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SUMMARY

I. TITLE

Development of the low priced fuel substituting technologies
for a green house heating system

II. OBJECTIVES AND NECESSITY OF THE

STUDY

1. Objectives
The first subsection : Development_ of the low-pollutio

heavy-oil (Bunker-C)-firing heating system for green houses.

Development of the technologies replacing light oil used for
existing green—house heaters with heavy oil.

Establishing the technologies utilizing the low-priced
alternative fuel for horticultural utilities through the
development of a heavy-oil firing space heater system and
a heavy-oil firing boiler system [ Combustion
efficiency(over 99.9%), thermal efficiency(over 87%), dust
content among exhaust gas(below 200 mg/Nm’) and CO

emission(below 350 ppm)]

The Second_Subsection: Development of a hot water boiler

s m r cen h e in icultura m ible resi

and waste (Development of a hot water boiler system fueled by
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rice husk and heavy oil for green house)

To design and fabricate a full scale prototype hot water
boiler system fueled by rice husk and heavy oil which can
be used as 3,300 m® green house heating system
To analyze the energy and boiler efficiency of the prototype
system

To build the basic data for designing an optimal hot water

boiler system fueled by rice husk and heavy oil

2. Necessity

A hot water boiler system fueled by light oil is popular as the
heating system of green house. Now, the competitive power of farm
products produced in green house is decreasing rapidly because oil
price is higher and higher. So, a hot water boiler system for green
house has to be developed using agricultural combustible residue,
waste and heavy oil which is very cheap.

Worldwide yearly production of rice husk is estimated
aproximately 100 million tonnes and about one million tonnes is
produced a year in korea. Disposal of rice husk is a particularly
serious problem because of its bulky nature and high resistance to
decomposition. Some of the major uses for rice husk now in
practice are litter and bedding material for animals and poultry,
roughage in animal feeds, pesticide carrier, filter media, and

pressing aids. The pyrolytic characteristics of rice husk is very



similar to a wood, so a direct combustion method is desirable in
the use of rice husk. Recently, one of the interisting uses of rice
husk comes from material science. Considerable efforts are being
made to find substitutes, so called supplementary cementing
materials, in order to replace part of the cement in concrete. It had
been reported that rice husk ash could be used as a supplementary
cementing material,

In this study, heavy-oil firing technologies for a space heater and
hot water boiler were developed and then their performances
evaluated, and a full scale hot water boiler system fueled by rice
husk and heavy oil was developed and its performance was
analyzed, which can be used as 3,300 m? green house heating

system.

II1. SCOPE OF THE STUDY

1. The First Subsection: Development of the Jlow-pollution
‘heavy-oil firing heating system for a green house

The First Year

© Development of the design technology of a heavy-oil firing
space heater
Design and manufacture of heavy-oil firing space heaters with
heating capacities of 250,000 kcal/h and 300,000 kcal/h
Examination of heavy-oil substituting technologies of the space

heater
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for green houses
The_Second Year
© Technology development of a heavy-oil firing space heater
Conducting on-site experiment of heavy-oil firing space
heaters
Development of a design program of heavy-oil firing space
heaters
The Third Year
©  Development of the technology of a heavy-oil firing hot
water boiler
Design and manufacturing of a heavy-oil firing hot water
boiler with heating capacity of 600,000 kcal/h
Investigation of heavy-oil substituting technologies of a hot
water boiler for green houses
Coding of a design program of the hot water boiler
2. The Second Subsection: Development of a hot water boiler
system for green house using agricultural combustible residue
and waste
The First Year
© Development of a prototype hot water boiler system fueled by
rice husk and heavy oil
Designing and fabricating a full scale prototype hot water boiler
system fueled by rice husk and heavy oil which can be used as

3,300 m® green house heating system
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Finding the optimum operating conditions with experiment
Analyzing the perfomance of flue gas cyclone
Analyzing the problems about system operation

The Second Year

© Improvement of a prototype hot water boiler system fueled by
rice husk and heavy oil
Improvement of system energy efficiency with correction of
system design
Development of automation techniques and algorithms for system
operation
Designing and fabricating a waste heat recovery boiler
System performance test for waste wood fuel

The Third Year

© Complete development of a prototype hot water boiler system
fueled by rice husk and heavy oil
Evaluation and analysis of system performance
Drawing of full scale hot water boiler systems fueled by rice
husk and heavy oil for 3,300 m?® and 10,000 m? green house

heating systems

IV. RESULTS OF THE STUDY AND

OPINION OF UTILIZING THE RESULTS

1. Results of the study
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The results of this study were summarized as follows:

The First Subsection: Development of the low-pollution heavy-oil

firing heating system for green houses

© The heavy-oil firing space heaters with the heating capacities of
250,000 and 300,000 kcal/h developed in this research were
equipped with heavy-oil burners manufactured by one of
subsidiaries of ShinHeung Co. Ltd.( The research-cooperating
company).

© The existing information were surveyed to analyze the
characteristics of the space heater but the straightforwardly
usable information for design was not available. Accordingly,
through structural analysis and heat transfer experiment of the
existing 200,000kcal/h-class space heater being produced by
ShinHeung, the characteristics of heat transfer were found.
Using these characteristics, characteristic experiments based on
thermal design technologies were performed, and eventually
250,000 and 300,000kcal/h heavy-oil firing space heaters were
designed and manufactured by virtue of the collection of the
above results. The space heaters were manufactured by
ShinHeung.

© Characteristic experiments were conducted on the heavy-oil
firing space heaters with heating capacities of 250,000kcal/h and
300,000kcal/h. Then 250,000kcal/h-class space heater was moved

to and installed in a tomato-growing plastic greenhouse with an



area of 1980 m’ in Chinchon, October in 1999 and its field test
was completed successfully.

© Flowrate characteristics test of a hot air supplying blower was
performed to find out cooling air flow rate supplied from the
blower, which is required to analyze the amount of heat
transferred to air. Since the air flow rate is very -closely
associated with surge pressure, the test of air flowrate was
necessarily conducted by varying static pressure, blowing rate
and rpm etc. It revealed that rpm is nearly linear with the air
flow rate.

© Experimental apparatus of the space heater was organized to
investigate thermal characteristics of the space heater. From
temperature distribution inside the space heater it was shown
that temperatures in the first and second flue gas tubes
decreased linearly with tube length.

© From experiments with 250,000kcal/h and 300,000kcal/h space
heaters, it was shown that a 250,000kcal/h space heater might
meet the designed heating capacity and obtain an efficiency of
over 88% with a nozzle of 45G/h under pressure of over 24 kg/
orf, while 300,000kcal/h space heater might meet the designed
heating capacity and obtain an efficiency of over 88% with a
nozzle of 5.0G/h under pressure of over 25 kg/cx.

© Since casing structure of the space heater is of nut-fabricated

structure, its dfawings are much complicate. Drawings of two



space heaters are composed of 35 pages respectively.

© A 600,000 kcal/h non-pressurized hot water boiler was designed
by utilizing abundant design research experience of KIER, and
manufactured by a cooperating company, Samsung Engineering
Co.

© This experimental boiler was designed for the output of 600,000
kcal/h but one circulation pump equipped with the boiler could
not meet the required the heating capacity. The heating capacity
of 600,000kcal/h and the efficiency of 90.3% could be attained by
installing two circulation lines and two circulation pumps
respectively between boiler body and a heat exchanger.

© Characteristic experiments with 600,000kcal/h heavy-oil firing
boiler were conducted. Then the boiler was moved to and
installed in rose~growing glass greenhouse with area of 2475 m'
in Chinchon, in November, 2000 and its field test was completed
successfully ( Heating facility was supposed to heat a total area
of 5000 m’ but the experiment was performed in the area of
2475 m' at the request of the greenhouse owner.

© As for the temperatures of boiler components during a boiler
operation, the temperatures decreased as increasing order of a
boiler body water, circulation water, heating water outlet and
inlet, while heating water inlet temperature was kept higher
than outlet temperature during about ten minutes right after

the boiler operation stopped. This 1is thought that the
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temperature-measuring positions were very close to the boiler
body. From 10 minutes after the boiler stopped, temperatures of
recirculating water, heating water outlet and inlet decreased
wavily. It is because temperatures of circulation water, heating
water inlet and outlet fluctuated intermittently as boiler body
water and heating water were circulated when average air
temperature in the green house decreased to set temperature.
Accordingly the boiler body water temperature decreased
smoothly.

Thermal design technology of a space heater and a boiler
requires technical standards computing exactly physical
properties (viscosity, specific heat, density and conductivity
etc)of air and combustion gas as well as accurate combustion
calculation under various combustion conditions. In addition, with
according to various combustion conditions technologies
calculating radiative coefficient of a flame and radiation heat
transfer in combustion chamber, and convection coefficient and
convective heat transfer in convective zone are needed. The
equations and tables related to such design calculations were
established because the design procedure needs them,

Various and complicate equations, tables and charts related to
thermal design are established in " Manual for design program
and heavy-oil substituting technologies,; published as a separate

booklet appended to the report. The equations are arranged in
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KIER SHEET 1~8, and the charts in KIER SHEET 9 ~46.

© In case of replacing the light-oil with heavy-oil for a light oil
firing space heater or a boiler in green houses, items to be
recommended are addressed in "Manual for heavy-oil
substitution for space heater” and "Manual for heavy-oil
substitution for boiler” in ' Manual for design program and
heavy-oil substituting technologies, published as a separate
booklet appended to the report.

© It is thought that design of a space heater and a boiler can not
be implemented manually since calculations of a combustion
chamber, gas zone and heat transfer in convective zone require
iterative method such as trial-and -error method. Therefore
comparatively convenient design program was composed in
Lotus 1-2-3 R5.01. Macro and Dialog Box functionalities were
utilized.

© Final temperature of exhaust gas of a space heater calculated by
the design program was about 20 ~ 30 T higher than
measured one. It is estimated that this degree of deviation may
be acceptable for engineering utilization. Because this degree of
temperature deviation is within design margin of 05~15 %
with which combustion equipment is designed to guarantee the
required efficiency. Difference of calculated temperature and
measured one shows 80~100 C at the outlet of combustion

chamber but decreases gradually beyond gas space and
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convective heat transfer zone. Accordingly, it is thought that
flame radiation in combustion chamber is needed to be examined
further to get accurate thermal design.

© Final temperature of exhaust gas of a boiler calculated by the
design program was about 20 C higher than measured one. It
is because heat transfer area of this boiler was not much
contaminated. This degree of deviations is thought to be
acceptable for engineering utilization too.

© 4 different class hot water boilers with heating capacities of
1,000,000, 2,000,000, 3,000,000 and 4,000, 000 kcal/h were designed
using above thermal design program and their drawings were
made. Each boiler was composed of 6 page drawings since a
boiler body is a welded structure that saves the number of
drawings.

© An emulsified fuel producing equipment with a pressurized spray
nozzle was developed as a part of low-poliutant heavy-oil firing
equipment. Stability and the characteristics of emulsified fuel
generated by spraying water directly in heavy-oil were
examined. In addition experiments were conducted to evaluate
combustion performance and spray performance of the emulsified
fuel.

© The more water content exist among the emulsified fuel the
higher soot reduction rate can be achieved. Soot generation in

emulsified fuel combustion is reduced to over 50% of that of the
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pure heavy-oil combustion. And soot content of 200mg/Nm’ and
CO content of 350 ppm which are the targets of this research
were attained straightforwardly. In the emulsified fuel
combustion, soot content and CO content are 55.9mg/Nm and
39ppm respectively, while in pure heavy-oil combustion

122.4mg/Nm’ and 83ppm.

The Second Subsection: Development of a hot water boiler
system for green house using agricultural combustible residue and
was

In this study, a full scale hot water boiler system fueled by
rice husk and heavy oil was developed as a prototype system and
its performance was analyzed, which can be used as 3,300 m? green
house heating system. The optimal operation conditions and
characteristics of the prototype system was investigated with
experiments. The results were summarized as follows:
© A full scale prototype hot water boiler system fueled by rice

husk and heavy oil was developed, which mainly consisted of
combustor, waste heat recovery heat exchanger, cyclone heat
exchanger, fuel supply equipment and air supply apparatus. The
combustor was equipped with cylindrical annulus heat
exchanger. The prototype system could produce 1,100,000 kJ/h
or more known as heating load of 3,300 m® green house.

© The developed prototype system was very effective for



combustion of rice husk and heavy oil, and had no big problem
for combustion of sawdust. The maximum capacity of the
protype system was estimated about 1,200,000 kJ/h of heating
load. The energy efficiency of the system was analyzed over
75% in case of both rice husk and heavy oil fuel.

© A waste heat recovery boiler was designed and fabricated with
bundle of stainless steel pipe heat exchanger. The waste heat
recovery boiler(exchanger) improved over 30% of system energy
efficiency, while the cyclone heat exchanger efficiency was
below 6%. But when the waste heat recovery boiler was not
installed the cyclone heat exchanger efficiency was analyzed
about 20%.

© The automation equipment for system operation consisted of
LabVIEW software, four stepping motors, temperature controller
and timers. Setting temperatures in temperature controller made
fixed bed depth of combustion maintained about 45 cm well.
When rice husk feedrates were 60, 80, 100 kg/h, the setting
temperatures were 620, 660, 700C respectively.

© The automation equipment of the prototype system worked well
and 24 hours continuous combustion experiment showed no
problems. The optimum operating conditions was investigated
that feed rate of rice husk was 100kg/h and first/second ratio of
air supply was 1.0. The optimum design conditions was

analyzed that the fixed bed depth of combustion was 20% of
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the combustion chamber height, heat load of grate and
combustion chamber was 176 kg/mz—h, 86 kg/m3-h respectively
and retention time in the combustion chamber was about 1.3
hour.

© On the whole, in case of rice husk combustion the temperature
distribution in the combustion chamber was quite uniform. The
highest temperature was maintained on the burning surface of
fixed bed and then the temperature decreased slightly as the
location was going upward from the surface of fixed bed in the
combustion chamber. In case of heavy oil combustion,
temperatures of lower and middle part of the combustion
chamber where was jet flame of burner were both almost same
and highest, and the temperature decreased more rapidly than
rice husk combustion as the location was going upward in the
combustion chamber.

© In the optimum operation conditions of rice husk combustion,
burning ratio of rice husk was 96%, boiler efficiency was 83.6%,
thermal efficiency of the system was 80.3%, overall energy
efficiency was 787%. In case of heavy o0il combustion,
maximum overall energy efficiency of the system is 84.2%. That
achieved the purpose of this study.

© Rice husk feeding equipment, ash collection equipment and dust
collection equipment in flue gas consisted of the standard

cyclone of 20 m%/min capacity , of which perfomance was
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evaluated as good as satisfactory.

© In the heavy oil combustion, combustion characteristics were
influenced by vacuum pressure of the combustion chamber and
the reason was considered as the amount of air supply differed
according to the vacuum pressure of the combustion chamber.

© When rice husk and heavy oil was used simultaneously as fuel
of system(combined combustion), the combustion characteristics
showed intermediate characteristics between rice husk and heavy
oil combustion. While overall energy efficiency of the system
was rather lower than that in rice husk or heavy oil
combustion.

© In the combined combustion of rice husk and heavy oil,
combustion characteristics was good, but remnants were sticked
to the wall of the combustion chamber. The reason was
considered as the rice husk adhered to the remnants of heavy
oil and was blown to the wall by the jet flame of the burner
and burnt on the wall. In the rice husk or heavy oil combustion,
there was little remnants on the wall of the combustion
chamber, especially in case of combustion fueled by rice husk,
there was no remnants on the wall.

© The flue gas of the rice husk combustion showed that the CO
concentration was more and the SO: concentration was less
than that of heavy oil combustion. NOx concentration in the flue

gas was very similar beteen rice husk and heavy oil
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combustion. Under all conditions tested except sawdust fuel,
concentrations of air pollution components in the flue gas were
below the legal limits.

© Sawdust had about 15% more heating value than rice husk,
while the ash content was 10% of the rice husk ash content.
The amount of theoretical air was 1.5 times more than that of
rice husk. The real density of sawdust was more than that of
rice husk, so ignition characteristics was worse. But the any
other combustion characteristics was as good as rice husk and a
big particle of sawdust was burnt much longer than a rice husk
particle. The fixed bed depth of sawdust combustion increased
very slowly because of the very little ash content.

© The specifications of the hot water boiler systems fueled by rice
husk and heavy oil, which could be used for 3,300 m? and
10,000 m’ green house heating systems, were suggested. The
design conditions of the suggested system was analyzed that
the heat load of grate was 62-189 kg/mz—h and the heat load of
combustion chamber was 23-99 kg/m’-h, retention time in the
combustion chamber was about 1.4-5.0 hours and the combustion

gas velocity in the combustion chamber was 0.4-1.4 m/s.

2. OPINION OF UTILIZING THE RESULTS
The opinion of utilizing the results of this study is summarized

as follows:

—XXix —



irs ion: Development of low -pollution heavy-oi
Bunker-C)-firin ing system _ for green ho

It is thought that cooperating companies should be provided

with the supporting fund to commercialize the retrench results and

farmers need funds to purchase the commercialized products too.

Th nd ion: Developmen f a hot water boiler

system for green house using agricultural combustible residue
and e

The developed a full scale hot water boiler system fueled by rice

husk and heavy oil has overall energy efficiency of about 79% in

case of rice husk fuel and of about 84% in case of heavy' oil fuel.

