10.2

i0.2.1

1 10.2.2

Boiler Trouble Prevention

A boiler is an equipment which deals with a high temperature and a high pressure steam. 11
trouble occurs, the human bedy and the facilities may suffer damage on a large scale and it is
related to a long-term production stop. Then, the continuing effort for energy consesvation may
be rendered futite. ‘To take prudential measures for boiler lrouble is cssential for energy
conservation.

The operation necessary to prevent boiler trouble is closely related with energy conservation,

‘For example, a feed waler treaiment prevents damage duc to local heating 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 overhealing.

The points remarked to prevent {rou.ble are as follows:
Preparation of Operation and lnsp'eclion Manuals and Training

' 'The standards on boiler operation and check-and-servicing should be prcpared and be observed
by the cmployee through suffrcnem lrammg

Safety Device

.. The boalers should pass a predelermmcd |n3pecuon and be equ ipped wilth a relief valve, a h1gh
and low water level alarm, a flame detector as a neécessary instcument and a safety device.
Futthermore, the boilers should be désigned to operate fail-safely against misoperation
through automation. These must be mspecled penodlcally Table 10.2 shows the rouling

o check llems for bculers

'I‘able 10 2 l)aaly Inspcchon of Boiler (1/19)

: Cycre o
5 %
e oy Sl g N A
° 8 F’la.ce, O,f SRR o At Inspection item Procedure
§ & - inspection gg One  week ‘any
~ .4 . g & -hoqr ora e
O E day .
t. Pressurcof O . . 1L Reading. Pointer 1. Smooth moving without
boiler ' ' . movement .. catching
‘ o 'Z.fSurface'
' C o tempetature.
" Leakage
0 " 3. Initial and stop 3. Nodisorder. See item 9.

Routine inspection

temperaturés of
pressure controller.

O 4. Pasticularly take 4. Check disorder by _
care 10 popping comparison with pressure
pressure at gages of three or moré.
operation of the
safely valve.
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Table 10.2 Daily Inspection of Boiler (2/19)

Cycle
5 § Place of Eolt -4 A - :
§: :é inspection g § One  week any Inspection item Procedure
~ .5 £ 5 hour ora lime
OB day
2. Water level O - 1. Movement of water 1. A little movement of the
of boiler " level of a water water level is normal. If the
gage. hole is clogged, the
movement becomes dull.
Compare the water levels of
~ two water gages which
“height changes,
O 2. Normality of water 2. A deteclion by bellows
“level atstartand  varies with the level and the
~ stop of the feed ~.Operation range by .
© water pump. fluctuation of pressure.
' When the pressure goes to
~ higher, the level goes to
down and the operalion
range comes to wider, .
g Check the operation Tevel
% _ and range in an average
§ S "l pressure, ¢ : _
'ﬁ o 3. Special care roust ' 3. Find oul the cause and take a
g " be taken to the countermeasure.  (See items
- working at alower . Sand6.)) ¢
ol L, S T
" and bigher level S
alarm. - .
3. Combustion 0] " 1. Change of burning ‘1. ‘Take care to abnormal sound
state sound. at the start of combustion -
‘and during the switching
_ ‘ , from low 10 high.
O 2. Shape and color of -2. Proper flame without touch
flame. - to furnace wall and with no -
rough particle,
O 3. Genération of 3. Check the internal pressure

smoke and its time.

of furpace, exhaust gas .
analysis and the quantity of

~ air and oil. Care must be
used to a long time operation
under a low load.
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Table 10.2 Daily Inspection of Boiler (3/19)

Type of
inspection

Flace of
inspection

Inspection item

Procedure

“Daily inspection

4. Gage glass

1. Check of gage L.
glass. '

2. Open a drain cock,
close a steam cock
al_:d' blow out boiler 2.
waler sufficiently.
And then close the
water cock, open
the steam cock,
check the steam
side, then close the '3_

" drain cock, open
the water cock and
watch forcible
rising of water
level. .

Make sure the open and
clos¢ condition and any
leakage of each cock. Clean -

* the inside.

Repair to any leakage from

" the out of glasses. Check a

disorder of the mounting
core of the upper and lower
cocks and the length of

- plass. :

Clean lhc glass. Use a
predetermined length of

- glass if éxchanged. Uség care

not to tighten 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. Afler using a little, do
retightening. '

1+
5. Watet
©* column

L (floattess)

Cycle
oy 8O
F g A A
58 One week
B any
g 8 hour ora .
o © time
0 H day
0 .
O
-0
Q
0

I. Drain water inthe 1.
“column and remove
~ studge and scale.

-Make sure the open and

ctose condition of the
interconnecting line and

‘clean the inside.

2. Built-in water level 2.

* detector.” Inspect
- the electric wiring
© terminal, any
contamination of

- the insulation of
the electrode
holder,

_ cOnlén’;inaiion and

crack of the .
electrode.

Check the electric wicing
{heat resistance wiring).
Measuring of insutation
resistance—remove the
wiring for the elecirode
holder and the resislance
between the electrode and
the earth shall be more than
100 MQ.

. Cleaning of electrode.
" Clean contaminalion of the

electrode holder, check any

© crack or exchange it.
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Table 10.2 Daily Inspection of Boiler (4/19)

Cycle
g -
i 7% o
5 Place of = 8 A s
\ . R , Inspection item Procedure
8 é' inspeetion § 2 g“c week ny P
8 € B hour ora .
O E day
6. Automatic 0 1. Purge scale and 1. Make sure the open and
feed waler sludge in the close condition of the
agjustable interconnecting interconnecling line. Clean
device. pipe. the inside (blow enough) in a
Low level condition of lower pressure
breaker. if possible. -
High and low Ne) 2. Make sure the 2. Make sure the operation with
B v;atcr level operation with blowing. If impossible to
atarm. lowering of the ' blow, remove the electric
water level by wire to make sure the
blowing. operation (burner cut).
O 3. Check the intefnal 3. Check a scattering of
. mercury switch and meicury and balance. Cheéck
= bellows. ; - leakage from the bellows.

