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Combustion Characteristics in Burner Using Water

Emulsified Fuel Produced by Swirl Impinging Mixer
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ABSTRACT

Combustion Characteristics in Burner Using Water

Emulsified Fuel Produced by Swirl Impinging Mixer

Jin-Hee Han

Department of Mechanical Engineering, Graduate School
Korea Maritime National University

Busan, Korea

(Supervised by Professor Kweonha Park)

This paper addresses to the combustion characteristics in the burner
using emulsified fuel newly produced with the swirl impinging mixer just
before ejecting without any surfactant. According to international
agreement, the restriction of exhaust emissions of the industrial burner, for
instance NOx, PM etc, is getting stricter for the environmental
conservation. As a countermeasure of these, the emulsified fuel, which is

water and oil mixture, is one of the measures.



The emulsified fuel is made into fuel drops of uniform size, 10~20um,
using swirl impinging mixer without surfactant. The characteristics of
combustion, exhaust, and efficiency are analysed in this paper.

As a result, the emulsified fuel applied to a burner makes the flame
length short and reduces excessive air. NOx and PM are also reduced up
to 30% and 909 respectively. If the amount of exhaust emission 1is

remained at the same level the fuel efficiency can be better by 4%.

_iv_



4

No

—

e
3

!
ﬁo
W

o

%
\‘%
%
ﬂﬂo
o3

"
=

L L B L B R B =i e et

)

shslan Sl

A

U]

i

Z A
“

A 7}

et

5|

o] &7}

0

o

bl A A Al e

)

B 45 250ppm ©|

HA7 40mg/Nm'ol A 20mg

W el 150mg/Nm'ol 4 100mg/Nm', 2308 A A% 40mg/Nm'el 4 20

e

3
’

Nm

/

ox

Ll

o
o
ol

N

N

mg/Nm'2 5 Hj ¢

B
o]
G

)

35 (NOx) ¥}

/‘:]:

atoll A2

(e}
AR

]

o

[e)
T

i ge ol

s

Aol A 2t

=S
o

KeN
=

A 3aL, A 7p9]

9

o

4
B

%

‘.mo

]

2HEGR)

H

’

=)

=]

o

2

1

7
3 A8 Abg, w7 A

arL
[¢)

SR

EIa=

Al HS BA SFe] ok

=
=
sl

Al

A

ale

o] Att.

p=2
[}

<
RS

o
d ==

_2’4

|

=7

/

ES

i
N
Nlo

o)

%
o)

4
B

<]

X
o
il



BT AR oW RO o m o BTG
T T T %O — oy
TRErLIR Rz LEoR
. IR S T L 2 o
ey WY “q 'R GG
= ____w B < b B 2 I o= o
A T~ G . AR
N ~ ~ iy .®m T o M
ol T Ne ok i A,,#_ = ﬂrL M Ty B
o W _ T T 2o -~
Lo 2 os T TR _mm
%n U Ag - WOI ) =0 7~ ,mw .mu j
N fe) T ‘le 0 T 1o ol
“EEsErTe zagE g
TRy w47y PE
T T v w O w = % T o 9 %
Ho /T il = B o T NH K ® _
o T oa 2 o o= 7 e o P
= T < o R -~ " oo ~7 T
o o X N X Iy B
a® X o mO® B E o
ok — R il A = o] ~— X
T o= BT g %o W LY u@ > ol
E.E =K ‘EIE M ﬂuu Eo o = _ . oﬁa
‘Q :.L ™ E.E fo) &.E 0 ,UI
I T T S R
T T T )
X w g b i) Jﬁ S m ) El %_
) BRI R S, = do M T
< I S T T N T~ T O S R
o0 }w W, o L Moz o g =W
—0 o ~N o W ooy %R H ol %
@a Moo K N o = 1+ o %
" @ﬂ%a%ﬂﬁ#%%%%
: ~
=785 g w 4w B ow
R - R = o T N o o
CC S B O BRI = T ® BT OM