The system also has operational automation equipment and the

performance of the system is evaluated good. The developed hot

water boiler system will be commercialized in conjunction with a

private company participated in this study. The positive cooperation

of the government will be needed.
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iy
1

g€ d¥3n 2N FHAEF AN MacroHES g3 Fo 23dF
HEFEAL MacroH 848 Y39 24 F AL R AN 23 &

oFo) Az e

. 444 =29 d3} v
[ I-56]9 250,000 kcal/h& & 300,000 kcal/hF A A 7] &Fdu7) 9
SEREYE EAL Ul o O Fo Ade (29 1-21]d EAFE A

dZ2Fola AL E4A Z2ade AidAFdol
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a2z (T)

¥z (v)

950
—O— 22kg/at{ZHE %)
=l —&— 25kg/a(ZE &)
750 ~— 28kg/em (S %)
O - 22kg/ et (A A x])
650 <A~ 26kg/ar (Al AFx])
-2} -- 28kg/on (Al Abx])
550
450
350
250 r
150 : N . )
d=UET 1’ 1R ET At EY R arteltaT w7174
A
(a) 250,000 kcal/h 23719 4%
950 “
—@—22kg/on (ZH )
e —&~—26kg/an (Z& %)
750 ~—— 28Kg /o (X & %)
- O 22kg/on (H] &4])
e - 25kg ot (AI443)
- - 28Kkg/on (A &%)
550
450 |
350 |
250 |
150 L L s L
HAAET EEE IRl ortel el s .

i

(b) 300,000 kcal/h &5 w719 24

[29 1-56] 2337 AAZaHe] Ae v
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o] @A ¢ F UKo FHA TR & ANT SFuy
HAZF2xe A Hdd dFHdez 20~30C FAE EA ey
of A= AJZHAE FTHHA AXAME HE AT A2 @
gt 4471718 AAE A fde o RFa &S st HAY

F& 056~15%% zx HAE 387 i HF £+ % 20~30C WA
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9,
eic
e
2
s
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fu
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>
i
2

B A ZzaPoceNE B4 ©

rr
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o
fu
=)
ay)
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e
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B
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fo

& A4RsF EAA6 wEg 8
0~100T EA tehgAw 423Ut RFALFE AvEA 2 AR
21290, B Ut A UAS AHNE A28 BPEA

g HEV 28¥ Jow #dHY,

2. TR 2 Rde AA4A=Z2 a9
7h 2299 74
) =239 AA 74

Lotus 1-2-3 R5.01, Lotus Macro”] 5 3 th 37} = (Dialog Box) 715 &
g8ty R GQAHA Z2aPS AT, o] ZEOHPL, 4FE 6
e sheete d2AM 2 ANE T3 e 71 EALTH 349 sheetE
TAE ALHALN, 489 sheet®2 TAHE 7MAFAAYN, & 44 4% 9]
sheet2 TAE 1Ad#FH 2xdd FAN22 FAHAH F2179 sheet
2 FAH lth. o] T2 WL 21739 sheetdd 7k~ € F7]9 MG,
FAEE, A& F9 ENAE AL, 7254 AGAF AdE 98 HE
o sheetBEE E 3L YA o] FEEL Fgue etz dEE A
= Aot

o] M7 Z2ade e uEAM(teration)S L 37 @B 7B



4}

, AeAA, ThEEZ

A
Y
24

, 12 2 22 A#ALL F39(Page Tap
o “AA"Z ZAE) AXse Macro HES YT ean 24 Fo o
AAZ AdYdo. of 2o F5dE& [29 166l =AFT(e] 2
4 9 AAAAYlG'E & A7 FANL).

(F) A4 AAU 0] LOTUS PROGRAN

AE&IN2EE 99,
;1L B .

]
2]
2

CgRAHANEET L uaaﬂ?ﬁ
Tel (042) 861-3326

%]*’"-"

[1g 1-57] Ry AA=Z2a99 34
2) A 2719
o] AA Tz oY BB

o Ao

rlo
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A& 2FIWNY AF% dFaolstr #

3) Zt sheet @ =Z a9 YuEA

of A4 T2y FEL ded
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i

EFIHIY Bf dEaelsy] o
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ol A,

U, =g gde F%

gadd vdevde A4 _HW.wkd’ F9L 21719 sheetz FAH 9
o ERE T sheett HAARE A 712 AN sheetoldt. S35 A
7l -sheet] & Macro® £%o] ¥ glth. o] 4A-sheetslt 8719 Macro
HEe MAHe An 4 WEY 75 G&y 2o

O W7 1E9Y Macro¥ & : o] MEL ZYstd AARLA 3= 2
TR M2 EE QASE WA dE g o Y
B W72 LEE dESY AAZzaYNY ey YAz
M7 7t 227t 48 .

@ Z &AM MacroWl & : 1% sheet~6% sheetd] o g YPe g &
A E&AL Macro B¢ 29d™, F U 44582 e
WE WEg3A7 dedn, o] ARG LFARYG 2 A
T MZ7I7tEREE ADHE A Ao,

@ °2BFLE MacroH & : 74 sheet® 8W sheet® YHsu o=
B3YESE MacroMES 2980 o289 B o)guang
L7} Yedd,

@ HFEFIAL Macro¥l & : 99 sheetE YAF Fo) HITAAN
Macrol E¢ 298 #9433 A @37 ustdze ved
o,

F&=E A MacroW B @ 10¥ sheet ~ 13¥W sheet® U H ks 7}

)
N

EFAAT MacroES 98§ o] 74223 AN MacroB EL
P 7h2Fzte] dAA A ko] gEAAE Ueldd,

iy
1
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® 1AHFALF AL Macro € : 14% sheet ~ 179 sheet® )8 3
T IR FAEF AL Macro ES 48 Fol IXAdFAGHF AL
MacroH £& 28389 1ANFALR AL 27 2o dishyd
A2 VEebdT),

@ 224 F AR AL MacroH € : 18% sheet ~ 21¥ sheet® 93}
T 23 FHEF AL MacroHES AT Fol 2 FALF AL
Macro¥ £& E98d 20375 Ad o A A% 2] g3y
A2 ek

ZHJE MacroW & : o] HE

filo

il

gesd ZUE Ygazs Jey
, ©) t34AE 1M sheet ~ 219 sheetd HHT F Y5
check boxZ T4 5o vt HHHE sheetEE& ZHEIF=U AL T
o},
. dAA Z2aPe] A7 v
[Z2¥ I-58]e 600,000 kcal/hid A|A|7] 25rRdye 228X &
et o)

HAA Z2ad o AL 2erde HF2Ee FAHg vl

oX.
ftlo

o diEfdoe® 20C A= @A delwrh ojg Zo] AAANRGE AYZ
B7h EA vEd olfe AR dolojA HEW 2o HA @2
Feol M AAE dgdgolr] gEd ez woEn, of FE A
e 4L AddAE 8§ 7ted Aoz ddo] dr. d47]7
E AAY A dNHoR HFALS At HANRKE 05~15%
€ Z3 HAE s WEd HF ETLE 20C HAE o WA £
ZHEZ dAYgd S A% z2adozNe A7 gl Aoz wdd

o,



1000

Qo0 F T
........ 100% H3sHEH%|)

w0 --&-100% §EHA A x])

I G ——50% §5HEH )
"""""" -4 50% S SHAA )

E 600 |
H
ol 500 r
=
400 |

300 L

200

100 |

0 L o
ALNET IABUET 1R B E T oxpei BT

259 9]

(29 1-58] &R de AAxaHe] A4 Hlw

3. 3% e+RdYY 47
% F% e5ndae 47
=T

F5

Rgge dAZ2aRE o] &3d 259U &%) 1,000,000
kcal/h+, 2,000,000 kcal/hs, 3,000,000 kcal/h&, 4,000,000 kcal/hd 5 4

T 2FEAdAE dHAGUY.

dAAG 4F9 Fo HAAZRE <FE [-6>9 YE AT,

ol B ¥ AEWAR #dE MYEL ARERY FFE& nEdd 1
g2 HAsAY. e RdY A ALEANIA d¥E AT E
gHr 2 F2HE A5 4AEES FYY 5 Q7] dEeG.



<E I-6> 24rnda9 44 A7)

3 . g 9 A4 L
Gk 5 g (89 kcal/h 1,000,000 2,000,000
= x5 i %] mm 2,100 2,400
4| 0] mm
2 A mm 900 1,100
ary a8 m
EF7tAeE C 995 1,058
E5dg kcal/h 634,210 1,115,200
Agdw A m* 2.7
7VEEL | EFVIRRE C 905 990
F5-g% kcal/h 61,910 88,330
2 7 X 77 mm 50.8x2.9 50.8%2.9
T o ea
134 4% R s m’
EFtaew C 382 399
Frdg kcal/h 336,040 724,330
9] 7 X F7 mm 50.8% 2.9 50.8% 2.9
T ki ea
22 A% HAEHH m”
E3rex C 190 193
F59% keal/h 113,160 230,170
44938 & % 90.8 90.9

. F0 25Rdee dA4ed =4

<E 6> uud 439 e4ndyel =ug 4. 34 &
WY 24 §F 2,000,000 keal/hF o YF =W [2% 1-59]0) EA
B,

2o A $HTEoNAM o =9 FU §A &7 WE @



AN 4% Y 679 HAEE FAYY FAHE =W EELS
E [-7>6 JErdT
<¥ I-6> &4xnde9 444 d74(2)
Ll 3 @ 9 A 4 H] i
g4 5 g (£%) kcal/h 3,000,000 4,000,000
5 3 % mm 2,500 2,500
4} o} mm
2] %] mm 1,200 1,400
HEHA m”
AAA -
EFNEE T 1,099 1,065
FTEH kcal/h 1,560,800 2,183,000
AEHA m”
teaE3 | ETIEZE T 1.050 1,030
FTE% kcal/h 91,540 90,360
9 73 X FA mm 50.8%2.9 63.5x3.2
T o ea
12 4% A3 m”
e et C 408 398
FTEw kcal/h 1,163,170 1,531,100
9] 7 X T mm 50.8%2.9 63.5x3.2
- & ea
22 A% G A m”
ZPNELE T 193 198
Fra% keal/h 352,880 440,060
I I S % 91.0 90.8
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HEAT EXCHANGER SPECIF ICATION
e e oot
i 3 — T .4
[ e T e o
e e e oy
W | L0030 1
pmim | 3 B v ﬁ
:  —
- e I )
= i Livrd]
rine FUESUNK 2, 00, DOMK L)
)
e v
e [ s o [ors P [P
- +
e LR KL

= mi

QL ®

s
VIR v i@
- D S
s 3 e
-] 20 I
- e = e ]
= TR K
= ¥4 (1,000, 000Kenl )| 7]
= DALY o4
i =
i hd
EEEEEEEY]

(b) BAEH
[2¥ I-59] 2000,000 kcal/hF o] AAE(AR)
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<E I-7> 24184 AAcd 58

B aE EuWE = ° o Al 3
KIER-B060-1 | ASSEMBLY DWG.
KIER-B060-2 | BODY DWG.

KIER-B060-3 | FURNACE DWG.
600,000 KIER-B060-4 | END PLATE(FRONT) DWG.
KIER-B060-5 | END PLATE(REAR) DWG.
KIER-HE060 | HEAT EXCHANGER DWG.
KIER-B100-1 | ASSEMBLY DWG.
KIER-B100-2 | BODY DWG.
1,000,000 KIER-B100-3 | FURNACE DWG.
T KIER-B100-4 | END PLATE(FRONT) DWG.
KIER-B100-5 | END PLATE(REAR) DWG.
KIER-HE100 | HEAT EXCHANGER DWG.
KIER-B200-1 | ASSEMBLY DWG.
KIER-B200-2 | BODY DWG.
5,000,000 KIER-B200-3 | FURNACE DWG.
” KIER-B200-4 | END PLATE(FRONT) DWG.
KIER-B200-5 | END PLATE(REAR) DWG.
KIER-HE200 | HEAT EXCHANGER DWG.
KIER-B300-1 | ASSEMBLY DWG.
KIER-B300-2 | BODY DWG.
3,000,000 KIER-B300-3 | FURNACE DWG.
AR KIER-B300-4 | END PLATE(FRONT) DWG.
KIER-B300-5 | END PLATE(REAR) DWG.
KIER-HE300 | HEAT EXCHANGER DWG.
KIER-B400-1 | ASSEMBLY DWG.
KIER-B400-2 | BODY DWG.
4000.000 KIER-B400-3 | FURNACE DWG.
S KIER-B400-4 | END PLATE(FRONT) DWG.
KIER-B400-5 | END PLATE(REAR) DWG.
KIER-HE400 | HEAT EXCHANGER DWG.
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A5 F ATH THALEA
A1 A&

FHAEE A8 AF ol 280 wod, WEt2s F 94

% NOxe #=7F A9 ARH=ZE g3

e BY, 7IAAEAE
&3te WY S Ao 8 uedg B
dAdEe AEHI e FEAdg AxFAE NAAHLM} 43 9
ofEHI Jlovw, 25 HARE B FFI ARET Y. A8 vloy
(FTEDAFY 599 SaackeM WAL e FHEA =5 & o438 f3ds
FAE A&stEo] YA S8 dFdeHe obF HA439R gu Yo},
2 dFdAe ANLdddE AdE dAvieNd 9qgoer FRdAd=
E AE3E ALY dAAggA ALY F Qe AV FIdERAR
FA Y ALE HAst] FHAdEY AZLHFY FUA FAEAREES
o8 FAARAZZA ML FEAHog 9 2 AP AN
T F9=ES T3 FFA AH BAEA Az F
R 54 B9 HEFAD. I FIds dxAF FAAIH

#%dRY BRAY BANYE AN

A2d F3ds AxFAA 9 f3d89 AxAHs F7}

1. #3lds AxA

Mo
—u
»

€ AHE3d dEf T ES AR EAEA f39EE Az

s gdel Wate] FEs 4A - ARD FHAR AxAA F2



=& [29 I-60]0) =X 2 APFAE ABATH FTATLE
FARYY AT d8HIY AR/ FHHFZA g8 FAdH,
gzd9Ed o8 4¥H4Fo2 249 F FIdEAZE AT ¥
Mixer)dl #9483, of F3dr Az Axd FIAAsE #3344
283 AFArt, L3, FFLAFTL FFAAAAM FFEZ A FY
g L AA"YA(surge tank)E AH FFEHZFAAA AFH
BAZE A% EFN2 FAHES FAH of EF] AF(ES
gd8 AFPa Ao F3dae AAFE AT EAAS AA%

L, o) RN A& AHSAUT,

Surge Tank
=20
/

1. relief vaive

2. oil strainer @ 1 Wate
3. nonreturn valve o Tank
4. solenoid valve for water water pump

ROTAMETER

[23 1-60] fstds A=LYZAY AHE

Brzg AEEd dER T B2 AAH A fEdEE AX

M

St el tse FESG A7 1AYENE [29 1-61]9 F3HAE

EEAA-AL AAAAGNALY, 1AYE AFAHE WGt A7 2%

)
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drde 45H4E A8t [29 1-62]9 2 f3da £¥3X-BS
AA A Fs A

e
w] omsm
v ] Appatvrn ¥y
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83 Xl Dl AL

lgi}
l
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FLEHE 7T~12kg/em’z YTk A&

T QEMEAANE AFAA FgoeH, FHE AL AF AodE 4=
tAFAE ALREle] AP LER FHE I f3dad dAA
A48 EFAET (FH9 A75%) 43¢ sk A
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NOTE :

1 PART NOOI

2 QUANTITY - €A

3 3/4° SOCKEY 177

NOTE :
1 PART NO.02
2. QUANTITY . A

(@) Fretd e AL EF7Y FA=E

iy

ot o e

(b) EF719 AR

[2¥ 1I-62] 898 A=d ETJFA-B



el Aede A8 Aol M dmy) wfEe AWEHA
€ AHEsd ARdEdAY fedae ALY HEggs B A7s
A& ARG PAZA  Span80(sorbitan monooleate, HLB=4.3, Sigma
Chemical Co.)3 Tween85(polyoxyethylene sorbiten trioleate, HLB=11,
Sigma Chemical Co)& F %4 318 EFsd AL&3dc. 4H9 43

Alele AREEAE AAHZ 05~20%H9E £88 d82 4349

FHole AWBHAY YL G- ojaBY HE T Y,
ZH9 A=A AN ANBAAE A854H BoIE FHAR

dHYo) MLA FEF Aoz FAA ok whepy

e
&

ok
R
I
(22
o
o
tio
.
rO
oh
rir
ok
o®
lo
e
X
rr
>
N
1o
o
::L
2
=)
A
Ho
o
8
it
o

TEUA(FTEY 2 f#43F39 2e)E ARG ARB G g8 ot
G AR Fo £AAVE 487 A% NBE &=
2o gFA =¥3 o @7 (Nikon Metaphot)o 2 ##sH 50u &2 A}
Ae F9Ah E o] A A YFANE FA487 A8 FLve=
# 9 ¥ microscaled] A g BEEAFE AL F3d8] YAAR
< Y3 PA Y AVIE BEAE o &dd SgoE 2R EY. B
ddME FIdEFd A HFIYAE  SMD(Sauter Mean

Diameter)& ©] &3t el it

3. F8ldEY AxAYT
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A fsas ER3A-A9 4%
AF 1A= E [29 I-61]9 R3Ads EFZXN-AE AAAZGRA

fdaAz 45e AU Fddsd o BANE (29 [-63]9

= AR gojN AT 24dEdE ERFNE ResFYsd (2

4 1-62]9 #3dar EFZA-BE AFsFA.

Y. f3ds T¥FA-B HF
[ 1-64]= A9 AR FHZ 10%, 30%, 50% EFFT A& 1
s A7t Az 39U SMDERAFE dehuch

0~20%9 &
FE4EAFUE olddtd Az Fddad SMDE 1l9mA =AU, 2
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Huy [29 1-65] JYEtd 2%AHEAAE H7PE FHE ol &t Ax
P frEdRe SMDE 47mel. £ FTHY EFHE FUESFE
SMD= F7HAAT. AL T/ EF & &8 989 =T F
tea Aek AAAM FEgd8d AzxE A8 S EAT Hd v
7b Z o] FoAA ¥V HELE gdd.

