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Table 8.1 Composition of Glass for Vessel
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Figure 8.2 Outline Sketch for Middle-Size Tank Furnace
(End Port Type)
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Figure 8.3 Share of Total Energy Consumption
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Figure 8.4 Share Electricity Consumption
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Flgure 8.5 Heat Balance Chart for Glass Melting Tank
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Table 8.2 Purpose of Electric Power Consumption

Facilities ; Purpose Ratio
Large-size fan ‘Cooling of kiln wall, feeding of air for burning 28%
Compressor ' Drive and cooling of Botﬁé manu.fécturing' 27%

. machine
Electric booster Melting - 21%
Other motors ' | : ' 21%
Il.lumination | 3%
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Table 8.3 Rel'atlon_'ship between Low Calorlfic Value H¢ and G, A,

(By Roslin)
fuel ' G, : . A,
0..89 H¢? - 101 He :

Solid fuel 1.65 Nm¥'k 1 .5 Nm?

olid fue | 1000 + m3/kg fue 1000 + 0.5 Nm3/kg fuel
(B¢ keal/kg fuel)
Liquid fuel 1-1?;0};! Nm®/kg fuel | 0'1?301(—)“ + 2.0 Nm?¥/kg fuel
(H¢: keal/kg fuel) _ ' ' s
Low calorific value gaseous fuel 0.725 1t + 1.0 Nm¥/Nm?® fuel O‘ISZJZOHIE Nm?/Nm?® fuel
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" Figure 8.7 Heat Insulation of Melting Furnace Crown .

Old design New design
Ceramic fiber 2
. B-5 “
Ceramic fiber a. g
S - B—6 v
Silica ins. oAy
Silica ins. 2
Silica = Silica 2
N Inner surface \Inner surface
Inner surface terhperature' 1550 °C 1550 °C
Outér surface temperature ~ 109.6 °C 83.4°C
Amount of heat radiation 1505 kcal/m? ‘h 1046 kcalfm?-h
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Figure 8.8 Heat Insulation of Working Hearth Crown

Old design  New design
. o
Ceramic fiber 3 Ceramic fiber &
Silica ins, 3
hi B-3 a
B-5S 3
Silica ins. 3
Silica =]
~
Silica 2
. o~
“Inner surface " Inner surface
Inner surface temperature 1250 °C 1250°C
Quier surface temperature gs4°c . 43°C ‘
Amount of heat radiation = 1078 kcal/m? -h 463 kcal/m? -h
Figure 8.9 Heat Insulation of Regenerator Crown
Old design New design
Ceramic fiber 2
B-3 S
B-5 S
B_5S 2 Ins. fire brick %)
Basic
Basic
chrome o
chrome o ; -
= -magnesite
-magnesite :
™~ Inner surface : N Tnner surface
Inner surface temperature 1450 °C 1450 °C
Other surface temperature  128.4 °C 75.2°C
Amount of heat radiation 1900 kcal/m? -h 919 kcalfm?*-h
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Flgure 8.10 Heat Insulation of Port Crown

Old design 7 New design
Ceramic fiber cast 2
B3 S
B-5 b B-5 =
Ins. fire brick e
Fused A.Z.S. g Fused A.Z.S. 8
- Inner surface \Inner surface
Inner surface temperature 1500 °C 1500 °C
Outer surface temperature  164°C 86.6°C
Amount of heat radiation 2778 kcal/m?h 1097 kcal/m?-h

Figure 8.11 Heat Insulation of Regenerator Sidewalls(Upper Part)

Old design _ New design
. 25
230 230 11s 230 s | 230 150
Basic SK-34 | B-5 Basic SK— | Ins.

/ . O/ -
g | chrome- ¢ | chrome- 36| fire brick
‘*g " magnesite E magnesite
4 5 A
2 : vor ot
g = Fiber Cast
' _ Calcium silicate board
Inner surface temperature 1450 °C 1450 °C
Quter surface temperature 122.2°C 81.2°C
Amount of heat radiation 1554 kcal/m?-h 814 kcal/m?h
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Figure 8.12 Heat Insulation of Melting Tank Block

Old design New design
B-A.Z.S.
/
I
. Fused SK-- . Fuscd
& |AZS. 34 & |AZS.
- o Tt
2 < 2 e
b = Ceramic fiber-
250|114 250 |75] | 50
Inner sufface temperature 1350 °C 1350°C
Quter surface Itemp'erature; 2316°C- i41°C

Amount of heat radiation 6102 kcal/m?-h

2017 kcal/m? -h|

Figure 8.13 Heat Insulation of Working Hearth Tank Block

Old design

O

1 ]
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H ]
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[ .

% Fused | ]

)
af-

Alumina

200

Inner surface temperature

Quter surface temperature

Amount of heat radiation

‘New design
S
SK—34 - Phimt |
L g 4 AT Calcium silicate board
g  Fused 100 °C.
5 :
— aﬁ" e _ - )
. . - bt | Calcium silicate board
Alumina | ' 650 °C
1 Lk -
65 200 150
115 50
1200 °C 1200 °C
251.6°C 74.2°C
7624 kcal/m? -h 717 keal/m? -
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Figure 8.14 Heat Insulation of Melting Tank Bottom

Old design : New deéign
Inner surface ~ Inner surface
Fused A.Z.S. 2
' Fused A.Z.8. 2
B. AZS. 2 _ B
7 Zircon Q B. . A.ZS. S
Zircon B
1
SK-36 &
Clay g
SK-34 %
B--5 A
Inner surface temperature 1350 °C 1350°C
Outer surface temperature 187 °C. 1i4°C
Amount of heat radiation 3240 keal/m?-h’ 1381 kealfm?:h
Figure 8.15 Heat Insulation of Working Hearth Bottom
0Old design _ New design
Inner surface. Inner surface
a.f—alumina g - g .f--alumina ) .
| SK36 3
Clay S -
SK-34 3
SK-32 &
B-5 @
Inner surface température 1100 °C 1150 °C
. OQuter surface temperature i181.8°C 634°C
Amount of heat radiation 3070 kcal/m? -h - 631 kcal/m?-h
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Figure 8.17 Relatlonship between Amount of Exhaust Gas/Checker
Volume and Sensnﬂg Heat of Exhaust Gas
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Figure 8.18 Consumption Rate for Cullet and Fuel Saving Rate

Fuel decrease rate (%)
L=+

10 20 30 40 50
Consumption rate for cullet (against the weight of finished product) (%)
Based on the consumption percentage of 1.0% for cullet,

Table 8.4 Heat Requlerd for Production of Various Kinds of Glass at
1,400 "C and Pull Temeratures (Theoretical Value)

Heat reqﬁii‘ed for fne__lting glass’

. ., ’I‘emperafure (kcal/kg glass)
Kind of glass : -
oC Cullet addition rate % _
0 20 40 60 80 100
Tableware glass 1,400 576 543 510 477 444 411
1,250 530 497 464 431 398 365
Sheet glass 1,400 666 615 563 512 460 409
1,150 571 520 468 417 365 314
Laboratory appliances 1,400 508 482 455 429 402 376
1,300 477 451 424 . 398 371 . 345
Lead glass 1,400 496 472 448 424 400 376 .
1,100 391 367 343 319 295 271
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Table 8.5 Heat Output Ratlo of Electric Melting Furnace

Heat output  Ratio ] Heat output  Ratio
. (keal/h) (% (keal/h) (%)
Heat release from ceiling 28 0.07) | Ceiling . 1,800 2
~ Heat release from furnace 5,883 R ‘
boltom . . Side wall 10,700 15 30
Heat release from throat 5,200 . Bottom 9,300 13
side wall L
Other walls 7,850 Cooling water for electrade 1,400 2 2
Total 18,961 44.1 | Calorific value required for 2,200 3
Loss by water cooling for 10,455 24.3 - | vitrification ' } 68
electrode . Socaring temp. of glass 46,600 65
For glass heating 13,584 316 | Total 72,000 100 100
(Capacity 750 kg. pull quantity 400 kg/day) (Pull quantity 60 t/day)
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Table 9.1 Classification of Boller
Type Model
Cylindrical boiler Vertical boiler
Flue boiler
Smoke tube boiler
Tube boiler
Water tube boiler Natural circulation water tube boiler
Forced circulation water tube boiler
Once-through boiler
Others Sectional boiler etc.
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Figure 9.1 Vertical boiler {(multitubular type)
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Figure 9.2 Externally fired horizontal smoke tube boller
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Figure 9.3 Flue smoke tube boiler
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Figure 9.4 Bending water tube boiler
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Figure 9.5 Forced circulation boller .
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Figure 9.6 Schematic flow diagram of Benson boller
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Table 9.2 Daily inspection of Boiler (1/14)

inspection

Type of

Place of
inspection

Inspection item

Procedure

Constant inspection

1. Pressure of
boiler

. Reading. Pointer

movement

. Surface tempera-

ture. Leakage

Tnitial and stop
temperatures of

pressure controller.

. Particularly take care

to popping pressure
at operation of the
safety valve.

- Smooth moving without

catching.

. No disorder. See item 9.

. Check disorder by compari-

son with pressure gages of
three or more. -

2. Water level of
- boiler

Cycle
WA
E'g One week f};
g-‘é hour or ;hr}:’e
Sg aday
O
Q
O
O
O
O
O

. Movement of watcr

level of a water
gage.

. Normality of water

level at start and
stop of the feed
water pump.

. Special care must be

taken to the work-
ing at a lower and
higher level alarm.

. Alittle movement of the water

level is normal. | the hole is
clogged, the movement
becomes dull. Compare the
water. levels of two water
gages which height changes.

. A detection by bellows varies

with the level and the opera-
tion range by fluctuation of
pressure. When the pressure
goes to higher, the level goes
to down and the operation
range comes fo wider. Check
the operation level and range
in an average pressure,

. Find out the cause and take a

countermeasure. (See items
5 and 6.)
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Table 9.2 Dally Inspection of Bolier (2/14)

Cycle
: =1
W Place of = A : TR 3
b fg" inspeclion § .g One  week ;&;Y Inspection item Procedure
(_%' a @ = hour 0rd time
- o
S8 ady |
3. Combustion O 1. Change of burning 1. Take care to abnormal sound
state sound. -at the start of combustion and
during the switching from low

o to high.

.8 .

