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8. GLASS
8.1 Characteristics of Use of Energy
8.1.1 Manufacturing Process and Main Equipment

The manufacturing process of bottles and glassware is relatively simple as shown in Figure 8.1,

Figure .1 Manufacturing Process
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The composition of glass varies from onc application to another. Bottles and tableware arc made
of soda ash glass of the composition shown in Table 8.1.
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Table 8.1 Composition of Glass for Vessel

Components . ' Cbllténté '
Si0, | 70~74 %
ALDy 1.5~ 2.0
Fe,0,

Ca0
MgO 8~ 12
Na,0

KO 13~ 16

2

Manufacturing process

According 10 the glass composi'tio'n required for the manufacturing procéss, 'silic_a sand,
soda ash, limestone, dolomite, ¢tc. are mixed, and small amounis of auxiliary materials,
such as clarifier, colorant, and decolorant, as well as an approprmte amount of cullet, are
blended with the mixture into a composite material.

The composne material is charged into the fumace (see Figure 8.2) that is kept al about
1,500 °C, where the material is heated and mcited by the radlatmg heat of flames in the
upper space. Then the molten material is clarified and its bubbles are separated 'I‘he center
part of the furnace ts kept hlghcr in temperature than the rest so that unmoiten or low-
tcmperaturc material in the fumace will not flow out to the workmg hearth

The molten, clar_if_ie_d glass runs lhrou_gh the throat to the working hearth, from which it is
supplied through the forehearth to the forming machines. - When the molten glass is in the

~ working hearth and forehearth, its temperature is adjusted to suit the molding of products

according to their weights and shapes. There, the material is heated by a number of smali
burners or directly by applying electricity.

Except for some cases in which glass is formed by manual blowing, individual section
machines are generally used for mass production.

Formed products are annealed in an annealmg fumace $0 lhat there wnll be no thennal strain
left in the products. Annealing temperature and time vary depcndmg on the glass compo- "
sition, product wail thickness, etc.  Generally, however, formed products are gradually
cooled from 500 °C — 550 °C to abut 400 °C 4t aspeed of 1 °C'to 5°Cper minute.’ Although
batch furnaces are also used for annealing, a continuous, tunnel furnace with a mesh belt,
called lehr, is mostly used. '

After annealing, the products are checked and packed.
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Main equipment

There are two types of furnace for melting glass material: the tank fumnace that is suited to
continuous, mass production, and the pot furnace for producing a variety of kinds in small
quantities. Figure 8.2 shows a typical, medium-sized tank [umace.

Figure 8.2 Outline Sketch for Middle-Size Tank Furhace
{End Port Type)
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Reversing valve

A high temperature of about 1,500 °C is necessary 1o melt glass so that combustion air must
be p'réheate_d by heat exchange with combustion exhaust gas. A regencrator or recuperator
such as shown ii the figure is vsed for this prehcating. Instcad of heating with fuel, or as
a complementary means, an clectrode may be directly inserted into molien glass to directly
heat it with electricity. . o

The melting furnace is lined with erosion-resistant clectrocast bricks of ZrO, — Al,0, - Si0,
in the lower part which is exposed to molten glass, and with silica bricks in the upper part.

The burners are arranged in the axial direction of the furnace (end port type) except for
large-sized furnaces. A furnace thal has a regenerator uses an even number of burners,
alternately operating a half of the bumers every specific time, usually every 15 to 20
minutes. - L

~The regenerator is divided into two rooms. The onc on the side of the operating burners is

used to preheat combustion air, and the other heats the checker bricks through combustion

. éxhaust gas to store the heat in the bricks. Generally, the regeneralor type has a higher rate

of heat-recovery than the recuperator.
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8.1.2 State of Use of Energy.
In glass factories, energy is consumed as shown in the table below.

Figures 8.3 and 8.4 show an average ratio of energy consumption by purpose of use at some glass
bottle factories. As is ¢lear from these figures, energy conservation is important for the melting

and other furnaces.

Figure 8.3 Share of TotaI'Energy Consumption
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Figure 8.4 Share of Electricity Consumption

ovens Gisde PREPARATION (3.8%)

ANNEALING (5. 1'/.)1-{<E§[ _ _ .
= ! FELTING (33.2%)
:
¢
%
i

: \\ // ‘.
FORMING (43.1%) S FOREPEQRTH (1._4/‘)

For your reference, a heat balance chart for a medium-sized melting tank in Japan is shown in
Figure 8.5. This furnace has a thermal efficiency of about 40 %, and hcat loss is mainly from the
furnace walls except that about 20 % of the heat is lost in the combustion exhaust gas.
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Figure 8.5 Heat Batance Chart for Glass Melting Tank
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Energy ‘consumption rate, including power consumption, for the production of glass bottles
cannot be simply compared because it varies depending on the kind of glass, whether a printing
process is involved, and other factors: The example in Japan for your reference reveals that the
meadn energy consumption rate was about 2,500,000 keal/ton, improvirig by about 30 % over the
reference year of 1974 when it was about 3,500,00 kcal/ton.

A glass bottle faétbry with new_fﬁmﬁ'ce of the highest efficiency (200 tons/day) showed an

energy consumption rate of 1,820,000 kcal/ton, of which energy consumption for melting was
950,000 kcal/ton. By kind of energy, fuel consumption was 1,310,000 kcal/ton and electricity

consumption 510,000 kcal/ton.

A breakdown of electricity consumption at a glass bottle factory in Japan is shown below.

Table 8.2 Purpose of Electric Power Consumption

Facilities | ~ Purpose Ratio -
Large-size fan ' Cooling of kiln wall; feed'i.ng of air for burning 28%
Compressor Drive _a'nd cooling of bettle manufacturing 27%

_ _ machine
Electric booster Melting 21%
Other motors | 21%
3%

Mumination
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8.2 Rationalization of Use of Heat Energy

8.2.1 Melting Furnace

(1)

Optimization of air ratio

Glass is melied at a high temperature of about 1,500 °C, and heat is conducted predomi-
nantly by radiation at such a high temperaturc. The quantity of heat, Q, radiated from an
object T K in absolute temperature to another object T,K in absolute temperature can be
cxpreqscd by the following equation.

- 2
Q.~4.88£{(100) (]OO) }kcalfm h

where € is the emismvaty.

It is known frorn the above equation that the amount of heat lransferrcd increases as flame
temperatule rises. Becausc flame temperature lowurs as excess air increases, however, the
air ratio must be lowered within a range in which incomplete combustion will not occur.

It is also important to decrease the amount of exh'iust gas because it still has a temperature
of about 50{] *Cafter waste heat recovery.

If t_he actual amount of exhaust' gas is G, the theoretical amount of exhaust gas G, the
theoretical amount of combustion air A, and the ratio m,

G = G, + (m — 1) A, Nm¥kg(Nm?) fuel
As expressed above, lowering the air-ratio will help reduce the'amount of exhaust gas.
Although G, and A, should be calculated from the composition of the fuel, they can be

approximately caiculaled from the lower heating value of the fuel by the equation: (Rosm 8
equation) of Table 8.3. '

11-8-6



If the amount of exhaust gas decreases from G, to G, by improving the air ratio, the de-
creased exhaust gas loss will reduce the amount of fucl io further decrcase the amount of
exhaust gas. In this case, the percentage of fuel saving can be expressed by the following

equation,
100R (1~ 96_2)
Fuel saving (%) = —— 1
- 100-RG, /G,

(there R is the percentage of exhaust gas loss before the improvement.)

Tabie 8.3 Relatlonshlp between Low Calorific Value Hf and G, A,

(By Rasin)
Fuel | | Go' | A,
Solid fuel 0,89 HY + 1.65 Nm?*/kg fuel 101 He + 0.5 Nm?¥/ kg fuel
1,000 1,000
(H#: kcal/kg fuel) ' : '
Liquid fuel LILHE kg fuel O85HE o b Nm¥/kg fuel
(He: kcal/kg fuel) _
Low ca§or1ﬁc'.vallie gaseoué fuel W# 1.0 Nm¥/Nm® fuel 0.875 1t Nm?*/Nm? fuel
: 1,000 1,000

(HZ - 500 to 3,000 keal/Nm? fuel)

LIHE 6 os Nm?/Nm® fuel 221
1,000 1,000

—-0.25 Nm*/Nm?® {uel

High calorific value gaseous fuel

(HZ = 4,000 to 7,000 keal/Nm? fuel)

The results of actually measunng a tank iumace in Japan showed that fuel consumption
was lIeast in the r.mge of m= 1.07 to 1.16.

An amount of combustion air cannot be directly measured because, apart from preheated
air for combustion, there is air entering through the openings. Thus, it is determined by
measuring the concentration of oxygen or CO, in the exhaust gas and calculating the ma-
terial balance. If fuel has only small nitrogen content, burns complctely, and if the nitrogen
content of combnstmn air is 79 %, air ratio can be calculated by the following equation.

N 21
T 21-(0,)+0.5(CO)
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where (0,) is the concentration of oxygen in exhaust gas (%).
(CO) is the concentration of CO in exhaust gas (%)..

Or,
1=(CO,)—1.5(CO)

m=7- (CO,)max _(CO,)+(C0)
0.79 (CO,)max.

+0.21

where (CO,) is the concentration of carbon dioxide gas in exhaust gas (%); theoretical dry
exhaust gas (%). _
(CO,) max, the maximum concentration of ‘carbon dioxide gas in theoretical dry
exhaust gas (%)
(CO,) max = ﬁg—g X 100 % (solid/liquid fucl)
0 .

G, =G, - (11.2-h + 1.244 W) Nm%kg
where his hydrogen content (kg) in 1 kg fuel;

W, water content (kg) in 1 kg fuel:

C, carbon content (kg) in I kg fuel.
In. the case of gas fuel, the same can be calculated from analyzed values of the cuolﬁu.aonents.
The following values mhy also be usea for (CO,).

Coal (18.5 %); fuel oil (15.7 %); natﬁrﬁ s (12 %); Lpd (1.4.'5' %)-
To ke;ep Itt.le air ratio appropriate, the fo!lqwing must be borne in mind,
a. In the case of liquid fuel, observe the followinrg.

a-1 Preheafit to an éppropriale level of viscosily.

a-2 Remove solids from the fuel using a filter. |

a;3 Keep the burner ﬁp_é clean.

.a-4_ .Ad-just atorhizing_stc_aﬁl or air tdrapp_répx"ia-té pféSglire.

There was an mstance in whu,h fuel consumpnon was reduced by 2 or 3 % by
atomizing natural gas instcad of air.
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b. Preventing air infiltration

Air sucking through the dog house, around the burners, sightholes, ¢tc. will not only
increase the amount of cxhaust gas but also lower the temperature inside the furnace
because that air is cool.

« It is necessary to take the following steps in order to reduce air sucking to a
minimum,

» Make the openings as small as possible by, for example, completely sealing the
joints, using water-cooled burners to narrow the ¢learances around the burners, or
sealing the dog house with batch.

= Adjust the damper to maintain the correct furnace pressure.

¢. Control

Control the amount of secondary air in pfoportion ta the amount of fuel. In cases, a
computer is employed for more accurate conirol, involving compensation for changes
in crown temperature, O, concentration in exhaust gas, and secondary air temperature,
and shortening of swiiching time.

2) Improving flame emissivity

In gas combustion, heat is transferred mainly by radiation from the clear flames of high-
temperature carbon dioxide gas, water vapor, and other triatomic gas.

In fuel oil combustion, heat is transferred by luminous flame radiation, and solid radiation
from the suspended carbon pariicles that are generated in the flames during combustion
plays an important role.

Emissivity € of radiation heat transfer differs between fuel oil (0.5 - 0.6) and gas (0.1 - 0.2)
in the initial phase of combustion.  In actual furnaces, the effect will be less because there
is re-radiation from the furnace walls in addition to radiation from the flames, but gas has
less amount of radiation heat transfer than fuel oil. .

Figure 8.6 shows an instance, in which a bafﬂe is providcd' in the port. Fuel géls is injected

in back of it to be burnt in a state of rather insufficient air so that fine carbon particles will
be generated and they will be burnt into luminous flames in secondary combustion.
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Figure 8.6 Baffle Block in the Port
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Reinforcing heat insulation

‘The refractories of the meltmg fumace are expoeed to very severe conditions in terms of
temperature and corrosion by the glass. Consequently, they- had not been sufﬁclently heat-
insulated, and the outer surface of wall of molten glass level was cooled by air. As is clear
from the heat balance chart; hcat radiation from the fuinace walls ‘accounts for a large

' perccntagc of heat loss, so the firnace was being improved in heat insulation using high-

grade refraclories. Specifically, the furnace crown was lined with super-duty-silica bricks
having smali alkali or alumina content; the tank. block and bottom were lined with
electrocasi bricks of alumina, zirconium, silica inside and with refractory bricks, insulating
bricks, or ceramic fiber outside.

Figures 8.7 10 8.15 'sh'ow the bricks lining various parts of the old and new furnaces, and the
difference in their heat radiation,
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-Figure 8.7 Heat Insulation of Meliing Furnace Crown

Old désign New design
 Ceramic fiber a
Ceramic fiber 2 B-5 8
Silica ins. 3 B-6 s
Silica ins. 3
Silica g Silica 2
. \ Inner surface \Inner surface
Inner surface temperature 1550 °C 1550 °C
Outer surface temperature 1096 °C .. 83.4 °C
Amount of heat radiation 1505 kcal/m?-h 1046 kcal/fm? -h

Figure 8.8 Heat insuiation of Working Hearth Crown

old design New design
.. ) 8 . . o
Ceramic fiber 2 Ceramic fiber 2
Silica ins. B
ilica ins 2 B3 2
B-S 38
. Silica ins. 3
Silica 2
~F
Silica 2
o3
“Inner surface ' " Inner surface
Inner surface temperature 1250 °C 1250°C
Outer surface t_ém'peréture 85.4°C 43°C
Amount of heat radiation 1078 kcalfm*-h 463 kcalfm?-h
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Figure 8.9 Heat Insuiation of Regenerator Crown

Old design ' . New design
| Ceramic fiber g
B-3. .. S
B-5 %
Bs = Ins. fire brick 5
Basic
Basic oy
' chrome o
chrome = -magnesite “
-magnesite
~ Inner surface - N Inner surface
Inner surface temperature 1450 °C | 1450 °C .
Other surface temperature  128.4°C . 152°C
Amount of heat radiation 1900 kcal/m?-h 919 kcal/m? h
Figure 8.10 Heat Insulation of Port Crown
Old design ' . New design
C@afaini'c fiber cast @
B-3 s
B--5 b B-5 %
' Ins. fire brick s
d A.Z.S. 3 :
Fused A.Z.8 o Fused A.Z.S. §
~
Inner surface _ Inner surface
Inner surface temperature 1500 °C , - 1500 °C
Outer surface temperature 164 °C o ' .. 86.6°C.