K]

25

20 r

15 F

SMD{m)

10 -4 10% of water added
-4— 15% of water added
-8~ 20% of water added

O I . 1

0 10 0 50
Mixing rate of B—C over heating oil (%)
[ 1-64] T/HEF & & SMD

(29 1-66]3 [2¥] I-67]& w5 R 2% 60T, 80T, 100T
2 7dsq £¢ 24 Az $53dARY SMD FHZHE Y4
o B9 EFHEE 5%, 10%, 15%2 F7ld4+E SMD7/F 2A Ygwn
T EF JEeEst ¥ 449 100CY W SMDZF FHA GEuc
dELE B AFd T4 AET dolAM FadaAze A4 £
& BAE 9 WdEs o & oJFoAE A & F AT #HFA F
FA8Y A% I AN E /Y HELE

3 B BAE a7t JdEe & F AT E=F 9 BAF] BeT

g us =4 %A
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& SMD7F %% /b8 RE dehdc

30 — |
25 I !

20 GO

’ﬁ)

)

SMD(m)

10

~©- pure heating oil

~A— 10% of B~C added
5 ~—©—30% of B-C added
~83~50% of B~C added

0
10 15 20
Ratio of water content
[29 1-65] E&EHSo] & SMD
a0
25 r
20
55,'15 -A-B-C Ol 80TC
= - B-COI80C
4] —--B-C QI 100C
10 1
5 |
0
5 15

0
Ratio of Watér Content (%)
[1] 1-66] BEEF & ol SMDO w3+ o
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30 ———

&

I

20

SMD (sm)

—4&— 5% of water added
10 -6~ 10% of waler added
-6— 15% of waker adkled

80 100
B- C preheating temperature (C)

[19 1-67] AEL %7} SMD9 wA+= 9

A3d #3998 E54s ¥t
1. 493 2 23489

[Z28 I-68] #8de EFAIZANY AFEE Uetdg. AFFA

Ze €747 FF5FA P (water in oi) #3HRE AEAT AFH
Ae BN LgFZo o8 =T BEAET o AFA A&H
ZL 493 9F =% (Hago 350 45H)°]t}.

2AHE #r3td 2 e SMDE He-Ne # ol A(5mW, A=632.8nm)& °]&3
£ Malvern Y AE4A 7] (Mastersizer S)2 &A= A, #HoAE FH3E
EFAHL g ABATII o] W] FREE HF7) WIE A
AP, 2832 Fraunhofer 3| o] & 71238 AHA A dis] A4 H

PEE dgddg.
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Pressure gauge (-

Fuel Fuel
2D traverse Pressure pump tank
control valve
Nozzle
| He-Ne laser
e 11
] =
Laser source Reciever o _
PC with Malvern

S/W and image
@ -0 processing S/W

Digital video camera
Stroboscope

[29] 1-68] fr3tdg BFAQFANY AFE

257 24& 98A tAd GaAeridgel AHg 5. 3-CCD v A
g ¥t LM (SONY, DCR-VX1000)2 €2 RBERIFE 93 x
THP oy H=E o] &3sle] 720x480 WA JF S HFHN A
Arh FFA 2ERZRADXE FURYLR offAH. AFH 4 B

& ¥ E 4 (Photoshop) ¢ "R AZEAE o] &3 EA3 4t

2. £¥AY A%

[ 1-69]2 #AYHE 1.0MPa® =AM FWFEAZ 10mmelM
50mm7tAl WAL FA g wE SMDe] ¥E EEFE WUl w4
g ol BF FHFAAN EEF & FTrHEl #g SMD7 A
Ae A%E B F 0. AL EEF L F/43A w F3A89

BHAE7 F78td SMD7F ARG A4Ed,
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rr

SMD [
B8 88 8 68 8838 &

SMD [}
8 88 &8 & 8 &

S

-~
o
P
o«

~
=
T

-
=]
T
P
o

2
o
T

s est
60 60
R a sk 3 &5
Eaf el
40+ 40
35 3Bl
30 30
251 Bt
@ m oW B w P w0 w0 Hw s 0002w
Radial position ) Radial position [mm] Radial position [mm]
(a) I=10mm . (b) 1=20mm (©) 1=30mm
70
&5 =1.0MPa
ol
sr O Water content 0%
s} A Water content 10%
%"5' 0 Water content 20%
“or <> Water content 30%
:: X Water content 40%
pi3d
-Z';O -2.;0 -1‘0 fl) 1‘0 20 30 2 -20 0
Radial position [mm] Radial position [mm]

(d) =40mm (e) [=50mm

[19 1-69] EEF & W& SMDY W5

[29 1-701& 2 BAGHNA FFAL) BE $RFY WE B
£ dnd we ysd Aol FHFAYL FATA B 272

flo

Fasgon, 2Egec 3480 24 HiAe AL

OlRAE HAEJ ETolXH BEEFEZto] Folxx AN UXAFE&

g ¥ Fohge B 2Rge ANE 2L B+ o
BAGE 277 Yse YA dER BB,
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75 75 75
O Water content 0%
& Water content 10%
70 O Water content 20% 0 0L 8
< Water content 30%
*  Water content 40% - —_
Y ©
2 o5} 2 e 2 g5
o o
& 2 @
k] = 0,
> 2 2
© 60 2 80 2 80
c o o
©
5 g )
a 3 a
w 55 @ 55 o 55
50 50 | 50 1
N L . N A . N N . R 5 N . L L
450 20 40 60 80 100 450 20 40 60 80 100 4 0 20 40 80 80 100
Axial position [mm] Axial position [mm] Axial position [mm]
(a) Pi=0.8MPa (b) Pi=1.0MPa (c) Pi=1.2MPa

[29 1-70] BEF&] He 27A=e Wg

A4d Fdse] ] ASANE H7t

1. 2334 2 4399

WoZte Fo 2dE BAFES FASE $Ee NS A% Age
24, ol 2AWWe BHLF FAALTEH KS M 2105 w72
¥% Z3%8el #450 Atk X A7 RA¥E 3L 9
09 THANYEN FAA FHE $HEY BANE AAEA
g [29 1-711 Y.

of EANE AAFAE PARAR, A2FAR, FAFY 27

J]}lv
—{m

(W

TASHAA U AL FFEHY EIANE HIAFNEAM FAFFE
2F 2 ol 8se AR Wit YES UHAHE A4y gEY
o Z2& Wr7t2d 5 AL, = A2FARZE Fid FY
HojAle 729 eXFFEALELE F4 20 E(Wet  Gasmeter

SINAGAWA Model : W-NK-5)& o] &3l & FAxZ9 AAL A&
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ol £EE oA ALE o, IFHEZY vloldfaMEE 2234 g
EWY 7tx&xEs TS FYE5E7 ZolNES 240, F
P& W7 EY F4d AAF=E HX s, E0FdEe 959
o 2] (Model : Toyo 88R)E A&& ATt o] FAE o] &3 BIAA
< Add W72 E FYEE WIt27 9858 B RHAA 9
Heor Ty fid 27L& 9488 AdgAUdH X3 A,

T IF¥PZ Y SMAMEE BRIV 9 A7) ddol 3% 3
Aged £98 32 FAFE FFHEE MAG, FEE AA 9
gto] FEAAZNE HAs A

958 oAAE A=z7] (Model : KF-KM-208)o] 4 105~110C 2
1~2 Nzt 7498 F Desiccatorol Al 4&744 WA 7 3, 01mge] =
AALEE 710 AL v 2 A € (Model : JL-180)ol A EAE 2AF o
o, 458 4F4AE F2A AH7 o) A BAE APsn, A A
N AzAFF FASAALE AH FAY /13L& Adsd olg @

AMEZF 712 UA 84 F EXFEE ST,

P
Ll M
SEEWY

7}_&[] E{

CAE 2FS | Hel-Chy | 22 7Y 3K

[29 1-71] #3198 AL5Q A93A Ags
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Agd dA2FAANM AzxE Fedae daAdle A4 21 Hed
Frtakzl flsked [29 1-7119 £31&% FAE AR Fada Al
Z2FAE THEY AxE FHARE 2FIL7Y 2FRIYHAN AL
A7l w7zt A F e AAFE AMFHFAIH EJ5AH R WUt EHE

A A 3 T

3 dA&FANM Az FHEEE 2F /AN &

E<CE [-8>9 wiAskA £ AxwE7F 3% ALY & C-FH
=4

149% 5 $Hete

C-Ffrel vl odE A8E ALRSE EALAZFol 50%01d FA3

<E I-8> FUy e w22 A5
e e (BA7H% 149%)
2 (mg/Nm®) 55.7 25.3
CO% %= (ppm) 47 28
AAEE(%) 3.0 3.0
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100 I
00 | O CERF
OMHUF(BYIIE 10.3%)
80 [ AMHB(EBHIIE 14.9%)
70 OclYR(BHIIE 17.3%)
XOHE(BYIIE 22.4%)
Tl ©
EE ¢
~ 50
2l © g
El,j 40 | 8
" $
30
Q
A
20 | o
A O
x84 5
0 L 1 1 1 1 1 N - L
2.5 3.0 3.6 4.0 4.5 5.0 5.5 6.0 6.5 7.0

H717tA e 425 (%)

[29 1-72] +3tds BIAAF 4%

E<E I-9>9 W77t T AaFEI 35%S B &F H
E 149% & #H3e #8dE9 CO¥E 2 EAFEYY WEE JE
. 29E989 AdE f3d8 T B TF B BH

AZ&ol 2, AP WM &4 C-FF vl #3988 A S

JEAFol 50%°)F Aot EF AT FEAQ

r-{m

e FdE

717t F9 EA¥E 200mg/Nm3, CO¥E 350ppme Fd3 €45
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Aok, B <E I-9>9 e 3t AQde dAE g0 999%E 28

& 43 @,

160
|
OTF CER
140 OO YA (EXIIE 10.6%)
ACIHH(EHIIE 14.5%)
120 § Do Y™ (BHIIE 17.1%)
XO|HE (B4 78 20.2%)
E 100 g
B
S~ 80 - 0
o
%
: 8
w0t 8
%3 Ro 4 8
20 } O = %
B
0 1 [ 1 L 1 1 i 1

25 80 35 40 45 50 55 60 65 7.0
H2[7tA B9 MaEE (%)

[24 1-73] &5Rde f3ds EIAAY 4%

<X I-9> 233479 wrzj7t284 a3

a8 F3ds
o &4 C-2H .
533 = (EH71E 145%)
E A (mg/Nm?) 122.4 55.9
CO% = (ppm) 83 39
AaF E(%) 35 35
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Al 6F A AN FTHUA Vs

flol®= 982 pumpingdlyE Aol 7H% 31X

o} AEHZE o|F¥ F AV HEA F

_?r

o BHFE AHRste dHd FHE TFEI AN o HuE HE
stk FRAZRAY 27 R ARLIZ] FaF A, Muagag
4z ® g A Fegs A

A2d FHAA viwd
LFWRse FHdA
AfE LEGYINE Agde NUAN dBE FHE A e FS

of AEY AFEL AYstd d4 RFo02 wike HdAzZzad9y
FHUA Zle AFd, o 2FEWY) FHOA ARE RR BER
2l sk o

2. 25u QA FHoA
AHs FRAYE AEHE AMAA ARE FHZ OA A B S
o HEY ANYES FIs By ¥Eoz ¥yHE dAZzad
FOA A& R, o eFRAY FHAA ARY $EA) A= 3

7 3k A ot

—113—



2 AdTNME C-TFE o8¢ ANELd AU ETF A&y M

& A% T4 LFUWG FH FRQAE NEALE EHoz g

1. 250,000kcal/hd % 300,000kcal/hdF FH SFd%718 st A
TR EZANES AAEa, 250,000kcal/hF TGS ujd el
o dXste) AALPE YFHoE vlH .

2. 600,000kcal/hsd ¥ &2 24U E MEsled Y5APF S4HAE
S AR FEPe MR HFHoz AANYPS wpy o)

3. 250,000kcal/hd % 300,000kcal/h®d FH LF 3o A¥ES =
A em, 1,000,000 kcal/h, 2,000,000 kcal/h, 3,000,000 kcal/h, 4,000,000
kcal/h & &9 Ff 4RI AREd S Aot

4. TFEWY H 2FRdE dAHA BEY FHEH seARE
g AYstd KIER SHEETZ AP, o] 43 7eA8S o &3
o dHAE EolA & & Jr QAA Z2ade A4

5. C-Ff9 AaANd LAe BAE AAsr] 948 AT A3
EA fratdad dd 478 FYAAY. d85d =FEAor Eg

k2

TAStY fEtAdBE Axde EFFANE A 2 FAAX A

rir

#ABY Az, BT L 2540 BY A7E 9490
&
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TLEAE 2934 e 2o,

1.

FAgzIdd A ARG e 71EY AF SF W7 200,000kcal/h
TE o83t 2FIWY FREANT FEEPES T HEFH
AE TG, oJAE ol &3t dAA JleVES A& 544
& AANFdAew, o AIAE FF¥eo  250,000kcal/hd  H
300,000kcal/h® Ff& &FEL7IE€ AA - AFsAd. 2F I
o AL FA7AdA FBIAA AFTAAANA @Bt B AT
AA A FHFEErI &%FLS 250,000 kcal/hgt 300,000
kcal/hZ X F714A FH A AFFAALS A3AdA AT F
+HWE FAIAG.
A A A 250,000kcal/hd B2 300,000kcal/hdF F48 2FdH7E
o] g8t FAHZEFLW EHHFE AAs 3, 250,000kcal/hE F
f 2FDAVE 19999 10¥9] EnEE Awiste 600 TR A
HaA Hdde dA39 AALAPS HFdo P53
2FTHEE 3794 FHEHAE FTES ¢ T ookt ALEHFS
A7 HEN LFFFE F$F7 FIFSAHLEE A
0. % Egsd 94 #AZ A7) wWEd A, FTF, dAS

|

TEE WFE 39 AFE 4AEdn. AAsg $FFY dA=
Ao A BAE 2T Y & F AN

EFEWrIY AEEEE A4y Ast ¥ dYAAE
TR, 2T R 2=EEXE 3 A4 14 R 2% @
& ¥ = BEE d@ old wHlHe N¥Ho2 Fis
T A%e vExt.

A A A2 250,000 kcal/h® 2 300,000 kcal/hd FHE& &5
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E o83y F/H TG EAAY A3}, 250,000 kcal/h#F 9
2EGuIe] ALoE 45G/he =EE AR BAYHS 24
kg/cm2 ol g o2 3 AALFY Iz d £ Jx EEE

88%0°] 422 =1, 300,000 kcal/hd 9 FIW7I= 50G/he 3%

de =Eg A& EAYE S 25 kg/cm2 o] 4oz W AAL
Fol dsPde @ 4 AT AEE 88%0l AL FAT F7 At

L FR 2FEHIY Ao FERE UYAIREFEE Ho gy i
2 AFEEE vl $ E@si. 250,000 keal/hF ¥ 300,000 kcal/hF &
LFdNle) AREWE 47 B2 FH%S PP
FHAF/IBAHN AFBE S 28l 600,000 keal/h £ F9] T4 &
S$HYUE AASET, 2 AL FA71gA (F)IFR Ao
ERcEa A

L AEE 24 RYHE £ 600,000 kcal/hE A AP AR 349

2
o En@y) A Aojd £@LFE FUAAN A8 BdHEAS
2708 QRG] Atelo cEMBE AANZ AAFT 24 cEYX
€ dA 3 &F 600000 kcal/hs B4 4+ AW, 1de AS
% 90.3%°} ot
. AAAZE 600,000kcal/h T SFELHE ol &3Y FH 248
d719 EQAY L AN, 2 BYHE 200049 1149 Fv & 7
matE 7509 FRe JHA2A FHedd HAso AAAPFS A4
T FHAAT (LY L A & FHFIE AA 249 A7)
E AAZ 16008 FRAAAL, 2FFA T 2 w AA
of ARt fold & 750%W TR AN FF &5 A

—116—



B¢ AAHAE

—

10, YA Foe BAYALd 479 2EI A, €85, W

11.

12.

FEF, B35 979 LE o2 BAW 2dd9 £Ho WE
ARAA s 4EFe LEsh wAH 108 AP AL
59 228 HUHEAY AT ANAA 23547

MEoz Hudd d2FA F 108 oFr w@s
£7 27t H4oE SRt @l e oA A2AA
¥ eEs @ReA HY BAY £5E «RALH FA
o UHSE @A BORA WS BT, V5 L2} B

9]

2oz AsAgs SAad 24 ma A L5

FTEHIU B EAAVIELS o2 A dihzAd dF
AR A2AL B oty T/ Adxvt29 EAAGRE, H Y,
4%, €A% )& AFs Aldse 7lev]Es 482 ¥9. E
Ay A AihxAd BE ALAANY sFe] BEAAFS B
ARAEF, dFFdAe AdAFS AEZFL ALE & A= 7
S dadt o d AAAN AFE wf dFsn EFF 54
3 ZEE ol&3q dd HAAAE TP AT Nes E8
2 37 i oy F£H3} EXE ASdte HEE FYHIAA
.
g7 A EH] YW AarEe HY FFez iFHe 44

!

Z2I3% FHAA Jle Ay o AAZ=2a9 dad FE
HEg Ao, €44 |- KIER SHEET 1~89 A3
R, A% #AE chartE 2 KIER SHEET 9~4622 A%
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13.

14.

15.

At

FAA ANdde d2Hd A, 7t2F3 AL, 28 dFRe A
GATLE NPYF2HA T DEAIE 22 3] HEY FA
oz I IV RAYE A HAsSE A& A9 B
T Mg &+ o w3k vz oA AL " F+ gle
244 TP E Lotus 1-2-3 R501E& o1 &34 FAsqAt
Lotus 1-2-39] Macro 71 % # ©oj 3} = (Dialog Box) 715 <& &4 38
At

dAA Z2aPd oz ALT 2IFEW HAFTEE FAHZ
Hl3le] tigFgd oz 20~30C AE A YERG. o Axe AN
HAie A AddAe A Aoz fdol do, A7)
£ AAE A diFHoZ HFELS 95 AALdHE O
5~15%E Zx HAE 37 WE HF 275 20~30C A
T o] HHd Eo7tEz AAYHEE ¥ ZRaYPoZNE &
A7t € AoE #ddd B 424 EFEEE AXAL 24
of Wlate] 80~100C = A YEtWAT 7t2=FHFH o

UEA 3 #x 2EU wed no A8d AHAE FAA
444 g5 #d HEV 3ad A

dHA Z2aPed o3 AT FrdyY HF2EE Az
gt gy er 200 A= @A Uyt o)k go] MAAK
OE A¥AFA7 vA dEd olfE JddEdgolnz AFAY
Lho] HA &L FHdA AAG dFAFHo]ly] WEQJA ez &
gt o] A= ALUAE FIHHA AddAME AT Aoz
do] At
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16.