: :,§ o 4 Check the etéctric 4, Check damage due to heat.
2 wiring. . 7 Rewire with a heat resistance
3 : wite, -

3' E‘ O 5. Check a wrong 5. Mount a stay ina change
B 2 Co opezation due (o orientation.
& g g ~ vibration. _ :
a8~ - S S
= & O 6. Check . 6. Replace the cracked and ~
LR contamination, " leaking insulator with a new
A g‘ " crack and leakage . - one ar;d clgan the electrode.
' o - of the electrode Insulation shall more than
g holder. 106 MQ.
g . - ‘ .
g 7. Avtomatic Q 1. Discharge scate 1. Make sure the open and
< feed water and sludge in the close condilion of the valve
“adjustable interconnecting in the connecting pipe and
-device {single pipe of the clean the inside.
clément type) - . thermastat, 7
' ' o 2. Makesurdand - 2. Make sure the specified
" adjusteach - posilion of the slide sprocket
© - interconnecling weipght,
. place, : _
[e} 3. Adjust the water - 3. The level lowers by

' levell ductoa
boiler load.

toosening the adjustable nut
of the heel piece of
thermostat until the valve
lever comes 1o horizontal
position,
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Table 10.2 Daily Inspection of Boiler (5/19)

Cycle
S '§ Place of Eals A -
§: g inspection § 5 One week :r:y Inspection item Procedure
[ 22 hour ora .
o © time
O day
8. Flame O . Make sure fire L. Stop an ignition fuel for
detector goitig-out, no detection of the pilot and
ignition and burner make sure not to transfer to
‘cut. the main. For detection of .
~+ the main, remove the cap or
© + the detector and make sure
N0 ignition. - :
- A flame responie delays for
: "210 4 seconds.
O . Check the degree 2. Measure the current by a
: of faligue of a ' microammeter, test by a false
- detector, flame. -
§ O © 3. Defectof electric - 3. Change to the shield wlre or
i “wiring. S a single wire.
f Influence of
°© induced current of
§ g © ' power. _ :
Wy : .
§ § O . 4. Deteclion of falsc -4, Check mistake to detect red
a3 ‘flame. . heat refractory and change
_;:\ § - Self- dlscharge the position of installation.
g _g' Check by a protect Inferior tube shall be
3 S telay, rio ignition. replaced.
.g : - Q ..Contamination of 5. Cleaning of contamination.
& L lens and glass tube
-g _ and mounlmg
< pouuon
O . Check + or - phase 6. Change the wiriag and
of the electric tighten it.
wiring and
loosening of
connection. . _
‘0o T Check the amplifier 7. Replace the defective. [f

~and the ﬂame re!ay

_current is normal in

' measurmg current by a

microammeter but fire is 'r'aoi
ignited, the amplifier or the

© - flame relay is defective.
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Table 10,2 Daily Inspection of Boiler (6/19)

Type of

inspection

Place of
inspection

Cycle

Constantly
monitoring

A
One week
hour ora

day

any
time

Inspection item Procedure

Daily inspection
Automatic.equipment (accessory of the body)

9. Pressure
restriction
device

O

—

. Check the 1. Clean and check the siphon

operation stop pipe, meter cock and the
pressure and the deteclive part of the bellows.
selting of Change the seiting of
differential gap. differential gap.

. Check leakage and

concave in the

" bellows of the

detector. Check
the mounted

- position and

orientation.

. Check the two step

setting values for
conltrol of high-
and low-off.

. Check damage of 4. Check and replacement.

the eleciric wire.

10. Pressure

controller .

. Check the width of 1. Change the width of

proportional band. * - proportional band. -

. Check inferior = 2. Check, clean and replace it.

comtact,
¢ontamination and

© disconnéction of

- resistance of the A N : " %
- potenliometer, : .

. Check clogging of

the detecting pard,

11, Air pressure
switch

. Check the seiting 1. Sel to a proper value,

value.

. Check clogglng and 2. stassembly. check and

!eakage of the pipe.  'cleaning.
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Table 10.2 Daily Inspection of Boiler (7/19)

- contamination and
T contact defect of
the potentiometer.

Cycte
s '§' Place of —3-‘ & —mA
§ % inspection ‘g 5 One ' week any Inspection item Procecdure
(= 28 hour ofra .
5 O time
O E day :
12. Oil O 1. Chéck the setting = 1. Set to a proper oil
temperature value, " temperalure.
switch O 2. Check 2. Clean contamination. -
contamination and lnvestigate the length and
installing " replace. Invesligate the
dimension of the installing tocation.
heat sensitive
cylinder and the
detecling part.
= O 3. Check the _
_§ configuration of -
2 detecling part,
s 13, Latch 'O 1. Check the settings 1. Check that it is'setina
8 g switch. of each latch proper position.
8 § L_‘ow and switch. .~ | : o
; %\8, !ugh_ _ O 2. Check loosening of - 2. Check and adjustment.
pay E .mter.lock.. . the setting of -
RE damper lock - installed position. _
a] !3‘ " and burne o : o _ ' -
3 lock - O~ 3. Checkanormal 3. Check the operation, inspect
2 : - operation of the - and repair.
g L interlock.
* 2 14, Conteol o 1. Check the
' motor . ‘ movement.

C O+ 2. Check an inferior 2. Check arc and clean the
contact of the contact. Investigate the
balancing retay. installing position not to be

: influenced by vibration.
O 3. Check 3

. Inspection and cleaning.

—357--



Table 10.2 Daily Inspection of Boiler (8/19)

Cycle
5
D1 oy B A
SI Place of = 8 At S
gs , Inspection item Procedure

& &  inspection g g One week any pe
5 E g hour ora fime

O E day

5. Pilot burner O 1. Check the gas
pressore. _

Q 2. Check a 2. Check a spark between the
deterioration of the - electrode and the earth to be
ignition " 7to 8 mm in atmosphere.
transformer.

O 3. Check adeposit of 3. Clean the carbon between the
carbon, nozzle and the electrode and

_ clean the insulator,
o 4. Check a backfire at - 4. Set an air-fue] ratio in a
- the ignition, proper low combustion.
- O 5. Check the *5. Adjust an interval suitable.
8 E ~ clearance between
§<"g _ the nozzle and the
50 electrode.
R — e
g LE 16. Etectric S O ' L. Check anelectric 1. Blue color is normal. If
© - pilot firing o spark slate, reddish, cleaning is .
device e . o necessary, Short spark is a
R " parrow interval, '
‘o2 thnéfrcqucnt- S lflhc‘cl_ec!i'ode'is sel within

" cleaning is
required, inferior
electrode sclting:

O 3. Transformer
insulation defect.
Deteriorated lcad

- the jetting angle, the
* eleclrode is wetted with oil -

and don't'spack, The
elécicode should be set to the
seiting value. -

. Check the transformer and

clean the inswlator, Check
any damage of the lead.
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Table 10.2 Daily Inspection of Boiler (9/19)

Cycle
8 -
W4 e ; 2y A
65 Place of o8 L.
o . Inspection item Procedure
& § inspec!ion s g OHC week any pe <
= g 2 'd hour ora .
o Q time
U E day
15. Pilot burner O 1. Check the gas
 pressure. _ _
O 2. Cheeka 2. Check a spark between the
deterioration of the  ‘elccirode and the earth to be
" ignition ©+ 7to8 mm in atmosphete.
transformer. ' '
O 3. Check adeposit of 3. Clean the carbon between the
carbon. - nozzle and the electrode and
_ ' " clean the insulator.
'O 4. Check abackfire at 4. Set an air-fuel ratio in a
the ignition. . proper low combustion.
g g O 5. Check the 5. Adjust an interval suilable.
8 E- " clearance between - . : :
&.9 . .
e g ~ the nozzle and the
T _ _ " eléctrode.
T _ﬁ . - . . ) H . B
Aa !E 16, Electric O .. 1. Check an etectric . '|. Blue color is normal. If
- pilot firing : spark slate. - reddish, cleaning is
: ' . necessary. Short spark is a

device
: narrow interval,

o2 .'th_n:a freguent 2. If the electrode is set within

‘cleaning is . the jetting angle, the -
- required, inferior electrode is wetted with oil
- electrede setting. and don’t spark. The

electrode should be set to the
setling value,

O 3. Teansformer 3. Check the transformer and
' insulation defect. ‘clean the insulator. Check

Deteriorated lead . any damage of the fead.
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“Table 10.2 Daily Inspection of Boiler (10/19)

“wiring.