Amount of heat radiation 2778 keal/m*-h . 1097 kealjm? h
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Figure 8.11 Heat Insulation of Regenerator Sidewalls (Upper Part)

Old design New design
25
230 230 11s 230 115 230 50
Basic SK-34 B—5 Basic SK— | Inms.
. - -~
| 8/ chrome- 87| chrome- 36 | firc brick
S magnesite E magnesite
a' S e
. g g A
£ = 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 keal/m?-h
Figure 8.12 Heat Insulation of Melting Tank Block
Old design New design
B—-AZ.S.
/
7
5 d
. Fused SK_ o Fuse |
& [AZS. 34 8 |AZS
[ l— B .
= / (%] . - o]
@ - Ceramic fiber
5 : o
=1 _ 5
250|114 250 |{75] | 50
Inner surface temperature 1350 °C 1350°C
Outer surface temperature ~ 231.6 °C 141 °C

Amount of heat radiation 6102 keal/m?-h 2017 kcal/m? h
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Figure B.13 Heat Insulation of Warking Hearth Tank Block

Old design New design
@ ) PR [
& = B-5
] SK-34 B i -
g Fused Pe g { 1! Calcium silicate board
E use E Fused 100 °or
- af- - = af- A
. . " 14T 1 Calcium silicate board
Alumina Alumina 650 °C
P .
200 65 <200 50
115 50
Inner surface temperatﬁre 1200 °C 1200 °C
Quter surface temperature 251.6°C 74.2°C
Amount of heat radiation 7624 kcal/m? -h 717 keal/m? b

Figure 8.14 Heat Insulation of Melting Tank Bottom

Old design New design

Inner surface Inner surface
Fused A.Z.5. 2 -
—— Fused A.Z.S. =
Zircon o B. AZS. 5
- Zircon 3
SK—-36 G
Clay 2 '
SK—34 &
B—5 )
Inner surface température  1356°C _ 1350.°C
Outer surface temperature 187 °C : 114°C
Amount of heat radiation 3240 kcal/m* -h 1381 kcal/mf ‘h
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Figure 8.15 Heat Insulation of Working Hearth Bottom

0Old design New design
Inner surface. Inner surface
=
a.f—alumina = a.f—alumina « L_m
SK-36 X
Clay 2 :
SK—34 %
SK-32 3
B-5 @
o
Inner surface temperature 1100 °C 1150 °C
Outer surface temperature  181.8°C 63.4°C
Amount of heat radiation = 3070 keal/m?-h - 631 kcal/m?*-h

‘Waste heat recovery

Because a melting furnace requires high temperature, the waste heat of burnt exhaust gas
is recovered to preheat secondary air. Either a regeneralor or recuperator is used as a waste
heat recovery unit. Generally, a regencrator is used except for small-sized furnaces.

The heat'recovéry'rat_io' of the regencrator can be improved by decreasing the thickness of
checker bricks, increa'sirig the velocity of exhaust gas running through the checker bricks,
and raising the height of the régcn_crator and thus increasing the amount of checker bricks.
(See Figures 8.16 and 8.17.) Normally, secondary air is preheated to about 1,250 *C —
1,300 °C.  The chet:kf_ir bricks cause _brcaking'down by reaction with the dust in'cxhaust gas
over years of use, clogging up the gaps and reducing the heat exchange arca. Therefore,
high-grade bricks of high corrosion resistance have come to be used 1o last as long as the
melting furnace itscif. :
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Figure 8.16 Relaiianéhip between Height of Checker and
Alr Preheating Temperature
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' 'Figure 8.17 Relationship between Amount of Exhaust Gas/Checker
Volume and Sensible Heat of Exhaust Gas
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- As for recuperator, the radiating type recuperator which is free of clogging with dust is
mosily use_d, but a multiple ceramic tube recupera;or is also used. Th_ei‘,c is also a type
which withstands exhaust gas temperatures of up 1o about 1,500 °C, but its heat recovery -
ratio is low because preheated air temperature is up to about 800 °C. However, it is used
for small-sized furnaces for rcasons that it costs low to instalt and does not rcquire-muc_h
floor space. ' '

‘To make maximum use of preheated air, it is necessary to reduce the entry of air of normal
ambicnt temperature through the openings. '
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(5) Material mixing

The energy used for melting can be reduced if cullet and limestone are mixed in a larger
percentage, provided that product quality will not be ndversely affected by their increased
percentage. The relationship between the percentage of cullet and required heat is shown
in Table 8.4 and Figure 8.18. '

Figure 8.18 Consumption Rate for Cullet and Fuel Saving Rate
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“Consumption rate for cuilet {against the weight of finished product) (%)
Based on the consumption percentage of 10% for cullet.

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

Heat required for melting glass

(kcal/kg glass)
Kind of glass Temperature .
C 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
. L o - 1,300 477 451 424 398 371 345
Lead glass 1,400 496 472 448 424 400 376
' ' 1,100 301 367 343 319 295 271
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For your reference, the percemagc of cullet uscd in producing glass bottles in Japan was 58
percent in 1992, Because impuritics cannot be removed in the melting furnace, they must
be removed from cullet beforchand. The cullet quahtv standard and proceesmg method are
shown in an item of the report of the ﬁctoty SUrvey.

Use of a clarifing agent will sho’rteri the clarifying time, and result in saving energy. A type
and quantity of clarifing agent must be selected to suit the furnace conditions,

{6) Electric melting

This method uses an clectrode inserted into the melting furnace to directly apply electricity
to glass whu,h becomes electro-conductive at about 800 °C. Ifitisusedina fucl-heating
furnace as an ‘auxiliary means 1o increase the amount of pull and adjust the temperature
inside the fumnace, it is called booster. About 100 kW of electricity is required to increase
quantity by 3 tons or more per day. If the efficiency of conversion from fucl oil to
clectricity is 35 % and if the fuel consumption rate is 1775 liters or more per ton, ¢nergy can
be saved by using a booster.

Table 8.5 Heat Output Ratlo of Electric Meltmg Furnace

Heat output ~ Ratis | Heat output  Ratio

keal/h) @ (keal/h) (8
Heat release from ceiling 28 (0.07) | Ceiling 1,800 2
Heat release from furnace . 5,883 : o .
bottom : Side wall : 10,700 15 0
Heat release from throat 5,200 Bottom ' 9,300 13
side wall _
Other walls . 7,850 .| Cooling waler for electrode 1;400 2 2
Total . 18,961 44.1 Calorific value required for 2,200 3
Loss by water cooling for 10,455 243 | vitrification - } 68
electrode Soaring temp. of glass 46,600 65
For glass heating 13,684 316 Total. - 72,000 100 100

(Capacily 750 kg. pull quantity 400 kg/day) (Pull quanlity 60 t/day)

8.2.2 Forehearth

The forehearth is used to adjust the glass temperature to suit bottle production. In the case of
using fuel in the forehcar_th control of the air ratio and improved heat ‘insulation will be as
important items of energy conservation measures as for the melting furnace.
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8.2.3 Lehr

(1

2)

3

)

Increase in the heat carried in
Formed products still have a temperature of over 600 °C, so if they are taken into the lehr
without losing this heat, heating should be theorctically unnccessary, provided that the
foliowing conditions are met.

« To shorten the distance between the forming machine and lehr

= To charge formed products from the forming machine into the lehr as quickly as
possible.

Preventing heat radiation

While the glass is still at high lem'perature, it must be gradually cooled. For this purpose

“the following condilions must be met.

o Heat insulation of the h1 gh-tcm.pcrature 'parls and prevention of hot air leakage
« Controlling cold ai r: leakage iﬁto the lehr through th;z chﬁrging port

= A lehr sectional shape .suitcd to product dimensions and production

« Shortening spaces of c:ﬁarged products

Use of diréct heéting method

In case of usinig fuel oil, the indirect heating method using muffles or radiant tubes was
usually employed to prevent the burning gas from directly touching the products and

-possibly making their surfaces cloudy.

However, the lehr has a heating temperature range of less than 600 °C, and radiation heat
transfer by indirect heating is inefficient. For this reason, direct heating comes, common
when using gas as fuel.

-Lowcﬁng of mesh belt heat capacity

“The example shown below indicates that thc_ guantity of heat required 1o heat the mesh belt

is large'r than normally expected.
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Product processing rate : 630 kg/h
Average specific heat of produ.c.ts : 0.252
Product temperature bcforé entering lehr: 400°C .
Annealing temperature : | : 550 "C

In this case, the quantity of heat Q, required to heat the products can be calculated as
foilows:

Q, =0.252 x (550 ~ 500) x 630 = 23814 (kcal/h)

Suppose that the products are conveyed on a 1,500 mm width belt into the lehr.

Belt weight S 1 20 kg/m?
Belt speed 1 380 mm/min
Temperature before enterihg lehr . Normal temperature 15 °C

Maximum heating temperaiure of belt in lehr: 550 °C
Average specific heat _ | : 0.132
In this case, the quantity of heat Q, required to heat the belt will be:

Q, =0.132 x (550 — 15) x 20 X 0.38 X 1.5 x 60 = 48304 (kcal/h)
As shown, more than twice as much heat is consumed to heat the belt as to heat the products
Possible measures 10 reduce this heat include decreasing belt wire diameter, increasing
wire pitch, and thus reducing belt weight per unit area.
Further, the mesh belt may be preheated by exhaust gas on the return. way.
The heat consumption rate of the lehr varies largely dependihg on the charging temperature
of the products, their shape, wall thickness, the number of times these parameters change,
operating time, processing quantity, and the type of lehr. For your reference, some of the

lehrs used in Japan show a heat consumption rate ranging from 380 to 830 kcal/kg in most
cases, and some large ones show an extremely low heal consumption rate of 50 kcal/kg.
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8.2.4 Product Weight Reduction

‘Reducing the quantity of glass required to produce a specific quantity of botlles helps decreasc
the energy used for production. To maintain the required botile strength using a limited quantity
of glass material, it is necessary to improve form design and wall thickness distribution, and
cnforce strict control on surface ircatment and manufacturing conditions.

8.2.5 Productivity Improvement

Glass bottle production requires high temperature and consumes much heat even during tempo-
rary suspensions of production. Thercfore, it is necessary o prevent mechanical trouble from
interrupting work, shorten the time of changing molds in the forming machines, and decreasing
the frequency of changing the molds,

The glass melting furnace has a high percentage of fixed heat loss, and its fuel consumption rate
lowers as the amount of pull increases. It is also necessary, therefore, to try increasing the
amount of pull while preventing quality deterioration by better stirring the malerial in the
furnace.

8.2.6 Preventing Rejects

if 'products are defective and must be returned as rgjects into the material, it means loss of all
energy consumed for them. Efforts must be made to enforce better control on material quality,
working conditions in each of the manufacturing processes, and equipment maintenance so that
there will be no rejects on the production linc.
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9. ENERGY CONSERVATION IN BOILER OPERATION

9.1 Classification
Now, boilers used universally can be classified by structure as shown in Table 9.1,

Table 9.1 Classification of Boller

Type _ - Model

Cylindrical boiler Vertical boiler
Flue boiler
Smoke tube boiler
Tube boiler

Water tube boiler Natural c¢irculation water tube boiler
Forced circulation water tube boiler
Once-through boiler

O_thers ' Sectional boiler etc.

9.1.1 Cylindrical boiler

Cylindrical boiler is mainly composed of a large diameter cylinder and unsuitable for a high
pressure.and a larger capacity due to its structure. It has been used as a boiler of less than 10 bar
and 8 t/h in evaporation.

Since the cylindrical boiler has a larger water retaining volume per capacity compared with
water-tube boiler, it demands much time to start up but a pressure fluctuation due to loading
change is small.

a. Vertical boiler

As shown in Figure 9.1, vertical boiler has a vertical cylinder and a combustion chamber in
the bottom scction. There are two systems of horizontal tube type and multi-tube type.
Because it can not be provided with large heating surface area, the capacity is limited to
1 t/h or less.

- It can do with a small floor area and can be set simply up, but it is hard to check and clean

- because of its small size. Because of the smail surface area, entrainment contained in the
generated steam tends to be too much.
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Figure 9.1 Vertical Boiler (multitubular type)

-® @ Shell
_ ® Fircbox tube plate
) L Water. (@ Upper tube plate
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. . ® Stoker
@ Fire hole
'® Cleanout

b. Flue boiler

The ftue boiler is provided with one or Lwo flues through shell and the burners arc equipped
in the flue. One flue type is calied a Cornish boiler and two flucs type is referred to.as a
Lancashire boiler, Since the boiler has a small heating surface arca 'md has lower efficiency,
recently it has been scarcely manufactured.

¢. Smoke tube boiler

As showninFigure 9.2, a smoke tube boiter is equippéd With a combustmn chamber formed
with brick laying bencath’the cylmdcr and arranged w1th a number of emokc tubes in the
shell.  The combustion gas heats the lower section of shell and then heats again the side
surface of shell after passing the smoke tubes. As the heat loss through the brick wall is
1argc in case of outside combustion chamber, some boﬂer is eqmpped with the combuenon
chamber in a part of the Tlue. :

Figure 9.2 Externally Fired Horizontal Smoke Tube Boiler
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d. Flue smoke tube boiler

. As shown in Figure 9.3, a fluc smoke tube boiler is an internaily fired boiler equipped with
both of flue and smoke tubes in the shell. The boiler is generally used as a package boiler
with characteristics of a relatively larger heating surface area of high efficiency even in a
small capacity and has easy installation and handling. The boiler is limited to 1S bar in
pressure and 25 t/h in capaéity. An efficiency of 85 to 92 % is obtainable. On the other
hand, the struclure is complex, check and cleaning in the inside are difficult and feed water
is required to be high quality.

Figure 9.3 Flue Smoke Tube Boiler
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9.1.2 Water-Tube Boiler

As shown in Figure 9.4, a water-tube boiler is composed of a drum for stecam and water separation
and a number of water tubes formed with a heating. surface, and is _d_es'ignc_d to 'mak'e-cvaporate
feed water in the water tubes. Accordingly, since the heating surface can be made larger through
increasing the number of water tubes, the boiler is suitable even for a large capacitv and is able
to obtain casily a high pressure. The features of waler-tube boilers are as follows:

a.  Because the combustion chamber is able fo be made in any size, the combustion is in good
condition and various fuels can be adapted easily.

b.  The thermal efficiency is higher because of a larger heating surface area.

¢. The slart -up time is shorter because of the small amount of retaining watcr per heating
surface arca. While a fine regulation is rcqmrcd since the pressure and water levels are
prone to .ﬂuctuate with a loading variation.”

d. Consideration should be given to fced water and boiler water treatment.'_
The water-tube boiler has two sysiems: a natural circulation system, which utilizes the
differences of the specific glavmes between steam and watert, and forced circulation, which

uses a pump (see Figure 9.5). A high pressure boiler is required to adopt a forced mrculauon
system because of the density difference between steam and water is small

Figure 9.4 Bending Water Tube Boiler
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Figure 9.5 Forced Circulation Boiler
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A one-through boiler only composed of a series of loﬁg water tubes is designed so that feed water
is pushed into the tube by a pump {rom the end of the tube, by tum temperature is raised,
evaporated, superheated and taken oul as superhecated stcam from another end of the tube.
Accordingly boiler water is not circulated. (see Figure 9.6).

Figure 8.6 Schematic Flow Diagram of Benson Boller
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The features of this one-lhrough boiter are as follows:.
+ Suit a high pressure boiler because there is no steamn drum.
« Able to be designe_d compacily.

» Start-up time is short becausc the retaining water is extremely small amount per heating
surface arca.

s+ Require an automatic control device wuh good Tesponse since a Ioadmg change is prone to
cause large pressurc fluctuation.

« Require a feed water of good cjuality because all the feed water evaporates in the tube.

Wwith such characteristics, the one-through boiler has been applied in a wide varicty from a
supercritical pressure boiler to a small scale boiler.

9.1.3 Other boilers

9.2

There is a boiler combined with a cast iron section which is used as a low pressure or hot water
boiler, a waste heat boiler or a boiler for special fuel and so on.

Boiler Trouble Pfevention

A boiler is an equxpmcm which deals with a high temperature and a hlgh pressurc qteam If
trouble occurs, the human body and the facilities may suffer damagc on a large scale and it is
related to a long-term production stop Then, the continuing cffort for energy conservation may
be rendered futile. To take prudential measures for bo_ller trouble is essential for cnergy

conservation.

The operation necessary to prevent bmler tlouble is c]osely related with energy conservation.
For example, a feed water treatment prevents damage due to loeal heaung and also serves for
improvement of heat transfer. :

Most ‘boiler troubles are caused by a lower water level (no load combustion), explosion in
combustion chamber, crack of cast iron boiler or burst due to local overheating.

The points remarked to prevent trouble are as follows:

9.2.1 Preparation of operation aﬁd_ insp_ection manuals_ and training

The standards on boiler operation and check- and-servicing should be prepared and be observed
by the employee through sufficient training.
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9.2.2 Safety device

The boilers should pass a predetermined inspection and be equipped with a relief valve, a high
and low water level alarm, a flame detector as a necessary instrument and a safety device.
Furthermore, the boilers should be designed to operate fail-safely against misoperation through
automation. These must be inspected periodically. Table 9.2 shows the routine check items for

Table 9.2 Daily inspection of Boiler {1/14)

Inspection item

Procedure

. Reading. Pointer

movement

. Surface tempera-

ture. Leakage

. 'Initia] and stop

temperatures of
pressure controller,

. Particularly take care

to popping pressure
at operalion of the
safcty valve.

