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Effects of CO; on Heat Transfer from Oxygen-Enriched Hydrogen Flame
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Abstract

An experimental study has been conducted to evaluate the effects of CO; on heat transfer from oxygen-
enriched hydrogen flame. Experiments were performed on flames stabilized by a co-flow swirl burner, which
was mounted on top of the furnace. Five different oxidizer compositions were prepared by replacing N, with
CO;. In a steady state, the total as well as radiative heat flux from the flame to the wall of furnace have been
measured using a heat flux meter. Temperature distribution in furnace also has been measured and compared.
By increasing CO, proportion in the oxidizer, the convection played a more significant role rather than
radiation. Overall temperature in the furnace was seen to be decreased, while the total heat flux has increased.
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@ Fumace, & Bumer, ® Air brower, @ H, gas cylinder, ® Volumetric
flow meter, ® O, gas cylnder, @ CO, gas cylinder, ® Themocouple,
® Heat flux meter, @ A/D Converter

Fig. 1 Experimental set up

@ Heat flux mesuring hole, ® Temperature
measuring hole. @ Insulation

(a) Radial detail drawing of furnace

® Temperature measuring hole. @ Heat flux
measuring hole, @ Insulation, @ Hole for an
ianiter, @ Bumer installation hole

(b) Axial detail drawing of furnace

Fig. 2 Detail drawing of furnace
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Table 1 Experimental conditions
Oxygen Enrichment Ratio (2) = 0.4
CASE 0,(%) Nx(%) CO,(%)
CASE 1 40 60 0
CASE 2 40 40 20
CASE 3 40 30 30
CASE 4 40 20 40
CASE 5 40 0 60
Oxygen Enrichment Ratio (&) = 0.5
CASE O(%) N2(%) CO4(%)
CASE 6 50 50 0
CASE 7 50 0 50
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(a) Hydrogen-air flame

(b) Oxygen-enhanced hydrogen flame

(c) Oxygen-enhanced hydrogen flame with CO,
Fig. 7 The shape of flame
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Table 2 Calculated specific heat capacity under
constant pressure (unit : cal/mol-K)

Temperature (K) CO, N,
300 8.896 6.961
600 11310 7.196
900 12.667 7.670
1200 13.446 8.061
1500 13.953 8.330
1800 14.269 8.512

2 &

o
=]

o g3 PAE 4%
2000 -
—a—Case 1
o —e—Case3
g 1500 4 —e—Case5
g ld\
- \
s o/ LN
g .
£ 10004
= »
500 T T y T J
0.0 02 04 0.6 08 10
Axial Distance (m)
Fig. 8 Axial temperature distribution at the center
2000
—m—Case 1
s —e—Case 3
R AN e
g o
‘E " ‘\\
% RLTTI: ——
&
e 4 [ 12 16 20
Radlal Distance from the Center Line (cm)
(@)z=02m
2000 -
—m—Case 1
- ~®--Cage 3
L 13008 - —&-—-Case §
i $:-3-8:3-35>
E 1000 R ==y
500
[ 4 3 12 1 20
Radial Distance from the Center Line {cm}
(®)z=03m
2000 -
—m®—Case 1
& @ Case 3
=~ 1300 ——&-—Case §
4
2
g
g
£ 10009 A $
g
500 v + v v y
4 L 12 1% 20
Radial Distance from the Center Line {cm)
(c)z=0.6m
2000
—®—Case 1
) —®—Case 3
~ 1500 —a&-~~Case §
4
i
£ 10004
[ =

T T ™ ™ J
4 L} 12 16 20

Radlal Distance from the Center Line {cm)

(d)z=09m

Fig. 9 Temperature distribution along radial direction

941



942 % - Az - 9

3.13 Q=0.4¢ #A=Re

Fig. 10 o] 3¢gogXE widozo AAddsf
& TAET AZEA Afe o= E vlws)
AR, AkstA Fol olitstgtie] vlgo] FUt
ol utgt HAlo olgt EAGFL F4dE A
< QT 4 Aok 2y 9o dgiFEAE
BAMEAZe 3 FEAGL o4l gie &

o] AR uie} &% F7}3i).

