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Study on the Combustion Characteristics of a Small-Scale Orimulsion Boiler

Hey-Suk Kim - Mi-Soo Shin - Dong-Soon Jang'r + Young-Chan Choi* - Jae-Gu Lee*

Department of Environmental Engineering, Chungnam National University + *Korea Institute of Energy Research

ABSTRACT : In order to examine the application feasibility of Orimulsion fuel in a commercial boiler using heavy fuel oil, a numerical and
experimental research efforts have been made especially to figure out the fundamental combustion characteristics of this fuel in a small-scale
boiler. One of the notable combustion features of Orimuision fuel is the delayed appearance of flame location with the flame shape of rather
broad distribution, which is found experimentally and confirmed by numerical calculation. This kind of flame characteristics is considered due to
the high moisture content included inherently in the process of Orimulsion manufacture together with micro-explosion by the existence of
fine water droplets. In order to investigate the effect on the combustion characteristics of Orimulsion, a series of parametric investigation have
been made in terms of important design and operational variables such as injected amount of fuel, types of atomization fluid, and phenome-
nological radiation mode! employed in the calculation, etc. The delayed feature of peak flame can be alleviated by the adjustment of the
flow rate of injected fuel and the generating features of CO, SO, and NO gases are also evaluated in the boiler. When the steam injection
as atomizing fluid is used, the combustion process is stabilized with the reduced region of high flame temperature. In general, the calcula-
tion results are physically acceptable and consistent but some refinements of phenomenological models are necessary for the better resolu-
tion of pollutant formation. From the results of this small-scale Orimulsion boiler, it is believed that a number of useful information are
obtained with the working computer program for the near future application of Orimulsion fuel to a conventional boiler.
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(b) Stable flame
Fig. 4. Flame structure observed in a combustion test.
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Table 1. ¢ and Sy expression for 3-D axi-symmetric coordinate system
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ool 2 (TPl 226 (32

Ci=144, C;=192, €,=092, 6,709, 6,=122

Al SIMPLEC (Semi-Implicit Method for Pressure Linked
Equations Consistent) ¥ 18] &< A2 ch” B QoA
£ URHE D 2508 A0 429 A5 27 A9
AA AEF HAFE Z2IRG ARSI

lo
)
)
r
‘2
ol
O
2
b
rE
_g
o X
N
Py
ox
m{n
rIE

9 2
H0)9) =4& Z= 7}i oE < Gﬂfv_i ﬂ%ﬁ} il
[]

stnh. eelwAe) A2wee Ard Hhiga M o<
W=y] oo QRS WAt EFHAWA olst FAl @
27} ol FoiAEE A WeEEE AAHoE UF EF

J. of KSEE / Vol. 27, No, 10, October, 2005

o Agsh 4
=41 Ked) vld) 3o
g shed

&z 98 9FE e /Mgt
A 9] EFALL FRoC Y BHEE
Magnussen® Hjertager’} A|93r dHd422d S
sehesse eass vy’

wr = minimum of

[pAmuelk, pA(ma/ielk, pA(my /1+i)e/k] 2)



quAFAA At 2I|R
JEHOoRE oA w7
dFANE 2AEd A&

dANE 2d9R 9a8
sgom AAsgn” Je &
o tH gl 24484 CO

E st oA davteoR @dFsiglon ojdAd da
weae thed 2ol 5RY 4 AT
(CiH,0)wH0 + w[x/2+y/4-2/2]0, —>

w [xCO + y/2 H,0] + H:0 )
CO + 12 0, — CO; C))

Dryer$} Glassmann (1972)0] A<t

S’ Qe b ¢ _
dt 2 2 a (5)

o714 [CO], [H:0]%} [Oz]E E&8E WYEH, A, E,
R 7283 T A58%, 248 uA, 71234, 258 7
Z Uehlid a, b, o= 28222 ARH stk 1150K
o] 4o £&olA COFY Aste JHAoE WmErz2 3}t
4 39 492 4o9tn 2988 & ok Ie 975~
1150Ke] 229X CO ehs =aARE AJEE F
ggo g mdgEofol 3l 975K o|te] 2EolA g 44
7t EAFIE BT CO sk doluA gA do”?
a8 Bz B AT A= Dryere}t Glassmanno] A|Qgh 318t
BEELL Al 2o g% CO WASES 1
o Axstgcr

dRazudel Fa Hogel BE QWA FAe A
=l ol AEFAHR =7E AMREHI glov IAHY g
gamEe AN & QI BRES B ol 344 5

s SOzQ} NO9}t 22 &3¢ 24

G A

s BHg AT Qo 2
J da 299 Bude U
e %49 § 9
DEES S ESIEL ﬂ]*&%th- gaart” soe 2™
Ao aE FozHE JRE MAFE=E fast chemistry
7Hdetd A 29 GRALEDS AMESEor A4z
A7s A ¥HeEt= NOS A9 Fuel NO9 Thermal NO<|