17.

18.

19.

TH 2FRdHY HdAZZIRE o&dd 25T §Fo
1,000,000 kcal/h+=, 2,000,000 kcal/hw, 3,000,000 kcal/hs, 4,000,000
kcal/hd % 4% ¢ 25E Y E dHASRAL, JAES ARET
< FAeHY. Bdedd Bxe &HTXoNM o =W FI
BA &7 B & ) &% RAdYE 67 AR 7N

T~

Agd FRALFAZAN RKFAEAZZAE ALsty] A8t F

FEAEESE )8 FHA8A2ZEAY ALsAT. 28 Fd=

k=4
Feds T B9 #Fe & £5 EIAFZE] AW, &F
s

C-FFrol WalA Faddss ArEsH EALAFo] 50%°1 4 &

.{

sk £ AW X Wtz Fo EJFE 200mg/Nm’,
CO%¥ %= 350ppme F3d @43ty F3ds ALAdE 5%
122.4mg/Nm’, CO% % 83ppme]l 3, F3AR A&AdE B3
%X 559mg/Nm’, CO% %= 39ppme] & t}.
ARHE& 2FGW/IU 2R E AEste AddA d48E FH
2 dA e A9 AEY AFESE Ry dH 1 E
BEE "HAAZzZaRN FHAA Jle vwvd, o ‘FGE
FTHOA MFE"H LFERLY FHUA R FEA Edx=2

gt

Z

o8
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1 AFR 9.1999. AP §& 2F32e 4 434 4+, ¥47
A%y FAZeN =8H 1 195 - 200

2. AFA 9. 19999, 2F R E4HY. d@rARHA It
229-234

3. A3 9, 1999. A A& FH &
F4NASY sATE dI =3

4. AFZ 9 NELAE LIFIELIIUY 22EEY B A7) F

ofd
e
o,
s
=2
r o
ek
>
i)
)
g
4

A71 A8 E A Vol. 24, No. 4
5. AR, 1999. 4 A2 A4 Programde] %, BY R Vol. 24, No. 4

6. AF 3. 1999. TFRAA @ AW, BdYA Vol 24, No. 4

o

7. AFRA 9, 20007 A ELdE FH 2FEW A HE& 49, @
TEA7NAESE stA ed 3 5(2): 83-88

8. AFZ 9, 2000 F&dnY EAH #F AF. @FAATI A 19
3] Symposium =& 3

9. 4F3 9. 2000 FE=ES & FHAEY A=FA B 4
T, 57971438 FAGEU =83 : 208-214

10. F7A 9. 2000 ARFEAXMY AEEP BT 483 AF. 37
zZ3YsTes FA%E Wy 92 - 97

11. =9 9. 2000 NE2¥d e A% 15 #3d89

%_
4. BF5 A7 AT 20008 FAGEANE =EH. 215~220.

N
gl
o

A=
-

HE

12. JH. Rhim, S.Y. No, G.Y.Lee and O.Y.Yang, 2000. Spray

Characteristics of Water/Oil Emulsified Fuel. Eighth Int’l Conf.
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13.

14.

15.

16.

17.
18.
19.
20.
21.

22.

23.

24.

25.
26.

on Liquid Atomization and Spray Systems. Pasadena, CA, USA,
July, 52~59.

=5y 9 FHHNIYSAA E-71F FHERY BRFEA. Y
Avl Y83 A Vol 5 Nol. 5~12,

JH. Rhim and S. Y. No, 2000, Breakup Length of Conical
Emulsion Sheet Discharged by Pressure-Swirl Atomizer, Fifth
Conference of ILASS-Asia, Tsukuba, Japan, 14~15 Dec., 65~ 70.
AEAY, 1991, e 4 F 7t gde AdaEH & A7, AuA
R&D, 13(1), 22-37

AEA, 1997, 2¥8 719 83 AP, Teck Times, 1997(12),
17-22

Carl D. Shields, 1961, Boilers , MacGraw-Hill Book Company
BEXIANX -t R-, 1984, 4 = 3 )V ¥ -SREERGE, X &R &t
AT A VX -Eiin &, 1987, B HEE MRS,

AARZ T A VX -Fiffiifer, 1987, BHAEEMRE,

WIE—, 1971, BREBEE T, B fI L35t

% EHE, 1982, R A 5 OMREL - B TEAFT GREHR), MR A
it

hiE S B RE, 1982, K4 7 oK - BT EBAF] UREMR), BORHRE
it

AARA THE, 1967, KA T oK & R, 7 kR gl

H AR —, 1980, £ETE, B L3Pt

JM. Beer & N.A. Chigier, 1971, Combustion Aerodynamics

Halsted Press
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217.

28.
29.
30.
31.
32.
33.

Norman Chigier, 1981, Energy, Combustion, and Environment
McGraw~-Hill Book Company

AARA 7WHE, 1967, R4 7 okhE, RurlimkX gt

HARA THE, 1967, ¥4 7 oMk e RE, 7 HERKERX &t
BAKRA 7HE, 1967, K4 7 opkt & g, ka HRER gt
HAKRA 7HE, 1967, K4 7 nitdk e i, SLr ket
HARA ZHE, 1967, R4 7 0 KEHE, 7 HRHKKX Gt

HAKRA 7 W&, 1967, KA 7 nkEiE & ¥R, xRkt
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A1d A 2

Ald AT A%y 5F

SEves §F # BeE ANEA Fol ATE £YPd dFsE
AR iR Au EAEL A ALelt, oA AFAZel B
249 aag AE @A AASU dUAY e T o &
o]7] WEN RE Bokld xS Ford 4 Ak e £9 84
AR(0Y, 7t2 5)8 fAT = A &ML AFach A4 QoA

A g Al2gE eaEde] AAadgo] & oFH 29 EI2Y g

s
moded nfk Al wwgelel Bk Qskel FEYAUA B
3 A&stel AWdol Fatn Ar ARl weAq AAAA FHE
ARZ e WPALYolY FPAIE T AYANE $& ARE

 dEAARE Yool st o #EEe RAdMY dag g

FEFAE dyAderA o] g G T AT 2FL Sl
Ak AAAR AL dREo] gFeA Fr HEAXG AHE A
ol gste Y FAALEE oY oL €AL& RA FFol AT
gtelo] A ¥ Aol gow FHHVIERANY FAXNYE FHHYoE
ol g HAT. AAAA AMAANN 714 FdE Y AIE A 2€HE
delE vm dBA FAA st Aded FEEL 40% ol E Hu
Hol vk, H2 vw 48 FAAAE 7tdH Jt2E FEE WANH

ol Agg o3y AT/ AEHI e oFA a0 10 % &
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dx Eaa g AAoY dBAGME FA nA AR I A
= a1 vk 53 &9 'Shimizu’ F& 80 dd o F AAL=R
o] Mol Wad FAY Ax5EAHY 7xATE AL FHFTA AT =
Wl A duxgezse A oj&dd dg A7t 1976 ol F F &
Hoz £g€ v dow 7Ad4d BAE EFF FAY nAAES o

ARHD PAE ol R A stFFAL HEo] Wo] 3 EI A&
2 2 G2 A5 AErt oaYd 2 A& oA wA @
g1 g F2d vFEFEAGTY RN BALAE H s
= Aado] EE v dEd o)R EF & duAZ FYH Ok FFe
$A BAs #AAo] Avl WEA A EHoH. 53 GAE I 2HYLE

o B9 sty S4E wAE W AdRZ o §dE Ao WA

l

=g FHHAR0Y] W 2 AU WFHY Ao Husel Urh
dd UR BRA S suza ey adsss Wy 4ude o
Aol o5 £

Aold Azt a2 sy B8 FUERA FE& o 110Ut @ F
d

240l 200085+ 22 9,500ha ® 2,900hac] o

il

RAolv v Lo 2. 9 500U o] & Agolvt. EI 6000F FE <

Zt ER5EE MR AR nFFHAYFMRPCI] A=H o2 2537
7 A dom oF RPCE A 4 & ¥ Az I8 44
S FUA R &g HFFFAT BINE Pol=gdE B2 =
ARAY ARAE A2 Uk Gy = RPCE 1 4F Ev9 Az 7
Qo] F/Y Aeolm yoprt W FFFALYZ FEE SEHoE o
83 g Aol oo W EW Az T AA W AP FABFe
ANEFE ALHoZ ZdE el &Y RPCAA Az Eqge= FA9
F5 F718 Rolth. o]# @ A HAAN toz d4HE duA nFe o
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o

—

Fobd 55

MN

Hate] A 4& Adshol ke A 529 AAS
AUALHE F5dte FAE 298 TARAES daRse A

N A & eFrdy Axde A
T e A,
2 drddAe 7t AES o8 Addd g FF
Azd e £3e flstd fig 24 dwoly RPC Aldd ol &8 4
Ae A FH AL A& N2d e MLsa Ao ¥ BEHS

datud sgon et 2e FAN BHen AT +PsAT

Hr

1 E2b2¥ 24 1,000 3 =2 sHgse Ak o 1,100,000 k] 9
qUAAE Adddle FAY FTHF HE d4 AAd" NFES A
AA 2 A

2. N4E d2a29 F8 AEAR] BE 29 AP FAsT G

F Azde 9Ee % A2de FAY 5& na® ANYERY
+
3. da® 59 A58y 7y

4. 4 75 1,0008 7 3,000 7R Aa" AFEW A

Al 2 A AFde] g 2L W99
1. 452X 2 Yg
D A4 HNES o] 47 ANAdd Yo FFA 2 AL
> A4 WNEA FAOCIE AZA)SG A 2HPAC)E
e dE2 S JU9dE 2229 £4udy AL

(FADEE 95% o), Al2=¢ FEE 70% o4, F5 ¢+A
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A% W7t A Q7109 &dF £F)
(frel&d 3000 8 7rRE&y Eg2" &4 1000 8 TE&

AZ=d 44)
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& A7 EHAGA

zr|lazAaneg A ALY E DY
AN E A7 A 270,000 keal o
AL 272 AFE AL AA D A7
2 4B Uld AAFEY YERH @
® A%} THUE | pumman om N
Iy aHE A HF G}t 24 S GE 45 RA
1Ad =l oy Urled WA MY BEY Ajo|FES
(1998) A A D A2
o [ e wAAEY B apojzas
¢ EE ACNER | wgae NRES AHABRANA
A AE AL AYsta AolEEe 45 BAs
Nadel Bad ©2
| sl AZE AREY FAH A 2
® 279 25 A8 : i -
a8 B, A5 A%H Fus
A2ZFE A FE 9 f}qg@%)&%/}j o s e
B B NAE TR A e4Nd Ang
] 2Ry Nl M7 AR R AERA AWE
2("”31;:‘ A AT AE L 70% o)A EH)
1999 2

A S gl et A 4F 2
N5 BA, U719 £7 84,

A4 g2 7

ARE BRA 2R AERHE AY 2
SRR

I
(2000)

& A0
H718)9 FH
g AL
2R YH
e P Eay = g )
A

FACIG A8 FHEE UL
e5udY WPALY AREY AR
2 4F4Y, FEH AFRH(IERA S

Qusr) ALAEE, Wed 7, A5
4§+ 5
FeEled 30009 TR, Bhay &4

1,000 TRl AEF A7NEH F6 A4
Al zde A AFER 944
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A 2 T3NS

FAE % A ARy 233 S FdHE AANE Bz wE
gz AgHe fom, AL AFe o, aW FrA R =z
A& o] ok, 4A A7) E 18808 C.K.Cowielburmese) 93l * 32
2 wsdd £32Fe] ndyd o §HU. 2 F 1951 Aol B
A %7 ol o] NF BUANE AT SRS SHTHe] 1)
S NAZBE ol g3t AN AFHNEN FA d¥ AFE FeH
=3

1950 ol ThAl SAC @ Mol Eolid TR ANBRAY
gA g B4 HEAh. AL F WA gob FHAANMN w2 o
A AstE PHe AZAoY oA BFeAY AU o FAe
At 8% BAZ dFId 294 AAdd ge 23FPAME
$A9 A2 BA Mol 29 ndY Axv)Y AE2 $AS AsYW
AgelAh, A 19708 N A A msA A AAL dA
AU Ae FodA gAY quAgozMe ol F4el A 2 BHHL
A sdon, 1978ddE A AAHeE FAd g FAH AP

27} FAOd 93 #3 = 3. .(Beagle,1978)

A 14 gAY £33 54

W FolA $AL AARE FF uge M FF, AAA NFrA

4, 239 g zojrt ey BE 20% AEE Ajdstes Aol o
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LAt PAF F(1981)2 & 16.3~26%, Beagle25)e 14~27% A X&)

Bk v gtk 29A 5(1981)S 9AY wdze Ax B EFo

K

el oF by tEU Su gAY ny wd%e 3750 kcal/lkg A E 8 A
23Rt Shimizu §(1978)& A2 2 F3F¥z $9FS 299 F

AA R FEA F Ao)s}h glow e F@go]l FELE AAFL
Fagoa Bt

it
o

294 5 AL UES da 540 fAAY G (B Yo B
Azre) ok A3 wers $A

A3l =27 YFRY ¢k 28 300~350CAEZ 2490w Bs

e

F

of AEol Wad Ae A 9

rok

rir

o

Ao, ARE & FAd &8 54 g A7FA, 110CAA FH
TEE TWol Ao guEHW, 350CAN F453 AENF Ao 40
0CAA 60% Hxe AZFH2E doytd oA Aete] A9 400C ol
A AL dEFZLE o] AlFste Au Wiade B ow & 1§ fo]
g dFEA E4E A E Aoletm R st Shimizu 5(1978,1985)&
FES AR m Aolzt Qo ARGM MYAHE gAY AL A
A AN HALEL 62%, FEL 205%, B L 175% FEoln, 3
Wi HAdEFL 3670 kcal/kg, BHE-9 wdEe 7640 kcal/kg A X el

Bastdow fA9 Ak FAd g A7FAR FYFT7) 90~ 170%l

2

Aa 57 HAPRE70C) Udetxteon, dix Ae 3YF77 &

o

S

FolA AW AR 108 o]st2d Aew Bd gt Jeon(1982)& 3l

4

T& 12%°9 EA QA 7o) 47~52° olm, viFAFE 06303 R

Ao WA (1996) = FElviel Hopx], FAzkx R AR Ao oy F

T A dstd AREMNE & A A3t EFD E Aole Yo
Rusgon 1 AdE <% O-1> otk Eold RY FEFFL &3
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<E O-1> 9A9 Eg3sy A8

Ash |Moisture| Carbon |Hydrogen |Nitrogen | Sulfur| Oxygen | Total
(%) (%) (%) (%) (%) (%) (%) (%)

T2 (HF9] 1315 ] 1208 | 39.092 5.439 0.497 10.0500] 29.692 | 100

TA(HA)| 1348 | 1045 | 32736 | 5843 0.315 [0.0190| 37.157 | 100

SR(EF)| 1544 | 951 37.771 5.287 0.314 |0.0190| 31.659 | 100

FRRE)| 1711 | 965 37.314 2.577 0.266 (0.0022| 30.0808 | 100

(T HE)| 1644 | 977 36.747 0.454 0.372 |0.0330| 31.184 | 100

Ldi(8)| 1334 | 1002 | 36612 5.427 0.343 10.0290} 34.229 | 100

AsHAA)| 1350 | 1016 | 38.240 5.564 0.367 [0.0390( 32.13 | 100

FH(¢H4h)| 1565 | 9.84 | 38.268 5.736 0.285 (0.0195| 30.2015 | 100

7o g F 13 % - 17 % AR BEE Hola ud Az 294

S
Ho
flo
o

w
1 A

A FF vgtd @ FFoz Bddy. F3 Aho A
ol il widtAadel Wrlede9d AaAsEoly FAsE

RAoz F&HFv mAdddzke 3430 - 3750 kcal/kg BEo| 2 AEAR

o
tlo

ir

= 102 - 107 kg/m® o)t}

e A (1996) & SAZE 3 S FMsded 2 A
T <E O-2>¢ o, 2570 A9 JdojA 94 FFe glon 9
kol H) 929% AEZA dA= G& HozA oy XL HE

of AW NEE A AMsA %7 Wil WA 5 AYOR %

Ay mastgde. =3 FA A2LE7 900 T o)Ao]l HEH FAIE
LH—O*] Si0y 6‘-‘?‘01 a;‘qﬂ-ﬂ }“:]'GHZ]II] AALLE7 600 C o]0 & %7}
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<¥ O0-2> 4AsEY 583 A&

510 | Ca0 |MgO| Ks0 |NayO |FepO3| PoOs | AlzO3 | MnO2 | etc | Total
(%) | (%) | (%) | (%) | (%) | (%) | (%6) | (%) | (9%6) | (%) | (%)

e
oiN

offt
™
"
rO

92.92)0.224|0.240/0.996| 2.142| 0.100 |0.342} 0.112 | 0.114 | 2.810 | 100

33 A1)(86.2110.271/0.274|0.847| 0.873 | 0.057 |0.286] 0.114 | 0.095 |10.973| 100

ot
g3
<
o2

90.55(0.278/0.278/0.991{ 1.059 | 0.057{0.309| 0.123 | 0.153 | 6.202 | 100

ofn
P
F
4

87.83|0.304{0.206|0.631|0.403 | 0.071 {0.191| 0.091 | 0.088 |10.135( 100

o
o%
i
it

)|87.6010.280|0.280]0.871}0.937 | 0.071 |0.268| 0.113 | 0.153 | 9.427 | 100

fo

(

Mo
of

)(87.3910.199|0.158]0.770| 0.403 | 0.071 |0.183] 0.136 | 0.080 {10.610| 100

o
Al 3H(7] #)(89.92|0.278]0.290(0.755|0.714 | 0.071 |0.321 0.099 | 0.134 | 7.418 | 100

W
o

4 (*F41)[90.9610.388(0.298]0.829( 0.543 | 0.113 10.208| 0.120 | 0.238 | 6.303 | 100

F5 & Zol Y HolAe d¥ol degvded o d4dE I
W] SiO(AM)7h Sio(H &) 2 ®WstEs A Si0y o AA g 7
Aete Aoy Husgor HEY AEUEE 67 kg/m’ F &

o] MEUES 64 % FEud A F=vii R
A 243 A 942 =2

Y $A AiAR U ATE 19760 ¥E2AEH FFolLAT A
9 1980 FHAYA TR A, 1982:3,1987d A L&ddtuoa 8@ 1

AR v 2FA FUNDE A8 FHFTAAN AA FHFeE FAN AH



G EEE 37 AEAME 457 ol BAAE Folof i dEd 80~
200mm (7F 2, A2 F3]) oo Holof AL FHFo] 7hEsttii Hd
t}. Jeon(1982)2 Center-tubed HAA2E AAEF Y FFHogste F
E dzx 498 sY8ded, 449 F+78& 16% clstdH dar9 ¢
A AdAES 90% oo, RFFT7IE 70%7F HFs, 1A T 2

A @oEE Lo Adam Aade SR 400C olAE FAMF @

1_4

g HidfAv. Antero(-)E €A d2ERE )& FE Ax A
A, FA FHF] 3~4 kg/h A= ool =AHITY o] ofd X
A FA AXRE olgddE SR AA M, Axop & HENH
Ase FAFY 10%E ol &3t HE & 225%°0AH 14%2 &
3 A=Y 5 Ava B 3}5’51“4.