Aol vl FxFol A1 FYu|do] & o
AHEALE FFFLEN FHIARXEE RolAA
"o} =3 di24 U2 FFHE it
725 BEAEAdY FFAEAY 988 A Hd,

O gol F/HEFE Hdog gAaHe HA1EA
g9 F7|E AotAA HE Reojth ol& olits)
g47t d4&2 oA wkx dirle 24 ad)
(green house effect)e} Z& AFE Fd3id, 3¢
o2HE Hyono EXAdHG FAstes A
27158 9= EA 9 (heat blockage) AIE Yo
71 Ao|t} Fig. 8 3} Fig. 10 & B 3lFHENA
2x¥sle A9 flov HHoRe] BAMGRS
Z42REE & F U} o]AL o] FEA
EAME RS #art 2x8s Roe olitsig
29 @xtd Ao o7 ALE RAFE Ao
t}. Fig. 10 oA G0l EAds FFREL 9
Atoleba Hotol o7 BAME RS BAE o] %t
H 3A Jeidd, ol& Fdgexe ez <
g BEAMEAE A 5ot oliksteri e G
B3 tEo] FE3te AeE E 4 .

23A Fo AAE dAStY F3E olitstg
29 o] FIEFE 7| A EAL 73045]'% o] 4t
sethe ¢ =3 FI1EHA "ot olsEae
o2 RE HAEAE AFE FFdtd Al

1o ro 1

9] AUAE FolAl Aot ol AR Ax7}

732 YR & AqUAE JHAA Ha oz
"Jbﬂ BEo g EAdddL FolEh Wi,
F< 0111—1113 7F3 ol itstgae] EF o] ofutx|

AT dfda 9T GiEe oA Aok

m¢ s 39 olumngs Fol FrkA
9u, $9E SlEoz se A4E ouHEL
2 dAE @2, 4sae Aol AAA Ha
d27] Gozvy des 459 25l 37
A R, oz U8 A2z Wl 453 W
7 AAA H¥, 487E S f50 e
Moz 5% EY 378 Hol 3944
£¢ 37185 Aolet ¢ & ek

P~
%
150 - —a&— Total
— —%— Convection
E -+ Radiation
S 120 e g
i .-—n Ll -\.\'
x T~
2 904 \
u
-
H
T 60 *\
€
3 \ */"‘"“\
S 30 " '\
£
0.0 0.2 06 o8 10
Axlal distance (m)
(a) Case 1
150 —a&— Total
— —¥— Convection
g |
§1zo- —n —a +-- Radiation
x "
x ™~
3 90 W
l: x\*
H T
I 60 .
€
s MR S \
2 PUEIRR & o
E
0.0 0.2 0.4 06 08 10
Axlal distance (m)
(b) Case 3
180 - —m— Total
—%— Convaection
- a—a—E—
£ 120 - -\ ...+ Radiation
§, e
MWy
5 o] * * \
'S
k] M
Q@
I 0
: ) \
2, R SR SRS |
£

0.0 02 04 06 0.8 10
Axtal distance {m)

(c) Case 5

Fig. 10 Incident heat fluxes for Casel, Case3 and Case5
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Table 3 NOx detection at the center (unit:ppm)

Distance(m) Case 1 Case 3 Case 4
at z=0.4 3021 1349 1247
at z=0.6 3008 1268 1144
at z=0.8 3068 1756 1178
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Table 4 NOx detection at the center (unit:ppm)

Distance(m) Case 1 Case 6
atz=0.4 3021 7955
at z=0.6 3008 -
at z=0.8 3068 -
150 - —ua— Total
— - —x— Convection
§ 120 . o a -+ Radiation
= \-\-
3 g0 R Sa
% .
§ 60 - f\'\‘ *+ e m
5 e
E 30 \’(/*\,\

0.0 02 04 ) 08 10
Axial distance (m)

(a) Case 6
—a— Total
1504 — —x— Convection

..E a—a— \-\. ----+--- Radiation
S 120 ~a
-— \.
5 og R T
2 o ) L
x ¥
% *
(-]
I so
€
L] e
S 30 AL SR
g oy

0.0 02 04 [X) 08 10
Axlal distance (m})

(b) Case 7

Fig. 11 Incident heat fluxes for Case 6 and Case 7
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