HEZ SO,9 NO9 A
Faamdd 23

A% setg 2F BAYA. o1 0yl oL A3

QAR B4 U@ FFE S0:% NO

o WS A ZBA77) A9 AU ME 5 3
13)

233. Bl sEAL =Y
BE 398 AFIA FAb Folsle dPoE d¥ste
AL HAEsA Fou} SPo2iE FEAVE NO Y%
T JFL F A=E FHS FIF 2EE UE T 3
71Ee ARAQ BAEAY Rdg Y dRdiws
Zagd TIATE R ALY FY9E 7S
gk 2 A4 Sde UEH HAY #9F 3FEO
I gkgol AgHoz gita JHEdthd SEoRREH &
AR &4 £EE 4 (6)F Zo] 2AE F T
O(T, species)=Y SUM{p,-a,}o (T' -T,) 6)

A7)A, o = 2HB-Bxuk A5 5669E-8 W/m® K
SUM{ } = EA} Alxol X338 3355 &7
pi =A2A 2" A EE i o FEYEY
i = SF i 9 Plank FFFF A
T=FEgE2= (K)

T, = 54 22 K)

sgozre BAAEAe 24se T4 29 39 &
UE CO8 H,0 E7HY JAF Fojojrh. Uit oz CO,
SOs, NO, N;0%} 22 T2 72%5e 33489 84
Zret} Jay Gore:= &/ 3Hg AA CO9 H:09 &
At Bage b Hustd S=7 tF S0K AR FAa
o1 Busa oY ang B AFAL sgexs
Plank &4 A4 283 38F Abo] 9] WFAQl FaaA
2 B tid 2E ZALE A8 2EEdch KO, CO:%
CO 7}20) U3 Plank BF F5AFE 300~2500K Aol
A 2xe FE= e o] M gz %
Ze vepdk?

234. ZA=xH

Fig. 5% 2 Q704 22@ 334 303 349 29

S —

1.07m 1.67m 2.27m 2 87m|::>
0.45m O utflow B.C.
. Combustion air I::)
Atomizing air
Atomizing steam o, se—— To_025m |:>
O HMUISION — e es et hisssissssessssisisscsonbossssssmsssssionsinines Qapmradil v ey i e sens

Mixing zone

Symmetric condition

0.48m
Fig. 5. Schematic of a small-scale Orimulsion boiler.

3.0m

L otety Fore| X 278 102, 2005 104



1086 el An4 - gEE - AR - AT
38 349 2A2E BUF WAL AL 34 F0F 3
Foz2 743 A ™. o)== IFRF(International Flame Research
Foundation)\} 718} F58 ZAQT =R ME E35] A5
€ LR da= 1—.‘73»} =E A7F Aol £ u|g Ao
2 g dLFH vehtes Fad 93 248 &4
AAA e 328 $£3 FHHNA oplEE BEad
A ABeS FEI AT 283 PR FJy=E
A9 sy

olFAl F-A 49 /A" wur} duidgeA vehd
SEAA A7 olAE sSEANE AisE) A g
HAct? 58 AAE HUiE g $4Q /U 288
AR AT & JLBR o5 FX 54 Rl 1y
sto] AldstRoh ALl A 40x603F 40x80 FH=A}<)
U 2HEF & AolE JdeEA Ggerz AT
g 2537] S5t 4060 AAE AP ALESATE
Table 2= 4% 2B¥EA R XF: d42FAS e
d ALz FAHHA) JYRPoE AMREIA

3. FRIGHM &4 A NF

Fig. 6(a) JEFYUF sl BE By FYFlA 2
FFoz G9E FHE BygFEth 2224
SELEs WUZANA gy 258 vl F 4%
Heog %} sto] 7oA 650T S JeER T o9k 2ol
H] 5L < SYEE 2HHo2 NO 248FY A4 E
%Es}ga:} SR8 A9 A 80 L/hre] A 60 LhrE 95
TEY ot SYFOZ 100TY 433 &xg44s v
BRI whE APdME By SN 98 35
o met 2EXe]E Yt} &7l Me 2 Aol Kol
7 OLs&r:} 3 60 Lihrol A 50 L2 A8 FFTo] 2
g 2 HUIAINE 2RI E UehiA gort &3
OM °k7u Aol & HIATh ofg Zol AAH |4 A4k
Adte] ool tigh Faet S @ FHIA 4A doy
A FPYA SF R HEHE 942AY By Ui
A dojue B3 AR Aol g dgdd.
Fig. 6(b)~(d)= Table 244 AAG FEZ7NMY CO,
SO, NO s=F 47 Jepdch 129 stdggq] 34

Table 2. Standard condition employed in a small-scale Orimul-

sion boiler
Fuel feeding rate 60~80 L/hr
Oxidizer 21% 02 + 79% N, Air
Excess Oxygen 1.05
Injection Pressure 2.0 kgf/cm2
Atomizing Gas Steam/Air
Droplet diameter 30 um
Swirl Number 0.25
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