. ‘Smooth moving without

catching.

. No disorder. Sce ifem 9.

. Check disorder by compari-

son with pressure gages of
three or more.

boiters,
Cycle
=
Q
g Place of ¥ A At
v 8 inspection 5% . One week
&5 88 h any
&8 g o N, time
a
S g v
1. Pressure of O
boiler
@]
O
O
= .
.g )
o 2. Waterlevelofl - (O
8. - boiler
[z .
K=
=
5
@
X~
Q
o
C
@]

1. Movement of watcr

level of a water
gage.

. Normality of water

level at start and
stop of the feed -
water pump.

. Shccial care must be

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

. A little meovement of the water

level is normal. if 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 to 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 Boller (2/14)

Type of
inspection

Constant inspection

Daily inspection

Cycle
Place of %) & - A At Inspection item Procedure’
inspection g L. One weck. any pection 1 ¢
@ = ‘hour m’d Hme
Q
S & acay
3. Combustion O 1. Change of burning 1. Take care to abnormal sound
state sound. . : at the starl of combustion and
during the switching from low
- to high. '
O "2. Shape and color of 2. Proper flame without touch to
flame. furnace and with no rough
particle, .
O 3. Generation of 3. Check the internal pressure
smoke and its time, of furnace, exhaust gas
analysis and the quantity of
air and oil. . Care must be
used to a long time operation
_ under a low load.
4. Gage glass O Check of gage glass. 1. Make sure the open and close
. ) . condition and any leakage of
Open a drain cock, each cock. Clean tie inside.
: close a steam cock 3
¢  and blow out boiler 2. Repair to any leakage from
_ water sufficiently. the out of glasses. Check a
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
®) 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. {ighten too much the glass.
Namely, first, open the drain
cock to warm with steam and
close the drain'cock. Open -
the water cock and open fully
‘the steam cock. After using a
little, do retightening.

5. Water O 1. Drain water in the 1. Make sure the open and close
- column column and remove condition of the interconnect-
 (floatless) sludge and scale, ing line and clecan the inside.

O 2. Builtin water level 2. Check the electric wiring (heat

detector. Inspect
the electric wiring
terminal, any
contamination of
the insulation of
the electrode
holder, contamina-
tion and crack of
the electrode.

resistance wiring). Measuring
of insulation resistance—
remove the wiring for the
electrode holder and the -
resistance between the elec-
trode and the earth shall be
more thaii 100 MQ,
Cleaning of electrode.

Clean contamination of the
electrode holder, check any
crack or exchange it.
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Table 9.2 Daily Inspection of Boller (3/14)

Daily inspection

level alarm.

4]

water level by
blowing.

. Cheek the internal

mercury switch and
bellows,

. Check the electric

wiring.

. Cheék awrong

operation due to
vibration,

. Check contamina-

tion, crack and
leakage of the
electrode holder,

Cycle
g .
et Placc of = - o A ' .
o - =LH
° § inspection € One week At [nspection item Procedure
S @ é 2 hour or ?]?gc
- I ada
S & v
6. O ' 1. Purge scale and 1. Make sure the open and close
Automatic sludge in the condition of the interconnect-
feed water interconnecting pipe. ing line. Clean the inside
adjustable (blow enough) in a condition
device. . of lower pressure if possible.
Low level o= ) . .
breaker, . Make sure the . Make sure the operation with
High and operation with blowing. If impossible to
low water lowering of the how, remove the electric wire

to make sure the operation
{burner cuf).

. Check a scattering of mercury

and balance. Check leakage
from the bellows.

. Check damage due to heat.

Rewire with a heat resistance
wire.

. Mount a stay in a change

orientation.

. Replace the cracked and leaking

insulator with a new oné and
clean the electrode. Insulation
shall be move than 100 MQ.

Automatic equipment (écéessory of the body)

7. :
Automatic
feed water
adjustable
device
(single
element
type}

. Discharge scale

and shidge in the
interconnecting
pipe of the thermo-

 stat.

. Make sure and

adjust each inter-
connecting place.

. Adjust the water

level due to a boiler
load.

. Make sure the open and close

condition of the valve in the .
connecting pipe and clean the
inside.

. Make sure the specified position

of the slide sprocket weight.

. The level lowers by loosening

the adjustable nut of the heel
piece of thermostat until the
valve lever comes to horizon-
tal position.
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Table 9.2 Dét!y Inspebtlon of Boiler (4/14)

. Check the ampliﬁer

and the flame relay,

Cycle -
8
= -]
°E }’lacc of H.E A At Inspection item Procedure
¥ € inspection £'% One  week
E 2] g = hour or ?i?t{e
. = ada
SE Y
8. O . Make sure fire . Stop an ignition fuel for detection
Flame going-out, no of the pilot and make sure not to
delector ignition and burner " transfer to the main. For
cut. detection of the maig, remove
the cap or the detector and make
sure no ignition. - ,
A flame response delays for 2 to
4 seconds.
O . Check the degree . Measure the current by a
= : of fatiguc of a microammeter, test by a false
g delector. flame.
2 _ _
.§ O . Defect of clectric . Change to the shield wire or a
o wiring. single wire,
o Influence of
5 g induced ¢urrent of
kS 3 - power.
2 g O 3 ' :
g < . Detection of false . Check mistake to detéct red
. ® flame, .= heat refractory and change the
= E Self-discharge. . . position of installation. Inferior
= Check by a protect tube shall be replaced,
= relay, no ignition.
o O o L
‘é 5. Contamination of . Cleaning of contamination.
& lens and glass tube :
g and ‘mounting
< position.
5, Check + or — phase . Change the wiring and
of the electric - tighten it.
wiring and loosen-
ing o_f connection.
O

. Replace t.]'l.(’_.‘ _'ﬁcfccﬁvc. -

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)

Cycle
g . _ .
gl Place of 2 A .
& i & -
o é inspection §5 One  woek Art Inspection item Procedure
E & @ = hour or ?m);e
- < ada
§ B Y
9. 0 1. Check the opera- 1. Clean and check the siphone
Pressure . tion stop pressure pipe, meter cock and the
restriction and the seiting of detective part of the beliows.
device differential gap. Change the sctting of differ-
: cntial gap.
¢ 2. Check leakage and
concave in the
bellows of the
detector, Check Lhe
mounted position and
= oricntation.
o .
o O 3. Check the two step
- setling values for
s control of high- and
low-off.
g §
s ] O 4. Check damage of 4. Check and replacement.
é 8 . the electric wire.
o :r.;' 10. O 1. Check the width of 1. Change the width of propor-
= & Pressure : proportional band. tional band.
-8 .8 controller
& ) 2. Check inferior 2. Check, clean and replace it.
it contact, contamina-
53 tion and disconnec-
g tion of resistance of
% the potentiometer.
< .
') 3. Check clogging of
the detecting part.
11, ' . 1 Check the setting 1. Set o a proper value.
Wind value.
‘pressure :
switch , ¢ 2. Check clogging and 2. Disassembly, check and
leakage of the pipe. cleaning.
12 : O 1. Check the sctting 1. Set to a proper oil temperature.
0it tempera- : value. '

ture switch ' .
O - 2. Check contamina- 2. Clean contamination. Investi-

tion and installing gate the length and replace,
dimension of the Investigate the installing
heat sensitive location.

cylinder and the
delecting part.

O 3. Check the configu-
ration of detecting
part.
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" Table 9.2 Daily inspection of Boiler (6/14)

Cycle
§
w$E  Place of =R A -
< = .5 ~ 3 .
2 :‘i inspection B One  week i\; Inspection item I rocgdul:e
o 4 o = hour or tin{e
e o a day
S E y
13. (1. Check the seftings . Check thatitissel ina
. Latch . : of each latch switch. proper position.
ey ] .
o switch, Low - _ :
2 and high 0O 2. Check looscning of 2. Check and adjustment.
& intcrlock, . - the setting of
¥ damper lock installed position.
© and burner : . -
E‘ lock g O 3. Check a normal . Check the operation, inspect
& . . operation of the and repair.
8 interlock.
g
= 4 O 1. Check the move-
§ Control ment.
g motor :
= & 2. Check aninferior . Check arc and clean the
g contact of the contact. Investigate the
2 balancing relay. installing position not fo be
g - " influenced by vibration.
) . '
E ¢ 3. Check contamination 3. Inspection and cleaning.
o and contact defect of
the potentiometer.
,S 15. O 1. Check the gas
9 Pilot burner : pressure. _
. .
2 O 2. Check a deteriora- . Check a spark between the
& tion of the ignition electrode and the earth to be
‘D“ transformer. 7 to 8 mm in atmosphere.
0 3 Check a deposit of 3. Clean the carbon between the
: carbon. nozzle and the electrode and
_ clean the insulator.
a O 4 Checka backfire at 4. Set an air-fuel ratio in a
‘B the ignition. proper low combustion.
& ¢ 5. Check the clearance 5. Adjust an interval suitable.
o : between the nozzle ' :
E “and the electrode.
16. g ¢ 1. Check an electric . Blue color is normal. If reddish,
Electric pilot : spark state. cleaning is necessary. Short
firing device : spark is a narrow interval.
@

: 2. When a frequent . H the electrode is set within
cleaning is re- the jetting angle, the electrode
quired, inferior is wetted with oil and don't
clectrode setting. spark. The electrode should be

O set 10 the selting value,
3. Transformer - -- . Check the transformer and

insulation defect.
Deteriorated lead

clean the insulator. Check
any damage of the lead.
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" Table 9.2 Daily Inspection of Boller (7/14)

(j 2. Clean the strainer. 2.

O" 3. Check oil leakage. 3.

O 4. Check overheat and 4.
overcurrent.

Cycle
g .
“ & Place of Colperd A L
5] =g : .
g é inspection 5E One week Al Inspection item Procedure
S8 32 hour or any
= o s d time
=] el
3 & aday
17, O I. 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.
O 3. Clean the shaftand 3, Remove sludge and oil.
_the lubricating pipe.
O 4. Apply greaseto the 4. Apply grease and check the
bearing. Check bearing.
seal leakage.
O 5. Check any damage 5. Cleaning and adjﬁstment 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 ‘g O 7. Check the gun type 7. Clean and set the specified
1§ E : : electrode insulator. dimension.

E‘ % 9] 8. Check abnormal 8. Research of its cause and -
o sound and assembly servicing. Replace
= 8 overcurrent. the bearing.

o R

[
O 9 Oilleakage . 9. Repair leaking place.

_ O 10. Burner belt 10. Replace cracked burner.
18, o 7 c O 1 .Chcck leakage of 1. A fire is extinguished entirely
Fuelcutout - - the cutout valve. after cutout.
valve {main :
valve)’ _ e} 2. Make sure cutout

‘ s duc to a low level
and_ 1o ignition.
O 3. Check the electric 3. Check damage due to heat.
. wiring.
19, - o O 1. Check the oil 1. Set to a proper oil pressure.
Oil pump pressure,

Drain and remove sludge.

Repair the leaking place.
Replace the oil seal.

Replace the bearing.
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Table 9.2 Dally inspection of Boiler (8/14)

Cycle
8
=Ry Place of "Eg : A At Inspection item . Procedure
v g inspection § £ One "week an
E% & w = hour or tirr):c
= § E a day |
20. ') 1. Check a proper 0il 1. Adjusiment of the thermostat.
Ol temperature, Check a gasification by the
preheater air chamber. '

O 2. Drain _ 2. ‘Drain and remove sludge.

O 3 Check oil leakage. 3. Repair the leaking place.

o 4 Check the sheath 4. Sludge ferﬁoving.
heater.

2L ' O 1. ‘Make surc the oil 1. Make sure the operation of
Service tank. level control. the float switch and othe:
Storage : controiler. :
tank. o
e 2. Temperature 2. Check leakage and operation.
control. Operation
of the control valve
and the steam
solenoid valve.
-3 3. Clean the oil
ks g straier.
§ B O 4. Check the receiving
5 . h
2 ¥ quantity and the
R residual quantity.
a = > 5. Check a leakage
and the piping line.
O 6 Drain and remove
: " sludge. _
22 s . O : 1. Check the oil meter 1. Disassemble and"c}.ean fhe
Oil meter - indication record. meter and replace the parts.

O 2. Grasp t_.he ol 2. Since the é[ﬁ(fi_tén(;.y calcila-

- temperature tion is based on the specific
passing through gravity at passing through the
the meter. meter, the oil temperature

) _ should b_e roughly grasped.
23. ') © 1. Checkthelink 1. Adjust the link mechanism
Oil guantity - mechanism to the compared with the alr volume,
controller : controlier. N check loosening and play.

O 2. Check the oil 2. Check by operation and oil
quantity by a meter guantity and disassemble and
measurement, clean it
(Every load)
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Table 9.2 Dailly Inspection of Boiler (9/14)

Type of

inspection

Daily inspection

Cycle
Place of = g A At Inspection itern Procedure
inspeclion § L One weck an - :
2 = hour or ;inllle
Q a da
§ & Y
24, ' s) 1. In autocleaner, turn
Oil strainer the handle. Ina
change lype
o strainer, a prepared
g one should be
& always cleaned.
=
g O 2. Remove drain and
b sludge.. Grasp a
;f_-] good rating of
e cleaning by a
differential pres-
sure between the
inlet and the outlet.
25, - O 1. Check abrormal . I{ abnormal, disassemble and
Forced draft - sound and service it, and replace the
fan overcurrent, bearing.
O 2. Check foreign maiter 2. Mount a wire gauze not to
. in the suction port. suck foreign matter.
3. Check vibration. . Loosening of installed bolts.
Check and replace Loosecning of the runner.
the belt. Remove any deposit to the
runner. Replace the bearing.
26. . .O 1. Check the link . The damper should be
Damper mechanisms of the adjusted to be opened slowly.
primary and main
dampers.
'} 2. Check the opening . Check distortion or loosening.
_ of damper.

' O 3. Adjust the damper . 0+2mm Aq in a pressurized
draft in the outlet combustion of rated opera-
of boiler. fion.

o

o
27 ) O 1. Make sure the . 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 repair a leaking point due
hoiler to corrosion.
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Table 9.2 Daily Inspection of Boiler (10/14)

Type of
inspection

Place of
inspection

Constantly
monitoring

Inspection item

Procedure

28.
Smoke
indicator

. Check a dillerence

between the indica-
tion and the smoke
concentration.

. Adjust the Zero
" point.

. Cleaning of glass. Adjust a

floodlamp and a light re-
ceiver. Blow air froma
COMpressor,

. Set the zero point. |

29..
Exhaust gas
analyzer

. Make sure the

operation of
pointer.

. Adjustment.

. Check-aclogging and leakage

in the lead. Cleaning or
replacement of the filter and
lightness 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.
Flue and
stack

. Check leakage and

corrosion,

. Remove soot in the

flue and the stack.

. Discharge of rain

water.

. Inspection and repairing.

31

Water
softening
equipment

. Check of .the water

pressure. 1.5to 2
bar

. Chéck of hardness.

Check in the
secondary side.

3. Leakage from the

periorated valve.