A3d Qdarz 59 453 2
&4 ndy Axd

FALLEY AFEG 2FELY AN F2 IFA o83
g dF8 A 3% 150kg/h ol Fel iy 2grde A&y,
AEs FAEMY A &7 A THZTHY A A4 FTFA 9
g AFeatd wulE Huojolzt o] & E AR, #HIF} FHNE HF F&
M Wy 7k o] £5UAY. GAIALE 2R dele §&L BE 40~60%
gEolm, A FFFel HEyH 2 A8l ¥ Aoz Hase An
(Beagle,1978).

Z2WA & Mg did o8&y T AAFAE AFsS A A



£

o

2 d8e 73 23 Ad §F FEHAANE 94 dage &
ol sleu dirstets wAgo] Wob (widMs 53 HEZ 15%) A
A daE o UmeR FHE AL GAV A FIFHEE
FAE NLTE a7t g Rusddo,

WAl F(1983)2 Center-burnerd 28 $AALZAN RES 23
F Aol E ol &t 94A FHFGE YA sz, 7 TEFL AAE
THoeRs ALHAS Y Ao, 944 FFH 15~2 kg/h A d4

E&°] 90~95%, ddser HAFLS 2% olsdvtan wIma P, w

-

A(1988) = AT E AFHT 2F FANRE 24RgY Aadey Ay

97%, 9 #7] AEL 3% A=A WA A e digesr FFe
1% olifttay Rustich. £ Agdol A AFAY &4 A F 9

=3

a7l E o] &8A Ho A2y TR 60% AER FAHAAYL R
A, dAZ Park 5(1996)2 #Ho|RE R HAAF $A 2519
g A3 Y AUy dudr) AE)E MdEd A4 Qe 23
E 388 ARZ o831 dAA Ue HANAE ANHdYd L ZE A
Wl ojtEed FFYLR BHEIe AL ATE FyYPsta AlAdg
F EEEE 60% FEAA FAANREY ol AYPAT A EgHN A
g & dxgfden £ wdrtae CO §F= HT 600ppm ©] &t & A
H EA A} G Bt

Jaiswal(1980)2 S AQLZE o] &3 Parboiling A&ddA $AETHF
& 16 kg/h, #9937 140%2 W HU FEE 214% 5 ddew, oy
FAY A2 &L F 80%, MAN22] &AL 4% AEQTYI By
3 A,
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A 44 2F37N=

2f71eed FTHe AA A4, dEH, AF3 Vg2 YHo e
H 249 vtz &8s dda47140 g A8 Aoz 9
gt 2dgEY APFAAVEE 2A EHIE I EY(batch)d} A&
Al (continuous) . & ¥ o] A HEANS dAag 15 29 5o Az
A 2Z4AE AAsE Bl AL daFdd &7 wEo A%
oz olFojAE WAL ondyg. d&He B HF A7 E(suspension
burner), ©}% 3% A Z'Z(moving grate burner), %% A7 Z(fluidized

bed combustor)s 2. & & 7F ¥},

i 242 s F2 949 Ad8d dix TVIRN BRAA B
AlZbel das $r A7l A g vy diaE oefd ¢

d wlgo] Boe AR Az F4&o] wolokd dvte Aoy A&
FEAA7L Aos A Fahe Wstd figeo] maEtE Aol Mg
MEE A BE 100m o1k e] A E ol& @tk of WA qHE o
H} 2A 29 BYY 2R FoRFE HAL 19713 AT A LYo}
A AAsged SATEE oF 360 kg/holl A Alzxwl &L oF 40% ol
& UEMETH ol R 28] R FE& AMS vF AdgAFd de A
oz Hiumol geow [y O-11& o Azde Aygxor
(Beagle.1978).

OlFF 242 E 22Uy 2EA 272 (spreader-stoker burner)d} it
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STEAM ACCUMULATOR
; STEAM

BOILER

FURNACE

FEEDER

WATER PREHEATER e
EXHAUST TO
ATMOSPHERE
OR TO DRYING
SYSTEM I

PREHEATED WATER J

K DUST COLLECTOR

~—ASH SILO
2
FAN
(29 0-1] 22428 274 29 299 Ads
£ B 2 QA9 nAAR #% #AAAN AFH vl dx
Folg BHsAA Aavk GRAT PHo|. o aztzy v di

Aztel A7l wE datde] Aop e oW P & FHE AR
o Z7e) @ Ao ke Aol Uy 2wy 2ZEE o W] A
o fRFolw Ax Vet gy 27 A4Z V& FES AEH
AR gAN Ak, 27 27 AHsEL 2

%
o AARoR A3 £&Y V&g Bidd 272 Jed AEe
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Flue Gas

T

Combustion Chamber

Solid Feil\
—p Moving Grate

Q- (@

Combusﬁo:A'; *_*_ +_ +_ f__ *_
- \
v

[ O-2] o3 &Zt29 d%

et 292, 59, dnaz g A ATHA G R,104). [29 1-2)%
%3 27tz FZESE U Rt 49d FUARNER WA R
Hetx @n o] PHOoR 2%Y 4+ Aok A4 AAHoz o 8H T Y
94 % Rl 242E 29 A, A3 d249 53 a7

27 22& ol® 1 Q). A Ao F&L 30-40% |37t oiR

$EF £42E 0252 mm 2719 Y 250G e 4IA 59
FENASG §A ARE A4 oz FHAL A2 A2AAG, o] WY
e ge dxgye wa ALFEA ot FAAY AAA RS
29 %5eW Ane Avle 2 ABEL WA G& g YY) W

At #7189 dad ol ol &5 Y. 53 Had AU g A
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dE NOx A& AT + e ¥ 74 d2L2E8 4T & 4
E Rol AHol7IE 3tk G o B 7] FEMAA EL& taoF &=

2 G mdstedH @A

~
2
B
fo
_&ﬂ
&
iz
2&
oln
A
oy
L
3]
t

g7 wAo At Reoltk. 53 wdAx HA FEAV el ALAE &)
gotx 3 freddE ¥ 4FgS F 5 ok, 2 EE o] WYL F
53 F/IdEH 2444 FEuAY wWE 2 FEAAY &8 &
W $ AAaA AE sjofste Ax"elrt, [29 O-3]& o] W29 7

Wiolth [2g O-4le vdd v FEAE AolE2Ros EH%
A48 A AYE A K53 2429 FEREE UEE RO
oA AHL HEA MES WAL B ok FE2AY EAH S
oA Ez 39 FE3 TrI¢E A/t AFEAAT. AR o WYL

A7 79 m A A2 AL < 108

—» Flue Gas

. R— T Secondary Air
Secondary Air —3» L o)

Solids Feed

\\ Fluidized Sand Bed

Combustion Air

Noncombustible material
+ sand to separator

[2¥ O-3] f%3F 249 M=
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€Y 97 THER S W F 2% dago AUTE RaA ot

(Beagle,1978). of W4 md 2ddwo] ol g8 Ao AA4AY =g

Aol A3 FaWEd Exsnz 24 A Ao o el A
Aoz 4z,
COMBUSTOR FLUE GAS E_] STACK
LIMESTONE 7
FEED ot
SOIL -~ STACK
FEED SAMPLE
FLUE
?oﬁssn
FEED 1
SAMPLES [V ikt FILTER
COOLING
WATER = ID
ot
FLYASH
. SAMPLES
FD 3N ‘:‘&ﬁ(’m o] T Y
T BED ASH ASH
COOLING
SAMPLES CONVEYOR

WATER AMPLE SYSTEM

(2% T-4] A4 §53 27429 Adx
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A 3% AAA 242 dds

Hetolo] B HARFHEER) §& AT F/HE AddAQ AL FUt
FAA Jet ol g HINED ALl A4 FAdEHqk e HIE
. Hepojolo H$ AL 19929 E 70.3%ANAH 1995 K 90.0% 2
A AL F7 FA e 199549 4L o 24178 Hx:oluh ¥
FEF ALAE ATEL) 199295 338%A 19950 % 74.7% 2 A
7R R FOE FAlel don 1995d Ee FHage o 154 42 #H
Aol (=3 ,1997). HEloloet H LT RHe A& L) 71 vtF A

ey AREA A% AL ol Aoz Azna,

I

=AY DEHIEE FE SH2H719 k2 r(HAA, )87, drt
AAE, A5 5), AEFA2E, 22287 2 949 224 w5 gF
ot f-EluEbe 19904 El

g 2MAEReH o= AvA L ulFo] w7 wioln A 2879

199 28 7] HAFLS of 23kglBZBA HAF
&2 483% A=A 53 A& FAve 197 53T 287 44
Fe kg AERAM &3 i) 2u) o] o] ATH(H A F,1993). 1996 =
199 8% 27 HAFLE oF 11lkg 224 AAFHoz Aarste F
Aol e o= 1995 1¥19%H 247 FHFAE AN P2 =g
A&AG ol F438 #HAagA7 wWEoR wudEr, 287 FHA AA
F EAFARZ ety 297 AZEol FA4E AL vy wFFE Aol
WoOAEAY =AY 2xyy] HAEEAM A FE 535%, AR
38.6%, AW AEF 17546 keal/kg BEE ZALE QAT £ 39,1997). "

o JtAAdHIEY vEL 80%cldes FAA Ao oI Ae=
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A nPHINE 249 E A d ] ol &drE e I

Wt R AZAAdooA HIFHEE YAz
sa AZANE FREY G R $& vadd A¥Hes
HAE stedop dw 3 2#7led FAE] ETFEHA FEF WAL

ol B& oz AZEd. A n¥HANES 2001
UE #YEEES 19F S48 09 kg/d, AL LS 35%, 274 20%, "4
45% 2 Qe ul IMF AA o F ALEE& 40%, 27 15%&2 T+HF 7
e AL E Hol YA AF,1998). EAHEL AEE AHo] H-M
o] Hojof & AL AL A& A7 2 AZAEE EAAA o
£ £ At P v E Ro| v & Rolvk. 5 g R 47
ANdLe A Egsle Algte] Zi FawFd E3sE2 TA9

YR FAAGIY AdA B FIv @ wwe osld ARL Rol

FARNELS WY, $A5Y FEH Rargol F8§ oFrd 1 %A

Zol z+zh 80% % 20% A= A" wEad RHPs
gAY A YaFe dvig kg Aozt YL Ao AFHo A
A 400 HE, $A 100 HE (19943 NF) A= FA4F F vk 1 F

G AL FIEARY dUAder Fr OEH oy 2 £F

A Bupelow BA MolN TR HuLor AxsE A wm o
2 ogove gz A 49 Z2AE ASHn A HAS 5

8 AzAazAY o8N xoH AY 24dYor o8l FE 4
oW AL sy zAL wxay 2ad 428 e 9 A
4 229902 RARY $AY O AP, 2 oiE BAL AR

o] &oldA ¢ Wi A4z ddoz of&3r] HAMe Adsd
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o 3t HAE AAk s AdFLUE W AELEI SA Hao <
60% TT22AM w4 o} 39 & oJ&I}AS W &7 AV &
R AFEF7] TAAN EElEg AW SAE AV A HFo
Bolstth, FAY o]&AE HWEY HAAde HRE 27H a1 A&

HHld o) gHf oy dAE A AFe oF 96%7F NEFRNY FEF
HE FAAde 274y Helstg A FRe EFAR 22 AL
A E A FAF-dd FRAAAZ AEEHT doy, Yy
4%E viEoly &7 AMAlY HFEY HAA AWM 2§ EHugE
AbEE L AT ol AHE FAe AL dFFeo] FARAR T BAHG

il

>

_/r__
%=

By g4Ae F77EA7F ol 19969 % 94A9 P #Andrtes dade
7h B 447009024 HIE Holn ZAAAEEZ HAQ 10,8009 /E
A Jon AFHoRE Ha oF 219009/E4 AWz Yk, ¢
Adt WAL 24 QA 15 BEFH AxHn glon gAe W
4 A% 2ADLY ddog o g3ty AF NG fPLAe NEe
2 8 of Z4z} 2000 R 8000 HEE B3 £ U oy A o},
g% WA AHddor HPda FHEIE A2AR 24RUHE

ga3d AA4AEH SGANE &3 RIAAENE ngslg LAdw

Yoz AT Ao}, w£d A4y e AE UYRE SOy olBE B
Y&o] R HIE BRFARAN ZEL s uAdEHee g
E 38 ASZE ZFo] 7tsdi. A9 07L& 2 AR 244 o

Z1eddel A9 e FHE AL U,
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A4 A L T+ A8 &
naH A2
A1 A A5 € 94y
1. 48 A=

4

B oo AEE SAANZE 1999-20008d AHEEZ AA

o

rE

A o

o] RPCOlA Aitgl dwkw gAGon <F O-3>¢ 2 24& 4

=

ﬂ

W

ARag 243 JEEHS 9% HEARE A4S 600 T AIR

N

(Muffle furnace)ol Al 2 A|ZEEQ AAAN F Aoy & &
%

18 &

o%

W, ¢ @d&e Parr instrument &4

2
e
e

%Gt gaEFe ¢ wdFIN FAAE A& AR B A{E V2
2 A8 Aotk FA MBUEE 106kg/m’ AEol:, R AET

= 67kg/m* A2 $A AEURS 64 % A=yl A o}

e golw AFA MAVAsL Bob Fvh 2w
g7 HE 4% B A%E <E O-559 2o 94 FEe A
ol me wed oz el EF AFAY Ens woh [2¥ O

5l AIZRM 2 ATEX AAAD o grdR HEY Si0: 4

o] AAE BEAL WEF AAuE 900 T ol el HH HAPFo] AT

Aoz wud W Aas AL ReE Anfr £2¥ d2Lw7}
600 T ol4oR ZrwsE NEAze A AolAE Aol yEE
g olH@ AMS HPU S0, 7 Si0E MHAHE A FE 1L AL
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o 9§ Si0y ZA s 7Idste Ao AR ATG.(SIO AL A, SiOx &

).