) gule] av)e} wlgol AX L, £

I

-

2l
Gl 3l

-

1

AL ET o] 2
Soj7}

Ex
==

=

=

g A
7Y2 A

wpeba, 2

3}
=

=
T

1] -§-]

3 A

5



ANHol A F9 2, B ETY, 734 AME ¥ S weg & £
N A7) o] FoA A gk}

A Ee AR el EHR B Mol A& Fratel Hd Furt Hof F

Kajitani &< & 20%°l 4

Mizutani &< 434S AF&3F 2 30%014 A& 717+ A slo] wlA Zak

S T om[2], Parks 2 fF3AlE HA &2 30% o]stoll A vk w] A Zut

il
(ot
o
2
iy

o
u
N
=2
=
ie)
Q,

T 2% Kimoto - 10m ©]4 & 4 of A
FEojeEn B = vA S REF o I o] ake] 2 o] o B¢
© BA FE 5 W Hol mAl Fd d4o] gle AS dESATHAL
Vedruchenkot= #3A41& AF&3 & 10, 20%1 4% 10mm o]ste] A4 A 4
Wk kst 3096014l A= 10um o] de] A ERE mlA] ko] HAlE = AS
B o] 5= 5],

A ZA 7 mA Zkol]l m A= 3ol #3 AT 2= Parksol AW &

o

BAE AREEHA @ 2RCAAN vA Fdo]l ATl skl eH[3],

Yoshimoto & A™ EAAZS A3t 24 Hojof st} A& s cH6].



" ™ W ~ MW E W W
il S F =T Toow
= Y e
J
gt el )
Hr — o or TR oy oK
o o ™o = -
T N T N °
= Tz MzezxEL
G X% . <
iy W oF T oK o og W
< ~ 5 2
= w2 oxaa @
o = IR
oom o % w £ "
oy 0| Hjo = ™ -
T i U s BN
il W =~ £ oM
) CEEEIE - -~ R
En_ R s TN S
TR O B ;L S GO s el
T ‘U,FA 2 No T I+ Y - ‘Dﬂ
— =~ ) =0
S ERE RS
T g o ® W
) = W s o}/ <
= B e Ko ow T il 5
X
@oEﬁgo_aﬂym%ﬂ
ORI G L AL
| o] oF o oo 2
B M )| A}~ i i
= X U N
e wm T W m o o
o A e g e oo
of T T T 5 N
q T oW OP R
® oo = i
T G B
= W B T T A 3o
o B oo T 3 T X OB

(b)Diesel 0il+20% Water

Fig. 1.1 Micro explosion in diesel engine

(a)Diesel oil



BAE AA A

°F 10um, A

S vA Ewe AW @

ok
2

8

l

)
< A v ¥

=13
=

BAow nA %

349 w4

-
R

30%, & 94 e] 217]

Z

5

2 B ol# g £ ofefA] <]

o}
TR

o
o}

=

Nlo

el

7FA

KeR
=

]

y
W



¥ NOx, PM% ®i7]7k2=9] A 3ka} 4

719 ME &4, vA F g3 Sol g Ak 2] Wz k.
Misubishiol A= Ffroll 40%<9 & &3ste] NOx 50%E A7do ™[9],
Gollahalli 52 Sfol &5 20% €& A&l NOx9| Fel= ®Wst7F A9

UAARE, PM2 A3 ZAaAZEHI0l 25 COx= BobA L 029 Hj= o]
o]

m 728k o H[11], Liu 52 46%°] & A= NOxE 20% #H4A17]aL,

0: 4, COE T7HAA A4 &A4ste] a3E Hof FAtH12]. Jahani & ©]

