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Burmer combustion characteristics of hybrid type water mixing emulsion fuel
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Abstract: Water emulsion technology has the problem of unstable combustion due to the rapid separation of
water. To solve the problem, a hybrid mixing device was developed. The device attached on the burner was
tested. As a result, the fuel consumption reduced to 12% in the similar condition of exhaust emissions and
flame temperature, and 45.5%, 98.5% and 97.2% of NOx, CO, and smoke were reduced at the same inlet air
and fuel flow rate.

Key words: Emulsion fuel, Exhaust emissions, Low NOXx burner
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Figure 4: Flame development of the diesel oil
case at ignition start

Figure 5: Flame development of the 9.1% mixing
case at ignition start

Figure 6: Flame development of the 16.7% mix-
ing case at ignition start
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Figure 8: Temperature distribution in the flame

center axis in the 75% open case

blof o

/’ﬂo

5

T 59% He 2%

3

Y2
wulA QA Yo7 8 3] %] A|377 A1435.(2013. 5)

A

[e]
i

S54E tehiAR 2w} o)



1000 - Water Mixing Percent
Ty =+=0%
O B-9.1%
T 900 - 16.7%
-

2

B 850 -

-

2

E N
F 750

700 T T '

1 2 3 4 5

Measuring position

Figure 9: Temperature distribution in the flame
center axis in the 50% open case

3.3 HYZ|T7tA
Flgure 10% 571 MEgo] Hzst v EE£%E
of W AiAstE XS UERh 100% A%

FollA ¢ av“&% AREE 49 UppmAEE A
6‘}1‘/} 20ppm7HA]l E718k 3 12ppmA L2 Yol
£33 ds9 A2 vz AEgS YERAIRE

%% e F7tet A AadtslE wiEe] A
e}l EE3E 16.7%0A Yol wEl 47%7HA]
ZHAaE AT =gl 50%%1 W EEFE 0%
OA{TES AR A9 wlg- W 7ppm G =]
s Yehd=dl 01 B9k 379 g =

AT AstE o] W shderT) 3
For AztE)

Figure 109] (d)= Edd Az HF viEs=
w717k T AaxAelE vRE yepdoh oAR
w ALS-3E 0%l A JHES 100% 9 W] 1lppm,
75% 9 wj 13ppmoE Z7Fe 5 50% 7w A
Sppmo. 2 FA43] Srolx| =] o] st upe} 2
o] FTHHE 719 ol 7]203 Eghd 149

%z,ko] : g 91%, 16.7% <33k A9+

OBL

R

p

GramtA A L o] P83 A] A|377 A1435.(2013. 5)

°
2
f
i
=
o
il

b w Ak2sh ¥

57t g5t 1_¢EJ

e 16.7%9] 2=

o oA Aol v
e $¥9 ye e
°]

s

off 2 m rlo M

S99 69 A
BUWNA = 5 9
&9 A= 25F

ERE N
it
S %
-

&

MNOx Concentration (pRm)

MO Coneentration(ppm)
- o B

1 H H ) §
Measuring position
(a) Opening 100%

i Vi et
-

pend

e

MNOx Concentration,

1 1 H 4 §
Measring position

(c) Opening 50%

%8

N

NOx Concentrationippm)

94

=B

oo BB E

Measuring position

(b) Opening 75%

Intakecgeni-g

(d) at position 6

Figure 10: NOx concentration variation with in-

take opening

312



g
]
§
i
&

£0 Concontration (ppm)
- 2 E E B
-//
_
L
e
CO Concontration (ppm)

FEE R EEEE-

(b) Opening 75%

L 350 g . 160
Fl 30 - 5 L Y
$ el I
£ "
2 0 € 100 %
LI [ B
fon fm
§w {
[+] [+] et
L] —— [ L
T | 1 i h
Wassuring positin Intake spening

(c) Opening 50% (d) at position 6
Figure 11: CO concentration variation with intake
opening

ot Mg Pt

Fu
i. W%
e

i

t4
i
;xi
i

(a) Opening 100% (b) Opening 75%

1] i g Pt T

e g Pt
0o -0 1] e
- W +l“l;‘ - Wi W48
Bl 9} LT L3
w T
‘E ] \/\/\‘ ! »
o £
100 R "
1] — 1]
[ S R 1 i T
Measuring pasition Intake opening