Cycle
&
Yoy o7 > ol A .
6 g Place of S e Al ion i '
: 5 Inspection item Procedure
§: & inspection § g One week any P
&8 € 'E hour ora .
& © hme
O E day
17. Burner O 1. Remove carbon 1. Check and repair the burner
and sludge. tile.
O 2. Check the
atomizing cap and
~ the shape of tip.
Clean
conlamination.
O 3. Clean the shaft 3. Remove sludge and oil,
- and the lubricaling
pipe. .
O 4. Apply grease to 4. Apply grease and check the
the bearing. : bearing.
Check seal
~leakage,
e 5. Check .finy damage 5. Cleaning and adjustment of
N of the diffuser and the interval, -
S " carbon deposil.
(o] . .
s g‘ . O 6. Gunitype burner. 6. Disassembly and cleaning.
&5 . Check and clean Check the chip hole.
£ g " the chip and : '
= & R
58 strainer. :
A i o 1. Check the gun 7. Clean and set the specified
 type electrode - © dimension, ‘
_insulator. ' S
0 8. Check abnormal 8. . Research of its cause and
sound and - asscmbly servicing,
overcurrent, Replace the bearing.
O 9. Oilleakage 9. Repair leaking place.
_ O - 10. Burner belt 10. Replace cracked burner. o
18, Fuél cutout : O L. Check leakage of L. A fire is e:ﬁti_r:éuished- :
valve (main - o the cutout valve, entirely after cutout,
valve} o) 2. Make sure cutout
: © . due to alow level
- and no ignition.
03, Check the electric 3. ‘Check damage due o heat,
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Table 10.2 Daily Inspection of Boiler (11/19)

 sludge.

Cycle
k= '§ Place of Z 8 A
2 g inspection E S One week At Inspection item Procedure
& g - an .
£ g 22 hour ora any
3 0 time
O E day
19, Oil pump e “1. Check the oil 1. Settoa proper oil préssure,
: pressore. _ -
©'@ 2. Clean the strainer. 2 Drain and remove sludge.
O 3. Check oil leakage. 3. Repaif the leaking place.
o ' Replace the oil seal.
O 4. Check o_ﬁfetheal and 4, Replace the bearing. -
overcufrent. o
.20, O _ 8] I. Check a propéroil 1. Adjustnent of the
preheater temperature. thermostat. Checka .
: gasification by the air
chamber,
. 'O 2. Drain B 2. Drain and rem'ove'sludge. ‘
O - 3. Check oil leakage. 3. Repair the leaking place.
'.§ _{':; O 4. Check the sheath 4. Sludge removing. '
éﬁ‘ “heater.
g & 21. Service - .0 "1 Make sure the oil 1. Make sure the operation of
_«%‘ & tank, ' ‘ " level control. the float switch and other
Q E Storage ' controller.
tank. . O 2. Temperature 2. Check leakage and operation.
C control. Qperation
of the control valve
and the steam
.~ solenoid valve.
Q3. Clean the oil
strainer.’
O. © 4. Check the receiving
quantity and the
residual quantity.
O 5.Checka leakage
' and the piping line,
o 6 Drain and remove
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Table 10.2 Daily Enspection of Boiler (12/19)

Cycle
6 *8'3 Place of Z 8 A '
§: g inspection g :‘:j One  week ‘:::y Inspection item Procedt‘lrc
[ = g g hour ora- .-
Q # day
22. Oil meter 0 L. Check the oil meter 1, Disassemble and clean the
: indication record. meter and replace the parts.
O 2. Grasp the oil 2. Since the efficiency
temgperaiure passing  cafculation is based on the
through the meter, specific gravity at passing
through the meter, the oil
temperature should be
grasped. _
23, Oil quantity O 1. Check the link 1. Adjust the link mechanism g’
conlroller - ' mechanism to the compared with the air
' ’ controller. volume, check loosening and
. play. o
5E O 2. Check the oil 2, Cheek by operation and oil
_ 5 g. " - quantity by a meter . quantity and disassemble and
‘ % 8 measurement. ~ cleanit.
%% . (Every load)
a ;E 24. Oil sieainer. o * 1. In avtocleaner, turn
' : ' the handle. In a
change type
strainer, a prepared
one should be
always cleaned,
O 2. Remove drainand & - L
sludge. Grasp a o . ' Lo
good rating of L L &
‘cleaniog by a
differential

pressure between
the inlet and the
outlet, '
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Table 10.2 Daily Inspection of Boller (13/19)

Type of
inspection

Place of
inspection

Constantly
monitoning

Inspection item

Procedure

Déxiiy inspection

oy .

Ry

25, Forced drafl

. Check abnormal

. If abnormal, disassemble and

fan . sound and . service i, and replace the
- OVercurrent, bearing. ' ‘-
2. Check foreign . Mount a wire gauze not to
'matler in the suck forcign matter.
suction port. ‘ :
. Check vibration. . Loosening of installed bolts.
Check and replace Loosening of the runner.
the belt. Remove any depositto the
_ runner. Replace the bearing.
26. Damper . Check the link . The.'damper should be

mechanisins of the
primary and main .
danpers..

2. Check the opening .

of damper. .

. Adjust the damper
~dralt in the oullet

of boiler.

. Cheék leakage of

dampers and

* deteriortion in
. operation.

- adjusted to be opened -

slowly.

. Check distortion or

loosening. .

.0x2mmAgina
© pressurized combustion of
- raled operation.

27. litemal
" préssure
gage of
-boiler

1. Make sure the

indication of
internal pressure
gage of boiler.

. Check a'clogging in lead
" pipe. Check the opening and

closing of valve cock.
Check and repair a leaking
point due to corrosion.

" 28. Smoke
indicator

. Check a difference
‘between the”
“indication and the

smoke

_ conceniration.