é @) 2. Shape and color of 2. Proper flame without touch to

& ' flame. furnacc and with no rough

'E particle. '

3 O 3. Generation of 3. Check the intérnal pressure

5 smoke and its time. of furnace, exhaust gas

o analysis and the quantity of

air and oil. Care must be
used to a long lime operation
under a low load.
4, Gage glass O : Check of gage glass. 1. Make sure the open and close
: o condition and any leakage of
Open a drain cock, each cock. Clean the inside,
close a steam cock R E
¢ .and blow out boiler 2. Repair to any leakage from
water sufficiently. the out of glasses. Checka
And then close the disorder of the mounting core
water cock, open the of the upper and lower cocks
steam cock, check the and the length of glass.
steam side, then close C S
O the drain cock, open 3. Clean the glass. Usea
the water cock and predetermined length of glass
watch forcible rising if exchanged.  Use-care not to
of water level. tighten too much the glass. -
Namely, first, open the drain

g cock to warm with steam and

8 close the drain cock. ‘Open

2, the water cock and open fully

@ the steam cock. After using a

E,, little, do retightening.

= :

A 5, Water 0 -1. Drain water in the 1. Make sure the open and close
column column and reniove condition of the interconnect-
(floatless) shudge and scale. ing line and clean the inside.

O . 2. Builtin waterlevel 2. Check the electric wiring (heat
dcetector. * Inspect résistance wiring). Meastring
the electric wiring of insulation resistance——
terminal, any remove the wiring for the
contamination of electrode holder and the
the insulation of resistance between the elec-
the electrode trode and the carth shall he
holder, contamina- more than 100 MQ.
tion and crack of Cleaning of electrode. =
the electrode.. Clean contamination of the

clectrode holder, check any

crack or exchange it.

I—9—8



Table 9.2 Daily Inspection of Boiler (3/14)

Cycle
g
s § Place of %’E? A At Inspection item Procedure
g 8 inspection g% One week
E" & ‘g %=  hour or ?ilge
K= g ]
8 = a day
6. . O 1. Purge scale and 1. Make sure the open and close
Automalic sludge in the condition of the interconnect-
feed water interconnecling pipe. ing line. Clean the inside
adjusiable {blow cnough) in a condition
device. : of lower pressure if possible.
Low level _
- breaker. O 2. Make sure the 2. Make sure the operation with
High and operation with blowing. If impossible to
low water lowering of the blow, remove the electric wire
level alarm. water level by to make sure the ocperation
blowing. {(burner cut}.
- O 3. Check the internal 3. Check a scattering of mercury
g mercury switch and and balance. Check leakage
o bellows. from the bellows,
£
= O 4. Check the electric 4. Check ddmage due to heat.
B wiring. Rewire with a heat resistance
g 2 wire.
5@ ' S
é § ¢ 5. Check awrong 5. Mount a stay in a change
B8 operation due to orientation.
. vibration.
5 g - :
o & O 6. Check contamina- 6. Replace the cracked and leaking
& tion, crack and insulator with a new one and
3 leakage of the clean the electrode. Insulation
o electrode holder. shall be move than 100 M.
B
% 7. ' ) 1. Discharge scale 1. Make sure the open and close
< Automatic and sludge in the condition of the valve in the
feed water interconnecting connecting pipe and clean the
adjustable pipe of the thermo- inside.
device _ _ stat.
(single O _ 2. Make sure the specified position
element 2. Make sure and of the slide sprocket weight.
type} adjust each inter-
_ : connecting place.
o) 3. The level lowers by loosening
3. Adjust the water the adjustable nut of the heel
level due to a boiler piece of thermostat until the
load. valve lever comes to horizon-

tal position.
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Table 9.2 Dally Inspection of Boller (4/14)

. Contamination of

lens and glass tube
and mounting
position.

. Check + or — phase

of the electric
wiring and lodsen-
ing of connection.

. Check the'amp.}iﬁer

and the flame relay.

Cleaning of contamination.

Cycle
[= .
L Place of ] A
Q0 ¢ .5 . ' . .
@8  inspeetion Ep One week M Inspeclion item Procedure
B @ 5 hour or
= 5§ a day
QH _
8. O . Make sure fire 1. Stopan ignition fuel for detection
Flame going-out, no of the pilot and make sure not {o
detector ignition and burner transfer to the main. For
cut. detection of the matin, remove
the cap ot the detector and make
sure no ignition. :
A flame response delays for 2 to
4 seconds. -
. Check the degree 2, Measure the current by a
= of fatiguc of a microammeter, test by a false
2 detector. flame,
-
;% . Defect of electric 3. Change to the shield wire or a
'y wiring. single wire.
P Influence of
g 3 induced current of
b o power.,
e 8 : . o
2 = . Detection of false 4. Check mistake to detect red
o g flame. heat refractory and change the
= & Self-discharge. position of installation. Inferior
[ 'S‘ Check by a protect tube shall be replaced.
& relay, no ignition.
2
=
g
2
5|
<

. ‘Change the wiring and

tighten it.

. Replace _the‘de'feéﬁvé. 1t

current is normal in measuring
current by a microammeter but
fire is not ignited, the amplifier
or the flame relay is defective.
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“Table 9.2 Daily Inspection of Boiler (5/14)

Type of
inspection

Place of
inspection

Cycle

Constantly
meonitoring

One

hour

A
week
or
a day

At
any
time

Inspection item

Procedure

Daily inspection

Automatic equipment (accessory of the hody)

9.
Pressire
restriction
device

O

. Check the opera-

tion stop pressure
and the setting of
differential gap.

. Check leakage and

concave in the
bellows of the
detector. Check the
mounted position and
orientation.

. Check the two step

setting values for
control of high- and
low-oif.

. Check damage of
" the electric wire,

1. Clean and check the siphone
pipe, meter cock and the
detective part of the bellows,
Change the setling of differ-
ential gap.

4. Check and replacement.

10.
" Pressure
controller

. Check the width of
. proportional band.

. Check inferior

contact, contamina-

tion and disconnec- -

tion of resistance of
the potentiometer.

. Check clogging of

the detecling part.

1. Change the width of propor-
tional band.

2. Check, clean and replace it.

11.

Wind
pressure
_switch

. Check the sétting

value.

Check clogging and

leakage of the pipe.

1. Set to a proper value.

2. Disassembly, check and

cleaning.

12, _
Oil tempera-
ture switch

. Check the setting

value.

. Check contarhina-

tion and installing
dimension of the
heat sensitive
cylinder and the
detecting part.

. Check the conﬁgw

ration of detecting
part.

1. Set to a proper oil temperature.

2. Clean contamination. Investi-

gate the length and replace,
Investigate the installing
location.
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Table 9.2 Dally Inspection of Bolier (6/14)

Cycle
g - )
s lg Place of %g A At Inspection item Procedure
g8 inspection § L One week an
7] = hour or ny
.5 o : time
S g a day
13. O 1. Check thesettings 1. Check that it is setina
— Latch ' of each latch switch, proper position.
& switch, Low o : _
& andhigh : O 2. Check loosening of 2. Check and adjustment.
o interlock, the setting of .
= damper lock A installed position.
< and burner '
£ lock 3, Check a normal 3. Check the operation, inspect
o) . O : .
& operation of the and repair.
& - interlock.
g .
= 14 O 1. Check the move-
$ Control ment.
E‘ motor '
] O 2. Check aninferior 2. Check arc and clean the
g contact of the contact. Investigate the
2 balancing relay. installing position not to be
g influaenced by vibration.
o o
;:5 O 3. Check contamination 3. Inspection and cleaning.
and contact defect of
the potentiometer.
8 5. o 1. Check the gas
o Pilot burner pressure.
<) : . :
k: O 2. Check adeteriora- 2. Check a spark between the
= tion of the ignition electrode and the earth to be
g transformer. 7 to 8 mm in atmosphere.
O 3. Check adepositof 3. Clean the earbon between the
carbon. nozzle and the elecirode and
clean the insulator.
g O 4, Checka béckﬁre‘ at 4. Set an air-fuef ratio ina
.;E;. the ignition. proper low combustion,
?t; O 5. Cheek the clearance 5. Adjust an interval suitable.
s ' between the nozzle
E and the electrode.
16. : O L Check an electric 1. Blue color is normal. If reddish;
Electric pilot _ spark state, cleaning is necessary, -Short
firing device i ) ) spark-is a narrow interval.
O, Co
"~ 2. When a frequent 2. TIf the electrode is set within
cleaning i$ re- the jetting angle, the electrode
quired, inferior is wetted with oil and don’t
electrode setting. spark. The electrode should be
O ' : set to the sctting valuc.
' 3. Transformer 3. Check the transformer and
insulation defect, clean the insulator, Check -
Deteriorated lead any damage of the lead.
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Table 9.2 Daily Inspection of Boiler (7/14)

overcurrent.

Cycle
o
- ‘% Place of = A I . Proced
@& inspection E T One week 1:; nspection item rocedure
Eg %3 hour or tinfc
8 E a day
17. O 1. Remove carbon and 1. Check and repair the burner
Burner sludge. tile.
O 2. Check the atomizing
cap and the shape of
tip bleeding part.
Clean contamination.
¢ 3. Clean the shaftand 3. Remove sludge and oil.
the lubricating pipe.
¢y 4. Apply grease to the 4. Apply grease and check the
bearing. Check bearing.
seal leakage.
O 5. Check any damage 5. Cleaning and adjustment of
' of the diffuser and the interval.
carbon deposit.
O 6. Gun'type burner. 6. Disassembly and cleaning.
Check and clean the Check the chip hole.
chip and strainer.
g 451_; O 7. Check the gun type 7. Clean and set the specified
g E, electrode insulator, dimension.
L A= :
5‘ g‘ O 8. Check abnormal 8. Research of its cause and
- W sound and assembly servicing. Replace
9 & overcurrent. . ihe bearing.
a & .
'®) 9. Oil leakage 9. Repair leaking place.
" - 10. Burner belt 10. Replace cracked burner.
18. O 1. Check leakage of 1. A fire is extinguished entirely
Truel cutout the cutout valve. after cutout.
valve (main
valve) O 2. Make sure cutout
: due to a low level
and_ no ignition.
O 3. Check the electric 3. Check damage due to heat.
wiring.
19. O 1. Check the oil 1. Set to a proper oil pressure.
“Oil pump pressure.
O 2. Clean the strainer. 2. Drain and remove sludge.
O 3. Checkoil leakage.  3.- Repair the leaking place.
i . Replace the oil scal.
O 4. Check overheal and 4. Replace the bearing.
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Table 9.2 Daily Inspection of Boiler (8/14)

