 4§ Atk £FALE HAANM Y JAL d/EL D4
Aoy Ao o224, gAayAe) HR QIgk &+ ok
A-E7] Fasdo e gAde Fkes () F&-F7] &2 gl ALO; YAE FH7HA
AZFZ7le] o] WELEV e el o 71H nA YA} F=Hel 2 JhA Aol oz

284} soot particle 59 &
o] F7tel W& 7|d&ta £ 4 k.
4. & B
(1) F£-871 &4 sgeld 3] FE(swirl
intensity)7} 718t 7hAl 3 Aolst FolAlx,
AA4E HH Mo RAL Hf&o] Frigto
(2) 98 TEF] BT Lol # F7)

Ao o3 Ao RolA FUW FHo] W2 2
A Moz Wty ¢gxe ITEFS TS
3l 9l 3 T(luminousity)= S7Hsch 12y} A
Ho2 dAA2 Wi 27t WErtal 4R ¥
Ho 29 thermal radiation & &

blockage Ao 2 &l BAL EfEo] 7Hagt)
©] 2] 3} heat blockage & YA+
= BAAN U FFH) 7
o9 A gfso) Base 2

KT ol
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