<E O-3> A A& 4

T 3] 2 &%) 858 (%) i) 2} 9]
W | 29y
AN FENE | AN || ANF | wke) | K/ke)

FRCAE) 1348 15.06 10.45 11.67 16300 14900

<E O-4> FIAAs A& BA

Ash {Moisture | Carbon |Hydrogen Nitrogen| Sulfur | Oxygen | Total
(%) (%) (%) (%) (%) (%) (%) (%)

% %1348 1045 | 32.736 5.843 0.315 |0.0190 | 37.157 | 100

<¥E O-5> $A3H a3 45

- SiOz CaO MgO KQO NazO Fe:go:; P205 A1203 MnOz etc |Total
T ) | (%) | (%) | 96 | (%) | (96) | (%) | %) | (9% | (%) | (%)

ofN

T 71186211027 | 027 | 0.85 | 0.87 |0.057{ 0.29 | 0.11 | 0.10 | 11.0 | 100

<E O-6>2 FAAE SAL HEREHNE 7128 gd A4 Has

o

ol F7I%IH wWirZE AN Rolng. F71F ¥EE 20T 7FLE
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o] g3to] o]EBHo R AN WHAFE AAdE Aol
LHV=HHV-h XMy — -=---- (o-1)
My=MoyXMpy, -==--- (O -2)
o714 LHV @ A9 WA F(kJ/ke, HHV . i8] A F(kJ/ko
hy @ B9 Z FA(2257 kJ/ke),
My : A8 kg T W7I7b2 e R F(kelke)
Moy W77k 20 ¢ & ¢ Mole

MhZ() : %21 E—X}-%‘:

Tt 1
b3
X 1]
& 9
B Y
e A
L ot o e { , y "L'af-’.“.'.‘-".. T T e S e T e T
‘g % noooLowm g 4 B £ " o A N R (B 2R
LU 10804
2 i
& N
i
1
I
] :
e f N '
NNC, i ot st sepairip W oasan. =
e | T oo T a J
n . n 4 1. . . K « (4 {] k.Y 9, X L1 ' A

[2¥ O-5] d2e=d 974 3Ee X-4 354 £4
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<E IO-6> A o) 7% wj7)7}2F A (100kg 7] 5)

Required Mole Producted Mole
Component| Mole

0 Na COq H:0 SO I
C 2.728 2.728 10.262 2.728 - - 10.262
Ha 2.922 1.461 5.496 - 2922 - 5.496
02 1.161 -1.161 | -4.367 - - - -4.367
N 0.113 - - - - - 0.113
S 0.0006 | 0.0006 | 0.0023 - - 0.0006  0.0023

H:0 0.581 - - - 0.581 - -
Total 30286 | 113933 | 2728 3503 00006 11.506

o] 2771 % : 14422 Mole air/100kg husk=4.16 kg-air/kg-husk
=3.43m"-air/kg-husk

o]Z w7]7}A% : 17.29 Mole/100kg husk = 5.05 kg/kg-husk

O

B oA AEE B4 AR 5y 2y 4y % wdY Byl
oo 24 Are AxAgAdTed dHhste BYGgon, ¥
9 WAFE Parr instrument A FAE ol g3kl HAHAY. 492
Fe 19 wAFT H%H 24 4R BA ARE 22 B o

o <E OD-9>E 94 £4 ARE o8] FH ALA o&

ok

—_

71 %

=l

o
I FAHE davtae Fe AN dioln
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<E O-7> T/ MR 833 24 JE(EAEAAD)

Ash | Carbon |Hydrogen|Nitrogen| Sulfur Etc Total

4 5
(%) (%) (%) (%) (%) (%) (%)

Ff(Nob)| 004 | 86.00 11.40 0.30 1.70 0.56 100

<¥E O0-8> FHAEY HEHF

oY HEdF (kJ/ke) | A9 LEF kke) | DR (kg/m®) | " F

903.2(70°C)
45,200 43,100 ( . 0.93
927.3(30C)

<E I-9> TF9 ol& &7 A&7ta% AL (100kg 718)

Required Mole Producted Mole
Component| Mole
Oy Ny COq H20 SOq Ny
C 7.16 7.16 26.94 7.16 - - 26.94
Hy 5,70 2.85 10.72 - 5.70 - 10.72
No 0.01 - - - - - 0.01
S 0.05 0.05 0.19 ~ - 0.05 0.19
H.0 0.017 ~ - - 0.017 - -
Total 10.06 37.85 7.16 5717 0.05 37.86

ol 27| F : 10.06X32+37.85X 28=1381.7 kg-air/100kg—oil
= 1151 m’-air/kg-oil

ol &7 72
7.16 X 44+5,717 X 18+0.05 X 64+37.86 X 28=1481.23kg/100kg-oil
= 14.81kg/kg-oil
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. ¥%

FA o199 T HNEFAA d& E&oY HF AFE 7te A
a8 BAF T 2HY W M TheAol e AL ot B 4
TN AgE AT B AUF dHEAAA 2AE FolATH(AE
Aol ALE. dAe FASAG FAF). 83 29 JEL /&
BeAdGTLo G EYPed(da E47]) 2 dF%e <x

i
-10>elg. B AlgEe dF EBEAHoEAN IEFHE 600 TY A=
%ot

(Muffle furnace)olA 2 A]zt o dAAZ F EAHIYE L g e
70C, 72 A% 37128 4y, 29 $49F L Parr instrument 48 FA &

o] g3ty EAsUY. AYFdFge ug HdFy sy =Yg 4 2
N AFRE 722 A Aotk <E N-11>& FAARE FWe EAS
el Aoln <HE H-12>% 924 24 A7 B4 24 2748 o &3
o FW A2 ol&FvFI HAHE Aavtae FE& AN Ao
t}.

<E O-10> B¥ A 89 383 24 AR (FAEHA

Ash |Moisture| Carbon |Hydrogen|Oxygen| Etc. | Total
(%) (%) (%) (%) (%) (%) (%)

AL
5 F

AU (R 121 14.8 46.28 6.54 29.2 197 100
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<¥E O-11> H9A=e A4

o] IEEE wE 29 | A9

(%) (%) ddar | e

F2AAN. | g3 a9z | 202 A9z K/ke) | /ke)
AYUF(AE) 1.21 1.42 14.8 17.4 18,700 | 17,250

<¥E O-12> F9HY o8 Frsa Aazbazxk AL100kg 71F)

Required Mole Producted Mole
Component| Mole
02 Ny COy H.0 SO Ny
C 3.856 3.856 | 14506 | 3.8%6 - - 14.506
Ho 3.270 1635 | 6.151 - 3.270 - 6.151
Oz 0913 | 0913 | -3435 - - - -3.435
Na 0.0 - - - - - -
S 0.0 - - - - - -
H.0 0.822 - = - 0.822 -~ -
Total 4578 | 17222 | 3.856 4.092 - 17.222

O] ZF 7)1 4578 X32+17.222 X 28= 628.7 kg-air/100kg-sawdust
= 520 m*-air/kg-sawdust

o] & ul|7) 7} 3.856X44+4,092 X 18+17.222 X 28= 725.5 kg/100kg-sawdust
= 7.26kg/kg-sawdust

2. A9 F+A
24 10008 I SFE(F 1,100,000 kJ/h S#)e] $A 2 FH HE

Ao N2YWe 9749 BYAGY 54 neAse] LYY a2 A2
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off e4ndug Adax A FFA A ANE FW A5G @ 7
of Aotk 53 Axd Ff MUE FFRA FHVORE Azl
Asas By 59 AAY BY RARE A4 sbsac Axy g8
&2 3UH 87 sl BA 29d Nxde dudrle Ase A
T Eg £ SPAANYS, ALYS exndde vk gold
T dESE Fo BTIL ARG A2 HuRE neH AL
of wASE FqolM Eg A% ANUS FsAe o] ne& F& 1
B, B4 A2Ad $H A2E A8 A% Aa

A WAs WA dasy) Aold F7 BAFE AW, BG A2H
N8 E skl Nxw A Al A%e WA 27 A5t $A 2
FAAS FF AE F7 oEANoz vk MR §F 9
AE X7 Aol BFE AFEL o) gt on o Ao|FES EA
& A a7y A5e AHES HQv. AxdH das] A

Ae BT SUS AAZ sl FHALAS FARER AAhAY ue B
4 BASe) duSd 24 B L5DAE 10000208 & Fel o)
oz AR 4P AP S SRAATG. FHAE 200088 &%
2% 9ag F7% 4A% 47 Adr% L8 AoyzA F4Y A
$ 252 FAGES St 37 FIFVEDD)F W7k WE D
el AME 29Y BEH 988 s AxY R S F
A ddT F4 FEHS KA Asel dF FTHIARAE
299 &4 duyt AANAom WU d2e N2d FaRAAE

=Z9 A& FAE7] Ao 108 3= AF d2E AANEI] BE
Af B32% AAGAT. A2 esHe e HdE fAskq &

1ds1E AAsgn. A4 das A& dRd 1§ &%, Wil 300ke
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€Fe A sd2 AFHAT. AHGHE A Fael Fol WA @)
A3 F7 olF Ao o AolgEoz A Y T ol
AeEgstdrk, 8 A2de 13dEed 23d 50 o8 H¥L T AE
HoZ R4H Azdolt., <E O-13>9 974 2 FH HE& 9422 A
g Fo FAAYS 1 §FE& Jdetded (29 O-6], [29 O-7]
(29 0-8], [2¢ T-9]e Azd #Ax FH=ES F2 T4 7=
2 A g m=Ho|),

(2" O-10]2 MAFFAAT] 42 & d42 EA, Adas di
7], Aol EE dudy] 2 Ad2A FF AtolEEo TAEHY A W
ApR et ZlE 44 A% €92 5
Zh= HiE W 52 2 AE AR AXEg HRAEd AXs: Ut

k1

[(Zd O-111, [2¥ O-12], [229 [-13]2 F8 FAAM AR E o).
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<E¥ O0-13> 944 9 %

HE Aa Azde Fa TAAY &%

F2 FAA £ vl 1
660,000 - 1,980,000 kJ/h
ALL 40-12
) Okg/h A7 : SUS
98 27)
A R} el 31
47 A 1300 kg A4 : STEEL
A Aedy dugy) 1,020 9 A4 SUS
A& . SUS
Hat Gugr E
T+ a7l 480 =9 A%43 59 : STEEL
= 3 . XHZE_I : SUS
Aol EE gy 125 8 E1/20m’/min I
25Ha 10,000 2 €
sayx 45,000L/h FA 12 m(Px= 27)
JFATH Aol FE 20m®/min
ArA £33 Aloj2 & 20m”/min
T715 % FDHA 20m”/min 124+22}F &7)
o) 7) 7= & IDA 30m*/min Alz=d o S-9h-Al |
750,000 ~ 2,400,000 kJ/h
= O 1 . ’ ¥ y
i 18-58ke/h Model : F.B.R FNP55
FHEa 12,000 #H 10,000 + 2,000 =¥
304,000 kJ/h
H-g 7) 76 ¥ L
° S F W7
SLIL O —%x.]
£33 Aol 1.00 mm® A FHEE )
pitch 70mm 40 g/rev
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70

1,700

1,200

340 (250

¢2,400

2100]

100

(29 O-8] 9449 23 &7 $8%S 7%
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1,360

3,860
1,200
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)
- 1,920
(2% 0-0] Azwel Ad 84 nadel FREAW I HUE)
2,000
%300
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50 o 1R
1] 1 N
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(2% O-13] Al=de] wdr] AR

3. 4384
7t A A A

FAF7)=(dho) FFH FAF - o) 2FF) x 100 / o] 2F7| %
Ao} e SEA0)7](on, off ool MYt LEF omatid A
4 5o AN AHUY SE7 A LE ojgo] HA Agez
EME $2 EE7 4550l d24 Yo HEL HESow JAHH
GatAl 7 BTk B Ro datHwW Axd 4y

2Z A7l OFF AH7F =Hol sExa ZEr2r HAASY, o Wy

o

2EE A A Ha
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dadle
Aol 7+ A
/273 F 7=

d dHx HA @

r
32
rlr
o3t
ko)
s
pac
|o
)
s
fo
>,
2
b
o

ok, on] MY AR §7) FEEFLE AYE 7] 100%, 14

1.0 o] HAAHolgoy Aojer: 14 AAE =08 45cm

b ARE e Wy AFoAv. wEA A AAE FIdT7] 100%, 1

/220 F71¥lE 1.0, 31 AxF ¥olE

]
>
(@)}
o
=]
i
o
}_
oo
X
oft
oy
-3
@)
e

80, 100 kg/h 3 FF ] wiste] 3wy A JoufAy o st

ﬂ]%ﬁ]—]— B -

REAE AAGA e Axgane du AN E

PE7 100%Z2 AN FA FF F(40kg/h, 60kg/h, 80kg/h)e FH =, |

A 7leF 220F 719 w1, 1:2, 22108 ATE e BE e a9l

/:\_:'_'I

o
tlo

ofy
Jo

S a5

g d8® e FHARY Afdm 98 FFF IFE(=E

2.0%2.0, 2.25%2.25, 25%25)o Wa, FAY FTHE FAA AXAI =

EgdAie HLdE FTH =FE 20420 ZAAA £A FTHEF 40 kg/h
20¢ geMAMon 38 wy J¥HA FWe A2 @ P9

. &3t 3
7| Ag 7t

FEEZN AH

2 X ANsE AAW
Bt MuUE FAAABEA W7vtawe AHE 29y

stA Aelste] Alade S dASA FAANAG. FA

2 dRg e ASde TH(a2d FHE: A% A9 %7 30

0C7 IW ¥713F $5718 ATANAA FATHFE A#AstaL /1%
hoa

of W AAE

T1 9 2%7}

HeA AUaA Addd $/1% FFHAY
oo §XE Qata WAL AWE 272 o A "
400C 7F 9 AL A9 odo] HAIGE #EEd HY
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E AN GANCR AdL5Ad2E {FAEAT. FEE A8 e
% sdsAT. o] W WuE Alagg dddte AGe 348 AR
obF #HE AZoAd TR A EF daAdE HUE 2847
A @i AL ThE sk,

AR Axeg FAY] AT FEANZE davt AFAHN =@
Aohi des e FES AHEAFAZ ARG Az o] A F 2 A
A Etel] wWlEE ARE F EFs HEF ARAAG. FEAE 1B
o 202 AEA oF ElelmE HFAAN A% A = A4

A HEsoz s Wazd Aot &9 @

Nz 7 938 exe OdAgeRE 5% ARFPZAY &5

A% 4 P92 Adse Axr Aol mwd ¥ =

o
)
)
N

A rEe 158 tAe s FAHSAT ofE 2T HMME CA QARA.

TTTHRFE TAE FHAA A" FRFAEZN, Atz A4
T2 COz, 0 CO, SOx, NOx §& Z4% & & a8 r28 &
At

(28 T-141 A=ge 2545 9

S
frt
23]
>
'z
fol
i
<
o
Y
>

sdEoy [29 [-15]% 247 e5ded AAd AAde AL,
(29 0-16)& €% Ag +0329 AL el Aoloh, &
X

Ae da4ddd 57 &
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K Noj Name Capacity
r $18 1 [Ricenusk combustor 40— 120kg/h
11 [2 [Ricenusk tank 7300 kg
A ' 7 3 [Hot watar tank 10,000 ¢
4 [Ricehusk feeding cyclone 20 m¥min
+ > S [Shell & Tubs heot exchanger|480 g
8 |Cycione heot sxchanger 1259
. . 7 |0i} burner 50 kg/h
T16 air 718 air ONNCO0C000000 B [Raavy of lonk 12.000 €
o - 0
T4 10 T13 "‘"""”“"" 9 |Ash collection cycions 20 mYmin
o VWALV 10 |Rediator 300,000 kJ/h
~t T T 11 [Light ofl tank 400 ¢
=]
4
T6 17
e a oy TR
T o
T
Tzz:sI19 K T ﬂwﬁ' ’ D AL 4
1224123 121 ra _ 6
T20 T T9
° T 5
2 1
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<E M-14> 49 A8E A7) 72

Equipment Maker Capacity/Model
Anemometer Kanomax 0 - 50 m/s
Thermocouple Woojin 0 - 1050 C
Tem. Recoder PANTOS Co. 30 Ch/H-1030
DAS Campbell Co. 32Ch/CR-21X
Flowmeter Dongyang Instrument 30 - 15 m*h
Automatic Bomb Parr instrument 0 - 8000 kcal/kg
Calorimeter
Muffle Furnace Dongyang Science 0 - 1200 C
Tem. Controller Hanyung Co. 0-1200 TC
Gas analyzer ECOM LTD. /ECOM-A PLUS
Air DPT JUMO 0-5 bar ‘
CCTV Kyungwoo Co. B/W

A 24d A% 9 1F
1. Azde Ad 24
7. 444

24 1,000 B i ANHFEE FEH AAdE vEoR T W o
1,100,000 kJ/h & Hiuso] vk, +yuvel $49 a9 SdZF2 16,500
kJ/kg A=x BHuHo dom A LA o 15000 kJ/kg AEZ &
Ned. deA d8&s B A7 HH 70%2 7HAsH 44 FH %

S O&H ol Arad.
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F Q req

" LHVXEq
A7l F: $AEFH(kg/h), Qug THF3H(Kk]/h), LHV: 489 A4
B g EFe Alad da&(AF) ot o] Aoz A 105 kg/he
g4A FFF "ok wEA B 44 2R FH HAE A A= A
FEE 374 F3F 71F22 120 kg/h, TFEF 71FL2 =2 1,980,000
kJ/h(ngl 29%F 71&)2 2H3 A
Al2e o] AL 8 (1988), Park(1996) 5o A7 Ao A FHE =
g Fusty A2 ey Eol/AANI 256-3 A5 dE AH
Wy gAozA did g9e #4 Hddy du@NE A= Ao
& Aoz B

B AFoA o] &3 dLde F8 HAZIEL & 2o

ro

<E O-15> A&l dAad AA 71+

soy47 | AxAERE | qrauw s |dme qsa| o)
. R R EEEEE
| (kg/h-m* ) | 7F28 &% (m/s) | AFAIRE A a7
25-3 150 o]3}k 15 o]t 30 & o4 10 &

B AT dAse] ARH 4A L FH AL daN2E AFEY
A2AE 8500 X 2500 mm oAtk olo] Wate] MAFY FES B
Aqatd og 3 2o

Axd dRsE FATFEke/H)/NMAR JtE ALFTRHmHoR B9

=6 ge Aoz ded 4 A,
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- F_ o _
HLCC" VCC— VI!I) ( H 4)

AN Hyee: Q24 Q88 (kg/h-m’ ), Ve @ G424 A8 (md)

. : H
Vip © 28 d4% AA(m’)= Veex Hm), Hee t 24 %ol(m),
cc

& ZE 9A FFF 120 kg/h A WE ANESE 103 kg/h-m® o)

Mgt Mg XE)XF
VF(? - pF(y'XACCX %00 00 (II -5)

AANA Vit A28 A5 w717k 5 (m/s)
Mo+ ol W) 7} 7V & B ( kg/kg - husk )

My oV EF 7 F( kg/kg-husk )

Pr © M7I7h2 0l W E(kg/m®, A AR FF

fo

E 71¥)

HN

>
&

2
B
s
o

F ey (m®, 474 e 844 g F)

Adad FF HE 228 700CE ARy SATFYE HAA 120

kg/hQ 4o et VieE F8E 15 m/s7k Hh oAl Huy 3§
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Nzolth, oA g stAA AR (Heat load)Z AL 210 kg/h-m” ol
A=

AxAYA A 87 2P AxFodA AFHE AL dad &
88E ARG Rolol dd, AL 13 stFd Adrd 285
B AY 2-3 WlE mEste Aol Fu. AFARES EAFAE A"
AAAE 28 Az Auolt, ey ditd oz HFALLS FIFEH
A28 Ay FAdsca A e Fusit

Ane AxA ARABE GeAon Add

A7NA, Ty @ AFANZ), Ppya * FAAL FELDE(T0 kg/m‘%).