‘4, Care must be taken’

10 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 Dally inspection of Bailer (11/14)

Cycle
g
el Place of B A s
° Sg inspection = £ Onc week At Inspection item Procedure
E & é = hour or ?i?gc
- S a da
8§ Y
32. - O 1. Check 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. :

O 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,

3 5. Check the painting 5. Check, repair and cleaning.
on the tank inside
and corrosion.
Clean the inside.
33, . 'e) 1. Check a proper 1. Check contamination in the
Chemicals _ chemicals pouring. tank and the flow rate.
pouring B
device ®) 2. Checkalinkage to 2. Check the operation.
the feed water pump.
' Q 3. Check leakage or 3. Inspection and repair.
clogging,
34, : O 1. Check overcurrent. 1. Adjust the valve.
Feed water
pump i ) 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. : O 1. Check a normal 1. Tmpossible 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.
¢> 2. Check the check 2. Check, disassemble and
valve. Attachment clean.
of scale. :
O
36, ' O ‘ . ‘1. Check the operation. 1. Record, check operation.
Water flow .
meter . . - O 2. Checkclogging in 2. Disassemble and clean,
- strainer . T ) the strainer. :
37. ¢ 1. Check back flow. 1. Water hammer. Hand touch
Feed water- . feels hot to the feed water pipe.
check valve Overhaul or replacement,
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Table 9.2 Dally Inspection of Boiler (12/14)

Cycle
&
g Place of 2y A -
o § inspection EE One weck At Inspection item Procedure
Sa 22 hour or any
=~ .H &g d time
) a da
S & Y ,
38. " O L Checkcloggingin 1. Insufficient feed water
Feed water the internal pipe. quantity. Overhaul.
internal pipc S : _
®) 2. Inferior or falling of 2. Water hammer. Replace the
the gasket for - ‘gasket.
installation of the
internal pipe.
39, Q 1. Check lcakage of 1. Repair the leaked place and
Relief valve steam. overhaul.
¢y 2. Check the popping
and blowdown
pressures in
operation.
3. Check the popping 3. When the pressure risin'g”in a
volume. rated combustion is 6% or
more, it is not acceptable.
O _
40. 0 1. Check leakage. ‘1. Overhaul or replacement.
Blow off Check heat by hand
valve : touch.
O 2. Blowoff as a quick 2. For 10 bar or more, two
: © opening valve in valves, -
the body side and :
as a slow opcning
valve in the second-
ary side.
3. Check the discharge 3. Check tﬁé: size of pit. Should
port. do arresting measure and
water control. - :
41. O L. Check:lcakaé'e ' 1. Tightening, replécement of
Manhele : from the manhole. gasket.
O 2. Keepamating . 2. Apply graphite to facilitate 2
surface of the gasket replacement,
in no contamination. . -
42, 1. Check gas leakage. 1. Gas leakage 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 1. Check damage, 1. Repair the refractory materi-
Refractory ‘ falling and abnor- als as soon as possible.
malerial mality. :

O 2. Check gas leakage 2. Repairing. *
and short pass. i :
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Table 9.2 Daily Inspecticn of Boiler (13/14)

Cycle
&
boly Place of 2 A -
=) == - 3
S é inspection § £ One week 2.: Inspection item Procedure
>4 25 hour or ny
F R g g a day lime
o E
44, : ') 1. Check leakage of 1. Repair the leaked place.
Inspection steam and water. Tightening, replacement of
port. Clean- : gasket.
ing port.
Mounting
part of
accessory. _
45. O 1. Cheek gas leakage. 1. Repair the leaking place.
Explosion :
“door O 2. Checkthespring. 2. Inferior springs due to leakage
: : : : or heat should be replaced.
Check an impossible opening
and closing due to rust.
46. O 1. Check the contact 1. Replace the contact and relay.
Magnet of rclay. .
swifch and _
contactor 's} 2. Check loosening of 2. Tighten the terminal.
the terminal.
47, _ ., Check the setting 1. Y- A starting. Starting
Timer. Time " of the timer. k current,” Change to A after
dimit relay. dropping to rated value by Y,
O 2. Check the setting of 2. Check by sequence.
: _the cam mechanism,
48, : 0] i. Check a disconnec- 1. Replace the lamp.
Actuation : tion and luminosily. )
lamp
Indicator O 2. Inferior contact. 2. Tightening.
- famp _ . o
49. 1 ' 1, Check the spare 1. Supplement of fuse and lamp
Spare. Fuse O parts. spare.
lamp _
50. O 1. Check the opera- 1. Check the sequence, Replace
Protect rclay _ tion. if inferjor.
‘(Timer _ : '
motor) - ') 2, Check the fixing and 2. Check the operation.
tightening of relay
and the contact. _
O 3. Check voliage drop. '3, Check the voltage in the
R . operating circuit.
- 51, . O 1. Check loosening of 1. Tighténiﬁg. Apply a delent
Terminal the terminal. paint if possible.

¢ 2. Cleaning. 2. Suck dust by a vacuum cleaner.
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Table 8.2 Daily inspection of Boiler (14/14)

Cycle
g .
Y 3 ] o, B A .
ol Place of =g s ‘ ).
28 inspection EL One week f\t Inspection item Imccdurp
S 32 hour or any )
.5 b1 g d time
ada
S & Y . _
52. ¢ 1. Measuring by 500 V- 1. If panel and secbndary side
Insulation megger. Mcasure in has resistance less than 5
resistance a removing condi- - MR, inspection or repair is
tion of a low vollage required.
equipment.
53, .. O 1 Check overheat, 1. Check the wiring.
Electric damage and :
wiring : discoloration. .

¢ 2. Check damage of 2. Use care to'a discolorization
coating. of the wiring around the
terminal.
¢ 3. Check of phase.

9.2.3 Consideration on operation

(1)

2)

Igniting opcration

If fire is put in the furnace under a mixture of air and gas or oil vap_i)r, combustion occurs
explosively. Itis a danger of accident occurrence. Prior to ignition, prcp'urgc_must be done
for five minutes or more in Cold Start or for about one minute in Hot Start to send
completely out combustible gases of the combustion chamber and flue. If 1gmt10n becomes
a failure, the operation should be halted without hesitation and done over again from the
prepurge step.

Heating just after ignition is done to make temperature rise genily over aboul two hours to
prevent diffcrential expansion of the body and leakage from the joint parts.

Monitor of water level

Keeping the water level in a boiler to a certain range is the most important task of a boilér
operator and should be monitored at all times. '

Therefore, the water Ievel gauge should be cleaned usually so that observation is easily

made. For the following cascs, a function test should be performcd and a check should be
done to indicate a regular water lcvel
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a. Afterthe boiler is started.

b. When the operators are shil"lcd_._'

¢.  When the reads of two or more water level gauges are different.
d. When some foéming occurs in the boiler water, -

Where an automatic feced water control device is cquipped, its performance should be
checked periodically by lowering the water level in the boiler.

Water treatment and blow

The purposes of water {reatment to boiler feed water are classified in the following three
itcms:

a. Prevention of corrosion duc to dissolved oxygen and corrosive substances.

b. Prevention of scale formation due to deposition of hardness components and dissolved
solids in the feed water,

¢. Prevention of foaming due 10 accumulation of dissolved solid and oily matter in the
boiler watcr.

Since the thermal conductivity of scale is only 1/100 of mild steel, the thermal cificiency
becomes extremely worse due to adhesion of scale and the local heating decreases the
mechanical strength of the heating tube which leads to bursting trouble not standing against
the boiler pressure. The steel surface, on which sludge deposits, is more easily corroded.

For prevention of the trouble mentioned above, Japanese Industrial Standard (J1S) has
provided the standard value for water quality as shown in Table 9.3 and Table 9.4.

The treatment melhods of boiler water are classified in a boiler external treatment and a
boiler internal treatment.

In the boiler-external treatment, there is climination of suspended solid by sedimentation
and filfration and shlt elimination by ion exchange resin and a deaeration. For a low
pressure boiler of 20 bar or less, a simple sofiener using cation exchange resin—a lower
investment cost and an-casy opcration—is often applicd. On the operation of the softener,
extreme caution should be exercised Lo the impurity elimination in the salt for regeneration,
establishment and ils obscrvation of the standard for flow rate, regencration time and back

‘washing amount, bascd on analysis of water, and a supplement or replacement of resin once

a year,
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The recovery of condensate is a reasonable method to make the load on the softener reduce
and to plan an cffcctive use of the heat. But, on the way of recovery, O,, CO, or iron
produced by corrosion may somelimes be contained into the condensate.

In such a case, the condensate should be passed through a filter and a deaerator prior to
return to foed water and thus, care must be used not to cause new corrosion due to an
accumulation of these impurities. :

The boiler internal treatment is a method which treats water by addition of a conditioner, a
softening agent, a scale inhibitor and a feaming inhibitor. The compound contained with
these components is on the market,

To prevent an accumulation of the impurities in the boiler watcr, the blow is an important

“operation. A continuous blow with linking an amount of feed watcr is preferably economi-
cal owing 1o an easier adjustment of the amount and possibility of heat recovery compared
with a periodic blow-down. The blow amount can be obtained by the following éq_uation
from the feed water quantity and the boiler water standard shown in Tables 9.3 and 9.4.
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Table 9.4 Quality of Feed Water for Once-through Boiler

From 75 From 100 From 125 From 150 Over 200

Feed water

(IHgCBCOIS/f ) BC[OW i*

— .

H Max. bar  Below25 500 t0 125 0150  to200

43 servicing e :

# pressure R From 7.5 From 10 From 12.5 - From 15 )

& MPy  Below25 0 12.5 to 15 to 20 Over 20
l(’z% o 105~110 85~95® 85.95®  85.95® 85.95®  90~95
Hardness

Dissolved oxygen o oe  Below 0,007 Below 0.007 Below 0.007  Below 0.007  Below 0.007

(mgO/£)

Total iron
(mgFe/£)

— Below 0.03@ Below 0.03 ® Below 0.02 @ _"Below 0.02®  Below 0.01

“Total cop
(mgCu/é

ge" — Below 0.01  Below 0.01  Below 0.605 Below 0.003  Below 0.002

Hydrazine(1)
{mgN2H4/#)

— Below 0.01 ~ Below 0.01  Below0.01  Below 0.01  Below 0.01

Silica -

 (mgSi02/¢)

Below 0.04 ® Below 0.04 ® Below 0.03 6 '
Below 0.02 @ Below 0.02 @ Below 0.02 @  Below 0.02  Below 0.02

Total solids Relow 700

(mg/ £ )

Llectncal

conductivi Below 1,000 Below 0.3 @ Below 0.3 @ Below 0.3 @ Below 0.3 ® Below 0.25®
(25°C) (uS/cm}) : : '

Phosphate ion 2040

(mgPO« */£)

Motes (1)

2)

(3)

@
(5)
(6)
%

The concentration of 'hydr'a'zine shall be limited with a concentration not exceeded the
upper limit of pH.

Where the plpc matenal in the heater for a high prcssurc fced water is steel pipe pH is
desirable to be adjusted to a higher.

It is desirable to maintain below 0.02 mgFe/lit.
If is desirable 1o maintain below 0.01 mgFeflit.
It is applicd to a boiler with s'eparator'..

It is apiﬂiéd_ to a Boilcr without separator.

A subject water passcd through a hydrogm form strong amdxty cation exchange resin
should be mcasurcd .
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Remarks

1.. Since the concentration of the total solids in the feed water for a high pressure once-
through boiler is very low and can not be ncarly measured, the measured value of
electrical conductivity should be used to estimate a concentration of soluble sohds in

the total sohds

2. The maximum servicing prcssuro of 25 bar 2.5 MPa) or less shall be applicd to an
once-through boiler returned by 30 % of the boiler water into the feed water. Since
the water returned from the boiler is added into the feed water is again fed to the
boiler with addition of some chemicals, the water quality shall be controlled by the

method similar to it for a circulating boiler.

The mark of * shall be applied to the feed water prior to addition of a returned water,

Blow amount

Blow rate (%)

Evaporation

Impurity concentration in feed waler

Impumy concentration standard in boiler water

a(x+y)=by

K =—2 %100
.. b-a

Although ‘an M-alkalinity, total solids, silica and chloride ion are taken as the control
subject, the analyses of those are not easy in practice and the electrical conductivity is
sometimes taken as a good measure. It is desirable to control through premeasurement of

a relation between the chloride ion concentration and the electrical conductivity.

Table 9.5 is a standard of the water quality measuring frequency shown as reference in JIS,
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Table 9.5 Standard for Water Quality Measuring Frequency

. 7.
e e e |
| - | _ |
1 Ewater l 2 ! 3 [Softened | F¥¢d 4 . .
tunk ¥ ¥, Softener =1 water * water - Boiler Plant
| tank tank
Pretreatment cquipment
Sampling location 1 2 3 4 5 6 7
o B e B e Bo e 8o He Sa o mw B
Check division 33 54 53 28 5§ 58 322832 .84 5299 32349
D oF ME OF Mr oh ME .OF ME S0 0k 98 ME.SE
O ES 0858 08 B8 S E8 V8T8 08 K8 P2FE
Item EESEEESEEESs EedE Es e EEAE Bads
Appearance D D D ‘D _ D
pH n n n D D mn D
P-alkalinity D
M-alkalinity 1 n D
Chloride ion n W D D
Free chlorine n n
Phosphate ion D
Electric conductivity D D D
Hydrazine 2W
Sulfite ion 2w
Total solid n n n n n
Silica M
Total hardness n n D D n n
Total iron n
Turbidity n n n n
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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9.3

Expression of Boiler Capacity

An cxpression of botler capacity has two ways of rated evaporation and an equivalent evapora-
tion.

9.3.1 Rated evaporai'ion-

The rated evaporation is ¢xpressed as an evaporation per unit hour under the maximum load
possible to operate continuously and should be described together with evaporation pressure,
evaporation temperature and fecd water temperature,

9.3.2 Equivalent evaporation

9.4

The equivalent evaporation facilitates comparison of capacity through conversion of the above-
mentioned condition to a certain reference. This value is that net heat per hour required to
generate a stcam from fecd water is divided by a heat of vaporization of 539 kecal/kg at
temperature of 100 °C. '

If G is taken as an actual evaporation kg}'h, h, h, as a specific enthalpy (kcal/kg) of the feed water
and the produced steam, the equivalent cvaporation G_can be obtained by the following cquation;

G(hy —hy);
== {kg/h
e 539 . (kg/h)

In addition, the boiler capacity may sometimes be expressed by a heating surface area (m?) based
on the combustion side. A small sized boiler in U.S. and British has been often expressed by
boilér horse power, This expression was established in 1876 and was based on the value which
was taken as one horSe power per 30 1b/h of saturated steam in 70 Ib/in® of gauge pressure. Nowadéys
this'is not familiar with the actual specification. The equivalent evaporation of 15.65 kg/h
corresponds to one horse power.

Heat Balance of OE'lers

In Japan, a heat balance system of boilers is specificd by Japanese Industrial Standard (JIS
B8222). Its outhne will be described below.

- The heat balance is carried out as thc result'of an operation in one or more hours' under a steady-

statc on considcration of atmospheric temperature as a reference. temperaaure In this operation,
no blow or no scot blow is done.

At the start, a limit of héat ba'{ancc shou'ld be fixed as showﬁ in Figurc 9.7. The heat balance shatl

be performed on heat output and heat input across the battery limit. If equipped with waste heat
recovery equipment, take care not to mistake the measuring points.
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The spcuﬁcallon of equlpmcnt for a qubject boiler should be examined according to the items
shown in Table 9.6 and the operation record should be described on the items of Table 9.7. The
results of the heat balance should be entered into the formula of Table 9.8. -Referred items are

indicated for calculation below.

Figure 9.7 Standard Range of Boiler Heat Balance

'
e e em e e s
;’ i
|
I
|
}
|
|
llnduced draft fan _
e Dust ' ' : :
u .
O* collector * External heat source
) .
. . R Air prehe + | Air grehe F_?iccd draft fan -
Ir -ater A 1. [ —sterB _2{ _ _
I ' — " Extcrnnl heal source
by r o
1 f ’ i Feed water
{ Economi ot . puamp
| —zer _ ]
| Auxiliary steam Main steam ] : . Feed
= L ’ l . I—b water
Gas recncu]atmg| ) :
: fan)- ° lFeed water heater
Supe:hcatcr \
Y .
. Spray .
Superheated
7 steamn
‘ } “~ Spray
Reheater «<—Reheated
Secondary air steam
| ] > Reheated,
' E steam
Cnal . (=) :
Air for Y v ' ,—4 Boiler water
temperature ) circulating pump
regulation Pulverizer L] i

Cinder

: L
Oil heater é
ol

[ R S R ——

Gas

Blast steam

Oil
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Table 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
2 . Maximum werking pressure ® bar
2 Normal operating pressure @ bar
o Superheated (reheated) temperature 'C
& Catlorific value of standard fuel keal/kg(m,?)
t:g Boil 2
) OHET n
iiaatmg surface Water wall m?
i Total ) m?
Supér— Type
heater - Heating surface area m*
i Type
Reheater. Heaiing surface area m?
Econo- ~ Type
mizer  Heating surface area m?
Air pre- Type
heater  Heating surface area m?