. Adjust the zer0

point.

. Cleaning of gléss. Adjust a

tamp and a light réceiver.

. -Blow air from a compressor.

. Set the zero point.
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Table 10.2 Daily Inspection of Boiler (14/19)

Cycle
>3 ?lacc O,f ERs One  week At Inspection item Procedure
§ §- inspection g 2 e WECX oy
S e & hour ora .
g 8 time
U # day
29. Exhaust gas O " 1. Make sure the 1. Check a clogging and
" analyzer operation of leakage in the lead.
poinier. Cieaning or replacement of
the filter and tightness test of
the lead.
O 2. Adjustment. 2. Adjustment of the water
- quantily in aspirator,
Comparison of a normal
-operation through passing air-
to the transmitter with the
o Orsat analyzed value.
30. Flue and O . . Check leakage and 1. Inspection and repairing.
- stack corrosion. : :
'g O - 2. Remove soot in the
. § flue and the stack.
E, _ " O 3. Discharge of rain
F water.
31. Water’ 0 1, Check of the water
softening pressure, 1.5102
eqiipment kglem? (G)

' Check in the

- secondary side.

. Leakage from the
perforated valve,

. Care must be taken
to leak during a
- stop of the pump
. operation,

" . Check of hardness., 2.

3.

Check from 70 to 80 % of.

. cycle.

Use care to teak from the |
fitting parl of the packing.




‘Table 10.2 Daily Inspection of Boiler (15/19)

4. Check play to the

coupling.

Cycle
‘6: ——
Ya ird > B0 A
55 Place of =8 At L R
§ § inspection 5 5 One week any Inspection item Procedure
.8 22 hour ora
6 3 time
O E day
32. Feed water o 1, Check of the level
tank - gage.
. O 2, Make sure the 2. Test in an actual level drop
operation of low or test by an electric wiring.
‘ leve) alarm lamp. ' ‘ E
@] 3, Make sure the level 3. Make sure a manual
o * control, ~ operation of controller.
e} 4. Check of 4. Check of abnormality of
. temperature. trap. .
O 5. Check the painting 5. Check, repair and cleaning.
on the tank inside -
" and corrosion,
_ . Clean the inside. _
33, Chemicals o 1. Check a proper 1. Check contamination in the
- pouring - chemicals pouring..  tank and the flow rate.
dc_vtcé 0] 2. Check a linkage to 2. Check the operation.
© the feed waler '
pump.
O 3. Cht_:&k leakage or 3. ln’speclion: and repair.
_ 5 clogging. o L
34, Feed waler O . 1. Check overcu'rrem. 1. Adjust the valve.
- pump O 2. Check leakage 2. Replace and tighten a
7 {rom the gland.. - packing. :
O 3. Check an oil - 3. Apply oil and grease.
: servicing.
O 4. Repair and replacement.
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“Fable 10,2 Daily Inspection of Boller (16/19)

volunie.

Cycle
&
Mo e > DO A
s g Place of o & At -
§ § inspection § é One  week any Inspection item Procedure
-~ 8 £ § hour ora time
: U E day
35. Injector Q1. Check a normal . Impossible to feed when the
_opcration, steam pressure lowers, the
fecd water temperalure rises,
air is sucked, the feed water
pressure is (6o much higher,
O . Check the check . Check, disassemble and
" valve. Attachment clean.
of scale.
36. Water flow 0 QO L. Checkthe . Record, check operalion.
meter ~ operation.
slramgr O 2. Check clogging in 2. Disassemble and clean.
o the strainer. _ - .
37. Feed water O L. Check back flow. 1. Water hammer, Hand touch
check valve o _ ' feels hot to the feed water
' pipe. Overhaul or
_ _ - replacement. . -
38. Feed water e . Check clogging in . lnsﬁfﬁcicn( foed water
_inlet pipe 1 . the inlet pipe. - quantity. Overhaul,
o O . Inferio: or failing . Water hammer, Repface the
~ of the gasket _fo_r; gasket.
- installation of the
o intet pipe. - _
39. Relief _val#e_ : O o L Check leakage of - 1. Repair the leaked place and
5 " steam, “overhaul.
o] 2. Check the popping
and blowdown
pressures in
operation.
.. Check the popping 3. When the pressure rising in a

ratéd combustion is 6 % or
more, it is not acceptable.
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- Table 10,2 Daily Inspection of Beiter (17/19)

Cycle
g :
5 8 ae A
° o .Placc 0.f 2 g . At Inspection item Procedure
& & inspection g g One week . -
=~ 8 &8 hour ora
. 8 ¢ . time
v E day
40. Blow off : O . Check leakage. . Overhaul of replacement.
valve Check heat by hand :
" louch, : _ o
0] . Blow off as a quick 2. For 10 kg/cm? (G) or more,
' opening valve in two valves.
' the body side and
as a slow opening
valve in the
secondary side.
O - 3. Check the
o _ _ discharge port.
41. Machole T O '.. Check leakage . Tightening, replacement of
C ' from the manhole, -~ gasket. o
O 2. Keep a mating . Apply graphite to facilitate a
sutface of the “ teplacement. ' :
gasketinno . L
_ ~ contaminatien.
42.'_Casiﬁg for O 1. Check gas leakage. 1. Gas leak'_ag:‘e should be
- insulation : ';hcékc_d and repaired as soon’
' as possible.
O 2. Check discolored ; Find out the causc of
_ : place. _overheat, check and repair.
43, Refraclo;ry. © 1. Check dan'ia'gt;, . Repa'ir the refractory
material * falling and malerials as soon as possible.
o abnormalily. -
'O -, 2. Check gas leakage 2. Repairing.
and shorl pass.
"¢ 1. Check leakage of - 1. Repair the leaked place.

44. Inspection
©oporl.
 Cleaning

port. .
" Mounting
part'of
aceessory.

steam and water.