I PME 2710l @o] ZaAZAR 718 2 ZolE HoFA = kil

&9 A Gollahalli 5°] T & 14%5 TFFo=2H &% 40~103K

fol

fol
o
ftlo
ox
ol
>,
b
=
-
&
[

ol
rlo
i
(T
-3
o

sty swirle S7FA1 713, A4
20%E TYUFOZA 200CY &% AR AL G289 2~8% A3t
B st oH12]. &3 7] o= Jahani 5°] 5.8% & E3tolA &80 2
SEZHAIRE o] Fol= d WAEe] "ol = Ao 2 HasSit13]. Mitsubishi
N = Ffol & 40% AH&Al NOx 7HA H & 50% &

oA = AL WEFIoH[9] Hiroyasus2 & 20%7MA] Air&so] A3

o
e As Basglal, & S¢del

2} blow outo] A7]E Aol EmE F& 9 dgeke] 71 7S 23



A A8k A TH14].

WA o2 e o] &

24

Gl

<]

j 7] 7}

A==
o

NOx %} PM

o



55 A3 Addyg 2 FYste d7FEE Kohketsu 5ol £8 A
NOx 50%, PM 25%¢] A7+ &35 HoH[15], Svahns & 30%°] 3}l A
NOx 40~60%<] A7 &35 B YrH16]. &< manifoldol] =& FASHE AT
© Hambright 5o 9 ol & At NOx= wf¢ 4, HC, SOF:=
e F HAAEAAT PMe 238 Srtske AdE 7PASHL7]. e
Ishida & NOx¢F PM< sAlel Aztgivhar 233 s oH18].

B =3 d8E AR dTe Afify7h NOxe 4dts HCE S7hske 4
W& H e [19], Yoshimoto 52 f8dE=2 NOx, PM2 AA #43sA
A8k, CO, HCE 2% J7ista 30%0lA £ ZAE  ®HoFJATH20]
Yoshimoto &% & 51%= NOxE 40% A 7rdlen PMe| tair = £ 2
5 A9AtH21l. O'Neel & NOx 104%, PM 284%% #AaAlZ AT HC
32.2%, CO 65.3% <7tste= AaE HH22]. Caffatarr 52 PM¥} HCE 7t
T =Y F Ade 21 5% = 35%FEAlE AFEete 23S AAIE o
[23], Andrews < & 20%Y w NOx 70% #4, HC® CO+ S7Fsta, =
10%9 wf PM 80%, SOF 75%, 7}&o] 80% #As=4 aLsk ATk 24].
Lawson &< 3HAl& AF&38hA Z1 £ddlS wW & 15%°14 NO 40~60%,

vl

CO 10%, HC 14% %425 H 3} tH25]. Miyamoto 52 X4 o2 A4tkst

of & ol /M= NOx$ PM2 w43 fasts S T8k AtH26]



o] 9o %= Yoshimoto & & =3 d59 EGRS FAlo AF&3Fe] 53%<]

Alell &8 AR&Sto] PMeF PMS 293l 1H4 Al A RE HC, CO, SOF
7bote= A3E B a[28], Khan 2 olghs, Wghs =& 244 dsd &%
st W o A PMS 49 5 vkl B ivH29].

AWM = 3 A8 &2 B85 A7 FAeE Kohketsus 9 bl

® AR 20%0lsdA AL HEEa, oFe: Frdtia shge
7]

™
[15], Svahna 915 AR E&o] 1~15% S/l += s BEastiviel. 9 &

of #AFslE= Hambright 52 & 7] manifolddl &%7} Astso] A4 g &2 5
7bE L sk aL[17], Ishida 52 & #AF ¥l &WHE 285 HE(E 1%= 28

s 1%)3ko] AAadtha 2 ek ivH18]