(c) Opening 50% (d) at position 6
Figure 12: Smoke concentration variation with in-
take opening

-

Figure 12+ &7] M=&3 &35 WsE
go] ~rg sk WitE yehdth el

100%%) 739 2= EE3ECNA 05% olste] wj
G- @2 ghs YERATE JiESC] 5% o W =&

22

GramtA A L o] P83 A] A|377 A1435.(2013. 5)

FE 0% TIAo] A9 3% W9o] 2Rl
S7HE AR 16.7%°] =EFEANAE Ao nE
FA3h 50% MEE] A 0% EEFENA
o9 S 60% Y=o AWAHS LERNT 9.1%
B35 9% 5% WLl F #he vehd
th 16.7% EZ39 A9v ASHoRE AR
o] o 50] w77k EFolAE g W s
HolZEth wj7)7ks 78 7)Ee R @ 1 16.7%
B3kl A5 BEdtol gl "Rt vaste]
97%2] E& AES UEhdth
34 C|AL O™ HE HlW =M
t Sl 3

=9 WU
il

250cc/min®| ™ 16.7% =2%-52] 75 220cc/min®]

w B3F% 4dcc/mino] Tl A4 FAlEo A9
LERIE EE53ME 16.7%Y HA7F 2 =&
S Yehdith erEko g v odgde] A9rt
O e BRI E ekt ol By 3l
= 7pdEo] odAdel A97F ot B AL
[RA= RN

Termperature{ )
# &8 B E
Termperature{ )
# &8 B E

—+Dieseled
A brion 1T - Eisn T
] ]
1 H ) ] 5§ L Smm 1beren, 150mm
Mesnsuring pasition Distance feom the canter of the flame at pasition 2

Figure 13: Comparison of flame temperatures

313



M o & T N M GG Bl * IR H XX M oMo W T B TR 5
R 2 0 pES Ry TEZF PeXa d4Ts E
Boo TN TR oy W i = T N GO T o W o
M T g W I e o P g g G e HLQE -
R e S ™o g N oo o A U ﬁmik ﬂﬁuﬂ S
yxi3ead DL gorF ERE safy . Fizi O
5 PR o wEL BT o G N = SO I £
Ho“ 5 < ) _;lmﬂw_.m_l LAE Et Eﬂ%ﬂ W N ~N of ol ﬂ_"h Mo ﬂuﬂﬂm%&m L,Lﬂl - WO nw
7M17rﬂ%@% I o e oﬁﬂﬂ;ﬂe %%ﬂ% ML
=0 o= ; j o oo T o W e B TR o=k ? R s
ST o258 U SR ! showr TR N g
b e ® S X X w o = om o [y o el I~ o WA 5
ML R QULH Em ﬂ oW < \I_/FlnAl,umo ‘qu- o,u,m_ﬂ\ﬁq MOD %wa M..W < N o_l _Mﬂu H_lﬂtmﬂn ﬂbrw_ ‘.l_Nﬂ 2
Ko 2 o . ) . 3 ) o BR N N o= N N %)
P EE LY T Moy Ewgx om M TR S
HE \Iﬁ NA 4 ‘_Irkl »ﬁ TE NI ‘i = Eo ~ ! = = ~n o = _!ﬂ_ N X ,AL .m
TR gy M N g Eﬂak_/iuﬂr%ﬁa% Eﬂu% g F NN R 8
o o W BN an ooy A D 3n N ol e % =Moo = —_ —
Eé‘og - UF nwruoﬂﬁ%,mueﬁanﬂgl qoa_thM =~ 8« ELWM%EEWM k=
Mt e Twx g BT T WA T, wER Tlgea® Tausg N
o o 4 dbo 7 & TR ST N Y sxedw i 4w <
X3 ok o s R T BT E M o T N B T ET =
o o) T o oo K] =S i Lo < -
m«%,ztmﬂﬂmﬂl mw 23— mw OHMM%WMWW‘
i AR TN - s 1 | N G
Ry Py 5 5 £ = WS m T e
= = . = -1 ol .
ﬂ%ﬂz R o c E ¥ LW = B E oy
O L S O Ty g g & - 2 W
G . § £ & i S e T L PET
E;uowm L X = 2 8% [Rem— ~ oo 7o B
mv_o = o) w oF o T8 =9 O © JaSene WX
.Wm %%%W%ﬂu w m.nms.m T — © - meo%ulnow%
sebBoT i .5 528 rpxa:c ss  glumgk”
1QE%_W&%Q 38 2 §_F 9o 2 S‘ﬁﬂeu,_ﬂoglv
%_H i;&ao wxm/ou mm m.mm eese—— - g E ,0|Wo ﬁomlaﬂf
Haldae®EZ -3 s i ~ gE8 —F W Lol
o o1F€D.ﬂE4 S o o E@wﬂ}oTJ_
aﬂm%fm%w_ﬁ% 5% E —i E S T T X
N )] ) - ]
WS T s T ,|l gt — O gy BT g
N T = .2 8
Wmﬂﬂ&&ﬂzm gSEmesygwes M_mm mw ] °S g MM/M%WE?
= w eg o o_l T T oF (wdd)uonesuaduo) xoN [ € = s h b (<] m 5~ m BB _;o il
0 € o g c > < o)
M._quangﬁmeaW,zE > o T 23333333 25 8 & L~ "9y ow
S S e L s 5 Gomews L 2 g Gl -y