Tightening, replacement of

~ gasket,
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Table 10.2 Daily lhspeclion of Boiler (18/19)

" Cycle
g -
G o > o0 A
'8 Place of e At P
) , Inspection itent Procedure
§: &  inspection g g One  week any ’ l
~ 8 £ 8 hour ora
¢ g time
Vo day
45, Lxplosion O L. Check gas leakage. 1. Repair the leaking place.
door O 2. Check the spring. 2. Inferior springs due to
leakage or heat should be
replaced. Check an
impossible opening and
closing due o fust,
46. Magnet © 1. Check the contact 1. Replace the contact and
switch and ' -of relay. relay.
contactor O 2. Check loosening ef 2. Tighten the terminal.
the terminal,
47. Timer. O 1. Check the seiting 1. Y- starting. Starling
Time limit ~of the timer. current. Change to after
‘relay. ' " dropping torated vatue by Y.
O ° 2. Check the setting 2. Check by sequence.
_ of the cam . :
mechanism.
48. Actuation O L Check a - 1. Replace the lamp.
- lamp ~ disconnection and
© Indicator - luminosity,
©lamp: ‘ e D . . _
O 2. Inferior contacl. . 2. Tightening.
49. Spare. _Fuse: O ‘1. Check the spare - - ). Supplement of fuse and lamp -
lamp . parts.. . spare. o o
50. Protect 0 1. Check the " 1. Check the scquence. ol
relay (Timer operation, Replace if inferior. '
motor) O ' 2. Check the fixing 2. Check the operation.
and tightening of : '
- - relay and the
-contact, -
O - 3. Check voliage 3. Check the voltage in the
' sdrop. ' ‘operaling circuil,
-81. Terminal O 1. Check loosening of I.'Tightenihg’. eApply a detent
' ~*the terminal, . paint if possible,
O 2, Cleaning. 2. Suck dust by a vacuum

tleaner,
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““Fable 10.2 Daily Inspection of Boller (19/19)

Cycle
8
G et > O A
o Place of oo Al .
o g
§; § inspection g E One weck any Inspection item Procedure
5 &'d hour ora . .
.6 © time
O B ay
52. Insulation O 1. Measuring by 1. If panel and secondary side
resistance o 500 V megger. has resistance less than
- Measure in a - 7 5 MG, inspection or repair is
removing condition - required. :
of a low voltage ’
_ - equipment. .
53, Blectric 'O 1. Check overheat, 1. Check the wiring.
wiring " - damage and ‘
' discoloration,
O . 2. Check damage of '~ 2. Use care to a discolorization
coating. * of the wiring around the

terminal.

O - 3. Check of phasc.. .

10.2.3  Consideration on Operation * -

(D)

(2)

Igniting operal'_io'n

If fire is put in the furnace under a mixture of air and gas or oil vapor, combustion occurs

explosively, Itis adanger of acéident occurrence. Prior to ignition, prepurge must be
‘done for five minutes or more in Cold Statt or for about one minute in Hot Start to send

completely out combustible gases of the combus(lon chamber’ and flue. I ignition
becomes a failure, the operauon should be halted wnhoul hes:tailon and done over again

‘ -from the prepurge step

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

Monitor of water ,Ievel

A

Keeping the water tevel in a bmler to a cerlain range is lhe most lmportanl task of a
bmler operalor and should be monitored at all times.

' Therefore, thé water leVel gauge should be cleaned usually so that abservation is easily
“made. For the following cases, a function test should be pcrformed and a check should
be done to indicate a regular water level, :
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a.  After the boiler is started.

b. When the operalors are shifted.

¢.  When the reads of two or more water tevgl gauges are different.
d. When some foaming occurs in the boiler water.

Whete an automatic feed water control device is equipped, its performance should
be checked periodically by lowering the water level in the boiler.

Water treatnient and blow

The purposes of water treatment to boifer feed water are classificd in the following three
items:

a. Prevention of corrosion due 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 foammg due to accumulation of dlssolved solid and 011y malter in

the bonler water.

Since lhe (hcrmal conductwnly of scale is only 1/100 of mlld steel the lhermal efﬁcncncy :

becomes cxlremely worse due to adhesion of scale and the local healmg decreases the . -

mechanical strength of lhe heating tube which leads to bursting trouble not standing

~ against the bo:!er pressure Thc stee] surface, on which studge deposits, is more easily '
corroded .

For pre;venlion of the trouble mentioned above, Japanese Indd‘st_rial Standard (JIS) has

provided the standard value for waler quality as shown in Table 10.3 and Table 10.6.

The treatment methods of boiler water are classified in a boiler external treatment and

a beiler iniernal 1réatmcnl. _

In the boiler extemal lreatmem lhere is ellmmalmn of suspended solid by scdnmentauon

- and fllirahon and salt climination by ion exchange resin and a deaeration. For a low

pressure boiler of 20 bar or less a simple softener using cation exchange resin—a lower

- inveslment cost and ‘an easy operation—js often applied. On the operation of ihe
softener, extreme caution should be exercised 1o the i impurity elimination in the salt for

regeneration, establishment and its observation of the standard for flow rate, regenetalion
time and back washing amount, based on analysis of waler, and a supplement or

replacement of resin once a year.
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i

‘The recovery of condensate is a reasonable method to make the load on the soflener

reduce and to plan an effective use of the heat. But, on the way of recovery, O,, CO; or
iron produced by corrosion may sometimes be contained into the condensate.

In such a case, the condensate should be passed through a filter and a deaerator prior to

refurn to feed water and thus, care must be used not to cause new corrosion due to an
accumulation of these impurities. '
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Table 10.3 Quality of Feed Water and Boiler Water for Cylindrical Bolicr

Classification  pax. MPa : Bélow 1 From I to 2
Servicing
Pressure  kg/em? (G) Below 10 From 10 to 20
Rate of Evaporation of ~ Below 30 From 30 (o 60 Qver 60 -
" heating surface (kg/m*h)
Type of make-up water raw water' : . softened water
- Feed water pH (a1 25 °C) 7-9 7-9 7-9 7-9
Hardness (mgCaCO/4) Below 60 Below 1 Below 1 Below |
Fat and Qil {(mg/f)» w “ o 4
Dissolved Oxygen (migO/f) “ ® _ o Cw
Boiter water Treatiment Method “ Alkali treatment '_
pH (21 25 °C) 11.0-11.8 110-118 11.0-11.8 1H0-118
Alkalinity (pH 4.8) ® 100-800 100-800 100-800 Below 600 _
CmgCaCoyn | ' _ a3
Alkalinity (pH 8.3) @ 20.600 £0-600 - 80-600 Below 500
{mgCaCO,/{) _ L
Tota) solids (mgff) .- - Below 4000 Below 3000 Below 2500 " Below 2300
" Electrical Conductivity " Below 6000 Betow 4500 Below 4000 " Below 3500 -
(nS/cm) {at 25 °C) R o -
Chloride ion (mgCl-lt) Below 600 Below 500 Below 400 Below 350 _
. Phosphate ion™ 20440 O 20-40 2040 1 20-40
(ingPO MY < g o : .
Sulfite ion® ' ©10-50 10-50 10-50 . 10.50
(mgS0,™1) ' : : _ R .
Hydrazine™ 610 010 01-10 © 0010
(mgN H/H) : : o : - : i
Noles -
(1) Ttis applied to a ¢ast boiles which steam is used dlrectly and wale1 is made’ up constanliy B
© (2) These include tap water, industrial waler. ground water, river water take and marsh water,
etc. Soft water mieans water obtained by irealing raw water by means of softener (filled
with cation exchange resin), or by lrealing raw water by a reverse osmosis device.
(3) It means hexane extract or carbon telrachlonde extract. (See JIS B8224)
(4) It is desirable to keep it low.
(5) Itis commonly called M-alkalinity. -
(6) It is commonly called P- alkali inity.
(7) Itis applied when phosphate is added in water. ‘
(8) ' It is applied when sulfite is added in water as an oxygen scavenger
~ When a deaezator is to be used, it is preferably adjusted to 10 - 20 mg SO,*/¢.
- (9) It is applied when hydrazine is added as an oxygen scavenger in feedwater boiler or a