= T AdRE R A

0

O

I+ 4% Park 52 358 S7l2 3 Ao

Z7kske] frah dse Eeol P4 a[18], Afify: 2000rpmell A A8 A%
o] A= a[19], Yoshimoto &2 40%714¢] & &3 dRAAE ds5aX
&o] FAHL} o]F = FrreEtha 89 tH20l. Yoshimoto & fr3tAl A8
2 Y7t EAE o] A8 2RSS 5~9% P oM[21], O'Neel 5% &
EY 9ER A8 ARS ARSATH22] Yoshimoto §-& EGR¥ Ao
AFEEAS W= A8 AR go] gAY 11[27], Johnson 5& 4320 ¥y &
3ol A FHEY Be FES 7HA 28] AW, Khan 52 &3 ol &
Zo] X9H dE7t AR 2RSS TAIH, MEEd Aole 95 AR
= 5% Az v29].



ol

otk st

N Axrt o] FolAA @] W

shel A AA

Ads =

o2 7| H},

_10_



B
o

21 & &

R

ol

7ol

ol

ol

1|

el

=K

E]_]—

2l

A ol

o

impellert} turbine

a7

stof &

&

A=

-

e
el

i

Adr

-y

Fol A A 7] cavitation©]

)

2 oA wxf

e

ol
oy

Adr

_11_



"0

i
!
B

o)

res
o

22 & &

3} 2

Kol
=

)

Ad SAS AYEY o

SEE

6H1—

;Ot

=]
=

Foll W& F7] swirl 335 o)

N
Njo
o

o
o

o)

i)

o

0

N
B
T
roH
o7
™

B

%
o)

Hr

ol A v]A

NOx 2]

Azt

]

ofy

I 7Fd s ol a2 7}

9]

L AR 9

W B QR Abolel F4% @ oFo] Uofu}

FAske] vl

ol A

=]
5

A5 A<

1
T

]_

A
4 ooz Ho B AEw frk os}

)}
H

T
of-

E
Njo
+

Vil
cy

™

2]

0

Nl

b ojgow

3|
pud

ZHAA = ol mlA

[e]
e

-

&t7] o

oy

Br
Bo

2
Nlo

0] $71=2 WA

-
1

Aolth. (A)
d5-olth. o dH

SERVER

1
T

wo] WAEHA g

of mAl

_12_



1

°

o

7] 3}

7] 7]’ HH]—xq ]4_7]_

A7F A& R

1

T,
H

ol Abe 3

I

_ﬂh H R OT o
SR T ol 1 o ]
i, o = ﬁ_A/ ool i . wo o = w b
— T o B lo o N
T ooF M i mm "B N s e <0 O ~ N
Mo W o) = M Mo & L O Y 70
T T o= . b= O G P
® ) & s X ow e =
s T = = o W oo W o ) U
2 W W o Cop ¥ o o = ol
W HooE T T N
LEroTiigrioc £ 7
ﬂﬂg_gqo_a%ﬁ7%0@@% s ™
E P © X o T o Mom -
= ° T 4 o T T A4
3 W_%l ZO Lt o ﬂn S - —
o w P 0w TN oA a8 > ¥
mwmgyzﬁﬂlﬂﬂgm 27
° m Bz X7 ) =
v - = wﬂe o R = MOﬂ 1 m_m ) oy m_ﬁ.w oy "y
Mf o = ® " s 1 of X X W = . s
—~ — ) o —_— = = =X _ hal
m@qw%%%iﬂ@w%owww X
0 . dp o Mo o, IR <= T g Ao iy
w2 RS mﬂ . ~ o i muo o N B <
= v Lm T 0 g M= nor 3 = hii 3
S KBy g T oW = o 5 o Ar o3
ERg ® o = w o T CaRhe 5 X
mﬂﬂﬁmﬂ@u#%ﬂ1%% el )
A rﬂgmﬂ@ﬂﬂ% ToRow
. o = ° A W 3! nme on oﬁT W= - Mhﬂ 4
. st 0 —_— = 5 g
- W — m I oor N = gy A B oG Jnﬂ -
~ B = OB - .9 W X o) S T
Ea:%1ﬁziz@ogﬂ_@%m_ > ol
" ooE N oq L Y K oz 2w el K 9T 9
PN W oR R oo T oW X 3
= ) M = ) al ofy
X ot Bl o