Cycle
g :
=g Place of ] A ' Co -
It § inspection E S One week At Inspection item Procedure
[E: 2 @ hour or ?1[:11!1(0
. é: g a day |
20. O . Check a proper oil 1. Adjustment of the thermostat,
0il temperature. Check a gasification by the
preheater air chamber.,
O . Drain 2.  Drain and remove sludge.
O . Check oil leakage. 3. Repair the leaking place.
'S . Check Hte sheath 4. Sludge removing.
: heater. .
21. o) . Make sure the 0il 1. Make sure the operation of
Service tank. level control. the float switch and other
Storage : controller,
tank,
O . Temperature 2. Check leakage and operation.
: control. Operation
of the control valve
and the steam
solenoid valve.
B O . Clean the oil
g E strainer.
= < S
g =y O, . Check the receiving
a quantity and the
£ 9 ; -
o % residual quantity,
= B - :
£ r;!f O . Check a leakage
and the piping line.
O . Drain and remove
sludge.
22. e . Check thé oil meter 1. Disassemble and clean the
il meter indication record. meter and replace the parts,
O 2. Grasp the o_i:l 2. Since the efiiciency calcula-
. temperature tion is based on the specific
passing through gravity at passing through the
‘the meter. meter, the oil temperature
. _should be roughly grasped.
23. o . Check the link 1. Adjust the link mechanism
Qil quantity mechanism to the compared with the air volume,
controller controller. check loosening and play.
'®) . Check the oil 2. Check by operation and oil

quantity by a meter
measurement.
(Every load)

quantity and disassemble and
clean it

H—9—14



Table 9.2 Dally Inspection of Boiler (9/14)

Cycle
. . .
R Pl f - A .
°9 in:rcxgc(zion 28 One week At Inspection item Procedure
39 22 how or any
&8 g5 time
) a day
o8
24, : o 1. In autocleaner, turn
Otil strainer : the handle. Ina
change type
+ strainer, a prepared
g one should be
B always cleaned.
=]
g O . 2. Remove drain and
P sludge. Grasp a
e good rating of
e cleaning by a
differential pres-
sure between the
intet and the outlet,
25. O 1. Check abnormal 1. If abnormal, disassemble and
Forced draft - - . sound and service it, and replace the
fan : overcurrent. bearing. .
O 2. Check foreign matter 2. Mouint a wire gauze not to
in the suction port. suck foreign matter.
g 3. Check vibration. 3. Loosening of installed bolts.
'§ Check and replace Loosening of the runner.
2 the belt. Remove any deposit to the
& runner, Replace the bearing.
P
‘q 26. o) 1. Check the link 1. The damper should be
=] - Damper ' mecchanisms of the adjusted lo be opened slowly.
primary and main
dampers.
'®) 2. Check the opening 2. Check distortion or loosening.
of damper.
¢ 3. Adjust the damper 3. 0% 2 mm Aq in a pressurized
draft in the outlet combustion of rated opera-
of boiler. tiomn.
O
@]
27. O 1. Make sure'the 1. Check a clogging in lead pipe.
Internal indication of Check the opening and
-pressure ' internal pressure closing of valve cock. Check
gage of gage of botler. and rcpair a leaking point due
boiler _ to corrosion.
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Table 9.2 Dally Inspection of Boller (10/14)

Type of
inspection

Place of
inspection

o
=
o

Constantly
monitoring

Inspection item

Procedure

28.
Smoke
indicator

. Check a.diﬂ'erence

between the indica-
tion and the smoke
concentration.

. Adjust the Zero

point.

. Cleaning 0f glass. Adiﬁst a
‘floodlamp and a light re-

ceiver. Blow air from a
compressor.

. Set the zero point.

29.
Exhaust gas
analyzer

. Make sure the

operation of
pointer.

. Adjustment.

. Check a clogging and leakage

in the lead. Cleaning or
replacement of the filter and
tightness test of the lead.

. Adjustment of the water

quantity in aspirator. Com-
parison of a normal operation
through passing air to the
transmitter with the Orsat
analyzed value.

30.
Fluc and
stack

. Check léakage and

corrosion.

. ' Remove soot in the

flue and the stack.

. Discharge of rain
. water,

. Inspection and repairing.

31.

Water
softening
equipment

. Check of the waler

pressure, 1L.5to 2
har

. Cﬁeck of hardness.

Check in the
secondary side,

. Leakage from the

perforated valve.

. Care must be taken

to leak during a
stop of the pump
operation.

. Check from 70 to 80 % of

cycle.

. Use care to leak from the

fitting part of the packing.
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Table 9.2 Daily Inspection of Boiler (11/14)

Cycle
8
“w¥  Place of - A ion i
it é inspection § % One week ;\IE Inspection item Procedure
E a B = hour or tin{e
- § g aday
32. O 1. Cheek of the level
Feed water gage.,
tank .

O 2. Make sure the 2, Test in an actual level drop or
operation of low test by an electric wiring.
level alarm lamp.

'9) 3. Make sure the level 3. Make sure a manual opera-
control. tion of controller.

O 4. Check of tempera- 4. Check of abnormality of trap.
ture.

'®) 5. Check the painting 5. Check, repair and cleaning.
on the tank inside
and corrosion.
Clean the inside.
3. ' o 1. Check a proper 1. Check contamination in the
Chemicals chemicals pouring. tank and the flow rate.
pouring ]
device O 2. Check alinkage to 2. Check the operation.
the feed waler pump.
O 3. Checkleakage or 3. Inspection and repair.
clogging.
34. e 1. Check overcurrent. 1. Adjust the valve.
Feed water
pump o) 2. Check leakage 2. Replace and tighten a pack-
from the ground. ing.
¢ 3. Check an oil 3. Apply oil and grease.
servicing.
o) 4. Check play to the 4. Repair and replacement.
coupling. :
35, ¢ 1. Check a normal 1. Impossible to feed when the
Injector operation. steam pressure lowers, the
: : : fced water temperature rises,
air is sucked, the feed water
pressure is too much higher.
O 2. Check the check 2. Check, disassemble and
valve, Attachment clean.
of scale.
O .
236, . O 1. Check the operation. 1. Record, check operation.
Water flow . . _ S : .
- meter O 2. Check clogging in 2. Disassemble and clean.
. strainer. ~ the strainer. _ .
37. o 1. Cheek back flow. 1, Water hammer. Hand touch
Feed water o o feels hot to the feed water pipe.
check valve _ . Overhaul or replacement.

1n-—-9--17



Table 9.2 Daily inspection of Boiler (12/14)

Cycle
g - |
] Place of o A e :
2 fé‘ inspection 2% One week At Inspection item Procedure
o 85 hour or any :
LE a'd time
S g a day |
38. O 1. Check clogging in 1. Insufficient feed water
Feed water the internal pipe. quantity. Overhaul.
internal pipe . o :
O 2. Inferior or {alling of 2, Water hammer. Replace the
the gasket for gasket.
installation of the
internal pipe.
39, O 1. Check leakage of 1. Repair the leaked place and
Relief valve  sleam. overhaul.
¢y 2. Check the popping
and blowdown
pressures in
operation.
3. Check the popping 3. When the pressure rising in a
voiume, - rated combustion is 6 % or
more, it is not acceptable.
40. O 1. Check leakage. 1. Overhaul or replacement.
Blow off Check heat by hand
valve . touch.
O 2. 'Blow off as'a quick 2. For 10 bar or more, two
opening valve in valves,
the hody side and i
as a slow opening
valve in the second-
ary side.
3. Check the discharge 3. Check the size of pit. Should
port. ' do arresting measure and
_ water control. B
41, 0 1. Check leékagé_ . 1. Tightening, replacement of
Manhole _ from the manhole. gasket. _
O 2. Kecp amating 2. Apply graphite to facilitate a
surface of the gasket replacement.
in no contamination.
42, 1. Check gas leakage. 1. Gas teakage should be
Casing for checked and repaired as soon
insulation as possible. '
2. Check discolored 2. Find out the cause of over-
place. : heat, check and repair.
43. ' : O L Check damage, 1. Repair the refractdfjﬁ materi-
Refractory falling and abnor- als as soon as possible.
material ' _ mality. ' :

O 2. Check gas leakage 2. Repairing.
and short pass. ’ ’

i—9—18 -



Table 9.2 Dally Inspection of Bolier (13/14)

the cam mechanism,

Cycle
&
W Placc of b b0 A e '
QO et - . ¥y
o & inspection 2T One  week At Inspection item Procedure
B g 1 . any
[ 4 "g tour (‘:rd't time
8 & acay
44, . Check leakage of . Repair the leaked place.
Inspection steam and water. Tightening, replacement of
- port. Clean- - gasket. :
ing port. -
Mounting
part of
© accessory. _
45, . Check gas leakage. 1. Repair the leaking place.
. Explosion .
door . Check the spring. . Inferior springs due to leakage
or heat should be replaced.
Check an impossible opening
and closing due to rust.
46, . Check the contact . Replace the contact and relay.
Magnet of relay.
switch and
contactor . Check looscning of ighten the terminal.
the terminal.
O
47, . Check the setting . Y- A starting. Starting
Timer. Time of the timer. current. Change to A after
limit relay. dropping to rated value by Y.
. Check the setting of

. Check by sequence.

48. . Check a disconnec- 1. Replace the lamp.

Actuation tion and luminosity.

lamp . '

Indicator . Inferior contact. . Tightening.

lamp

49, . Check the spare . Supplement of fuse and lamp

Spare. Fuse
lamp )

parts.

spare.

. Cleaning.

50. _ . Check the opera- . Check the sequence. Replace
Protect relay tion, if inferior,
(Timer :
motor) . Check the fixing and 2. Check the operation.
tightening of relay
and the contact.
. Check voltage drop. 3. Check the voltage in the
operafing circuit.
51. . Checkloosening of 1. Tightening. Apply a detent
~Terminal the terminal. paint if possible.

. Suck dust by a vacuum cleaner.
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Table 8.2 Daily inspection of Boiler (14/14)

Cycle
g
=g Place of B 80 A . o
o \ = . .
° é inspection § £ One week At Inspection ilem Procedure
[_E:‘ ] @ = hour or ?1?1]1{0
- Q ada
S & Y _
52. O 1. Measuring by 500V 1. Ii panel and secondary side
Insulation - megger. Measure in has resistance less than 5
resistance a removing condi- MqQ, inspection or repmr is
tion of a low voltage required.
equipment.
53. - O 1. Check overheat, 1. Check the wiring.
Electric - _ damage and ' ) '
wiring discoloration.

O 2. Check damage of 2. Use carc to a discolorization
coating. - of the wiring around the
terminal.
O 3. Check of phase.