Firing Type ()
equip- - Burner capacily, number

ment  and grate area kg{m ¥ /h, m?
g‘:)g‘bu' Furnace volume m?
o : ; 3
chamber Standard heat generation keal/m?h
Conirel  Fressure
device Water level
Superheating lemp.
Others
Drafting
Type . .
- Forced fan Capacity m*min("C)
5 Pressurc mmAg
&
5 Type '
& Induced fan Capacity m¥fmin("C})
& Pressure mmAq
“?i ' o Type :
o Other fan Capacity m*min(°C)
: Pressure : mmAq
Chimney .. &ize (diameter % height) m Xm
: © 7 Name and number of commen use
&
A Kind
§ g Capacity, number . “~ t/h
= &  Kind and capacity of feed water treatmg dewce
8.2 . Quality of feed water
o I
=g Name and guantity of chemical use

Preparing condition at test starting

- Note(® The pressure is a gage pressure.
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Table 9.7 Resuits of Measurement (1/2)

The test results shall be indicated as follows.,

Date and fime of test
Personnel in charge

Weather, atmospheric pressure, wind velocity C
Ambient temperature, dry bulb and wet bulb temperalures ‘C
Duration of test h
l.oad 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 used % Correct by moisture.
. ‘Lf.;)l\zzroﬁli?;;ﬁc Analysed value keal/kg{m,®- Measure a high combustion heat by a calorimeter and obtain a
R As used keal/ke(nr®)  low combustion heat by calculation. Correct by moisture.
used (high) o )
- Fuel consumption Total kg(m3)
Fuel consumption per hour kg{m H/h
Firing guantity per burner kg{m H/h
Combustion chamber heat generation kcal/m*h
Condition of firing equipment
Condition of control device
Condition of drafting equipment -
Condition of water feeding equipment
Total (corrected valué} < kg
83 gﬁ"\:’;’t'c?_r Per hour kg/h
o
@
‘é _ Per uni_t vqlumc of fuel kg/kg(m,?)
'§ Economizer inlet *'C
[r Temperature
Boiler proper inlet 'C.
Rate of condensate recovery %
Boiler drum bar
Superheater outlet bar
Pressurc Reheater inlet bar
Reheater outlet bar
g -
® Superheated outlet 'C
2 Temperature  Reheater inlet *C
g Reheater outlet - TC
g M ing by a throttling calorimet imat
o L . easuring by a throttling calorimeter or approximate
& Dryness (in case 01? no superheater) % figures (i.c. 98%) : ; . )
Total (corrected value) kg - P .
Evaporation Per hour ke /h Obtain from the feed water quantity. Correct the boiler

- Equivalent cvaporation per hour keg/h

water level and the:steam used in itself. -

Source of steam

@ .
[} . o )
%.g o g Quantity of steam kg/h  If impossible to measure, use an approximate figures,
# B EF Pressure and temperature bar, *C : B : SO S
g Air quantity per 1 kg of fuel m 3 /kg(m®H Calculate from the composition of fuel and combustion éas.
B e Air preheater inlet C, mmAqg
«8 = ;:?pcrature Air preheater outlet *C, mmAq
28 pressure Qutlet of forced draft fan ‘C, mmaq
. Inlet of chamber 'C, mmAq
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Table 9.7 Results of Measurement (2/2)

W 2 Oullet of boiler proper
S8 o Airratio Oullet of economizer
288 Qutlet of air preheater
Exhaust gas quantity per unit volume of fuet m_*/kg(m%
Purnace inside *C, mmAg
Outlet of boiler proper °C, mmAg
o Temperati Economizer inlet *C, mmAg
& :l_(linpe ature Ecenomizer outlet 'C, mmAg
= a ) Air preheater inlet 'C, mmAq
8 pressure -Air preheater oullet ‘C, mmAq
g Induced fan suction 'C, mmiq
E Induced fan delivery *C, mmAgq
[+] A .
= Qutlet of boiler proper
a €0, 0, CO) - %
=S . QOutlet of economizer
Gas anglysis
g Y (€0, 0,,.CO) %
Qutlet of air preheater
(CO, 0, CO) %
Unburned coﬁlponent % Calculate from the fuel consumption, ash in fuel,

Refuse quantity per unit volume of fuel - kg/kg unburned fuel ia cinder.

Condition of smoke

Auxil- . Steam consﬁrﬁption . kg
iary -Electric power consumption kWh
Remark
Remarks . 1. The values entered to this sheet, such as analysis data of the refuse and cxhaust gas,

- pressures, temperatures and etc. of the steam, air and gas shall be the averages.

Load Tactor shall bé as follows.

Actual- evaporation
P % 100%

“Load factor= — - -
o Maximum continuous evaporation

-‘C'ond_itiod 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
' “ opening, ctc.

_ Pu']veri_zér coal firing working number and speed of coal feeders, pulverizers,

exhausters and fans, damper opening, working number and
: _ condition of burners . : _ '
Oil fifing ' oil pressure, and working number and condition of burner
Gas combustion ‘gas pressure. Number and condition of operating burners

Condition of water feeding equipment means as follows.
Intermitient feeding  number of feeding per hour, efc.

-Continuous feeding working number, revolution, valve opening, etc. of pumps

Condition o[drahing cquipnﬁcnt means revolution, regulating valve opening, damper
opening, etc. of fans. ' ' :
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Tabie 9.8 Heat Balance Tabie (1/2)

] Heat input keal/kg(m ) %
[43] Calorific value of fucl H® {2) Mean speéiﬁc heat of fuel x Fuel _
2y (0 Sensible heat of fuel Q, temp. afler heating — ambient temp.)
(3) @) Sensible heat of air qQ, {3) Air quantity {including moisture)
@) ( Carrying heat of furnace blast steam Q, per 1 kg (m? of fuel x Mean

specific heat of air x (Air temp.
after heating - ambient temp.)
(4) Blast steam guantity per 1 kg :
(Nm¥) of fuel x (En’thalpy of steam
- Enthalpy of steam in ambient
. temp.) (Only in case of steam from
another source)

Total : H®+ @ -100

Note (® (2), (3) and (4) are due to the exiernal 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 gencrated stcam (l) (7)) Feed water quantity per 1 kg
(a) Heat -absorbed at the boiler proper Q, _ {m,® of fuel x (Enthalpy of
(b) Heat absorbed by economizer Q.. . steam in outlet of boitér -
{c) Heat absorbed by superheater Q,. Enthalpy in outlet of economizer)
(2) Heat absorbed by reheater Q. {b) Feed waler quantily per. 1 kg
(m?) of fuetl » (Enthalpy of
feed water in outlet of econo-
mizer - Enthalpy of feed water)
() Feed water quantity pev 1 kg
- A of fuel x (Enthalpy of
8 steam in outlet of superheater -
o Enthalpy of steam in outlet of
= haoiler) + Spray quantity per 1
o kg {m, ] ‘of fuel x (Enthalpy of
b steam in outlet of superheater -
Enthalpy of spray water}.

(2) Steam guantity in inlet of reheater per
1kg (mi ) of fuel x (Enthalpy of
steam in ou_t]et of reheater - Enthalpy
of steam in inlet of reheater) + Spray
quantity.per 1'kg. (m 5 of fuel x
(Enthalpy of steam in outlet of
-reheater - Enihalpy of spray water)

Subtotal Qs
(1) Heat lossin exhaust fas L9 (1) Actual exhaust gas quanlity
(2) ° Heat loss due to furnace blast sleam L, . (including moisture) per 1 kg (m,»
(3) Heat loss due to incomplete burning : ' of-fuel x mean specific heat of
: exhaust gas L, exhaust gas x (Temp. of exhaust
% (4 Heat loss due lo combustible in refuse L, gas — ambient temp.) .
£ (5 Hest loss due to rclease L, See jtem {f)
@ (6) Heatloss due to others - L, Seeitem (g) -
> : See item (h)
See itém’ (i)
See item ()
Subtotal . L®
Total ’ i 100

Note () In case of a high heatmg value basis L”{L“’} sha]l be taken as Lih {Llh’} and I,
{L,’} betaken as shall be t'lken as L, {L}. '
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Table 9.8 Heat Balance Table (2/2)

Botler elficiency %

(1} Inputand-output heat method

Qs

= x 100,

I, +Q

(2) Heat loss method

L ~L
1, =(1_——‘———°‘)x100,
H +Q

Method to obtain lower combustion heat from higher combustion hcat.
Solid fuel and liquid fuel: H, = Hh — 5.9 (9h + w) kcal/kg Fuel

Here, b : Hydi’bgen content in scrvice condition (wt%)
“w: Moisture content in service condition (wt%)

‘Wherl omitting elementary analysis, b shall take the following value.
Kerosene, light oil, crude oil and fuel oil A; h = 13%
Fuel oil B: h=12%
Fuel oil C: h=11%

Apart from this, on petroleum fuel, the graph and chart which show the relation between
specific gravity and calorific valué have been published. (Sée Figure 9.8). When a specific
gravity measured at t°C is d, the specific gravity d ; at 15 °C can be obtained by the fol-
lowing cquation. :

d,, = d, + 0.00065 (1 - 15)
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Figure 9.8 Reiatlon between Calorific Value (Low) and Speclfic Gravity of
Petroleum Fuel
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Specific gravity

Even if the following eQuzﬂion is applied, error is not so much. (Sec Téblc 9.9)

Gascous fuel: H, = 25.7 (H;) + 30,2 (CO) + 85.5 (CH,)

Here, (H,) etc. arc taken as the vol.% of each component.

+ 143 (CH,) + 154 (C,H) + 211 (CH,)
+224 (CH) + 272 (CH)
+ 295 (C,H,) kcal/m? Fuel
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Table 8.9 Specific Gravity, Sulfur Content and Mean Calorific Value of
Petroleum Fuel

Specific gravity

Sulfur content (%)

Mean calorific
value (low)

b.

Kerosene 0.79 ~ 0.85 0.5 or Below kf(i Zéi)g
Light oil 0.82 ~ 0.86 1.2 or Below 10,300
Whole fuel oil 9,850
A fuel oil 0.84 ~.O.86 0.5~ 15 10,200
B fucl ol 0.88 - 0.92 0.5~ 3.0 9,900
C _fuel oil 0.90 ~ 0.95 1.5 ~ 3.5 (Over) 9,750

Specific heat of fuel and air

Coal: 0.25 keal/(kg. °C)

Fuel oil: 0.45 kcalfikg. °C)
Natural gas: .0.38 ~ 0.42 keal/(kg - *C)
LPG: 0.7 ~ 1.0 keal/(m? [°C) :
Air: 0.31 keal/(m? - °C) (Influence of humld:ty in air can be negiected.)

 Air amount

' Thc theorcucal air (Ay) can be obtdmed by calculatlon from the componcnt of fuel, In solid

and hquld fuels, if the contents of carbon, hydrogcn oxygen and sulfur in the fuel are taken
as ¢, h, o and s%, rcSpecuvely A is rcprcscntcd by the following cquataon

0

1 . 0
A =L 18.89¢ +26.7 (h— 2} + 3.33s] m® /kg Fucl
100 | (h-3) NKE

If an elementary analysis of fucl is not done, A, is able 1o calculate using the approximate

. expression from its calorific value. This standard adopts Boie’s ‘equation.

[1-9-33



- Case of coal

H,

Ay = 10150 +0.56m* /kg Fuel

¥

Case of fuel oil

. H, _
A = 1238 —=—-1.36m° /kg Fuel
0 19,000 w/kg

Case of 'gascous fuel

.
A= 11.20mm3N/m3N Fuel

H

(Case of hydrocarbon-mixé_d gas)
The_élctu’al air input (A) can be obtained by the following equation.

A=mA, (1 + 1.61 z) m° fkg Fuel

m: Air ratio :
z: Absolute humidity of atmosphere kg/kg Dry air

The value of z can be obtained from Figure 9.9,

Specific volume of water vapor m>y / kg .x y o

Quantity of water vapor in air = s ey :
Specific volume of dry airm”n / kg

1.61 z m* fm° (dry air)

The air ratio can be obtained by calculating the material balance through mcasuring the
oxygen concentration or the CO, concentraiion in the exhaust gas: If the nitrogen content
in the fuel is small, if the nitrogen content in the dry combustion cxhaust gas can be assumed
as 79 %, and if complete combustion can be assumed, the air ratio can be obtained by the
following equation, ' ' o '

o
21-(0y)

(0,): Oxygen concentration (%) in the exhaust gaé
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When there is little hydrogen in the {uel:

- {€O,) max
~ - (C0o,)

(CO,): Carbon dioxide concentration (%) in the exhaust gas
- (CO,) max: Max. carbon dioxide concentration in theoretical dry exhaust gas

The following values may be used for the value of CO, max: Coal: 18.5 %, fuel oil: 15.7 %,
natural gas: 12 %, LPG: 14.5 %,

Figure 9.9 Absolute Humidity of Air
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d. Heat absorbed by generated steam

The heat absorbed by the generated steam is shown by the value that subtracts the sensible
heat of feed water from the retaining heat of gencrated stcam. If water is sprayed at a
superheater, the heat absorbed by the sprayed water is added to this.

If a reheater is used, the heat obtained by the steam and the sprayed water is added to it. The
enthalpy of steam is shown in Tables 9.10 and 11. '

e. Exhaust gas loss

The average specific heat of combustion cxhaust gas is 0.33 kcal/(m® " C) from the result
obtained in the range of 0 to 300 °C in a temperature and 1.0 to 1.3 in an air ratio (1.5 for
a solid fuel).

The theoretical wet combustion cxhaust gas quantity is calculated from the material balance
similar to the theoretical air or can be obtained from the fuel calorific value according to the
‘Boie’s approximate expression.

Case of coal

. 0.904H,
G =———% 4 167m Fuet
'~ 71000 w/ke

Case of fucl oil

15.75H, . ‘
G, = ~-"—% 391 m?® /kg Fuel
'~ 770,000 w/kg Fue
Case of gaseous fuel

2 : E
LB
10,000
(Case of hydrocarbon-mixed gas)
Actual exhaust gas quantity 1e 'as'thc following equation.