- 13 -

CO, + 2H,
C02 + H2

C+H2O:CO+H
2

C + 2H2O
CO + H,0



B

O

of 7}

Aol 7 Al zF

d
B
T

o

l——
"o

il

B

ol

i

7o

il

il

NOxE& <*

iz

o

2] & o AlAI 7o

3]

[e=]
=

_14_



N
’ { > O
14 14

nucleus — Bubble He):oﬁjaf?iign oil alone
o ' ﬂO ®_ A°
4 O 4 KC)ﬁ O
nucleus — Bubble .growt.h micro-explosion
disruption (weakly)
N 1/
— BN
.
<N
Heated water coalescence micro-explosion
. — -+ superheat ~ .
particle growth (intensely)

Fig. 2.1 Vaporizing behaviors of droplet

_15_



—_
o

o

el

!

Hue 74

43

3.1

J A} RS Fig. 3.2

24 %

WY #x 9 NFEE Fig. 313 2o

i)
0
LOH

ol
oy

H)
B

oF

ol

AF7], Gun BFY Wy el 4,

;OL
_1!

il

By Wl

3td A9 NOxet PME

e
=E

A

o]

bi-

100mm) el A

7120, 15, 30, 50, 60,

4 Fo=
sheie.

3}

9l

k-type A=

0
_EE
~

N

A
o}/

g

= H

o] 7bA 5}

(7]
o

2

i

il

svleret & @l

2~
alses

AN AAZ]AL, 3m A 2ol A

Ho
™

=0

]

gy

B

—_
o

o)
)

_16_



=l

Exhaust gas analyzer

Codling wat _

T leor—

Water Fuel

Fig. 3.2 Photo of test burner

_17_



Table 3.1 Specifications of burner and mixer
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+ Z+7rel thal Casel, Case2, Case3 59 37}A A5 o
3 AAletar, A¥Fx2 Table 3.29F 2T} Casel> AET ALE3t= €uk &

A Fre] AmES 289ml/sE FFoEH, Case2t Casel AHY & HXI=Z

Table 3.2 Conditions of experimental burner

Diesel (Gas oil) Kerosene
Division
Casel Case2 Case3 Casel Case2 Case3
Fuel(m{/s) 2.892 2.415 2.87 2.85 2.08 2.85
Water(ml/s) 0 0.526 0.468 0 0.571 0.476
Mixing rate(%) 0 179 14 0 21.5 14.3
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AEE AR, S 4z ths] Casel, Case2 27FA Ao thaf] AAs}a
g 2712 Table 337 2t A+, Sl dal & &3 o5, F7|F9] &
F At & E£3H = 12%, dampers 25, 3, 4= W 3lA 71t}
&2 5o W4, e e 47y 43 254 9 AA T
Table 3.3 Conditions of commercial burner
Diesel(Gas oil) Kerosene
Division
Casel Case2 Casel Case?2
Fuel(kg/h) 10.45 9.35 11.05 9.86
Water(kg/h) 0 1.27 0 1.35
Mixing rate(%) 0 12 0 12.1
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Fig. 4.1 Photographs of emulsified fuel
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Fig. 4.6 Flames in burner using diesel fuel oil
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Fig. 4.7 Flame development of diesel fuel at ignition start
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Fig 4.8 Flames in burner using 86% diesel and 149 water mixing fuel
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Fig 4.9 Flame development of 1496 water mixing diesel fuel at ignition start
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Fig 4.10 Flames in burner using kerosene fuel oil
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Fig 4.11 Flame development of kerosene fuel at ignition start
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Fig 4.12 Flames in burner using 86% kerosene and 14% water mixing fuel
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Fig 4.13 Flame development of 14% water mixing kerosene fuel at ignition start
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