: cylindrichl boiler or a water-tube boiler with the maximum servicing pressure of 2 MPa (20

kgflcmz) or less.
When a deaerater is to be used, it should preferably be adjusted to 0.1 - 0.5 mg N H,J»f
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Table 10.5 Quality of Feed Water and Boiler Water for Low Circulation Ratio Water Tube Boiler

Classification  Type of boiler "~ Single tube 1ype Mutliitubular type
Max. MPa Below 1 From t 10 3 Below 1 From 1i0 3
Sefvicing _
Pressure  kglem? (G Below 10 From 10 to 30 Below 10 * From 1010 30
‘ Type of make-up water Softened water® Softened watert?
Feed water pH (25 °C) _ 11.0-11.8 {0.5-11.0 1-9 7-9
Hardness (mgCaCO/¢) Below 1 Below 1 Befow 1 Below |
Fat and Oit (mg/h» W o o " t
Dissolvéd Oxygen (mgO/l) A * ‘ o Below 0.5
" Total iron {mg¥e/l) ‘ - _ - Below 0.3 Below 0.3
Tolat solids (mg/{) Below 3000 Below 2500 - o=
Ekectrical Conductivity {uSicm)} (3t 25 'C) Below 4500 Below 4000 - -
Alkatinity (pH 4.8) (mzCaCO/{)"  300-800 Below 600 L : -
Alkalinity {p!l 8.3) (mgCaCOy&}®  200-600 Below 500, - -
Hydrazine (mgN,H /)™ Over 0.05 Over 005 - -
Chloride ion (mgCl/e) Below 600 Below 400 - -
- Phosphate ion (mgPO )™ -20-60 20-60 = . -
Boiler water - Trealment Method . B N : C Alkali treatment
L pnest0) ' - o nens 11.0-11.8
Alkalinity (pH 4.8) (mgCaCO/LY® - © . 100-800 - Below 600
 Alkalinity (pH 8.3) {mgCaCO/0)® - 80-600 - Below 500
Total solids (mg/f) . S - .7 Below 2500 Below 2000
© Electricat Conductivity (p&em) (1 25°C) - - ' Below 4000 . * Below 3000
" Chiloride ion (mgCl/e) - T, © 0. 'Below400 - Below 300
7 Phosphatc ion (mgPOME)® A 120446 20-40
- Sulfite ion (mg8OZ/Y> - g 10-56 7 10-20
S Hydrazine (mgNGIJOM . . - 010 . 0105
Motes

(1) | These include tap water, mduslml waler ground water, river water, lake and marsh walter,
etc. Soft water means water obtained by treating raw water by means of softener (filled
with cation exchange resin), or by treating raw waler by a reverse osmosis device.

- (2) Itis applied to the feed water before return water is added.

(3) - It means hexane extract or carbon lelrachlonde extract. (See JiS B8§224)

(4) ' It is'desirable to keep it low.
" (5) s Itis commonly called M~alka!umy

- (6) Itis commonly called P-alkalinity.

(7)) It is applied when hydrazine is added into feedwaler as an oxygcn scaveﬂger
i (8) Itisapplied when phosphate is added in water. :

(9) Itis applied when sulfite is added in water as an ‘oxygen scavenger

" When a deaerator is to be used, it is preferably adjusted to 10 - 20 mg S(),2 4.

(10) It is applled when hydrazine is added as an oxygen scavenger in feedwater boiter or a
cylindrical boiler or a water tube boiler with the maximum servlcmg pressure of 2 MPa (20
kgffcm?) or less.

When a deaerater is to be used, it should preferably be adjusted to 0.1 - 0.5 mg N,H /¢,
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Table 10.6 Quality of Feed Water for Once-through Boiter

Classification  Max, MPa From 1.5 to 10 - From 10to 15 From 15 1020 Over 20
Servicing _
Pressure  kglem? (G) From 75 1o 100 From 100 10 150 From 150 to 200 Over 200
Treatment Method - Velatilke Oxygen Volatile Onygen Volalile
matler treatment matter 7 treatment mi.!ﬂfl'
treatnient treatment treatment
© Feed water  pH (at25°C) BS-O6D 65907 85967 65900 85967 65907 90967  6591%
Elecuicai_'tdnduclivilj' Befow 0.3 Below 0.2 Below 0.3 Below 0.2 Below 0.3 Below 0.2 Below 0.25 Below 0.2
(at 25 "C) {uS'cm) _ :
Dissolved Oxygen {mg0Vf) Below 0.007 002024 Below 0007  0.02-0.2% Below 0007 0.02-02" Below 0.007 0.02.0.2
Totat iron (rhgl‘-‘c!t) Below 003" Below 002 Below 002 Below 0.01 Below 0.02% Below 001 Below 001 Below 0.0)
Total copper (mgCu/ty Below 00F  Below 0,08 Below 6005 Below 0:00  Below 0003 Below 00057 Below 0.002 Below 0.002
T Hydrazive (mpNH/O ™ Over 0.0} - Qver 0.01 - Gver 6.01 - Over 0.0] -
Sitica (mgSi0/0) ::o::&f Below 0.02 i::;’:gg;: Below 007 Below 0.02 Briow 002 Below 002 Below 0.02
Notes _
(1) 'Add ammbonia or volatile amine for pH adjustment.
(2) Where the pipe material in the heater for feedwater js steel, pH is preferably adjusted toa
higher value. . i
{3} When copper atloy is used in this system, pH is preferably maintained within lhe range of
~ from 8.0 to 8.5.
(4) Use a minimum value wnhm this range which will be appmpndle for mmumzmg the
~ corrosion product. '
(5) Itis preferably maintained a1 0.02 mg Peff or below
(6) It is preferably maintained at 8.01 mg l“e/t or below.
(7) N is preferably maintained at 0.003 mg Cu/f or below.
~ {8) 'The concentration of hydrazine should be within the range where pH value will not exceed
7 its upper limit.
(9) NWisappliedtoa bmler with scparalor

(10) It is applied to a bolier without a separator.
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The boiler internal treatment is a method which teeats water by addition of acond itioner,
a softening agent, a scale inhibitor and a foaming inhibitor. The compound contained
with these components is on the market,

To prevent an accumulation of the impurities in the boiler water, the blow is an
important operation. A continuous blow with linking an amount of feed water is
preferably economical owing to an easier adjustment of the amount and possibility of
‘heat recovery compared wilh a periodic blow-down. The blow amount ¢an be o_btaihed
by the following cquation from the feed water quantity and the boiler water standard
‘shown in Tables 10.3 1o 10.6.