F:9AZF&(kg/h), Ca: $A9 SEFFH(wb. &) ot

<

Vi £ 314 Q42 AHozA 02554 m'olk. AW $AFTFE 12

—
N

]

)
lo
it

kg/hd o AFARE AxgE 7AAHW o o AFALS L

=]
o

Axgr o] AL gAY A Axd A&FHE AT 108 ¥l

it

3

8 au AAdd B9 AZE 1A AR a2y goh A4 2

ol AgH 9 ATEe AR AFARG A A AAE B
oh.

bgel <E O-16>& ¥ 439 4948 34 3FEY Fa 47

=

g Be BAS ded Aol
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<E O-16> 974 2 Ff/ A& A2 A2de dad dA7IE BA

- - - AA2 ﬂﬁ\_/\ A=)
IATEE| HAA AR | Axn avs y d A
(keg/h) | (kg/h-m? 3 A5 A 2 Hl 7] & 5
g kg/h-m*® ) | (kg/h-m” ) h) (m/s)
40 71 34 3.3 0.45
60 106 52 2.2 0.68
80 141 69 16 1.0
100 176 86 1.3 1.25
120 211 103 1.1 150

Y. ddsl ¢ dasyl
E A9 4588 Ada 817 98 Adys nae(Adas))
AA ARag

FEE LR

rr

H oo Adds+ dadrle #5348 EY8E 7152

il

et

i
W

Al 8 A o

1) AL3 s dun@r]o A4
AAs 5 dud A2ee Shell and Tube 402X FFYS Ay
it ol 3 duev)e dHd a4 Hax F #HFHAAN o #

gl g Al&delth Shell A& W7Izbs, FE FAE 2409 Fr:

2Eleg s #HozM 94 53mm, Zol 2m o) FHITL 64 AR A
HAT. 53] FEA) BHAED HAE 959 R ssstn BB A
oo} 7+A L oF 118mm BAEE A A AU

AL+ dugne Fre A A=y Z&9 20% ol4E AT

i
>~
0_u

Aotded o TR EAEFL $A FHFE& 80 ka/h (A
9 ELdF 71F o2 1,19200 kJ/h = 285,000 kcal/h) 71 &2 W oF 238,000
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k]/h &5}, dagrle d44Y 4 & 539 Shell & Tube s
Axadel AYS AASHY. AA AFE HEF
e A4, A1E, 29 [29O-9, O-10]o)ch, oo+ i

¥
12
i

7] A2 e
B7)el dAA

GAYY NS A FFE HWYAW & 2o

2) #F AANS QNP VAS AF AADF 4

Q:A()U()AT
1 _ 1 ro fTo (e \ L
Uu- ho+ kln( "i)+( ri)hi (E-7)
ro=0053m, r;=005m
Dimensionless Group
_ hL, _ Be,
Nu— k ’ Pr‘ k y
Puol,
R,= 1
. (29 [M-19] dugr]o
k : conductivity,
conductivity W g
h : convection coefficient 258

C, : specific heat, I @ viscosity

p : density, Us - velocity

13 Assumption :
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Mean temp of hot gas : — (Ty+ T,) = = (500 + 150 = 325 T

Mean temp of hot water : —é— (Toi+Tep) = —% (35+65)=50 C

=
2
fac)
=
n
z
i)

e

59 w717t dAGATE A

2
rok
K

Film temperature : (325+50)/2 = 1875 C = 460 K

Film temperature property ( from Holman )

hot gas (same as air)

Cy 1.0207 kJ/kg C

p 0.7833 kg/m’

u 2484x10° kg/m * s
k 0.03707 W/m C
P, 0.683

7] 720 Ao Ao AHulLHxe Ak
Wi 7] 7k 2~ % ¢ 5.05 kg/kg-husk, ©]&-F 7% : 4.16 kg/kg-husk
47 5% 80 kg/h & FAF7) 100% & WE 73202 & u
F w717k 0 (5,05 + 4.16)% 80 = 736.8 kg/h
Z w717k A A 736.8/0.7833 = 940.6 m*/h = 0.261 m?/s
b9 B3 @wE 0576 m?

_ 0261 _
Uman = (5mg = 0454 m/s

R --LUmnd _ 0.7833%0.454x 0,063
¢ Iz 248%10 °

=760
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Hilpert ¢ #F dugre] 4§24 wat

1
N, = —Z‘i = CRe"Pr * =0.254%760°%%x 0.683 * =14.8
f

{(Grimsong] A ## A A C= 0.254, n= 0.632)

14.8 X0.03707

- 2¢
0.053 =10.35 W/m”C

h:ha:
AR BT A WA rd NL = nx0053x64%x2=21.3 m®

Q=Ah, AT = 21.3X10.35x (327-50) X 3600/1000 = 219,838 kJ/h

12 74" e AX ZY9: mC,aT= 219,838 kJ/h

219,838
AT =1007% 7368

=290.5

daggs] 2+ MNE 25 0 Ty=500-2905=2095= 210 C

AR &F A2 &&= 150 C & 714 Y7 Wi 7138
FA3%o 200 T2 %
49 9T % 4 1 m,xC,xAT= 219,838 kJ/h

219,838
4.174 X (4.2 X988.8)

AT= =127 C

2% Assumption :

Mean temp of hot gas —é (Thi+Tho) = '%‘ (500 +200) =350 C

Mean temp of hot water : %‘ (T, ;+Tep) = % (40 +50)=45 C

-2 i} h, 7“)1‘1'
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Film temperature : (350+45)/2 = 1975 T = 470 K

Film temperature property ( from Holman )

hot gas (same as air)

C, 1.0251 kJ/kg C

p 0.7440 kg/m'

u 2578x10° kg/m + s
k 0.0387 W/m T
P 0.682

=~

W 717k 20 Jatol el Hul&x At

Z w7729 A A 736.8/0.744 = 990.3 m*/h = 0.275 m/s

b2 23 @W 3 0576 m”

027

U= ) '576 =0.478 m/s
__PUmad _ 0744><O478><0053
It JZ 2578 %10 ° =731

Hilpert 2] o] wu}}

1

1
N, = =CRe"Pr * =0254x 731" %0682 * =144

__hd _
ky
(Grimson® A @ @A A C= 0.254, n= 0.632)

14.4 X 0.0387

- 24
0.053 =105 W/m°C

h=h,=

Addd 0 rd NL = 1x0053x64%x2=21.3 m*

Q=Ayh, AT = 21.3x105x%(350-45) x3600/1000 =

22k 74A 9 A Y mC,aT= 245570 k]/h
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245570
AT = 10251 X 7368

=325

gGudr) &+ M &5 0 T,=500-325=175C
224 AAANA EF M2 5 200 C & 71 A7 AE) F

A ARez ¥ £ Aeoz oA #UY 259 AAYG ASE A

Ak},
- h; A4
&4 £33 HHe F@Px Lo uw ALY SHAFS
=42 m*n , €59 JEF X : m,X(C,xAaT= 245570 kJ/h
B 245,570 B )
AT= 7w (42 x9838) ~ 142 C

259 WAH 4 Shell & Tube Fa$71e T Lx& o 40T =

AAAE T2k flo

Mean temp of hot water : —% (T ;+T,,) = —é“ (40 +54.2) =47 C

he A4EAl 23 BN BE LFEE 45T & HAH.

5o B4

hot water
C, 4.174 k]/kg C
p 0988.8 kg/m'
i 562> 10 * kg/m - s
k 0644 W/m C
P, 3.64

: —Z— X 0.05° % 64=0.12544 m*®

rlo
ml
juc
i)
Oile
e
it
)
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4.2

U= 512544 X 3600 0.0093 m/s

- L 988.8 X 0.0093 X2

Re = QUL . Y000 XL =392725X 10X 4 > 10,000

p 562X 10 *

(complete turbulent flow)

06 = Pr <1009 A

Nu = %Q:o.oz?) Re®™ . Pr®  (for heating)

“ h;=0023 Re®™  Pr™ . k/d

(from holman)

=0.023 (32725x 101) " x (3.64) % x0.644/005 = 2032.3 W/m>TC

A (I-DIA sojmel 9743 WA mE A9 | oz

1t 1 .
*h, " 105 T 20333 T00%7

11
U, ho

. U,= 105 W/m*C

BAAF(R ) 00004 (from Holman)

1
Ufoul

L _00004+

U, 10 5= = (.09564

= I+

. Upy=1046 W/m*T
A% 29449455 1046 W/m® C o]t}
il

Bie 2 949 84 1A =213 m’
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3) a3l An@ A B4

A

T

@ uhsh ol MY H4 Furle WAL FA 80 kg/hel FF

>

FoX BAE st HAASGATU 2 474 FFF A4 489 A
Qg FHsE wir|7t2e 2=7F ¥olA Film temperature?t <F
100 C A% o =tk HA AFAA w77t &28 dYstd 49
AEAFE A EM3 A7 48 BAHARG o 6% = F& 982
w/m*cz AdHUG, 2eY stae SR 2@V WEd ddeRe
Az BA &8 ¢ 85% AE EL 362900 kj/h 2 ANE R}
AA A9 23 HEdFdurIR HedE dFS 364400 kJ/h 2 e
o fARE 2438 BAd. <E O-17>8 dudr] A9 24A%
AY Z2A4E ddstAS WY o83 dHdGH Mo #AdA"E A5 &
Mg& JdeEtd A

HEsls dudre 44 F9% 80 kg/h #&22 AAFHJ7 o &
ddYg 7lF R 1,200,000 kI/h #FS OE A8 ASdE Aol ¢
F3 Aeg [T, HEgs e FEAE Y + U=
& HAAHUJZ diEo EFHG, ALH FAAR ERE/ HEHF B
o ZA HE FEA FAEA Hed o] ff dad 94 dadre
&0 RopAL HE I dudr)o E&E FUHEA @k 28y A
A A2 B&L HopAEg A dFse 38 HAA Aok
2ol FFo] oFoRrt, FH Aae AFodE A4k AF F 1 AT A
= AN AHA = sy Mo Iy QuII A28 dud)

ol detwt. 2 A2 dAME $E5E wWEo

L

oM w77kx &

=
HEE MHAH o] FA= AU
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<E I-17> AQE S dasrle) ojen dWY BA

o . Andy] | Adw% 0w
A AAHA| A
Quns B
W77t (T ) 350 530
Wg7] Ht g7
ARzl H 45 48
erew (T ) 80 ke/h
2 1) 3
2FEHFEm/h ) 4.2 6.0 e B
ESESCE! 05 ool 100%
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Analog input

Digital input

AC

Data Acquisition
Board
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Relay ,
control | motor
control
System Control
Panel
\J .
Stepping Stepping
LabVIEW | l—pi motor »| motor
controller control
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‘ STAR )

Main Power : ON

LABVIEW Program
RUN

Stepping Motor No. 3 :

Burner & ID Fan S/W :

Input Variable FV

FV=1(heavy oil), FV=2(Rice usk 40kg/h)
FV=3(Rice husk 60kg/h), FV=4(Rice usk

80kg/h)

No

Heavy oil S/W

Ye

ID Fan, Stepping Motor No. 1,2,3,4

=

[2¥ [-42] A=d &F9 AFs dudF 35E(ASF)
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Burner S/W . OFF

Timer.2 = END

Ye

No

Temperiture controler for ash removal :

-
w

Temperiture around highest
Jocation of combustion chmaber >

Ye

No

Ash removal S/W

Ash removal S/W

ry
<%

F 3

Cotrol temperiture in green house >

No

A4

FV= Input

value

Ye

(29 O-42] N2¥ 2E9 Aes duzdE S8=AS)
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Q

Green House Cotrol temp > Tr

Yes
Burner /W : ON Burner S/W : OFF
\ No
FV =6
Yes

Heavy oil /W ' OFF
Light oil S/W : ON

Stay about 30 min

Heavy oil /W : OFF
Light oil /W : OFF

Stay about 30 min

[2¥ O-42] A" &89 A58 dudF 385 (A
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<

Stepping Motor No. 4 : OFF

N /
° Timer 3 = END

Yes

Stepping Motor No. 1, 2, 3 : OFF

L 3

Main Power : OFF

( END )
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3¢ du@rizh AXEHA g AE Jdds da@rie 235 Al

g7l dEojt FAe dAE&S 987, 988 %BEAM v FRoY Al
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<E O-20> 947A F5F% 40kg/holAe A Airg, dudly] & 9 A
2o da g

A3 A g7 23 Aol 2 E | a7 Al &
124871 drs dugr] | dudy Ry Fdag
224871 (%) E&(%) E&(%) (%) (%)
1:2 98.7 24.1 21.1 45.2 44.6
—
1:1 98.8 29.8 199 49.7 49.1
2:1 98.9 278 19.0 478 47.3

el dE&2 19 23 F71H 11 Q1 B9t 45% A= wA JdEW I

2A e dudy] ZEAME 57% wA detwd. o A FAG

Azgel A9 AFAHe AAsE Ao By £F AxPe g
a8 50%0l8E 2F Re AL FRYUY 47 A2F Asd da
4 9AY BEe % ol # Aol Adez YA, [17 0-4318

47 40kg/h AFAA Hd Edo 38 FAA

Nor) ol a2 A daE

AbR o)tk A A 9
Mol AR HE Hol7] Wioln B

Rl

4 o]

kol oe PlALEE A9

st
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(¥ -43] $A 5% 40kg/h, 13 23k F71d] 1:2 o] 2AGAM &2
28l AR AR

<E O-21>8 43488 €287 nded d5d 8 €% 4

k3

d Aot FAY A2EL 96% ol BUdz] E&L 80% o, Al=d

o] daE&L 7% oA, A" A Fd 4289 A7AdUYRE 1

2
AR TE&L 5% olFezA 2 A9 &8 FHEQ 0%E T3

dAsA A7l dEoezr g, (19 O-44] EA T3F& 60
kg/h AdAGAA Ah At @2 25y dudy] 288
GeEtd Aolw, [P O-45]¢ Eudy] &7 w77t 2239 duw
7] a4% Yed Aot [2dN-44]914 Eco & |44N HA w3
719) &&ol™M, Esh & HE3F dudr] &8, Ecy © A28 dud

719l 2& 23 Eb £ o859 <9 F Hdy A€S ugd AU

44BN A4 FHE FASHD

30,
o
i)
2
[
1124
1%
2
ng
=3
et
Nl
fo
fol

g0 HEFy dugr g v f Ev. [P O-45]9A4 Tceo &
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<E O-21> 94 94 29Xy 88 B4 2y

A FH & kg/h) 60 80 100

F¥E9% W/ | LHY 712 894,000 1,192,000 1,490,000
AR 7)ol Y A (kJ/h) 29,500 29,900 30,600
$79 A2&(Bct, %) 97 97 96
2Yd# A&(Eb, %) 80.1 81.0 83.6
N2l FEE(Es, %) 717 786 80.3
A28 oy E&(ng, %) 75.2 76.7 78.7

By 3ed & d3Fk)/h) | 695000 937,000 1,196,000
Aol LE(T) 620 660 700

1
|
|
I
|
|
|
i

(2 O-44] A F38& 60kg/h ZAAA Azl

;,——o——l/min ~—a—FEcy —«—Esh —*—Eco —e—Eb

120

100 ¢

(I/min)

80

3

0
e
ol
40

o 20

(%),

0 ool I o, L. SO L. U . M. NN N

0 1

(o]
s

AR

2

3
A & Al ZH(h)

O - 0 O~ O~ O~ O~ ~O~ ~O- ~O= —O~ O ~O~ —O- ~O- ~O= O~ O~ —O~ O~ —O

B
g

|
i
|
|

i

|
|

I
1
1
i
|
I




900 100

800

700 80
~ 600 —
£ 500 60 ®

0

Y et seeeecasteners il

200 F 1 20

100 g & 0 O -0 O B 0 -3 B & 0 OO O -0 O -0 6 -6- &

0 0
0 1 2 3 4 5
A A AL 2H(h)

[2¥ O-45] AAAIZe] M& Jugy] &7 w7 7t2se 2xx19
w7l 8860 kg/h)
Tco;AAad HHELE, ATsh;T6-T7, ATcy;T7-T8
Eco;# A dwsk7] &8, Esh;Hdalsy dagdy) a¢
Ecy,Alol & dugr] &

Az WP L%, ATsh & AGEF dudsled 427 Wrta &

2R ATcy € AtelE8 dadrie 97 w27t2 2Eol
g uvEd AJQd, A4d HA dadve 5&S AL Hd L
uet, A4y dudrle dudr] dET W2 Xt we
d4E Ad&HA RAgF2 Jdo. (2
A4 ¥A dudrs HEdr dn
7t

kztel Azt Aol T3 W

i

W O-46]2 94 584

2

o[N

R Aol EE A7 F&S YEW Iden. 29L& FF &0

42 BA du@r] 8€2 oA Hdsls dagrie AojEE
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#Eco OEsh HEcy

(29 [-46] *‘«ﬁ Ay o

Adugr e Bgol F7tsta . ol AL FATHFE wETHF T
FFFol Folvda FEA FY golA 28y ALy o
Agol wolAA Ho HA &L 03y Fesw Aor EHEAn. 4
24 ¥y dusre HAbd ¢ ddgel ax; ALY dudrle
el o drgo] v Wi FrIEFF FAETE AL &

S oA FHdeozr HA @ aEe Fade

AAsol 7l WEA FEA7 EFE WVtAE dudrldMe €4
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9% S FUAE Aot o A#E #dd W B A 4A dx
Aol Fded da80 A dAsER B Fapisd /@ Ao