9.2.3 BELORE
(1) AUk MRrE
FHIC 7 ARMREOFIET SRETKEEAND &, BRHITHBEL x 2% 5
Y5, fUKIZHELD Cold Start TS 4ELE, Hot Start TR 1 5D Fv s
~9&ﬁm‘%%%%Eﬁﬂ@ﬂ%ﬁfx%%étﬁmmbfﬁ<ﬁ%ﬁ%éoi
o, BKIAMLICE XU, Bwd b ahbs Lk FREBILL, PO
NERDET LY LA BV,
MAEOMEL, 2 RMBEE N TR AR L, K%@TDE%%%?%@
WhREZ LWL S 2T 5,
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1A%
Table 8.4 Quallty of Feed Water for Once-through Bolier

= ] From 75 From 100 From 125 From 150

| Max, DA BelowZ 500 to 125 to 150 to 200 Over 200

& servicing

& pressure From 7.5 From 19 From 12.5 From 15

= MPD  Below25 | 4, to 12.5 to 15 to 20 Over 20
Mo 105-110 85-95® 85-05® 85.059 §5-95@  9.0~95
Hardness .
(HIECBCOQIZ ) Below 1 4] ‘ . 0 0 0 0
I()I;fs"‘}eg OXYBEN  pelow 0.5  Below 0.007 Below 0,007 Below 0.007 Below 0.007  Below 0.007
Total i.ron : o o { 03

v (mgFe/t) —_ Below 0.03 Below 0.03 Below 0.02 © Below 0.02 ¢ Below 0.01

8 4

o

_E 'ggtgﬂéﬁ‘}pger - Below 0.01  Below 0.01  Below 0.005 Below 0.003 Below 0.002

&

- Eggﬁﬁgﬁé? — Below 0.01  Below 0.01  Below 0.01 = Below 0.01  Below 0.01
Siica ' Below 0.04 ® Below 0.04 ® Below 0,03 ®
(mgSi0z/2) — Below 0.02 ® Below 0.02© Below 0.02 ®@ Dbelow0.02  Below 0.02
’{1'?‘!?} ;’;’hds Below 700 —_— —_ — —_ S —
Electrical: - '
?Sg%c&?él ) Below 1,000 Below 0.3 @ Below 0.3 @ Below 0.3 @ Below 0.3 @ Below 0.25 @

¥ cin
Phosphate ion i
(mgPO4>/¢t) 20~ 40 - - - - -
Notes : Remarks

1. Since the concentration of the tolal solids in the feed waer for a high pressure once-
through boiter is very low and can not be nearty measwred, the measured value of
electrical conductivity should be used to estimate 2 conecniration of sofuble selids in
the 1otai solids.

(1) The conceniration of h)drazmc shall bc limited with a concentration net exceeded e
upper limit of pH. -

(2} Where the pipe maierial in lh: heater for a high pressure feed water is sieet pipe, pH is
desirable te be adjusted 10 a higher.

) lhis dcsuab]z_: to maintain below 0.02 mgFeJ]iL 2. The maximum servicing pressure of 25 bar (2.5 MPa) or less shail be applied to an
onee-through boiler retuincd by 30 % of the boiler water inte the feed water, Singc
the water yetuzned from the boiler is added into the feed water is again fed 10 the
tboller wigh addition of some chemicals, the water goality shall be controlied by the

metheld simitar to il for a circulating boiler.

{4) his des.irabl: to maintain below .01 mpFeflit. ’
{3) Dis applied 1o a boiler with separator,
(6} K s applied 1o a boiler without separaer.

(7} A subject water passed through a hydsogen form strong acidily tation exchange resin

The mark of * shali be applied 10 ihe fced water prior to addition of a retumed water.
should be measuscd. ’

L ﬂ‘fk{tﬁﬂ Al — ABHIEH, BEEEN, R bHEIERIO
\_hbéﬁa‘“bﬁ_ﬂ vy FRAHEENRLTWS,

A 7 NG
WM L BMETHY
H A 5 KD RS OBRE B CTetd | %é&b(?ﬂ~)ﬁ§§&&%f%éo
fﬂhﬁ%mﬁkﬁﬁéﬁfﬁﬁﬁc B HERHK T v — ST ROFTREE
T, MRS T 5O THEEMTH B, 7 n — BIREKAH L Table 93, 94 1275
Uk 5 R S UG T R BB,
y U LR
IR E L (%)
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a ! AR P AR 1[:"#}(&{
b oo A O AR

a{x+y)=0by

k= ia x 100

AR & LCMT v ), RIBEE, U1+, > ) e BOR R L+ 5
ti%&%mmﬁﬁﬁ‘iﬁﬁﬁ'&k(_ BEART 5 TG ﬁﬁ%%@:gih?b Ea%e, T
b,ﬁm%##VﬁE&ﬁ%ﬁﬁ$®ﬁ%%WEbrku1“@%% EBEE L,

Table 9. 512, HATERKKEE L L,’C;r nfu\mkgmzalfﬁﬁﬁ@ﬁi%’c

H 5B, _ ‘ o
Tabie 9.5 Standard for Water Quality Measuring Fregquency
[T T T T T e e T " I
| N | |
"""—;'1 :‘-;:l:r {r 2* Sot’:ener———)-3 .ic;ftl:'ned ‘{' f:::r 4 301'[:: 6 P!antl
tank tink

Pretreatment equipment

Sampling focation . 1 2. .3 4 . b 6 7
- . _ ST ST
Check division £ 54 22 B2 2 B2 59 89 35 L4 25 Eé’ 543
BE L BE SE RE EL BL SL BE SEBE BL BE ot
PICY gi’ﬁ G LR FR YO LU 08 E8 08 LS 9809
Ttem EESEEESHEE $E kX 88 EEdEEE e kbadsE
Appearance D D D D D
pH H n n b D n D
P-atkalinity ' ' D
M-alkalinity n n D
Chloride ion n : w D D
Free chlorine - n n '
Phosphate ion _ D
Electric conductivity D D D
Hydrazine 2W
Sulfite ion ' W
Total solid n . n n 1 n
Silica i . ' M o
Total hardness n n D D n - n
Total iron R | '
Turbidity n n n : on
Organic matter(COD} n ' n

Remarks: D: Once per day, W: Once per week, 2W: Twice per week M Once per month, '
n: According to demand \
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3.3.2 REXRE
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BE, BERREGe RKDOATCRDLAS,
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Ge 539
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IRHOMIC, 1 IBEROFHUFE LT, BbE7 A MO ERER () TRbT
:&%%éoit,7xUﬁ%4¥9x@¢@%43fﬁ£46%ﬁ(mnmhmw
power ) TERLT I L bdH b, LOROLAL B EREDLNILGOT, ¥~ ¥
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RIRIZ AR, BERHE 15,65 ke/nh T1ENCMAYT B,

KA ZOHBNE

AR CHE AR TRAMETH A 7 OBBIEHK (T1S 1822 ) BEB AT
T, EORELBEAT B,

BT, EWEARIET | RILL RS L RICE D AR A ERREE LT
15, COMETn —RA -7 o bRV, |

- mAlIC, Figure 9.7 KRT LS CABE ORI ERE T 5, BYEE, S0
CRBEHY - THAT BB, ABICOWTT S A 5. AR5 55
S, BIHEEE RO AVE S ICEET A0S B,
%%£45®%ﬁﬁ¥a,Twmgﬁ KFRTHEAEH > CHEL,  Table 9, 7
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Figure 9.7 Standard range of boiler heat balance
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Fable 9.6 Outline of Equipment

Outlines of the installation shall be indicated as follows.

Name of plant, Address

Name of boiler maker

Number of boiler, date of manufacture

KindeType
. Maximum continuous evaporation t/h
4 Maximum working pressure @ bar
g Normal operating pressure © - bar
& Superheated (reheated) temperature 'C
LY Calorific value of standard fuel keal/kg(m )
(=] .
f=3] .
. Boiler m?
ﬁf_ﬁtmg surface Water wall m?
Total m?
éuper— Type
heater . Heating surface area m?
.. Lype
Reheater Heating surface area m?
Econo- Type .
mizer  Heating surface arca ) m?
Air pre- Type .
heater - Heating surface area Lo

Firing Type ()
equip- . Burner capacity, number

ment and grate area ' kg(m d/h, m?
ggTbu- Furnace volume Coom
3 3
chamber Standard heat generalion keal/mh
Control Pressure
dovice  Water level
Superheating temp.
Cthers
Drafting
Type
. Forced fan Capacity m*min{"C)
g Pressure mmAq
g
5 Type )
Z Induced fan Capacily mY/min{"C)
o9 Pressure mmAq
[>]
3-_"- .
o . Type . . i
0o Other fan Capacity mfmin("C})
Pressure mmAq
Chimney - Size (diamctcr x height) mxXm
’ Name and number of common use
&0
£ Kmd _
'§ g Capacity, number t/h
bkl Kind and capacity of feed water lreatmg device
8 .‘5"- Quality of feed water :
= g Name and_quantity of chemical use

Preparing condition at test starting

Note(*) The pressure is a gage pressure.

nm—-9—27



Table 9.7 Results of Measurement (1/2)

The iest results shall be indicaied as follows.

Date and time of test
Personnel in charge

Weather, atmospheric pressure, wind velocity 'C
Ambient temperature, dry bulb and wet bulb temperatures *C
Duration of test h
Load factor__ _ %
Brand and characteristic of fuel
Mixing ratio
Temperature as used ‘C
Total moisture %
Proximate Analysed value % .
analysis As used % Correct by moisture,
= Ultimate Analysed value %
2 analysis As usedr % Correct by moisture,
\Ir‘gl“u.groﬁre:]mc Analysed value keal/kg(m) Measure a high combustion heat by a calorimeter and obtain a
used (high) As used keal/kg(m %) low combustion heat by calculation. Correct by moisture.
Fuel consumption Total kg(m %
Fuel consumption per hour kg(m,’)?h
Firing guantity per burner kg{m %/h
Combustion chamber heat generation kcal/mh
Condition of firing equipment
Condition of control device
Condition of drafting equipment
Condition of water feeding equipment
Total (_correctéd vaiue) ke
Guantity of :
5 food wator Per hour _ kg/h
g Per unit volume of fucl ke/kgmD
§ Economizer inlet 'C
a2 Temperature .
Boiler proper inlet 'C
Rate of condensate recovery %
Boiler drum bar
Superheater outlet har
Pressure Reheater inlet bar
Reheater outlet bar
% Superheated outlet C
¥  Temperature Reheater inlet *C
A Reheater outlet - 'C
§ M i .b'.th'tll'l lor
: easuring by a throttling calorimeter or approximate
{% _ Dryness {in case of no supgrheater) . % figures (i.e. 98%) : . : _ 7
Evaporation '11;2?}'] éﬁrrected value) kg1/§§ Obtain from the feed_watef quantity. Correct the boiler
Equivalent evaporation per hour  kg/h water level and the steam used in itself,
pw 8 Source of steam . _ :
98 o @ Quantity of steam kg/b  If impossible to measure, use an approximate figures.
#.28.2 Pressure and temperature bar, °C . s S .
g Air quantity per T kg of fuel m*/kg(m?) Calculate from the composition of fuel and combustion gas,
-a =
g - Al heater inlet *C, mmAq
- ir preheater in C, mmAq
S8 ’:‘[?[rinperature Air preheater outlet *C, mmAg
a8 cessure Qutlet of forced draft fan *C, mmAqg
p Inlet of chamber *C, mmAqg
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Tabie 9.7 Results of Measurement (2/2)