314

techniques to reduce NOx emissions from in-

wulA QA Yo7 8 3] %] A|377 A1435.(2013. 5)



(2]

(3]

[4]

[5]

(6]

[7]

(8]

stolBol=y =29 oY dae vy 54

dustrial boilers”, PULP & CANADA , vol.
96, no. 6, pp. 45-52, 1995.

A Keer, R Bautista, L Y Manzanares, E S
Garbett, and J Swithenbank, “NOx reduction
in a Pulverised-Coal swirl burner with
High-Velocity jets”, Journal of the institute of
energy, vol. 40, no. 2, pp.71-80, 1998.
Hideshi Yamada,

Shimodaira, and Tohru Machida, “Nox emis-

Shigeru  Hayashi, Kazuo
sions from Non-Premixed, direct fuel injection
methane burners at High-Temperature and ele-
vated pressure conditions”, Twenty-Seventh
symposum (International) on Combustion/ The
combustion institute, vol. 27, no. 2, pp.
1833-1839, 1998.

C.Andrew Miller, A.Dahman Touati, Julian
Becker, and Jost O.L.Wendt, “Nox abatement
by Fuel-Lean reburning: Laboratory combustor
and Pilot-Scale package boiler results”,
Twenty-Seventh symposum (International) on
Combustion/ The combustion institute, vol. 27,
no. 2, pp.3189-3195, 1998.

Jung Bin Lee and Sang Done Kim, “NOXx re-
duction by hydrazine in a Pilot-Scale reactor”,
Chemical engineering journal, vol. 69, no. 2,
pp. 99-104, 1998.

Misubishi Oil.Co.Ltd, “Low-NOx burner using
fuel mixed with emulsified water”, vol. 98,
no. 7, pp. 11-17, 1998.

S. R. Gollahalli, M. K. nasrullah, and J. H.
Bhashi, “Combustion and emission character-
istics of burning sprays of a residual oil and
its emulsion with water”, COMBUSTION
AND FLAME , vol. 55, no. 1, pp. 93-103,
1984.

Douglas C. Rawlins, Geoffrey J. Germane,
Paul O. Hedman, and L. Douglas Smoot,
“Laboratory-Scale combustion of Coal-Water
mixtures”, COMBUSTION AND FLAME, vol.

63, no. 1, pp. 59-72, 1986.

GramtA A L o] P83 A] A|377 A1435.(2013. 5)

[9] Da-Hua Liu, Ali M. Zghoul, Zongwen Li,

Bon-Siau Tan, Karl L. Lockwood, and Robert
H. Essenhigh, “High intensity combustion of
coal with water injection”, COMBUSTION
AND FLAME , vol. 63, pp. 49-57, 1986.

[10] Dong-Hoon Yoo, Osami Nishida, Hirotsugu

Fujita, and Jae-Keun Lim, “Combustion char-
acteristics of emulsified C-heavy oil in con-
stant volume combustion with high temper-
ature and pressure”, Journal of the Korean
Society of Marine Engineering , vol. 34, no.
2, pp. 243-249, 2010 (in Korean).

315



	하이브리드형 물혼합 에멀젼 연료의 버너 특성
	요약
	Abstract
	1. 서론
	2. 실험장치 및 실험조건
	3. 실험결과 및 고찰
	4. 결론
	참고문헌