2 A49d A2d oy 528 Aad A% x4
Aol dAs7] W&o ¥A Tdgol WelAF & felst At

=

= A7) A A

i

kg/h 1 XA et F7 22542(225 =& 27) A R) MEyge HEHF o=
Hxd da FF&ode RAdY 1€ 97 810, T 826%=
S HE&AT (2" T-47]2 Adxgd dugr] &8 vigd AU
dE FFE FTNETFE di2H HA a7l A&(Eco)d #HAFR
¥ ¢ 3
g FAY Adast 2o 28y FA didAe d4d HA g7
E&o] Y FAada HEHs Gudr] 8ol o 8ol FEE A
of Hlae Fht 2 wdle AFE Bolm Utk EH AL AdIF
dur] g&o WA gy E& Hate 60-90% FE=E YHE U=
M FHE 32-47% BEE UGEW AT RS A FHA v

gte] wWi7]bA7F R EF A fFE2AV d¥e WA Aoz wed

__.4

F 4287 (Esh)9t Ao E8 dud719 & (Ecy)ol F7steE 4

oo 3R dae AU 0] A& S S VA= oe
gaE eS¢ AYAA

A=
27 HA 43, AYAA 2’ dx

of

tol wet F7EHFFo dHAAY] WEL
Nl

Fgol 4o @4

2o &7l



<EO-22> 6

da d¥AgE 58 4 4%

g 8% 2.0%2ea 2.25%2ea 2.5%2ea
TEFEH kJ/h) | LHV 71$ 914,000 1,070,000 1,209,000
AH8 A 7)o | A (k] /h) 25,900 25,900 25,900
9 dA&(Ect, %) 100 100 100
Hdd# E&(EDb, %) 86.5 82.6 716
A 2" 4 & 8&(Es, %) 86.5 82.6 . T716
A" A &&(ng, %) 84.2 80.7 76.0
Bedeld 34d F& d3F&KI/N) 791,000 884,000 938,000
THTE 2.0 2.3 2.5
Eco OEsh BHEcy

(28 0-47] 2594 APAd dudr] 58

Eco,d44d WA 4ugly] &&
Esh;#ld3l4 dudr] a8
Ecy;Alol 28 dudr) §&
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FehE e Fouk R dokxlE AFol Ao o HeA XA

9. &% 2 e9da

Fite A4 54E FA9 fAEY <E 0-23>2 &AL §Fyd
& A¥e AFE B A2de duee Yud RAoln. §ye o
2% 99% AE2A W B olRAE 7Y dxs myh F L
Woluh Bdy 588 & 22 oo o)A THFFo A EF IJF
Fol v vob aFALZol A FAHHA o} A w7}

o wgky] W&ot E3 A8 FF FAY LANA FHiHR unF

A FEFA Fd T IE A& A2 B Yo FEA
b B AV 2 dEe dAaSE7 iy =8A 19d AR gdd
o},

EgAr HP2AL $A 40 kg/het FH =F 20G/h*2ea 279
g dagded TFEY JIFo2E 94 FFE 100 ke/hdt FALE

e Bied 94588 SAHAAE ¥Mxd FF¥E RHole Aoz wdd

N

ot FAAM Axd YA 2&L E4F Vg Hsd 474 100kg/h F
EF Al 2HE BAgFa e )R F £
ARt F7A 40kg/h FHEHES A& WV WiFoer dddd. (29 IO
-48]2 FA, T, B, EFAL: AF AYAAM du@r] afE wad

o vhebdl Rolth,
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<E O-23> B9 % &3 dae 9458 Y 439

ZF 2.0%2ea +

Q@ 2 2] B ¥H(40kg/h) @7 40kg/h
FTw9% &J/h) | LHV 7]1& 690,000 1,518,000
AF-8-7 719 A (kJ/h) 29,500 41,150
AR AL &(Eet, %) 99 100
2l Z&(Eh, %) 72.9 81.2
Na® da&(Es, %) 72.2 81.2
Alzg] |y A] B&(ng, %) 69.2 79.0
2ded) 358 FE dF%k/Mh 498,000 1,233,000
4T E 1.5 15
2474 80kg/h 0% f2.25%2
B & 72.0+2+2HH4 40kg/h (1= Hh40kg/h
70
60 |
50
® 40
W0 b
20
| 10
0 '
| Eco Ecy
| a8
i
[2® O-48] A, F, 5%, EFA2 43 Aoy da )

E&E ¥
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d HA dage #asy ASNFARLBVY BEL FUEA HEA
FUe ARG )& F7 %o 154 A% ¥ Bi dge BEiydydow

Qs WA Bl £F

>

Jol Wgol uHoz wstow Hi Axe
ARE} AN AzNZel A7) WE WY has) dgFe 4uHesn

9 A3y VG, oleld ofz Fule ALo: AozE Idug

AZb e TR A9 BH(FLEINF A H2) WE) d4aH WA
dugr] A& AL 2y AL s dasrie Ael22 dudre &
a2 Ad v,

5. MQAts Y BA

Arzo WALx YRFAN WUl dT BAY ARL Sa BAY

il

ol g3l FAENEH 2 AnE <F O-24>9 Yetli Ao, A3

2

A ol 15EET 2 A BL H3E 4E 5 JEAR (H0-12)

]

olgate wME JlE JE d2(FI %) oz A,

20.9- 0.,
PPM ey = DDM g m _______ ( - 12)

DPPMmeqs HH (ﬂ 7}'33- Ac-:] ¥ 5 = Zg Z] (ppmvd)

BDM oy - 7]{‘7-: )1\_]:31\— "?“ﬁ] ﬁ]i Zﬂ/\\l gt %E(DDde)
Oopeas + MA7F2 FF A 24 &gnl(vol. %,dry basis)
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22 &l (vol.%,dry basis)

FN

O * 71

<E O-24> A2 7l odyE $5

}\6] T"i— CO NOx S02
A A (PPM) (PPM) (PPM)
60 kg/h 380(6) 170(6) 10(6)

&7 A4k 80 kg/h 328(6) 157(6) 7(6)
100 kg/h 300(6) 170(6) 10(6)

2.0G/h*2 3(4) 161(4) 262(4)

S 2.25G/h*2 3(4) 134(4) 266(4)
2.5G/h#*2, 12(4) 221(4) 229(4)

w5 da 40 kg/h 1500(6) 90(6) 796)

. 2.0G/h*2 +
Ax
&3t 97 40 kg/h 20(4) 157(4) 145(4)
3 g7 (R AAR) 350(4) 250(4) 540(4)
(AL R) 400(6) 350(6) 250(6)
H itl ( )= 71& a(vol. %)

<E O-24>9A4 2 53 944228 AYdstis 7158 B F

o
§Y
ok,
=

o

‘..

Ak, T e AUAA AL d27 o)FolRy BEFLR

=
e

it

¢

tose Qunwr §3) S we o=

)
!
i)

&
. 538 % dR TFAAY REg @R FdRgz g4Fxe
Aol HE A2 AHE vug @ didz 4499, (29 O-49)e
A A Wi 7tx JEE vudq vegd Ao, &

Q.
=

I
L X o ok
2 de K

L

e FF dddd ¥ CO §F2 B SO FFL AL 34

O
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M NOx §%& Hlx# Aog Uewn. NOx %9 #4E£& NO

B xR
lo

rr

it

H NO: & 97, % &3 NOd Hdd FAg 2 At &3
Nil

2o FAE woln Jed FH A2 AL

5%

o] W2 gle Aoz AZ4HY. R WEF VTR AR FFFo|

ARG FH7F 168 o By HEe2 @dE=d CO §FFo wWe F

Ho
&
b

3 o B2 vl§ 2 1H Ahvl o] FoyH )
ToE A4dd. A e 34 WEVE] AT HHER 259
H, sl S5 7tx Azo] Agtel woz AAE7] e FEH7
HEel H4E 2848 =74 %sAdo. 22y ¥ 72 (Bacharach) 2
B3 2AYL 08 Fr2 FA4sded R 4gAgdA 3-4 £ E

P sy

A&dAHAL: OFFRAL DEAL
350 r
300

,\250 B ]
| §2OO -
51150 -
100
50

0 . N .

NOx S02

;
l
| B 7|7t FoAE
!

[Z9 O-49] &A, TF, EFALAA9 w717t: H§ §%



A5 AR ITH AE 27

A AN 433 nd

B Ao &4 1,000 8 7R sigste A4 72 A 2 F§

@
oo
(v

W A2 E AlzZele] HA e 7 AP 24470 A5 A
FTHAE el AFol HAUY WEe &4 1000 ¥ RS H4&3s 2y
S o] A2ge &% AL adE o8 £ AUk <K O-2B>% A
43 Rdo Fa FAANY £%F 2 AYE U Aolw <FE M-25>9
A AAEE 1,000 R HE3 A B AZGE Aagrg A4
7@ 5% F7F ARG, ol AW 44 FFE& 120 kg/hollA d44
17ha St AR A7) WE] FR FAF AN Aoy UYwAE F
gow FHd A A ¥, FH 93, 27 3 T A& TR
2 A AAGAYG. =¥ dxHe $A TF LAE AFAdAY. & &
AR FH AL AN2ddodM FAE QR ol &8 W 747 oy L
g Aavt ARAEE A& Ad2E of 3] BEd Fa WEe A
A Agst77t olgoE Aol okt W RangxE FF 4% o
BoltAW A FHEE H22 AU W R B AEHE A
MG A THFEE A@EH AALHEE g AFs dnyFE HA
FozH o= Axe dWREd ¥ + U FqAT JA gA F
& A0k 9 A2 dARIFgME ol dungFoeze EBrlEs
thoo] AfodE 25 B §%FE AA 9 EFE FERI AFGHAG
b Al2"E e S S9s AdE d¥eq He IwREd d4%s F

FHe Adoz 48s Fdg THRAY WP Y e5FA AN
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<E O-25> A& A2d) 88 =d 38 7N &%

£ 9 A
F8 T4 H 1
1,0008 7% 3,000 § 7R
70-200kg/h | A& : SUS
HArs 40-120kg/h
d g/ (20009 TE) | B4R 38
9y 27
A * E] 3,500 kg * 2 000 kg * 2
A AP g x2ea) 700 kg *2eal o grpRL
g4 HAdgy R
328l 1,280 =¥ 2,650 € ¥ A4 : SUS
480 #H 710 9§
-2 B
g7 dne) (530 X2000 | (530 X 3000 :gf@ SEU; Csus
*64ea) *x121ea) H '
A4 . SUS
i} 125 300
Alol 2 & gy 5, o .| H7lzks 2R
2 €] /30m"’/min 2 5 /90m"°/min 158 Alo|2E
e 45000 2} ¥ 60,000 =} E}*2
nYd &g 24,000L/h 72,000L/h
SAZH Ao EE 20m®*/min 40m®*/min AEE Alo)EE
AzA $3
Aol —,é‘i %T ‘J 20m®*/min 40m®*/min LEE Ao)EE
F7)2F FD#A 20m”/min 60m”/min 13p+22 37
o) 7) 7k 2~ & D% 30m”/min 90m’/min Azde FU4FA
5y 18-58kg/h 40-125kg/h
FHEa 22,000 &€ 40,000 #HE
100 mm® 150 mm@
A% Z’llﬂ o fo) Ry 2 il X A
m el pitch 70mm pitch 80mm FAZET Al
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€ Aolrh 3,000 B RS I Axge §Fe] W 2 Axgloly) o

ol AL AL WEE A ol gste e WP Holn, ®

& A/S Aol EASHTAE e sl gy WEd NFFGEe By

HA & Aok mEbA 3,000 ¥ A2 dihz BAw 9y

A 34 dadrly Aol 2 &, wyld, 4 B3 FL& 3,000 F TR

BFor = Adetadld F8 7AA &% Ade ARG, A
o)

22 EAE 2000 8 TEZ AASdcd Aol FEE nyH 9
of R AW AL FoME 3,000 ol A& FE YE FRZ Do
O RS AMAAE 3000 3 R AladE 1000 H FRY AiAR
ot 2,000 H R AAEE WIAR AdASY HHI gt o8& T

9
T AS Aol I Ry AL W 1,000 F FEw AEEn, BE
Fal M= 2,000 B R, ARSAdE B stEsE Aa" 90
FaAd # AT 4000 F R W AxwdMiE 2000 ¥ FR
o AARE WER o848 = g Ao yudn,

<HEOO-26>2 A83 Rdo 2AA FolAM 713 F238 Axd9 A
A7IEl HiE AAES FHE Aot A4 28 <EU-16>004 ¢
7€ wlastd tdgol Fwa nEHo dE AE & F Add. [2¥
O-50]¢ E& Aol B9 FTxToln, <X M-2>7 <XE 0-28>L 44
8 AlxElo] ojfd AEE Aol FE9 AFE JEd Aol

A AR zAGJME HALE 555 o FAEL SANE FHFE
E 53 FoAME 0% o4& RAsE Ao ¢Adg,

(29 O-5119 [2¥ O-52], [2@ T-53]& 1,000 & 483 7ag
el AA A" FAR diad, A2 T8 TERE o, H I3
dugrle & A7 AFE A2 FYshg,

a
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<¥ U-26> A8s8l 2do AL AA7E A B4
84 2 A A2 |AxH An
A3 Az (9ATFE s e
New AR | Ggh | T | B ARAD) s
= T g .
(kg/h-m” )| kg/h-m” )| (h) (m/s)
24
40 - 120 | 63 - 189 | 33 -99 |41 - 14|041 -~ 1.37
1,000 3
&4
70 - 200 | 62 -177 | 23 -66 |50 - 1.76] 0.4 - 1.28
3,000 ¥
De
H H S
Lb
D
w
Le
Dd

[ O-50] 288
PEE

L
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<E O-27> LEE AOIEE9 A4 10008 TTE AlA")

27, Aol 2 e e
A3 AbolBE
E%374 D/D 530 720
# Aol H/D 265 360
4+ E W/D 106 144
7}2& 5374 Ds/D 265 360
MIFEFA} S/D 265 360
5ol Lw/D 795 1080
Q39 2o L/D 1325 1800
BAE3 A Do/D 200 270

<E O-28> 1EE Ae]E 8] A4(24 30008 F5 AlAE)

A, Aol B £ ma)
A4 Aol EE
2%37%3 D/D 800 1200
#Y &) H/D 400 600
T % W/D 160 240
7}2~&F 474 Ds/D 400 600
A3l FE7+H] S/D 400 600
EE 4] LD 1200 1620
3] #o] L/D 2000 2700
A& 273 DJ/D 300 405
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S v =
L €

1 o000z Aok go B0
UL 0Z UORA> uctoeliod usy| &
100022 HuDy f1o AaoeH| g
4/B% 0§ douing o] £
Ul OF 1ebuoyoxe oy suopko| 9
¥ 09zt |[1e8uoysxe oey eqnL ¥ Keys| s
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3_000'sK AUD} Jejom I0H| £
By _005¢ juo} ysnysony| Z |
Y/ 0ZiL—0F 1OINQUIOD YenysoRi| |
Ayoodog oDy o]

ot

T A&

ol
=

2d 4A

[ O-51] &4 1,000 79 483
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1240

2200

[2# @-52] &4 1,000 w29 488 2d 474 2 34 48

A Azgel dad FrE
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2,000
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[2¥d I-54]¢k [29 O-55)

ALY 7% FRE o},
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8100

Qo
g
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g 70
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A6F A8 2 2o

ity

€ d7AME 7144 AVIES ol & ALY

o

Fol Y R & F Al &
¥ oAAEE A%t gy &4 dwoly RPC Aldel o1&d 4+ sle 9A
o T/ HAE d2 AN2"EE Musa A"y He 54L E¥sar
stgem & Ze FAH HEHoz A4S FYPHUT.
1. 29 24 1,000 3 R sigste A? o 1,100,000 k] 9
AUAE Adside FAS FF A& Adx ANz=d AREE I
W, AdA 2 AR
2. A1AE dARY F8 HAFAA wWE 8 A4S FIPsa A F

F ALY 25 % Aade BAY T8 AAE HHAFEA

3. 9428 FAEo s Yy 74

4, 24 5 10009 7 30008 R Al2d" AF¥EW A

FaA%E Lobshd ved 2o

12 A7 Aud 94 2 4 8 d4 Aade &4 ddd

g dagrig A e AR BA, ddys da@y], Aol g

rh
e
k&l
o
N
e
all
Py
oft
N
ot
bl
o
Nt

] 5o FAHAYG. Azde 2

A 1,000 ¥ duk X3k A7 1,100,000 k] E%F o4& AANE #



4.

o 10% F&oz uj g Hon o FUHFL AR o 15w 4
EE2 BYHEAY. A Adee ARG kol FHst $AR
O ooHE 54E Byt oy d4 dee 9AS fAEA g%
dled 44 FUE %S Y FARG o ALHUY. I FE

of Mol A AxF Eol A5e A ALng e =

U A= 8 54 WS HFAEA® FWe 300C wr
U7 L& REAARE FAT Q¥ N Ao IR FLE 1.2%
Aez g A, $AE 3000 Bk gk Fe 220 F4% o
a7t A EFTFFL 135% FEA .

Mol HEde LYoy o dagsiE AA ARsded, A
28 EREE 30% oY Y AFow oA gAdHF 43
Aite vad & AU A28 dusve I3y dug

718 dAA e AL dudy] 80 20% AER E¢O

o} 6% ol sttt
ANzdl 459 A58 % A&dat v Fxsidon 1 3%
o

274 YATHEE 100 kg/h, 124/23 270 10, 24 dr2 =
ol Axd ®old 20%, HH FAA Ay e 176 kg/h-m’, A&
A dR8E 86 kg/h-m®, A2 AFANLL 13 A 3= Aoz

Hr
S

M 5 A,
GARLY HARFTEZANM FA A8 96 %, HAT A&
836 %, Alz=we] dEE&L 803 %, & A &L 787 % =A

ol WS $2AAT. FH A4S FARANAE A2d AR
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10.

11.

T80 842 %E UEWon, EFALY Aede A dx9 F

% dxe 0 542 mAT
dE FHEC FAUFE Axd 4A dady) BeS s

&
dol¢ Ga@rlg Aojg e dusro E8o Fristdon, 9
A drdMe Adss duddr] a8 HA dadry] g&d o

3l 60-90% HEE YEelU i, FHE 32-47% =8 e gl

R

FAF2 A dadd LEEEE QAR 798 Axde 2
A dad 2Us g4 AAAAM AR B 2=V FAHIL
AAZRE d2d FFE 2AEFE 2 0y AAdse 4F

2 RAY FAAL ASAE Bgol Ax Az FFo Fiol

ANzw 5o A%8E LabVIEW Z 2193 A®ld RE, &%
A7l 9 ol ToE FAHAHAG. A didM S4AA WE F
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