Blow amount

Blow rate (%)

Evaporation ‘

Impurity concentration in feed water

Impurily concentration standard in boiler water

S A I s

a{x{y}: by

E

)

BT
»

100

k=

b-a

x

'Although an M-alkalinity, total solids, silica and chloride jon are taken as the control

' subject, the analyses of those are not easy in praclice"ahd the electrical conductivity is
sometimes taken as a good medsure. It is desirable to control through premeasurement
of a relation betwesén the chloride ion conceatration and the electrical conductivity.

Table 10.7 is a'standard 'of the water quality measuring frequéncy shown as reference in
IS, ' : : o
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Table 10.7 Standard for Water Quality Measuring Frequency (Cylindrical Boiler)

Sampling location 1 2 3 4 5 6 7

Pretreatment Softener
Hem Raw water equlpment  outlet water Feed waler  Boiler water Steam Condensate
outlet water

" Appearance d d d d d
_'I\ubidity n n n
pH N n n “d d n w
Tolal solids n
Electrical conductivity d n n d d n w
P-Alkalinity (pH8.3) W
"M-Alkalinity {(pH4.8) n M W
“Hardness o on d -d n
Chleride ion n n W W n
Residual chlosine A n
Silica n M M n
Total iron i n n M o on M
:Phosﬁhat'c jon d
_ Hydrazine d
Sulfite fon ' d
CoD,, __.n

. Remarks: d: Once ’p.er'day, W: Once per week, M: Once per month, n: Accoding to demand.

B S I - 7
2 5 ;
: 3 : :
Ty " E b Sofencd| i | Feed |, 5P
i . N 2. : o : 4 e |6 .
Y :;f:‘ix_r ¥ :’f:m”':m Wi Softencr F—=—>lwater . [—Y->{ water Boitér. I—>{ Plant:
' : Quipme S tank tank: ‘
Note

(1} When raw water is used as feed water, measure the hardness once ﬁcr month.
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10.3

10.3.1

10.3.2

Expression of Botler Capacity
An expression of boiler capacity has two ways of rated evaporation and an equivalent evaporation.
Rated Evaporation
The rated evaporation is expressed as an evaporation per unit hour under the maximum load
~ possible to operate continuously and should be deseribed together with evaporation pressure,
© evaporation temperature and feed water temperature.
Equiva!ént Evaporation
' The equivalent evaporauon fac*htales companson ‘of capacity through conyersion of the

above-mentioned condition to a certain reference. This value is thal net heat per hour required
to generate a steam from feed water is dwuded by a héat of vaporization of 539 kcal/kg at

temperature of 100 °C.

- If G is taken as an actual evaporanon kgih, h.. h2 as a specific eathalpy (kcallkg) of lhe feed
water and the produccd steam, the equwalenl evaporauon G, can be obtained by lhe followmg
' equauOn '

_: Gthy ~hyp)

LN 539 (kg/h)

In addmon the bonler capacity may sometimes be cxpressed by a heaung surface area (m’)
" based on the combustion stde. = A small sized boiler in U.S. and Bnnsh has been oflen_
“expressed by bmler horse power. This expressmn was ¢stablished in 1876 and was basedon

~ - the value which was laken as one horse power per 30 1b/h of saturated steam in 70 Ib/in? of

- gauge pressure. Nowadays this is not familiar with lhe actual specification. ‘The equwalcnl

evaporation of 15.65 kg/h corresponds to one horse power.
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10.4

Heat Balance of Bollers

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

The heat balance is carried out as the resuli of an operation in one or more hours under a steady-
state on consideration of atmospheric temperature as a reference temperature. In this operation,
no blow or no soot blow is done. '

Atihe sfart, a lirmil of heat batance should be fixed as shown in Figure 10.7. The heat balance
shall be performed on heat outpit and heat input across the battery imit. If cquipped with waste
heal recovery equipment, take care not lo mistake the measuring points.

The specification of equipment for a subject boiler should be examined according to the items
shown in Table 10.8 and the operation récord should be described on the items of Table 10.9.

" The results of the heat balance should be entered into the formula of Table 10,10, Referred

items are indicated for calculation below,
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‘Figure 10.7 Standard Range of Boiler Heat Balance
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Table 10.8 Outline of Equiprient

Outlines of the installation shall be indicated as follows.

Name of plant, Address

Name of boiler manufacturer

Boiler number, date of manufacture

KindsType
Maximum continuous evaporation vh
g Maximum wotking pressure ™ kgicm? (G)
£ Normial operating pressure @ kg/cm? (G)
Cu Superheated (rcheated) temperature °C
: § Calorific value of standard fuel kealfkg (m,})
ne Suf Boiler ' oomt
Heating surface  yarer whe wall m*
area Total . m?
Super- Type _ '
heater Heating surface azea C m?
' Type ﬁ
Reheater Heating surface arca _ m?
. Type -
Economizer "Heating surface atea _ Com?
Air " Type o s
preheater Heating surface stea | B
: T ) :
- Firing ype U T
. . ' - Bumer capacity, numbcr o
CQUIPMERt - 4nd grate area . _ kg (m2yh, m?
. Combusion furnace volume - - _ m’
~ chamber Standard heat generation - . kealfm'h
. Pressure *. o
Con‘;ro! . Water level )
device Superheating temp, -
Others
" Drafiing
_ . Type : _
. Forced fan | Capacity m¥min (°C}
E Pressuie : mmAg
.‘5‘ Type
g Induced fan Capacity m’min (°C) .
g Pressure mmAq
5 . Type
Othér fan Capacily m¥niin {*C)
S Pressure - mmAq
= Size (diametes x height) mxm
- Chimney.  Name and number of common use
g Kind o o .
3 & - Capacily, number - . ' vh
L] . Do el i
b g Kind and capacity of feed water trealing device
g 3. Quality of feed water S
2 g Name and quantity of chemical use

Preparing condition al test starting

Note(') The pressure is a gage prcssurc.
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Table 10.9 Results of Measurement (172)

The test results shall be indicated as follows.

Date and time of test
Personne! in charge
Weather, almospheric pressure, wind velocity

C

Ambient temperature, dry bulb and wet bulb temperatures  °C

Duration of test h
Load factor %
Type of Tuel
Mixing ratio
Temperature as used ¢
Total moisture T %
Proximate . Analysed value % _
analysis As used % . Correct by moisturce,
. Ultirnate - Analysed value %
2 analysis As used %  Cosrect by moisture.