combusg-

Air for
tion

Air ratio

Outlet of beiler proper
Outlet of economizer
Outlet of air preheater

Exhaust gas quantity per unit volume of fuel m kg(m

Furnace inside *C, mmAg
Qutlet of boiter proper 'C, mmAq
Economizer inlct *C, mmAg
a Te(rinperature Economizer outlet *C, mmAq
= m:ess re Air preheater inlat °C, mmAgq
2 P u Air preheater outlet *C, mmAqg
2 Induced fan suciion ‘C, mmAg
'E Induced fan delivery 'C, mmAg
g :
2 Quilet of boiler proper
i (C0, 0,CO) %
= Gas analysis Outlet of economizer
= S analy (€O, 0, CO) %
: Outet of air preheater -
o, 0, CO) %
Unburned component o % Calculate from the fuel consumption, ash in fuel,
Refuse quantity per unit volume of fuel kg/kg unburned fuel in cinder.
Condition of smoke
Auxil-  Steam consumption . kg
iary Electric power consumption kWh
Remark
Remarks 1. ‘The values entered to this sheet, such as analysis data of the refuse and exhaust gas,
pressures, temperatures and etc. of the steam, air and gas shall be the averages.
2. Load factor shall be as follows.
Actual evaporation
Load factor= - - PO —x100%
Maximum continuous evaporation
3. Condition of firing equipment means as follows.
Hand firing . method and interval of feeding coal, damper opening
Stoker firing speed of stoker or coal feeder, thickness of coal layer, damper
dpening, elc.
Pulverizer coal firing  working number and speed of coal feeders, pulverizers,
exhausters and fans, damper opening, working number and
condition of burners _
Oil firing -+~ ' oil pressure, and working number and condition of burner
Gas combustion gas pressure, Number and condition of operating burners
4. Condition of water feeding equipment means as follows.

Intermitient feeding number of feeding per hour, etc. _

Continuous feeding working number, revolution, valve opening, etc. of pumps
5. Condition of drafting equipment means revolution, regulating valve opening, damper

opening, elc. of fans.

H-—--9—29



Table 9.8 Heat Balance Table (1/2)

) Heal input keal/kg{m,”) %
(1) Calorific value of fuel B, - (2) Mean specific heat of fuel x (Fuel
(2} (@) Sensible heat of fue! Q, temp.-afler healing - ambient temp.)
(3} (" Sensible heat of air Q, (3) Alr guantity Gncluding moisture)
) (O Carrying heal of furnace blast steam Q, per 1 kg (m,2) of fuel x Mean
specitic heat of air x (Air lemp.
‘after heating - ambient temp.}
(4} Blast steam quantity per 1 kg
{NmY of fuel x (Enthalpy of steam
-~ Enthalpy of steam iy ambient
temp.) {Only in casc of steam l'rom
another source)
Total HO+Q 100
Mote () (2), (3) and {4) are due 1o the external heat source.
() In case of a high heating value basis, it shall be taken as H (H ™).
Heat input keal/kg(m ) %
(1}. Heat content of generated steam (1) {(a) Feed waler quantity per 1 kg
(a) Heat absorbed at the boiler proper Q, () of fuel x (Enthalpy of
{b) Heat absorbed by economizer Q. steam in outlet of boiler
(c) Heat absorbed by superheater Q,, Enthalpy in outlel of economizer)
(2) Heat absorbed by reheater Q. 5] Fead water quantity per 1 kg
: m, %) of fuel x (Edthalpy of -
e?i water in outlet of econo-
mizer ~ Enthalpy of feed water)
(c} Feed water quantity per.1 kg
- (o, of fuel x (Enthalpy of
g steam in outlet of superheater -
- Enthalpy of steam in outtet of
B boiler) + Spray quantity per 1
2 kg (mﬂ’) of fuel x (Enthalpy of
g steam tn outlet of superheater -
E_nlhalp)' of spray water).
(2) Steam quantity in jnlet of reheater per
1 kg {m,® of fuel x (Enthalpy of
sleam in outlet of reheater - Enthalpy .
of steam in inlet of reheater) + Spray
quanlity per 1 kg (m % of fuel x
" {Enthzlpy of steam in oullel of
reheater - Enthalpy of spray waler)
Sublotal Qs
(1) MHeat loss in exhaust gas - L, (1) Actual exhaust gas quantity
{2) Heat loss due to furnace blast steam (ncluding moisture) per 1 kg (m
(3} Heat joss due to incomplete burning of fuel x mean specific heat of
exhaust gas L “exhaust gas x (Temp. of exhaust
% (4) Heat loss due to combustible in refuse L, gas —- ambient temp.)
2 (5 Heat loss due to release L, Seeitem {f)
4 {0 Healloss due to others L, See item (g)
] See item (h)
Seeitem ()
See item ()
Subtotal L,®
Tolal . 100

Note (9 In case of a ]ngh heating value basis L"lL“} shall be taken as L, (L} and L,

{ L,"} be taken as shall be'taken as L, {L'}.

Table 9.8 Heat Balance Table (2/2)

Boller efficiency

%

(1) Input-and-output heat method

Qs . % 100,

=
H +Q

(2) Heat loss method

L -Lg :
fy = 1= 1100,
H,+Q
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Table 9.9 Specific Gravity, Sulfur Content and Mean Calorlflc Value of
Petroleum Fuel :

Speciﬁc gravity Sulfur content (%) Mean calorific

value (low)
Kerosene 0.79 ~ 0.85 0.5 or Below klc(: :1/0?
Light oil 0.82 ~ 0.86 1.2 or Below 10,300
Whole fuel oil 9,850
A fuel oil 0.84 ~ 0.86 - 05~15 10,200
B fuel oil 0.88 ~ 0,92 0.5~30 9,900
C fuel oil 0.90 ~ 0.95 1.5 ~ 3.5 {Oven) 8,750
b. WA RO & OB
il 0.25 keal/ (ks - T)
Hil 0.45 kcal/ (kg * T)
KIHA 0380, 42kcal/ (ke - C)
LPG 0.7~~1.0 keal/ (m3 - C)
2R 0.31 keal/ (m®- C) (Eﬁfb@ﬁﬁ@a&@@ﬂﬁfé’b)
c. WEE

WA RE (Ay) RBRHOES»SHEIL L » TR 5, BEERCEAEARED
BAR, BRERORE, KE, BFE, WEOS ﬁm&%n%ncjh,o,g%
LtBE, AcEKATERbERS,

Ao =5 ( 8.89 ¢ +26.7 (h—g )+3.33s ) ey /ke-Fuel

B O TR 5 Lkw%Aﬂ ORIE I L B I T Ao B BT
BLLHTED, CORMBTHE Boie DRZEAL TS
s HIROBESE

HE
| Ao =1.0l—+—= i 000 + 0. 56mh/kgf‘uel

- B OB E

Hg

o 1238 15000

— 1.36m%, kg Fuel
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‘Table 9.10. Thermodynamic propertles of saturated water and saturated steam
(Temperature reference)