G =G, + (m - 1) A, + waler vapor quantity due to moisture in air

The water vapor quantity due to moiéture in the air may usually be neglected.
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Table 8.10 Thermod_ynamic Properties of Saturated Water and Saturated
Steam {Temperature reference)

Specific enthalpy (kJ.~%g}

Specific (K g KD

Temperature - gﬁég‘ﬁr‘é‘m Specific volume(m kg } eHLIoDY
1 (©) T (K} Pe (MPa] v Ly b LN Rt M3 s s
0.0 | 273.15 0.0006108 £.0010002 | 206.3 —0.04 2501.6 2590.6 —-0.0002 | 9.1517
0.01 | 273.18 0.0006112 0.0010002 | 206.2 0.00 | 2505.6 25016 0.0000 | 9.1575
2 215,15 0.0807055 0.0010001 119.9 8,39 | 2505.2 2496.8 0.0306 | 9.1047
4 17,15 | o0.0008129 i 0.0010020 157.3 16. 80 2508.9 2492.1 0,011 | 9.0526
6 219,15 0.06008345 0.0010000 | 137.8 25,21 2612.6 2487.4 0.0913 | 9.00i%
8 281,15 0.0010720 0.00t0001 | 121.0 33. 50 2516.2 2482.6 0.1213 | 8.9513
10 283.15 0.0012270 0.0010003 | 106.4 41.99 2519.9 2417.8 0.1510 | 8.8020
12 285.15 0.0014014 | 0.0010004 | 93.84 50. 38 2523.6 2473.2 0.1805 | 8.8536
P4 ?87.15 0.0015373 0.0610007 82,90 5B. 75 2527.2 |- 2468,5° 0.2098 | 8.8060
16 284,15 0.00i8168- | 0.0010010 73,38 61,13 2530.9 2463.8 0.2388 | B.7593
18 291,15 0.002062 - .| 0.0010013 65,09 75.50 2534.5 | 2459.0 0.2677 | 8.713%
20 293.15 0:002337 4.0010017 57.84 £3.86 2538.2 2454,3 D.2963 | B.6684
22 29515 0.002642 |- 0.0010022 5.4 92.23 2541:8 . | 2449.8 0.3247 | s.524!
24 297.15 0.002982 0.0010026 45.93 100.5% 25455 2444.9 0.3530° | 8.5806
25 299715 0.003360 p.bO10032 41.03 108.95 2549, | 2440.2 0.3810 | 8.5379
28 301,15 0.003778 | 0.0010037 36.72 111.31 2552.7 2435.4 0.4088 | 8.495%
30 303.15 0.00424) 0.0010043 . | 32.93 125,66 2556.4 2430.7 0.4365 | 8.4548
3z 305.15 0,004753 0.0080045 29,57 S 34,02 2560.0 2425.% 0.4640 | B.§140
34 30115 0.005318 0.0010056 26.50 142.38 2561.6 2421.2 0.4%13 | B.3740
36 369,15 0,005940 0.0010063 23.97 150,74 2567.2 2416.4 0.5184 | 8.3348
38 3115 0.006624 0.0010070 21.63 159.09 [ 2570.8 2511.7 D.5453 | 8.2962
40 313195 2.007375 0.0010078° 19,55 16745 25744 2406.9 0.57121 8.2583
42 315,15 0.008198 0.0010086 17.69 17581 2511.9 - | 24024 0.5387 | 8.220%
a4 715 0.009100 -, 0,0010094 16.04 184,17, 2581.5 2397.3 0.6252 | 8.1842
46 319.15 0.010086 ° | 0.00101G3 .| [4.55 192.53 | . 2585.1 2392.% G.6514 | 8.1481
48 <HEE 0.011162 0.0010082 |- 13,23 200.88 2588.6 2387.7 06776 | 81125
50 .. 323,15 0.012335 0.001042!t 12.05 . 209.26 |- 2592.2 2382.9 0.7035 | 8.0716
55 128,15 0.015741 0.0010445 5,573 230,17 2601.0 2370.8 0.7691 | 7.9926
60 333,18 0.019920 0001017} - 1.619 - |. 251,00 2509.7 2358.6 0.8310 | 7.9108
65 338:15 0.02501 0.0010199 | 6.202. -212.02 | 2818.4 2346.3 0.8933 | 7.8322
70 343,18 | o0.0m16 | 0.0010228. | - 5.046 292.97 | 2626.% 2334,0 0.8548 | 7.7565
15 348,15 0.03858 0.0010253 4,134 313,94 2635.4 2321.5 1.0154 | 7.6835
80 353,15 L 0.04736 0.0010292° | - 3.40% - (| 334,92 2843.8 2308.8 1.0753 | 7.6132
BS 353,15 0,05780 0.0010326 2.82¢ 155,92 2652.0 2296.5 1.1343 | 7.5454
90 363.15 0.07011 0.0010361 2.361 - "{ 376.94 { 2660.! 2283.2 1.1925 | 7.4799
95 368,15 " 0.08453 0.0010398 { © }.932 397,89 (| 2668.1: | 221002 1.2501 | 7.4166
100 372.15 | 0010132 0.0010437- 1.673 412,06 2616.0 | 2256.% 1.3089 | 7.35%4
o 383,15 Co.ld327 0.0010519 210 461,32 | -2691.3 2230.0 r.4185 { 7.2388
120 393,15 - 0.19854 . 0.0010506 0.891% 503,12 2706,0 | 2202.2 t.5276 | 1.1292
130 403.15 0.27013 0.0010700 " 0.6681 546.3F | . 2719.9 | 21713.6 1,6344 [ 7.0261
146° 413,05 0.3614 ' 0.0010801 | 0.5085 §89.10 [ 27133.% 2144.0 1.7390 | 6.9284&
150 423.15 . 0.4760 0.0010908 .| 0.39%24 §32,15 2745.4 2§13.2 1.8416 | 6,8358
160 433,15 - 0.6181 - - 10011922 0.3088 . | $75.47 | 2756.7 2081.3 1.9425 | 6.747%
170 443,15 0.7920 0.0011145 0.2425 719,12 2167.1 2047.9 2.0416 | 6.6630
180 453.1% 1.0027 0.0011275 0.1938 763.12 2776.3 2013.1 2.1393 | 6.581%
198 463,15 1.2551 G¢.0011445 0.1563 807.52 2784.3 1976.7 2.2356 | 6.5036
200 413,15 1.5539 0.0011565 0.1272 852.37 2190.9 1938.6 2.3307 | 6.4278
zlo 483,15 1.90771 0.001726 .0.1042 897.74 2796.2 1828.5 ‘2,424 | 6.3539
220 433.15 | 2 3198 0.0011900 { 0,08504 943,67 2799.9 .| 1856.2 2.51718 | 6.2817
230 503.15 27978 ‘0.0012087 0.07145- | 990.26 |- 2802.0 1815.7 2.6102 | 6.2107
240 513,18 13,3418 0.008229} 0.05965 1037.6 2802.2 1164.6 2.7020 | 6.1406
250 523.15 - | 3976 © 0.0012513 0.05004 1085.8 2800.4 { 1714.6 2.7935 1 6.0708
260 533,15 4.6943 0.0012756 0.04213 1134.9 2196.4 |- 1651.5 2.8848 | 6.00f0
210 §43.15 : | 5/5058 - 0.0013025 0.0355% 1185.2 | 2789.9 {604.6 . 2.8163 | 5.9304
280 553,15 6.4202 0.0013324 0.03643 1236.8 2780.4 15436 30683 | 5.8585
290 563,15 1 | 17,4461 0.001365% 0.02554 1290.0 2761.6 1477.6 3.9611 | 5.7848
300 513.15 8,5927 0.0014041 0.02165 1345.0 2751.0 1406.0 3.255%2 | 5,7081
30 583.15 9. 8700 0.0014430 '0,01833- | 1402.4 21300 FI21.6 3.3512 | 5.6278
3z0 583,15 11,289 0.0014995 - 0.01548 1462. 6 2703,7 12441 3.4560 | 5.5423
330 6315 12,863 0,0015615 | 0.0129% 1526.5 2670.2 1143.6 3.5528 | 5.44%0
340 613.15. | 14, 605 0.0016337. 0.01078 "~ 1 1595.5 2626.2 1030.7 3.6616 { 5.3427
350 621.15 16, 525 G.0017491 |- D.0D8793 | 671,90 2567.7 895.7 ‘3.7800 | 5.2177
380 633,15 8. 575 0.001895% 0.006940 ] '1764.2 2485.4 721.3 3.9210 | 5.0600
370 B43, 15 21,054 0.0022135 0.004373 § 18902 7342.8 452.5 4,1108 4,8144
37415 | 647.30 ] 22.120 0.00347 2107, 4 0.0 4.429

1[Mpa=10.197kg /em®

1 kJ=0.2389 kcal
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Table 9.11 Thermod‘ynamlc Properties of Saturated Water and Saturated
Steam (Pressure reference) - - : )

Saturation

N ifi m Aka ifi , y . {Specilic .
I*ressure Temperature Spccx.ﬁc volume(m kg { Specific enthal.py kakgl . |ehtropy ["SJ/(!TG [3))]
P (MPa) . (T} | & (K] v v’ A » e .
0.00t 6.9628 | 280,1328] .0.001000) { 129.20 29,34 | 2514.4 | 24p5.0 '] D0.i06G | B8.5767
0.002 17.513 290.663 | 0.0010002 | 67.01 73.46 | 2533.6 | =2460.2 |. 0.2607 | 8.1246
0.003 24.100 257.250 | 0.0010027 | 45.67 101,00 | 25456 | 2444.6 | .0.354d | 'B.5785
0.004 26.98) 302:133 { 0.00i0040 | 34.80 121,41 { 2554,5 | 2433.1 | 0.4225 | B.4755
0.005 32.898 306.048 | 0.0010052 | 28.19 137.77.| 2ser.s | 2423.8 | 0.4763 | 9.3960
0.0%6 “3s.183 | 309.333 | 0.0010064 { 23.74 151,50 | 2567.5 | 24i6.0 | '0.5209 | 8.3312
0.607 39.028 312,175 | 0.0010074 {1  20.53 163.38 | ‘2572.6 | 2409.2- [ 0.5591 8.2167
0.008 41,334 314.684 | 0.0010084 | §8.10 £73.86 | 2571.0 | 2402.2 |- 0.5925 | 8.2298
0.009 43.187 316,937 | 0.0010034 | 16,20 i83.26 | 258).1- | 2397.9 | 0.6224 | 8.1831
0.010 5,633 315.983 | 0.0010102 | 14.67 191,83 | 2584.8 | '2392.9 | 0.6493 | B8.ISH1
¢.02 60.086. | 333.236 | o0.0010072 |  7.650 251,45 | '2609.9: | 2356.4 | -0.8320° | 7.9%94
0.03 sg.12é | adz.zia { 0.0010223 5,220 | 289.30 | 2625.4 | 2335.1-,.0.9441 7.7695
0.04 75,846 349,036 | 0.0010265 3.9%3 317.65 | '2636.9 | . 2349.2 1.0261. | 1.6709
0.05 B1.345 354,495 | 06.001030) 3.240 340,56, | 2646.0 | 2305.4 | 10912 | 7.5947
0.06 B5. 954 asg.1p4 | 0.0010333 2.732 259,93 | 2853.6 | 22936 1.1458 | 1.5327
0.08 93.5(2 | 366.662 | 0.0010387 2.087 391,72 | e665.8 | z2v4.0 ] 1.2336 | 7.4352
0,10 99.602 | "372.782 | 0.0010434 1.694 417.51 | 2875.4. | 22519 1.3027. | . 7,.3598
0.101325 100.90 373.15 | - 0.0010437 1.673 419,06 | '2676.0 | ~2256.9 1.3069 | 7.3554
0.1z 104.8( 377,96 . | 0.0010476 1.428 439.26 | 2583.4 | =zz244.1 .| 1.360% | 7.2984
.14 109.32 . 382.47 Q.0010513 1.236 458.42 | 26%0.3 2231.9 -1.4108 1.2455
.18 113.32 386.47 .| | 0.0010547 1.091 475,38 | 26%6,2 | 2220.9 | (.4s550. [ T.2007
.18 116,93 330,08 0.0010579 0.9772 430.70 | 2101.5 | 2210.8 1.4344. | 7.0522
0.2 120.23 393,38 0.0010608 | - 0.8854 | 504.70-| -2706.3 | -z200:6 | 0.5300 | 71,1268
0.3 133,54 406.69 €.0010735, 0.5055 561,43 | 2728.7 | 2163.2. | 1.6718 | 6.9909
0.4 143,62 a16.77 0.0010839 0.4622 604,677 | 2137.6 | 2033.0° | 1.7764 | 6.B943
0.% 150.8¢ 124.99 0.0010928 | - 0.37a7 | -se0.12 | 2147.5 | 21014 1.2604 ] ° 5.8192
0.6 158.84 431,99 0. 0011009 0.3155 670,42 |: 2755.5 2085.0 1.9308: | - 6.7575
0.1 154,95 438117} . 0.0011082 0.2727 g97.06 | 2re2.0. | 2084.9. ] 1.9918 |- 6.7052
0.8 170,41 443,58 0.0011150 0.2403 720,94 | 2167.5 | '2046.5- | 2.0457 | 6.6596
0.9 175,36 448.51 0.0011213 0.2148 724.64 | 2r72.1 | 2029.5 | 2.0941-] 6.6192
1.0 171988 453.03 |- 0.0001274 0.1943 .| 762.61 | 2116.2 | 2013:6 | 2.1282 [ 6.5878
2 187.9% 4611} 0. 091386 0.1632 798,43 | 2782.7 | 1984.3-| 2.216k | 6.5194
1.4 195.04 468,139 0. 0011489 0.7407 810.08 | 2787.8 | 1957.7:}.72.2837 .| 6.4651
1.5~ 198.2% 471.44 0. 0011538 0. £317 - 844,67 2789.8% 1945.2 | 2.3145 6.4408
1.5 201.37 ara,52. | 0.0011586 0.5237 858.56 | "2y91.7 |- 1833.2 | 2.3436 | 6.4115
i.8 207.11 480,26 0. 0011678 0.5103 584.58 | 2794.8 | 1910.3:] 2.3916 | 6.3151
2.0 282,37 ag5.52".| 0.0011766 0.09s54 | 908.59 | 2797.2 | 148A.6 | 2.4469. [ 6.3367
2.2 217.24 490.39 0. 001 1850 0.05066 | 93095 | zras.i | aes.ii:] - 2.4922. s.3018
2.8 221.78 494,93 0.0011932 0.08320 | - 951.93 | 2800.4° | 184B:5 | 2.5343.:| 6.2650
2.5 223.94 497.09 | 0.0041472 0.0799) | 961.96 | 2800.9 | 18390 | 2.5543 7| 6.2536
2.6 226. 04 499,19 | CQ.0012011 | . 0.07686 | 971.72 | 2801.6 i825:0 - f -2.583F: | 6.2315
2.8 230. 05 503,20 0. 00 2088 0.07139 |. 990.48 | 2802.¢ | 18IS ] 2.6106 | 6.2104
3.0 233.84 5C5.99 | . 0.0312163 | . 0.06563 f §008.4 | 2802.3 1 1793.8 | 2.6455. . 6.1837
.5 242,54 515.69 0. 00 2345 $.05703 1049.8 12802.0 F152.2 . 2.7252 .-6.12¢8
4.0 250,33 523.48 0. 001 252F 0.04975 | 1087.4 2800,3 r12.9 2.71965 6.0685
4.5 257.41 530.56 0. D0F269] 0.04409 122, ¥ 2791.7 1675.6 ©2,8682- 1 6.018)
5.0 263.91 $37.66 0. 0012858 0.03943. | ‘1i54,5 | .2y94:2 | 1638.7 | 2.9206 | 5.8735
5.5 269.93 543.08 0. 0013023, 0.03563 1184.9 2789.9 1605.0 2.9757 . 5.9309 .
6.0 215.55 548.70° | : 0.Q0I3167 .0.03284 | -1283.7- | 2785.0 | . 1571.3 |- 3.0273 | -5.8908
5.5 280,82 553,97 0. 0012350 0.02972 | 1241.1 21795 1538.4 1 3.0759° | 5.8527
7.0 285.79 558.94 0.0013513 ‘0.02737 | 1267.4 2173.5 | 1506.0 .| 3.1219 | 5.8162
1.5 290.50 563.65 0.0013677 6.02533 | 1292.7- | 2766.% | 1474.2 | 3.1657 | '5.7811
8.0 296.97 568.17 0.0013842 0.02353 | 1317.8 -} 2759.9 | 1d4z.8. |- 3.2076 .| 5.7471:
3 303,31 576.46 0.0014179_ | ~06.07050 | 1363.7 | 2744.6 1280.3 | 3.2867 | 5.6820
18 31096 584,11 0.0014526 0.01804 | 1408.0 2121.1 1319.7 | 3.3605 |. 5.6198
H 318.05 59%,20 0. 014887, o.or601 | 1450.6 . 2709.3 £258.7 | . 3.4304 | 5.5595
iz 324,65 597.80 0.0015268 | - v.vidze | 1491.8 7| 2689.2 1197.4 . | 3.4972. | 5.5002 "
13 330.83 603.98 | - 0. 0015672 0.01280 | 1532.0 - [ 2667.0 | 1135.0 | 3.5616. | 5. 4408
14 336.6¢ 609.79 0. 0016106 0.01150 | 1571.6 | 2642.4 1070.7- | 3.5242 | 5.3803
15 34213 | 615.26 | 0.00i6579 0.01034 | 1s11.0 | .2615.0 1004.0° | 3.6836 (| 53178
16 347,31 620.48 0.000 7103 -0.009308] 1650.5 2584.9 934.3 . 3.747¢ . 5.253t
i 52.26 62541 0. 0017656 0. 008371] 1691.7 2551.6 859.9- | 3.8007° | 5.1855
18 355.96 | 630.11 . 0. 00618399 -0. 0074981 1734.8 2513.9 729,1 13,8785 5.1128-
1% I6L.43 634,58 . 0. 003260 . .0.006E78| '1778.7 |- 2470.65 632.0 | 3.542% 5.0332.
20 365.70 638.85 0. 6020370 - '0.005877] 1826.% 2418.4 591.9 |- 4.014%° 4,942 -
2t 365,18 642,93 0. 002201% 0.005023] 1886.3 | 23a7.6° 451.3 | 4.1048. 1 4.8223
22 173.69 546,84 0, 0026714 0.003128] 2011.1 2195.6 184.5 - 4.2947 | 4.5799
22.12 1714. 15 647.30 D.00117 2107, 4 0.0 4.4428
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Heat loss due to furnace blast étcam

Steam is used to atomize fuel. In use of the stcam generated in the boiler, the heat loss is
according to the following equation.