S‘pecific

Temperature - g?é;‘sﬁ}é‘?“ Specific volume{w %3] | Specific enthalpy (kJ~ky) eatropy K/ lkgK))
t[c) | TI(K] Ps (MPa) v o A A ekt —A s -~
0.00 | 273.15 0.0006!08 0.0010002 | 206.3 0,04 2508.6 Z501.6 -~0.0002 |9.15717
0.0t | 273.16 0.0006112 | ©.0010002 | 206.2 0.00 2500.6 2501.8 €.0000 1 9.1575
2 275,15 0.0007055 o.0010601 | £70.9 8.39 2505.2 2496.8 0.0306 | 9.1047
4 217.15 0.0008129 0.00100%0 | 157.3 16. 80 2508.9 24921 0.06t1 | 9.0526
6 279.15 0.0002345 0.0010000 | 137.8 2521 2512.4 2487.4 8.09t3 | 9.0015
8 281,15 0.06010720 0.00i0001 | 121.0 33.60 2516.2 2482.6 0.1213 | B.9513
] 283.15 0.0012270 0.0010003 | 106.4 41,99 2519.9 2477.% 0.1510 | 8.9020
12 285.15 0.0014014 0.0010004 $3.84 50.28 | 2523.6 2473.2 0.1805 | 8.B536
14 287.15 0.001%5973 - | .0.0610007 82.90 58.75 | 2527.2. | 2468.5 . 0.2008 | 8.8060
16 289.15 0.0018168 | 0.0010010 73.38 67.13 2530.9 2463,8 0.2368 | 8.7593
18 291.15 '0.002062 0.0010013 65.08 75.50 - 2534.5 2459.0 0.2617 8.7135%
20 293.15 0.002337 0.0018017 51.84 83.86 2538.2 2454,3 0.2963 | B.6684
22 295.15 0.002642 0.0010022 -{ 51,49 92.23 2541.8 2449.6 0.3247 | 8.624¢
24 297.15 0.002982 0.0010026 | 45.93 100.59 | 2545.5 24449 0.3530 | 8.5806
26 269,15 0.003360 0.0010032 41.03 108,95 2549,1 2440.2 0.3810 ‘| 8.537%
28 301.15 0.003778 0.06010037 36.73 117.31 2552.7 2435.4 0.4088 | B.495%
30 303,15 0.004241 0.0010043 32.93 125.66 2556.4 2430,7 0.4365 | 8.4546
az 305. 15 0.004753 | 0.00i004 | 29.57 134.02 2560.0 2425.9 0.4640 | 8.4140
34 . 307,15 0.005318 - 0.0016056 26.60 142,38 2563.6 | 2421.2 6.4913 § 8.3740F
36 309.15 0.005340 0.000063 | 23.97 150.74 | -2567.2 2416.4 G.5184 - | 8.3348
38 311E5 0.008624" 0.00FQ070 " | 21.63 159.09 2510.8 24117 0.5453 | §.2362
40 313. (5 0.007375 0.0010078 18,55 167.45 2574.4 2406.9 ¢.5721 | 8.2583
42 315,15 0.008198 “0.0010086 17.69 175.81 | 2577.9-{ 2402.1 0.5987 | 8.220%
a4 217,15 0.009i00 | 0.0010034 16.04 184,17 2581.5 2391.2 0.6252 | 8.1842
45 319,15 0.0i0086 0.0010i03° | 14,56 192.53 2585, 2392.5 0.65F4 | B.14B1
48 321,15 0.011162 0.0010012 | 13.23 200.89 2588.6 " | 2387.7 0.6776 | 8.1125%
50 323.15 .| 0.012335 0.0010121 12.05 209.26 | -2592.2 2382.9 ‘10,7035 | 8.0776
55 328.15 0.015741 0.0010145 3.578 " 230.17 2601.0 2370.8 - 0.7677 | 7.9926
60 333,15 0.019920 0.0010171 | . 7.679 251,08 | 2609.7 2358.6 0.83t0 | 7.9108
65 338,15 0.02501 - ‘0.001019% 6.202 212.02 | 2618.4 2346.3 0.8933 | 7.8322
70 343,15 | ,0.03116 0.0010228 5.008 292,97 2626.9 2334.0 0.9548 | 7.7565
75 348,15 0.03855 0.001025% | 4,134 313,94 2635.4 | 2321.5 F.0i54 | 7.6835
80 153,15 | 0.047138 | @.0010292 | 3.409 334.92 2643 .8 2308.8 1.0753 | 7.5132
85 353.15 0.05780 . 0.0010326 2.829 355,92 2552.0 2296.5 1.1343 | 7.5454
80 363.15 0.070!1 0.0010361 2.361 376.94 2660. 1 2283.2 £.1925 | 7.4799
95 363,15 0.08453 0.0010399 | 1.982 " 397,99 2668, | 2219.2 - 1.2501 | 7.4166
100 373.15 0.10133 0.0010437 1.673 419.06 2676.0 2256.9 1.3069 7.3554
o : o _ - 2230.0 :
it 383,15 0.14327. _0.001051% | -t.zig 461,32 2691,3 2230.0 1.4185 | 7.2388
120 393,15 | 0.19854 0.0010506 ‘| ~0.89i15 | 503.72 2706.0 2202.2 1.5276 | 7.1293
130 403,15 0.27013 0.0010700 0.668) 546,31 2719,39 2173.6 t.6344 | 7.0281
140 413.15 0.3614 0.0010801 | - 0.508% 589.10 2733.1 21440 t.7390 | 6.9284
i50 423,15 g.4760 0.0010908 0.3924" 632,15 2745,4 2113.2 1.8418 | 6.8358
160" 433.15 0.618) 0.0011022 0.3068 675.47 2756.7 2081.3 1.9425 | 6.747%
170 443.15 0.7920 0.0011145 0.2426 71e.12 | 2787.1 2047.9 2.0616 | 6.5630
180 ‘453,15 1.0027 0.0051275 |. 0.1938 763.12 2776.3 2013.1 2.1393 | 6.581%
130 463.15. | 1,255 0.0011415 | - D.1563 807,52 2784.3 1976.7 2.2356 | 6,5036
200 473,15 t.554¢ 0.0011565 g.1212 852,37 27190.8 1933.6 2.3307 | 6.4278
210 483.15 1.9077 0.00§1726 |@ 0.1042 - 897.74 2796.2 1898.5 2.4207 | 6.3539
220 493,15 2.3198 0.0001900 | 0.08604 943.67 2799.9 | 1855.2 2.5178 | 6.28i7
230 503.15 2.7976 0.0012087. 0.07145 | -490.26 2802.0 | [811.,7 2.6102 | 6.2107
240 513.15 3.3478 -0.0012291 0.08365 | 1037.6 2802.2 | 1764.8 2.7020 | 6.1406
250 £23.15 3.9776 ©0.6012513 0.05004 | 1085.8 2800.4 1714.86 2.7935 | 6.0708
260 533,15 4.6943 0.00§2756 | D0.04213 .| 1134.9 2796.4 1651.5 2.8848 | 6.0010
27 543,15 5. 5068 0.0013025 0.03559 | 1185, 2" 2788.9 | 1604.6 2.9162 | 5.9304
‘280 553.15 6. 4202 0.0013324 G.03013 | 1235.8 2780.4 | '1543.6 3.0683 | 5.8586
200 563,15 1. 4468 - 0.0013659 ¢.02554 | 1290.0 | 2767.6 1477.6 "3.1611 | 5.7848
300 513,15 8,5927 0.0014041 6.02165 | 1345.0 275i.0 1406.0 3.2552 | 5.7081
310 583.15 ") 4. E700 0.0014480 | 0.01833- | (402.4 2730.0 | 1227.% 3.3512 | 5.6278
320 . 593.15 '] 11.289 0.0014395 0.0i548 t462.6 2703.7 1241, 3.4500 | 5,5423
330 $03.15 12. 863 0.0015515 | ©.0i29% [ I526.5 2670,2 1143.6 3.5528 | 5.4430
340 613.15 14. 505 0.0016387 0.0§078 . | 1595.5 26286.2 1030.7 3.6616 | 5.3427 .
350 §23.15 16, 535 0.0017411 | ~0,008799 | 167139 2567.7 895.7 3.7860 | 5.2177
360 €33.15 18. 675 0.0018953 0.005940 | 1768.2 248%.4 721.3 3.9210 | 5.0600
.3 £43.15 21,054 0.0022136 [ 0.0043973 | 1890,.2 2342.8 452.6 4.1108 | 4.8184
374.15 | 547.30 22,120 0.00317 2107, 4 0.0 4,429

1 Mpa]=10.197kg /em?®

11 J=0,2389 keal
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Table 9.11 Thermodynamic properties of saturated waier and saturated steam
(Pressure reference) '

- Saturation

Speciiic volume{m /4]

Specific enthalpy (k¥kg)

Specitic

2] u
Pressure “temperature entropy /(8 KD
P (#4Pa) t. () ] ta (K) v v Iy A AT~ R I’ 2t
0.001 6.0828 | 280.1328] ©.00100G1 129,20 29.38 2514.4 2485.0 0.1060 |. 8,9767
0.002 17,513 290.663 0.0010012 | B7.0% 13. 48 2533.6 24560.2 0,2507 8.7246
0.002 24,100 297.250 ©.0010027 | 45,67 10t.08 2545.6 2444.6 | . 0,3544 [ 8.5785
0.004 28.983 3021133 0.0010040 34.80 121.41 2554.5 2433.1 0.4225 8.4795
0.005 32.898 306.048 0.0010052 28.19 131.77 2561.6 2423.8 04.4763 | 8.3950
0.096 36.183 309.333 00010064 23.74 151.50 2567.3- 2416.0 0.520% 8.3312
0.007 33.025 312,175 0.0010074 20.53 163.38 2572.6 24092 ¢.5591 | 8.2767
0.008 41,534 314,684 0.0010084 18,10 173.86 2577. 1 2403.2 0.592% 8.2296
4.009. 431,787 | 316,937 0.0015094 16,20 183,28 | ‘2set.l | 2397.9 | 0.622¢ .| 8.1881
0.010 45.833 318,583 9.0010102 14.67 191.83 -| -2584.8 23%2.9 0.6493 | 8.t5i1
0.92 £0.086 333.236 0.0010172 - 7.650 251,45 2609.% 2358.4 0.822¢( - | 7.9394
0.03 65.124 342.274 |- 0.0010223 5.229 209.30 | .2625.4 . | 2336.1. 0.944rv | 7.7895
0.04 75.846 349036 0.0010265 3.993 317,65 2638.9 2318.2 1.0261 7.670%
0.05 §1.345 354495 0.0010301 3.240 340,56 2646.0 2305.4 p.0912 | 7.5947
0.06 85.954 359. 104 0.0010333 2.132 359.93 2653.8 2293.6 b. 1454 7.5327
0.08 93.512 365662 0.0010387 2.087 391.72 | 2B85.%8 2z274.0 1.2330 7.4352
0.10 99,532 372,782 0.0010434 1.694 - 417,65t 2675.4 2257.9 1.3027. 7.3598
0.10i325 100. 00 373.15 0.0010437 1.673 419.06 2676.0 2256.9 1.3069 | 7.3554
‘D)2 104,81 377.96 0.0010476 | - .428 439,36 | 2583.4 ]. 2244 1,3609 | 7.2984
0.14 108.32 382.47 0.0010543 1.236 453,42 2690.3 | 2231.9 124109 | 7.2465
0,18 113,32 386.47 0.0010547 1,091 475,33 .1 2696.2 2220.9 1.4550 1.2017
0.i8 116.93 390.08 0.001057% 0.97172 - 490,70 2701.5 2210.8 1.4944 7.1622
0.2 120.23 393.38 0.0010608 40,8854 504,70 2706.3 | -22001.6 | '1.530¢ | 7.1268
0.3 133.54 406.69 0.0010735 0.6056 561.43 2724.7 | 2163.2 1,616 6.9309
D.4 143.62 41617 0.0010839 0.4622 G04.67 | 21378 |. 2133.0 t.7764. 6.8943
8.5 151.84 424,99 ¢.0010928 0.3747 |- &40.12 | 27471.% 2107.4 L8604 6.8152 .
0.6 158.84 .43 .99 0. 001 1009 0.3155 . 670.42 .| 2185.5 2085.0 19368 §.1575
0.7 154,96 LA38.tE 0. 0011082 0.27127 697.06 |. 2752.08 |- 2064.9 1.9918 6.7052
9.8 170. 41 443,56 0.0011150 0.2403. 720.94 2167.5 2046.5 2.0457 6.6596
0.9 175.36 448.51 0. 0011242 0.2148 124.64 | 2712.1 20249.5 2.0%44- 6.6192
.0 179.82 45303 | 0.0011274 0,1243 762:61 2716.2 20i3.6 .2.1382 6.5828
1.2 187.96 SA61. 17 - 0.031.,386 0.1632 798.43 2782.7 | .1984.3 22161 6.5194
1.4 195.04 46819 0. 001 1388 0.1407 §ag.08 | 2787.8 1957.7 2.2837 6.4651
1.5 198.2% 471.44 0. 06011539 0.1317 844,567 2789.% 1945.2 2.3145 6.4408
i.6 201.37 4714.52. 0. 001 1586. 0.1237 858.56 21l.7 1933.2 | 2.2436 |  6.4175
1.8 207, 1t 480.26 0. 001678 8.1103 88458 2794.8 1910.3 2.3976 65,3751
2.0 212,37 . 485.52 0, 0211766 0.09954 | 908.59 | 2797.2 1888.6 2,4469 6.3367
2.2 217.24 480.39 0.0051850 |~ 0.09065 930.95 | .2799.4 1868.1 2.4922 §.3015
2.4 221.73 494,93 0.0011932 0.08320 95{.93 2800.4 1848.5 2.5303 6.2690
2.5 223.94 497,09 0. 0011572 0.07991 961,96 2800.9 1839.0 2.5543 6.2536
2.6 225.08 493_19 00012011 0.07686 §71.72 "} " 2801.6 1825.0 2.5834 6.2315°
2.8 230.05 503,20 0. 00i 2088 . 0.07139 990,48 | 2802.0 i8t1.5 | 2.5106 6.2104
3.0 233.84 566.99.. 0, 0012163 0.06683 | 1008.47 { 2802.2 1793.9 2.6455 65,1837
i.s 242.54 515.69 0. 0012345 0.05703 | 1043.8 2802.0 1752.2 2.7253. 6.1228
1.0 250.33 523.48 0. 6012521 0.04975 | 1087.4 2800.3 1712.9 2.7965 6.0685
4.5 257.41 530,56 0. 001269t $.04409 | N122.1 219%.7 1575.6 2.8612. 6.0181
5.0 263.91 537,08 . {. 0012858 0.03943 | 1154.5 2794.2 1638.7. 2.9206 5.9735
5.5 269.93 . 543,08 0.0013023 0.03563 1184.9 | 2789,9 1605.0 ‘2.9151 5.3309
6.0 275,55 548.70 0. 0013187 0.03244 | 1213.7 .2785,0 | "I571.3 | 3.0273 | 5.8908
8.5 280.82 553.97 0. 0012350 002972 | 12411 | 2779.5 ] .1538.4 3.0759 | .5.8527
1.0 .285.19 558,94 0.0013513 0.02737 | 1267.4 “2173.5 1506.0 3.1219 5.8162
1.5 290.50 563,85 0. 0003677 0.,02533 | (2%2.7 | 27186.3 14742 | 31657 5781}
B.O 294,97 568.12 0. 003842 (0.02353 | §347.1 - 2758.9 1442.8 3.2078 5.7471
] 303,31 576.46 0. 0014179 0.02050 { 1383.7 2744.6 1380.9 3.2867 | " 5.6820
10 310,95 584,11 0. 0014526 0.01804 | 1408.0 |..2727.7 131%,7 3.3805 5,.6198
1 318.05 59§, 20 0. 0014887 - 0.0[60I 1450.6 2109.3 1258.7 3.4304 | 5.5595%
1z 324,65 587.60 0. 0015268 0.6H428° | 1491.8° 2689.2 1197.4 | 3.4972 5.5002
i3 330.83 603.98 0. 0015672 0.01280 | 1532.0° -2667.0 1435,0 | 2.86i6 | 5.4408
14 336.64 605.79 0. 0016108 0.01150 | 1571.6 | 264z.4 1070.7 3.6242 5.3803
15 342,13 615.28 0. 0086579 0.01034 | 1B11.0 ~2615.0 | 1004.0 .| '3.6859 ‘5.3178
16 347.233 §20.48 0.0 7103 0.009308] 1650.5 | 2584.9 1934.3 3.7471 7| 5.2531 -
17 352.26 625.41 0.001 7698 0.008371} 1691.7 "] 2551.6 ©859.% 3.8107 5. 1855
ia 356.96 630, 1! 0.0018393 - 0.007498] 1734.8 2513.9 71791 | 3.87185 5.1128
19 361.43 634,58 0. 0019260 0. 006678} 1778.7 2470.6 692.0 3.9429 | 5.0332
20 365.70 638.85 0. 0020370 ¢, 005877 1826.5 2418.4 £91.9 4.0149 4.9412
24 363.78 642.93 0. 0022015 0. 005023] 1886.3 2347.6 461.3 4.1048 4.8223
22 313.69 64684 0, 0076714 0.003728| 2GH1.1 2195.6 184.5 4.2947 4,5799
2z.12 374,15 6547.30 0,00317 2107.4 6.0 4.4429
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| Table 9.12 Radiant Heat Loss
10 50 100 500 1000