Heat loss duc to blow-in stcam = Blow-in steam quantity per 1 kg of fuel x (Enthalpy of
steam at exhaust gas temperature) — (Enthalpy of feed

water)

In use of steam in another line, the enthalpy of steam at ambient temperature is taken as
basis, and an output heat and input heat are calculated in enthalpies in each condition.

Heat loss due to incompletely burning gas '
It is calculated according to the following equation.
Heat loss = 30.5 [G, + (in ~ 1) AO] (CO) kcal/kg (m?)-Fuel

(CO) is a carbon niono’xide conient (%)-in dry exhausl gas, G, is theoretical dry exhaust gas

quanti_ty. _

Hea_t loss due to com.bustiblc refﬁs'e in gihder

A conibusti_ﬁle carbon _(C)% content can bie obtained by :the fo]lowing equation.
¢ = au/(100 — u)

here, a: Ash content % in fuel _
u: Average unbumed content % in cinder

Heat loss is 81 kcal/kg Fuel.
‘Heat Toss duc 1o heat release
" Although it may' be obtained by measuring the heat release in each part, in Japancse

Industrial Standards, heat loss is taken as a value multiplied by the fuel calorific value by
heat release loss %.

The fdllowing values are shown as round figures for heat loss. (Table 9.12)

For reference, the diagram shown in the Power Test Code of the ASME (American Society
of Mechanical Engineering) is shown in Figure 9,10, This diagram is a case of the
difference between the temperature of the warm surface and the ambient temperature is
28 °C and the air flow velocity on the surface is 0.5 m/s. For other conditions, it should be
cofrgcted by a multiple of Figure 9.11. This diagram is for a high calorific value. For alow
calorific value it should be multiplied by Hh/HZ,
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Table 9.12 Radiant Heat Loss

Boiler capacityt/h 5 10 50 100 500 1000

Radiant heat loss% 2.0 1.4 0.8 05 0.3 0.2

Figure ©.10 Heat L.oss Chart (From ABMA chart in power test code of ASME)

Number of cooling wall .

Air-cooling  Water-ccoling Partial load heat output )

wall wall N : %
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+ g H h NN N Sk AN 4
= 4 = R RN N A ~ ] 3
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2 sall T ISEINR NN R N 2
s HITH Max. continuous ™ »\\\ \ \\ '\\ N N
] heat output. |~ |f By : . i
20 . cat outp “--§>\\ N [ S \\ s, \\\ \\\ w
o R - Lt - ) ) 3 : aa
# aspe) Bz NI R N N
z bt =917 - e n N N A
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b-f . l 1 04

i i : t 11 : Aol o1 i
CERLS UokyDd BWBW - 2 34 5 310 20 3040 6030i00 200 500 1000 2000 000
DEIG GTSS . . "
Air-lcooling Watercooling Qe Hourly total effective heat output (10 Kcalfh)
wall - - wall

Cooling wall coefficient

(The ligure shows the case that the iemperature difference between the heat relcase surface and the ambient
air is 2k°C and the wind velocily on the heat release surface i§ 0.5 m/s. Correclion multiples in other
condilion arc based on it of Fig. 9.11.) : -

MNote:  Sofur asa water-cooling wail eccupics 13 or more_oflrhc projected areaina combustion chamber.
reduction of heat loss is permitied to be done. For an air-cosling wall, the reduction of heat loss
should be restricled to a case of utilization to combustion of the cooling air.

Example: Infx boiler having lhe maximum continuous lead of 100X 10" Kcaljh. whenthe bahial foad is 5%
10° Keal, h and the number of water-cooling walt is 3, the heat loss rale resulls in .65
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Figure 9.11 Correction Multiple of Temperature Difference and Air Velocity
" to Figure 9.10
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Temperature difference belween heat release surface and ambicnt air

j.  Other heat losses

They are error terms.

9.5 Boiler Performance Indication

The bonler cfﬁcxcncy is mdl(:'ued by an input- output method which is represented by a ratio of the
available output heat to the total input hcat as shown in Table 9.8 or by a heat toss method which

_subtracts the heat loss rate.
~Also, to in'di_cate' the boiler perforniance, an equivalent evaporation multiple is often used.

‘Equivalent evaporation

kg stcam/kg {(m3)) Fucl
Consumed fuel quantity B £ HMx

Equwalent evapomtmn muluple =

In the same boiler; when the vapor pressure and other conditions are almost constant, an
evaporation multiple should be obtained as an actual evaporation without conversion. [t is
sometimes used as a good rating for daily management.
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The performance may somgetimes be indicated by a rate of evaporation of heating surface (kg/
m?h) which is divided by the cquivalent cvapofaﬁo_h by the heating surfacc arca (except an
economizer and a supcr_heater), or by a rate of heat generation (kcai/mf“h) in the combustion
chamber which is divided by the total input heat by the volume of the combustion chamber,

9.6 Consideration in Installation Steps
9.6.1 Cogeneration

When steam is applicd to heating, its heating temperature .is almost 200°C or less and the
temperature of steam is also around the same temperature. While, the flame temperature when
fuel is burncd, reaches one lhoiisaﬁd and several hundred degrees centigrade, but the temperature
difference between its temperature and the steam temperature is not utilized effectively.

The basis of a heat engine in which heat is converted to work is the Carnot cycle. When an
effective work occurs by the completion oficycle through that of an operating fluid receives heat
at the temperature of T K- from a high temperature heat source and releases the heat at the
temperature of T,K to a low temperature heat source, the theoretical efficiency of the Carnot
cycle can be represcntcd by the following equ'\tlon ' '

Accordingly, a higher ”I‘l is a higher efficiency.

Cogeneration gives a work (electric power) by utilization of the h}gher temperatures when fuel
is bumned and utilizes the remaining exhaust heat as heat (see Figure 9.12). And various systems
are considered as follows.

(1) (Gas wurbine power generation) + (Steam turbine power genération)'

(2) (Diesel or gas engine power gencration) + (Hot water suppl_y) o

(3) (High pressurc stcam turbine power generation) + (Steam supply for he_ating)

In the p}ams of a steam ConSllmleon type, the last system (3) is usually used in such as a
petroleum refinery, a paper and pulp plant, or a chemical plani. From the. pomt of view of
efficicney, the steam pressure is desirable in 30 bar or more and it is almost 100 bar. And the
capacity is 50 t/h'or more. With the sharp 1dvance of an energy price, the economical efficiency

is improved even in further lower pressure and a lower capacity boiler and the case equlpped with
a generator instead of the pressure reducmg valve has increased.. :
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Figure 9.12 An Example of Cogeneration System

3
High pressure steam 6 bar (G)
: SR e NS
Electric power
. Pressure ¢ q
Boiler . . {reducing 1 -7
!

P Rt

pump ™~ Generator

Deaerator _ L ' \ Low-pressure steam
T T 1.5 bar (G) 4
s Intermediate-pressure stéam mg
LL= ___] _ 11 bar (G) '

Dearerator pump
‘Condensate from plant
Heat exchanged water

" Feed water tank

9.6.2 Coping with steam demand variation

'When the steam demand fluctuates largely in a short.time or a difference in the steam demand
- between day and night is large, an excessive capacily boiler compared with the average load must
© be installed and the air ratio must be kept at a higher level to prcvcnt bldc,k smoke occurring at

the Ioad fluctuation.

To prevent a declining of the boiler efficiency due to those, balancing the demand should be done
through managing the manufacturing plants as much as possible and the foliowmg measures to
the system shouid be taken,

Ag amethod, the steam accumulator should be equipped to store some cxcess steam which is used

when short of steam (See Figure 9.13). If an accumulator is accompanied when the boiler is
installed, a boiler of the capacity near to the average load is able to cover sufficiently the demand.
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" Figure 9.13 Effect of Steam Accumulator

Max. evaporation supplied by accumulator
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.
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In another method, several small size one-through boilers which are quick start-up are instalted
and the operating number of boilers is con’trolled:automalically-a(icording to load (se¢ Figure
9.14). Since this method increases the efficiency in a lower load compared with the c'ase_ of a
single boiler (sce Figure 9.15), energy conservation can be taken as'a whole with a counterbal-
ance of some loss increase due to the start-up and shut-off operation. .
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Figure 9.14 Operation Number Control
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'9.6.3 Installation of proper capacity boiler

Installation of an excess capacity boiler causes not only a higher investment bul also requires a
relatwely longer start-up time to the required steam quantity and for much heat loss. In addition
to this, when the number of ON-OFFs in operation is increased, the exhaust gas loss due to purge
at each operation is increased. In a high-low combustion changcover system boiler, although a
proper air ratio is held at 2 high combustion, it will often be transformed to a higher value at a
lower combustion.

For installation of a boiler, a proper capacity boiler should be installed, after saving of steam
consumption and control of fluctuation should be taken.

If the capacity of an cxistent boiler becomes excessive and if the time of a low combustion is
longer, an exchange to a small capacity burner may bring about a betier result.
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9.7 Energy Conservation Measure of Boilers -

There are various items for the cnergy conservation in the botlers as shown in Fi gurc' 9.16, the
characteristic factor chart. The important points of these items are described below.

8.7.1 Air Ratio

The largest heat loss of boilers is an exhaust gas Joss (see Flg,ure 9, 17) The exhaust gas loss is
decided by an exhaust gas volume and an cxhaust gas temnperature. A propcr air ratio must be
kept to minimize the exhaust gas volume.

Considerable points to maintain the proper air ratio arc as follows:

" Figure 9.16 Energy Conservation ltems of Boller
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Figure 9.17 Example of 20 T/H Boller Heat Balance

Retaining heat of generated steam
88.7%

Residual loss 1.0%

Heat loss due to

steam in exhaust gas
0.6% .

Heating value of

burning assistant steam
3.7%

"

Heat Qutput
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/““”' 2.6% blow-off water

7.19
% Heat loss due to
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Circulating heat
in air prcheater

Heat Input

3:1%

)

Sensible heat of air

"Heat of combustion of fuet N
971.2% Sensible heat of fuel
0.3%
Evaporation multiple = 13.67 kg 14.7 ton/ k/.

1 kg » 0,93 kg/lit.

{n Maintaining. of proper fuel oil temperature

x 1000 =

Fuel oil shquid be pr:eh'ea:ted fo 80 — 100 °C to maintain the viscosity of fuel oil within the
range of 20 to 45 ¢St. (Sce Figure 9.18),

(2) Inspection and tuning up of burner

Clogging of oil strainer
Clogging, abrasion and assembimg of burner tip

— The mounting direction of the bumer and distance to the burner tile
~ Damage of and deposit of carbon on the bumer tile

l

0il leakage from the oil valves and (he pipe conneclions

(3) Maintainin'g of steam pressure for atomization

The steam pressure, air pressure or fuel oil pressure should be maintained to the specified
value by the manufacturer to be atomized sufficiently. The characteristics of oil burners
should be referred to Table 9.13.
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(4} Prevention of air invasion

Prevent air invasion by keeping the furnace pressure properly and réducing the area of the
opening parts. '

Figure 9.18 Viscosity of Fuel Oil
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Table 9.13 Characteristics a_nd Application of Oll Burner

Low pressure air

High pressure

Qil pressure system

system - atomizing system
- Rotary
Interlock- Non- Internal External Retarn oil Non- burner
ing type interlecking  mixing mixing type return oit
) . type type type type
Fuel oil amount L/h 1.5~120 4~ 180_ 10 ~ 5,000 10 ~ 660 50 ~ 10,060 50~ 10,000 10~ 300
Oit pressure bar 04 ~1 01-03 2~9 02~1 5-40 5-70 0.5~10
Atomizing pressure ) 00 Si}oﬂt)) § Py ’2’20%(')) 3-10bar  2-~Bbar - — 13 bar
Alomizing medium ANm/kg - 4 A02m kg AD26m kg
amount (Skgrkg =30 wke 1-3m' ke <oo0y kg 5033 keske -
Atomizing medium Air Air _ Air or steam  Air or steam Air, rotation
of cup
Combustion air pressure mm I-IZO 400 ~ 2,000 100~ 2,000 0~ 250 0~ 50 104 100 0-~100
gg?g‘:fgt:;’“eg“!a’ 4-6:1  4-8:1 8:1 6:1 311 3:1 2~10:1
Stightly short .
: ettt Short flame,  Slightly long
Flame characteristic Short flame g:::{: Long Long flamie  flame Short flame  Short flame  Short flame
Possible for
propoctional ) Low
controlby  Easy g?;-?izin combustion Low cost
Merit onc lever. handling. Small g Same as left. | noise. Same as feft Fas han'dli
Low cost of  Same as [eft. cilo in Low cost of 4 ng
installation 2ging operation
and eperation
) Nof respond
to'load ;
Weakness B!ow_c:: " " Same as left rt?:e?ﬂ 2“:?;;03{ Ructualion Same’as left f:jsili;;e
’ requir a au High pressure b
pump required
. Flue smoke o 0 O o) o) o)
tube . :
Bml?r . Ona-fﬁrough o - o) 0
application g
Vertical O O ] O o)
Water-tube O O O o) &) O

- (5) Rg:_gﬁlatiqh of air

.- _The air ratio is able to make sure by an oxygen analysis in the exhaust gas but air must be
. adjusted by observation of flame and smoke for daily management. The air amount is
" adjusted with observation of the smoke sent forth from the stack and should be a little more
_than that under which a slight]y black smoke will be emitted.

Infuel oil or kerosenc burning, through observation of the flame from the front spy hole, the
combustion under conditions that the center of flame is a slightly dark shade and a dazzling
flame around it is stable is near to the proper air ratio.
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If the air amount drops a little shorter than the proper value, the neighborhood of the ﬂamc
tip has a tinge of black and soot gencrates,

'On the other hand, if the air is excessive, the [lame shortens extremely and becomes like a
branch swaying violently, The color of the flame becomes a yellow closer to white.

(6) Automatic control

It is the most simple method when the fuel'eoritrol valve is interconnected mechanically
wiih the air damper and the lever is driven by the control motor of the automatic combus-
tion. But this method is difficult to change the ~aeltmg of the air ratio during the operation
and the air ratio is more likely to be set at a little higher level not to generate black smoke
even at a fower loadmg

Therefore, there is a method'improyement in part of this method.

The example shown in Flgurc 9 19 has a ratio setting mechanism in the lmkage and the 0,
confent in the exhaust gas is fed back to ad just the air damper to the O setting by fine ad-
justment.

The example shown in Figure 9,20 remains lhe function of linkage and the controller of the
revolution of the blower is added to'it to adjust the O, concentration in the exhaust gas using
a setting value suitable to the load. : '

For a large capacity boiler, a flow controller should be installed for fuel and air resbectively
to perform a parallel or series cascade control by the steam pressure signal as shown in
Figure 9.21,

These conirols have little problem under the steddy ‘operation, but they do not have a
mechanism _tb prevent black smoke generation which controls fuél or air by preceding air
when boiler load increases and preceding fuel when boiler load decreases.  Accordingly,
these controls have the problem that the air ratio must be set at a httle higher level not to
generate black smoke even in a load fluctuation.