Boiler capacityt/h 5
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Figure 9.10 Heat loss éhart (From ABMA chart in power test code of ASME)
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{The figure shows the case that the temperature diffcience between the heat release sur{ace and the ambient
airis 28°C and the wind velocity an the heat release surface is 0.5 m/s. Correction multipies in other

condition arc based on it of Fig. 111-7-11)

Note:  Sofarasa water-conling walf occupies'tj 3 or more of the projecied area in a combustion chamber,
reduction of heat loss is permitied 1o be done. For an air-caoling wall, the reduction of heal foss
should be restricied to a casc of utilization 10 combustion of the coaling air,

Example: {na boiler having the maximum continuous load of 100X 10° Kcalth, when the pénial load is 5X
10* Keal, h and the number of water-cooling wall is 3, the heat loss rale results in 6.65.

Figure 9.11 Correction multiple of temperature difference and alir velocity
to Figure 9.10
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Figure 9.12 An example of cogeneration system
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Figure 9.13 Effect of steam accumutator
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Figure 9.14 Operation number control
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Figure 9.15 Boller efficlency Improvement by operation number control
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Figure 9.16 Energy conseivation items of boller
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Table 9.13 Characteristics and appilcation of oll burner

Lowr pressure air High pressure .
system atomizing system Oil pressure system
Rotary
Non- Internal External .,  Non burner
;:;e{;;k- interlocking  mixing mixing ?;;2"" oil return oil
type type type type
Fuetl oil asnount t/h 15~120 4~ 180 10 - 5,060 RLUES: ) 80~ 10000 B0~ 10,000 18- 200
Oil pressure - ber Gd-1 01~03 2-9 02-1 5~ 40 5«70 05~ H
Atomizing pressure mm IO mm H,0
; (400 - 2000} (400 ~ 2,000) 3 - 10 bar 2-Bbar — —_ 1-3bar
Atomlzing medium ANm/kg AD2m', kg AG26m', kg
amount Yskgrmg ~ 2-30fuke 1-3myke Soony My S0k - -
Atomizing medivm Al Air Air or steamn Alr or steam Air, rotation
of cup
Combuslion air pesshre mm H,0 400~ 2,000 100~ 2,000 0~ 250 0~ 50 100 100 0~ 100
Combustion regula- . . oy . . R . .
tion range 4~6:1 4~8:1 8:1 6..l . 31 3:1 Z2-10:t
. Slightly short
Flame characteristic Shortflame  femc, Long  rorefmme,  Sighliylong g0 ve Shortflame  Shost flame
Qame Long flame  flame
Possible for
proportional Low
control by Easy 30‘"’ . combustion Law cost
Merit onelever.  -hendling. S::l;nng‘ Same a3 left  noise. Same 23 left ; hs i
Low tost of  Same as left toggi Low cost of asy hendiing
installztion - ©ogging oporation
and operation
Net respond
Blow :  Powercost Powercost \710d Result i
Weakness " e ed Same as jeft : .‘;“ r: “?: od Ductuation Same as keft la?: sil:e
requrn . requl req High pressure z
pump required
Fiue smoke o N O O [a] [®] O o)
tube
Boiler o] 0 O (o]
application One-through .
' Vertical o] 0] @] O
Water-Aube o O o O O O
(5) "%.ﬂjﬁ' 5

M5 , |
ﬁﬁkmﬁEC%ém&9#@&ﬁz¢®@%ﬁwki9ﬂmfééw AiE
@Tu,ﬁ%ﬂ@hﬁ%ﬁ%bf%ﬁb&ﬁndkb&w R HOME
Lanb@SREEML, »IraBlrRETsRBEVSLE BIBRE AR
LBEoit B,
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Figure 8.19 Boiler air ratio controiler (1)
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Figure 9.21 Basic combustion controi system

. _ . PIC: Main steam pressure regulator
(a} Parallel cascade system - : Fr:  Air/fuel ratio setting device
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Figure 9.22 Block dlagram of single cross limit combustion control system
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R H S S EIC LD RO RBERBHBER L FEL . 2Ol 5nHOM

ICHSEHE S BRET Do BRI Z Oz,

TAS—{EE L BRI R S RE S FE

RAEGBIES L OASWHOBICEREEREY 5, “0F 510 LT ARG

RESETE, ANEAICEREETEOMEL 5 0c, BRULORRE A &
LR THTUT s, |
LinL, =R Ch, BB & HEICHE S S0 8 < it 50T, 5 1
DE - FRIREHEH2AA RS Db 55, |
i, BEERAEET 5L 5 BB EICH, BH AR 0 B HTL, TOES

PR BB ICANTHES 5L 5100 T, 10 MBI 55 0% 55,
() 7o & L M A e

BEHRBEET, ANE, SOEBOBRLLIC L - TEAShBOT, Bl

DHFEI Y i > T, TOREEFLATHER DRV, £%F TICA RO HE

¥EDEZ Table 9. 14 1R,

Table 9.14 Standard Alr Ratlo of Boiler

fﬁiﬁgﬁfﬁfn “Fixed beSdOhd {P“llﬁlidized beq dauidfuel - Gasfuel - Byproduct gas
Other boilers _ -

30t/hormore 13-145  12-145  11-125 - 11-12 12-13

10 to 30 t/h 13.145  12-145  12-13 12-13 —

510 10 t/h, — — 13 13 -

<10 t/h. — — 13 13 -

LOMIE, FOAHROTATERREE o T05 & EOWEBIONTED

FBOTH B, Fie. BRI S0 Th HO = 5,000 keal/ked B H OB A L L

Wh,

—9-49



9.7.2 ¥EH AIRHE
(1) ([EHREE S
zx@zauwmﬁﬁﬁgmﬁﬁ%,H%ﬂ%m&otﬁﬁﬁéﬁ,T¢m9~
15 i R3 & 9 KEEMOIFE O 1/100 L 11,00 BEFLV, #-T, 2hob
MET 52 LU ERBIFRERLLOLABCHELL K 4 3 ORDRERT
LA (Figure 9. 23 X O* Figure 9. 24 £R).