To dissolve this defect, the example in Figure 9.22 is applied with a cross limit to check fuel
or air flow whether to conform to the actual flow of each other: for fuel, the master sxgnal'
coming from the steam pressure meter is compared with the smoke limit fuel quantity signal
obtained by a calculation from the actual air flow, then smaller value is selected as a fuel
value. In the air s:de contrary to this, the air flow is set to alarger value between the master
signal and the smoke limit air quantity signal obtained from the actual fuel flow. Thus,

since a control of the air precedmg type is done in'a load increasing and a ¢ontrol of the fuel
preceding type is donc in the load decrcasing, the air ratio is not requned ata }arge margin,

Even in this method, however, since; at’a load rapid dec'reasing,' the ‘air ratio comes
temporarily to a higher lcvcl an upper (md lower limit mechanism of the air ratio may be

attached.
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. Figure 9.19 Boiler Alr Ratio Controller (1)
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Figure 9.21 Basic Combustion Control System

PIC: - Main steam pressure regulator
{a) Parallel cascade system : © - Fr: Airffuel rat.io setting device
FIC-F: Fuel flow regulator
FIC-A: Air flow regulator

Air
{b) Serial cascade system {c) Serial cascade system

Fuel precedence type Air precedence typé_

P1C

When the fuel component fluctuates, there are some cases in which air flow is controlled
more exactly through txansmlttmg the signal to the controller from the O, analyzer in ex-
haust gas. '

Standard of air ratio
Since the air raﬁio 'isinﬂ‘ﬁénced bj;' the type of fucl, the load factor and the composition of

control devices, these poinis must be considered for setting of the slandatd The values of
Japanesc btandard are shown in Table 9.14 as reference.
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Figure 9.22 Block Diagram of Single Cross Limit Combustion Control System

) Steam Pressure . © o, {FI) 0 Al ratio

N N § = FLOGAX) _CA
Fa(MAX)

1 CA: Theoretical air quantity per

unit fuel quantity

FHMAX): Maximum value in the

100—K2 . ;
measuting range of fuel flow

100

Master signal Fa(MAX): Maximum \?alug in the

measuring range of air {low

®

1
Low signal selection
Low select

100-+K,
[I< 100

[ e ]
. | _Computation of square
|, Fy root extraction
- I . {Correction of temperature
and pressure}
[u]
g
g (X3 U {

Cv-1 _ :

~+—xwm Fuel

PC-1 : Main Steam pressure regulation '
PC-1 : ‘Fuel oil flow control

PC-2 : Air flow control
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Table 9.14 Standard Alr Ratlo of Boller

Classification Solid fuel _ , P
of evaporation Fixed bed  Fluidized bed Liquid fuel Gas fuel  By-product gas
Large-sized boiler — — 105-1.2 105-11 12
for electric utilities : :
Other boilers .
30 t/h or more 1.3-1.45 1.2-145 11-125 11-12 12-1.3
10to30t/h 1.3-145 1.2-1.45 12-13 12-13 —_
510 10t/h I - 1.3 1.3 —
<10 t/h — — 1.3 13 —

These values shall be applied to thé operaﬁons of load. fac'l(_)r in 'the. range shown in the Table
and to steady operation. In a solid fuel, this is the case of pulverized coal of HZ 25,000 kcal/

kg.
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8.7.2 Exhaust gas temperature
- {1} Improvement of heat transfer

The thermal conductivities of soot and scale depend on their composition and the deposit
situation, and they are of values of no morc than 1/100 to 1/1,000 of those of mild steel as

- shown in Table 9.15. Accordingly, these deposits make the thermal efficiency of boilers
decline remarkz\bly similar to some insulation on the heating surface (sec Figure 9.23 and
Figure 9.24).

Table 9.15 Thermal Conductivity of Scale and Qther Substance

Scale and other substa'nce_ ' Thenﬁal conductivity (kcal/rﬁh“C) :
Soot | | 0.06-01
Qily matter | . : 0.1
Scale as main co'mp(.)nént 6f silicate o 0:2-04
Scaie as méin component of carbonate- 0.4-~0.6
Scale as main component of sulfate 0.6~2
Mild steel | | 40 ~ 60

In order to avoid any'lli'ndfance due to the scale, it is required to p.erform properly a water
treatment and a blow and to clean periodically as described in item (3) of paragraph 9.2.3.

Cleaning of the heating surface for the water side should be carried out commonly once per
year, though it depends on the degree of the watcr treatment, by manual clcaning with a
brush or by a chemical cleaning of acid containing an inhibitor.

Cieaniﬁg of the heating surface for the gas side should be carried out by a brush every month
or three months for'smoké tube boiler. Even in its period, when the temperature of exhaust
gas is higher by 30 °C compared with the temperature just after the cleaning, cleaning is
again required. For a water tube boiler, periodic soot blowing is required,

‘When a flue smoke tube boiler i_ms an enough capacity, a special steel turbulator in the

smoke tube is inserted to improve the coefficient of heat transfer by bringing turbulent fiow
in the gas flow (see item (3) of paragraph 9.7.7).
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Fuel consumption increasing rate (%)

(2) Recovery of wasie heat in exhaust gas

In boilers, it is basic that the cxhaust gas temperaturé'docs not rise by keeping air ratio in
proper values by lessening contamination on the heaung surface. If the exhaust gas
temperature is higher, the waste heat in the exhaust gas is rccovered to preheat the feed
water or the air for combustion and the thermal cfﬁcwncy as a whole should be improved.
In_ general, a large size boiler is often equipped with-both an air preheater and a feed water
preheater (economizer). A middle or small size boiler is often provided with either of them.

The point to be given attention for recovery of waste heat in the exhaust gas, is corrosion in
low temperatures due to sulfutic acid mist in the exhaust gas.

When a fuel contained with sulfur is bumned, SO, is forméd and a part of it is converted to
S0,. Accordingly, the temperature of exhaust gas comes to the dew point or less by contact
to the low temperature wall of the heat exchanger, SO, reacts with water to produce sulfuric
acid (H,SO) ina “high concentration, which provides corrosion to the heat exchanger or the
duct.

Figure 8.23 Example of Fuel Loss " Figure 9.24 'E_xampie of Relation

due to Soot on Heating : ' between Scale Thickness
Surface -+ and Fuel Loss
0 4
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N L
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The relation between the sulfur content in.fuel and the SO,% in cxhaust gas is shown in
Fi gure 9.25, the conversion of SO, to SO, is shown in Figure 9.26 and the relation between
the SO, concentration and the dew point of acid is shown in Figure 9.27. In the vicinity of
the inlet for a low iemperature fluid of the heat exchanger, & low temperature part exists
partially. Therefore, the gas temperature must be kept at a higher level than the dew point

of acid shown in the figure,

Figure 9.25 Relation between Sulfur Content in Fuel and SO, Content

irn Fuel Gas
0. %
0.3 S//_’
/2
//V
0.2 ,//41///:5/
S %//__{9/
//
0.1
0
0 1 Suffu“’} coﬁ!ent (wta%) 1 ¥

Figure 9.26 Relation between Sulfur Content in Fuel and Conversion Ratio
from SO, to SO, '

6
5
S
S 4
X .

S0s
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1 2 _ 3. 4 5
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Figure 9.27 Relatlon between SO, Concentration In Exhaust Gas and Dew
Point Temperature : -

160

140
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1] N .-
point temperature range

100

80

Dew point temperzture (°C)

60

0 100 - 200 300

SO, concentration (wt mgfm?)

To avoid this trouble, some heat ejxchangers' arc used with a gléss tubc or a lcad coating tube
as the material. As shown in Figure 9.7 of-parag;apll of ;the 'heat balance, a measure to
prevent overdropping of the gas side temperature of heat transfer surface may sometimes be
taken by means of preheating the air with an external heat source prior to feeding the air 16
the air preheater.

The rising of feed water tefnperature not only causes a direct increase of the input heat but
also it has a merit which makes the thermal stress generated ifi _t_hé drum very low by a small

temperature difference between the temperatures of feed water and boiler water in the drum.

~ The saving rate of fuel dué to air prchcating is as follows:

Where, _ : .
Q: Carrying-away heat of the combustion gas kcal/kg Fuel
P: Carrying-in heat of the preheated air . ' kcal/kg Fuel
F: Calorific value of fuel - - . kcal/kg Fuel
‘H: Available heat and required heat = F — Q o kcél/kg Fuel

In a case, where air i§ noL preheated
H =F-Q

In a case of preheating air
H,=F-Q+P=H,+P
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Taking the required heat of furnace as X kcal/h, the fuel consumption when air is not
preheated:

X kg Fuel/h
Hp

When air is prcheated:

—.-}S—z——x—— kg Fucl/h
Hy Hp+P

Accordingly, the fuel saving ratc is as follows:

X X

HA HA+P__ P
X Hy +P
Hp

The fuel saving rate in case of 1.2 in the air ratio is shown in Figure 9.28.

The preheating of air brings an encrgy conservation effect by increasing of the carrying-in
heat, a reduction of the air ratio through an improvement of the ignition and stability of the
flame and an acceleration of combustion and a rising of the flame temperature.

In the case of an air preheating, however, care must be used to the increasing of NOx
generation due to the rising of flame tcmperature and the heat resistance of the burner.

When 'an, ins'talflzi'tioti of an econofn_i_:«:ér is planned, it should be overall investigated in
comparison with the recovery of condensate, the heat recovery in a continuous blow and the
feed water preheating effect by solar enf_:rgy or utilization of waste heat in other processes.
If the feed water temperature has already risen by other heat sources, the economy of an
economizer may sometimes drop to a lower level. '
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Figure 9.28 Fuel Saving Rate due to Alr Preheating
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(3) Exhaust gas temperature standard

The heai efficiency of boilers is generally at a higher level 'compared ‘with an industrial
fumace and the exhaust gas temperature: is also at a rclatwcly lower level. A large size
boiler is in a favordblc ewnomlcal condition to equip with a waste heat recovcry unit and
has the exhaust gas at a lower tcmperalure A gascous fucl gcnerally has a lower sulfur
content and heat rccovery from the exhaust gas comes (o cxtem of lower exil lemperature

In the Japanese exhaust gas {em'pe_rature s;gndéfd, (he standard of an exhaust gas tempera-

ture by capacity and by fuel is determined in consideration of these points as shown in Table
9.16.
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Table 9.16 Standard Exhaust Gas Temperature of Boiler (unit: "G}
(Load factor: 100% at the outer temperature of 20 °C) '

ocflzsngsxt?:n Fixed beSdOhd ;:‘llilidized ped Liquidfuel - Gasfuel  By-product gas
e iites - N 200
Other boilers

30 t/h or more 200 200 200 170 200

10 to 30 t/h 250 | 200 200 170 -

5t010t/h — - 220 200 —

<10 t/h — — 250 220 —

This standard value is a temperature in a condition of 20 *C in an ambient lemperature and
100 % in a load factor just after the periodical mainicnance.

9.7.3 Preven'tion of heat release

'Bmlcrs are demgned [[v) restrlct heat release as much as possible under consideration ﬂmt most of
. the heat r’ldlatmn surface is water or steam part and heat msulauon is also generally sufficiently
provided.

However, the feed water tubes, valveq and flanges around the boiler are sometimes not provided:
wnth that 1nsulat10n

In the evant that hot water Su(:h as condensatc is recovered mto a feed wa[er tank some cxamples
allow the hot water recovercd with much cffort to overflow in vain owing to poor level control.
If overflow is ‘required, piping should be arranged to allow the low temperature water at the
bottom to overflow.

The heat insulation reference of boilers is not shown in the Japanese standard but it is taken to be
accordmg 1o the Japanese Industml Standards (JIS A9501). In JIS, itis provided to insulatc heat
with a thickness so that the sum of the fuel cost corrcsponded to the heat loss from the surface
after the heat insulation and the annual amoriization for the cost demanded to the heat insulation
work is minimized. Namely, it is provided that the heat insulation thickness may be selected Lo
cause the greatest economy according to fuel cost and working cost of insulation. (See Chapter
of Steam.)
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9.7.4 Energy conservation of accessory

Fora large scale boiler, an optimizalidn of the capacity of blower and feed water pump should be
taken. If most of the operation is under a low load, the number of revolutions should be
controlled to reduce the contraction loss at the valve and the damper. ' '

Dust attached on the air preheaier and the fan should be cleaned periodically to pu:vent an
increase of pressure loss and a reducing of the cfficiency.

9.7.5 Operation

If the use of steam is limited to only day time, a one-through boiler of 'quick start_-ilp operation
is desirable, but for a flue smoke tube boiler, some consideration is needed not to advance the
start-up time and to stop beforehand the termination of operation with choosing a time utilizable
to the remaining pressure.” When the boiler is stopped, the flue damper should be shut down to
prevent cooling of the furnace.

9.7.6 Routine 'management

To advance the energy conservation of boilers, it must be __Sett"led first to p’i‘(')v'idé. required
instruments and grasp the daily'ope'rating situations, Especially the relation between the
evaporatlon and the fuel consumption, that is the evaporatlon multiple (see paragraph 9.1.5),
should be observed. If a declining of the performance is recognized, its cause should be
investigated immediately and an appropriate measure must be taken.

Table 9.17 is a sample of operation records. These items must be recorded for the bmler
management, The items such as the evapomtlon muluple, the feed water temperature, the
cxhaust gas temperature and 0,% in the exhaust gas should be prepared in chart to know a long-
term tendency and these data make use of delection in its early stage of any abnommality. The
indication of data is useful to promote the operalbr’s interest to energy conservation.
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9.7.7 Example

(M

(2)

Feedwaler preheating with waste heat in other processes (Peirochemical plant)

In an ethylene manulacturing process, the water used for cooling of the process fluid has
been discharged at a temperature of 63 *C with 1,500 t/h. The water has bcen cooled to
35 °Cina cooling tower and has been used again for cooling.

On the other hand, the boiler in the adjoining plant has preheated air to 60 °C in a preheater
with steam to prevent a low temperature corrosion of the air preheater.

The persons in charge of both plants have taken notice of this point, arranged a pipe between
both plants, instalted a hot water system air preheater and disused the steam system
preheater. '

The results saved the steam for prehg:a'ting of 13 t/h. The investment cost was 70 million
yen, The saved cost of fuel was 330 million yen a year. The investment fund recovery
period was 3 months. ' '

Improvement of boiler air ratio {Building material manufacturer)

Thb heat balance of a boiler (30 t/h) which burns fuel oil was as follows:

. Boilereﬁ‘icicncy: o o o 90%

o Exhaust gas loss = _ 5%
« Steam loss for atomization : 1%
» Heat release and others. - o - 4%

Various tests were carried out by changing the air ratio automatic controller to a manual
operation in order to try to reduce the exhaust gas loss. The result proved to be possible to

‘reduce from 2.5 % of the conventional 0,% limit to 0.6 %. As a result, O, has been reduced

to 1.0 %

a. by replacing to a microcomputer control system which can cope with'a load fluctuation
and ' S

b. by installation of a zirconia system O, analyzer which is a low time delay.

* Since the 0pénin_g of the damper for the forced drdft fan was a low degrée of 10 1020 %, the

revolution control by inverter was carried out.

" As a result, fuel oil was reduced by 31SkEA yea_r_,:powcr was red:ixceti.' by 1.4'5 % 10° kWh/

year, the merit was 5.15 million yen/year and the investment cost was recovered in about
onc year. '
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(3) Heat transfer improvement of smoke tube (See Figure 9.29)

A special steel turbulator was inserted in the simoke tube of a flue smoke tube boiler (6 bar,
7 t/h) which burns fuel oil and the heat transfer was improved by giving a turbulent flow to
the gas flow in the smoke tube. As a resuli, the boiler efficiency was improved from 87.5 %

to 89.7 %,
Figure 9.29 Turbulator Insertion Effect
Smoke tube
\ Balfle plate
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