Table 9.15 Thermal Conductivity of Scale and Other Substance

Scale and other substanée Thermal conductivity ﬂ%éal/mﬁ‘;{j
Soot 0.06 ~0.1 -
Qily matter ' 0.1
Scale as main cbmponent of silicate : 0.2~04
Scale as main componeﬁt of carbonate ' 0.4 ~ 06
Scale as main component of sulfate : 0.64 2
Mild steel E - 40 ~ 60

Ay de X AREEE B BADICH,. 0.2 3OO THALE I,  AAWRT
o g ELCRIETHI L, RURBNABRILETSS,
KUEAEORGIE, KABOBEICS & 58 ARE 1, 75 $I L5
A ¥ b €8 — B I BRI J B LSRG IS L D 4T 5, |
ﬁxwﬁ%@momﬁm\@%ﬁ{éf@inﬁﬁﬁﬁfﬁyk;Dﬁ%%ﬁ5o
EIIICH T, 7 % BRI <TI0 CRER < o & 21
BrwfT 5 BERDB, KERA T TREPOLR — + 7 m — %75, |
BEAICARRD % BF G A A 5 TRHTE P HRANOMIT (5 7 v 5 =) &
AL, 7 ARIICHTE R S LTI OME SR 8 52 L b TPID (9.7,
TRE®. o
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Fuel consumption increasing rate (%)

Figure 9.23 Example of fuel ioss Flgure 9.24 Example of relation
- due to soot on heating between scale thickness
surface - and fuel loss

70 : 4 ' .
. . . FI - FO
Fuel cansumpiion increasing rate = x 100{%}

Fo
Fo: Fual consumption in scale tero

/ Fi: Fuzl contumption whan atizched scabe
, - 3 /
50

40 /

| // | 1 £
10 /A

/

Fuel consumption increasing rate (%)
(=]
™.

1.0 2.0 3.0

0.5 1.0 1.5

Soot thickness {mm) i Scale thickness (min)

@_#ﬁxﬁﬂ@&

FA FIBOTRHERSAEFECRS, BRAOHREL A LT, Py ARE
BEFLANE 5T 52 LR TH DN, A AREREBER, P
ADHEE LT, BACREAREE TR, 24 LTORBELBEDS &
51T B, MU KTIO H 4 5O, BRTAE & BATRBORFEMATY
éﬁﬁﬁg<;¢$@54§fﬂ%®mfh#2ﬁkfwé%ﬁﬁ%wo

b 7 7 BEBAEIIIC 7 > TR LA T B DR, BE A OBRE < 4 b
KL BERBRCHD, | |
R AT EREET 5L S 0 ERL, TO—ES 0 EET 5, o
T, BB A B RTRBFOERBI ML CEANTIR DL, 2050, &
K& AR L CRIREOBE (H, SO0 ) ZAERL, MIEREe 47 F BHRT
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Figure 9.25 Relation between sulfur content In fuel and SO, content

In fuel gas
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Figure 9.26 Relation bet'ween sulfur content in fuel and conversion ratio
from SO, to SO,
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Figure 9.27 Relation between SO'3 conceniration in exhaust gas and dew
point temperature
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Figure 9. 25 PC%H[PE@?#%‘%E&EM‘NIi SO, % DB %, Figure 9. 286, =@
SO, B> SO ~EE(ET B8-S, Figure 9. 271 SO3 1B L 195 SO BHE A4, s
BB DEELVT A A NADE L, SR M IR DS VAT R 4T 5 ¢, EOREEE Y
EDEEBR A ARECRODELRDD,

COREE BT DLDRTRBOHRL LT 7 AR, RUBEEEED A1
T3, ¥/, BMEOHED Figure 9. TR BR 3 L 51, ZERTREBICA
BUEETOIBRECTTHAL, #AMRREREA S0 F 0B eI 5 e s
LHEEHD D,

BEBAELIR I & > CHKRER L5 7 LIREEARDEIC /2 510, F9 &R0
FASKEDBEEENNILE -T, FIaRRETAIBGINNE L RBFIED
X |

EE T L SMBOHMBIEROL 512k B

Q RN ADEEED ﬁ!ﬁ keal/ke Fuel
P FATEORLALDRE : kecal/ke Fuel
B RE O EEE . kcal/kg Fuel
H : A5hfB J:Z/*"@EE’SH:%%?X%&%= F—Q keal/ke Fuel
LB, BRETHRLAVE EQ,
Ha=F—Q

mERTFHMT 5L X2,
He =F—Q+P=H, + P
EORERSS X kJ/h g, BRENBEREEEFHRLAVEE,

X

o ke T

H, i Fu.el/h_
BEETFHTHE X,

X X

i = HA-__I-P | kg Fuel/h

Pt - CTERBEIHRIL, KDL S0 D,

Ko X

" H, Hp¥P. _ P

X Ho+ P
Hﬂ. . .
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95 1.2 D EOMEBHBRIE L Figure 9. 281057,

RESHOR £, WIFEE D LABOHIIC S ) REILOEMARN,, FA %R
Ed FRTHOT. Chbink BB =wA ¥R METE 5, .

Figure 9.28 Fuel saving rate due to air preheating
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N, EETRETBAKARED LRI LB NOx REDM, S — >
B R LA PRI B2, |

Fio, =3/ A FORELFTETIEE, = VF e — FEY, BEET w5
BOBENR, KEBBCMD 7 5 = ADHMEZ P12 & 5AKFUHE &0 A6
R AT 5 T 2 E B TR v, MOMBICE D, FTRAKRESNS 5
EERLTWHBAR, =2/ ~4 FORERAE £ 58805085,
() B AR B

H A 7 OB LEFICIATRICE <, P ABE S HRBICIE, Z
DEThH, KB AL 7 D0 TIREHIK S BB & B D {0
BU L B AREREN, 7, SERNOBAT —RIICERETH D, B A
REOKRNAE TORBRATETSD,

HADHEH AR IR TR, B0 AZMELT Table 9 16 KRT &
SiE AR, BASICH 7 A BEOBESIED T 5,
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Table 9.16 Standard Exhaust Gas Temperature of Boller

Classiﬁcation Solid ﬁlel i

of evaporation : Fixed bed  Fluidized bed Liquid fuel Gasfuel  By-product gas
Large-sized boiler - — 145 110 200
for electric utilities
Other bc_)ilers _

30 t/h or more 200 200 200 170 200

10to 30 t/h 250 230 _ 200 170 —

5t0 10 t/h — — 220 200 —
<10t/h — - 250 220 —

> OEREEIL, SHREE, AKRET, AWRIN0%DEHETO BETH
Do '

I ~-9--55



9.7.3 MHBHLE |

B 5O RO KSRGS L LT, RARE TEHITMAS X
Sl Esh TR0, KRB —HINZ L ThbhTna,

Ll B4 5FbhDBKRE, ~A7, 7 5 v&%i:owf#;tﬁiﬁéﬁ'c‘%.f;b\
T ENREW, _ _

$70. BAE Y IICT vF ve— b ERAR BN LT B RAR, WERSO S
A € > < I LA TR E Ve T DI — i 7 e S TS PSR
N5, Ferimyn St B BEOHBBENR, EHOERKRF—im 78— &4
ALAREECLTEBLRETH S,

BADHMEIEIC BN, #4 TOMADKEE L TASHARFERET, B
KTEMM (TS A0l D KAEISEELTNG, 20T 1 8T, REKEOER
Do DAAL I M3 B K T & RIR T 900 LA e A ORI AN B O & SR
B LS ARSORRET 5L IRDENTOS, Fitbb, LOM~ ORI
SRBORTRIE LT, BEFICAS 5 ICREE S 3 RE LT LI - T
B, (AF—aDEBBOIL )

9.7.4 RBOZIRILE~
BEOKEWAL FIOWTIE, 7 e VOHKHE Y 7ORBOFEMEZE D, Fio
KA ESEOBARSVESEEERHHAZITY, A7, #v - TOEVBEXEZE
17 BT s B N RS N -
EEFRBECT 7 VT B £ A R L, EROMNSHROE T
B <o

9.7.5 &
S EERENOADBE . VL) ORCERADF 1 7H5EE Lst, e
WO L % i PR BBE RV E 51T, $ABER AT BRME BT
FERTHKRARIED R EOTRPBLETH D, A4 FEILRHEE & v 2 H
KL, POBILBOREC,

9.7.6 AEER
KA SOE=FAF - FHEDBZ DTN, BELISEHA B «0ERRES BIE
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F BT LR TH B BIHRE L RNBOBE, b BRI 0.1 5RER)
P L, RS TAERD SN ER S < T 5B BEL TR 50 s
B, '

Table 9.17 1t MlGHEE OPRATH 548, K4 SEBOLDIBIASOF
Ha AL, KRR, BKRE, PAARE. By A0, %R ELSNTE, &
WEAOSB LS 75 7EED, REORMRBIC BT TE, 0k 5ICHEE S
FETBI b, AASEEEDE RAX - ICHT ESMLEED B0 BRI,
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9.7.7 #

() {02 7 5 2 DURC B KT CEIALER ) -
m%vvﬂﬁwxﬁf.fmtxmwo%mwﬁbﬁtmﬁwtfqﬁmtm
Rl ahTWa, ZoKkiE, 2V V2727 —T35 CIRESLTHGSHMBEID A

Tz,
—7, BT AMOLTED A1 5Tk, BETREOERBAYH Oy, #%
Ik BFABTERE 60 CETFAL T,
FHOSHOBYEN, COMKEAL, BLBMICRETT HG L, Bkkeg
TABLREL, BIXTFRSEEBELT 5T LKL,
COBE, FAMKS I3 t/h EWRT 52 LATE, RERE0EDH, B
FHERWR 330 B/, BREN 3 A, |
O #A S BRIOBE AR )
CBMEBEE T DA T (30 t/h ) o TR R o AR RO L 5 C

27,
o HA TR 90 %
o B A dB %k 5%
}?b§4fmﬁﬁﬁ% 1%
- BEMRK T Ol 4%

C O RSO T R B At WG AT HGEEE EWIC LT, 47 A
bR L, ZORE, RO BDBAY 2.5%7 20N 0.6 % ETEF &5
N BRI DS B L4355 ofr, ZOD,

2. BREBIEHECES 4 7 a3 vEa— 2 SEBEE~ORDE 4

o+ BERHERO AR I 3 = 7 K0 SO
2TV, 0% LLOXETETE LD,

Fi0, fLALERBO & v OBELN 10~ 20 % LKW, AR N}
B EERHEE El L,

LLED&R, Eih37.5 k4/EM, BH 145 x 10°kWh /E@ELD, 4 Y » bid
515 B/, REREH | FTERTCE L,

(3) E‘iﬁ‘@&iﬁsaﬁ% (Figure 9. 29 £18)

W% MK L T B HEER A 5 (6bar, 7 t/h) OEEMICHEABO

WiE (2 7 v 2~ ) BIBAL, RO # ARG Y 5 1 TMERE R < Lz,
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Exhaust gas temperatuze

COREE, KT FEERMNRT.EX BRI TR H E LI,

Flgure 9.29 Turbulator insertion effect
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{b) Load - efficiency
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