Lower calorific

- value of fuel . Analysed value -

kcal/kg (m,)

Measure 2 high calorific value by a calorimeter
and oblain a low calorific value by calculztion,

z 3
used As useg keat/kg (m,’) Correct by moisture,
~ Fuel conssmption Total kg (m,Y)
- Fuel consumption per hour - kg (m,¥h
Firing quantity per burner kg (m ) yh
Combustion chamber heat generation  keal/m*h
Condition of fising equipment '
* Condition of control device
- Condition of drafting equipment
* Condition of water feeding equipment
" Condition of dust catcher '
.- ~Total {corrected value) ‘ kg
antily of ; ‘
- Ql..l.an.tllyo Per hour ‘ oo kgfh o
& : feed water — - —
g : Per uait volome of fuel  kg/kg (m,")
' 2 . Temper- . Economizer inlet CeC
= ratore . Boiler proper inlet °C . '
" Rate of condensate recovery : %
Boiler drum kg/cm? (G)
’ Superheater cutlet kgfem? (G)
Pressure Reheater inlet kgicm? (G)
Reheater outlel - kglem? (G}
. " Superheated outlet : °C
B Tempe- Reheater inlet °C
g ratvre Reheater outlet °C C
i a -
o9 : B N : : . I
- e . - - Measuring by a throtiling calorimeter or
- Dryness (in case of no superheater) . % approximate ﬁ'gures (i.c. 98%) :
Q - N
@ Total {corrected value) ke , L : _
By . -Perhour kg/b  Obtain from the feed water quantity. Correct the
vaporauqn Equivalent evapotation per hour kg/h boiler water level and the steam used in itsell. ‘
Reheated stéam kg/h ' :
w8 Source of steam or hot steam . I i : .
gg o € . Quantity of steam 'or hot steam kg/h ' impossible t0 measure, vse an approxnmale
@ A8 & prossure and temperatute kglem? (G), °C igures.
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Table 10.9 Results of Measurement (2/2)

Air quantity per unit volume of {uel mMkg (m,)

Air preheater inlet °C, mmAq
Alr preheater outlet °C, mmAq
Qutlet of forced draft fan  °C, mmAq
Inlet of chamber *C, mmAq

=

s

ﬁ Tempe-

E rature and
g pressure
L

Rt

R-]

< Air ratio

Qutlet of boiler proper
Cutlet of economizer
Qutlet of air preheater

. Exhaust gas quantity pet unit volume of fuel m,’lkg (m,

Furnace inside *C, mmAq
o . Outlet of boiler proper . °C, mmAq
ba . Ecenomizer inlet °C, mmAg
g Temper-  Economizer outlet °C, omAq
S rature and - Ajr preheater inlet °C, mmAq
B pressure Air preheater outlet *C, mmAq
g Induced fan suclion °C, mmAq
X Induced fan delivery °C, mmAq .
5 Qutlet of boiler proper
4 (CO,. 0,, CO) %
1] Gas - Qutlet of economizer
analysis (CO,, 0, COY %
_Outlet of air preheater _ :
(€O, 0, CO) | %
Unburned component %

Refuse quanmy pér unit volume of fuel  kelkg

Condmon of smoke

o Steam consvimption o - kg
Auu!:ary Efectric power consumplion ~ kWh
Remark
Remarks 1. - The values cntered to ths sheel ‘siich as analysis data of the fuel and exhausl gas.
pressurcs !empcralures and et¢. of the steam, air and gas shall be !he averages.
2. .oad factor shall be as follows.
. Actial evaporation :
Load factor = —- - pofatio ———x100%
Maximum continuous evaporalien -
3. Condition of firing equipment means as follows. _
Hand firing method and interval of feeding coal damper opening
Stoker firing pced of stoker or coal feeder, thickness of coal layer, damper
' . opening, elc. :
Pulverized ¢oal firing ~ working number and spccd of coal feeders, pulverizers, exhausters
and fans, damper opening, working number and cond:uon of
. : - - burners - .
Qil §iring - ol pressure, and working number and condmon of burner
' Gas combuslion - gas pressure. Number and condition of operating burners
4. Condition of water feedingfequipmenl means as l'o]lows'
Intermitient feeding - number of feeding per hour, etc.
Continuous feeding workmg number, revolution, valve opening, etc. of pamps
5.  Condition of drafting equnpmcnl means revolution, regulating valve opening, dampes
.+ opening, etc. of fans.
6. - Condition of conirol dévice means automatic or manual, comrolllng ncms and sciting
value etc. :
7.  Condition of dust catcher means using period, pressure loss, temperature of gas and

leakage etc.
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Table 10.10 Heat Balance Table

Heat input kcalikg (m,’) %
{1 Calorific value of fuel )
(2) (") “Sensible heat of fazl Q,
(33 (") “Sensible heat of air Q,
(9 ('} Carrying heat of furnace blast steam Q,
'(5)  Heat corresponding to the work of auxiliary devices  Q,
Total H) +Q 100
Heat inpul : . kealkg (m,) %
(I} Heatof generated steam Qs
& 0 (2) * Heatof blow water : (Qa)
S g () Ohers o . _
o= Subtotal Qs
(1) Heatlossin exbaust gas L4
{2) Heat loss due to furnace blast steam L,
9 (3) Heat loss due to incomplete burning
2 exhaust gas : 1y
3 . (4 Heatloss due to combustible in refuse b
M (5)  Heat loss dué to release L
{6) ° Meat loss due to others ' o Le o
' Subtotal : M)
© Total . : . . 100
. . Boiler efficiency : L . %
(1) ~Input-and-output heat method ' ' ' :
L Qs
= X IOG
rp,: H,+Q

{2) Heatloss method -
. Sly=bg ). '
=} 1- == %100,
h [ "l_*QJ ‘

“Note (1) - (2), (3) and (4) are due 16 the external heal source.
() locaseofa high heating value basis, it shall be taken as Hy{(}H,").
) . In case of a high heating value basis L {L,/} shall be taken as L,h {L,,’} and L,
{L,’} be lakcn as shall be taken as Ly {Ly’ }

10.4.1 Mcthod to Obtain !.o“er Combuslion Heat frem lligher Combusilon Heat
Solid fuel and llqu:d fuel:: H,=H,-5.9 (9]1 + W) kcailkg~fuel

Here, ht llydrogen comenl in service condition (wl%)
w: Moisture content in service condition {wi%)
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Léw éaloriﬁc value (kcal/kg)

- 10600

When omitling elementary analysis, h shall take the following value.

Kerosene, light oil, crude oil and fuel ol 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 gravily and calorific value have been published. (See Figure 10.8). When a specific

- gravity measured at t°C is d,, the specific gravily disat 15 *C can be obtained by the following
equation.

dyg = d, + 000065 (t - 15)

Figure 10.8 Relation between Calorific Value (Low) and Specific Gravily of Petroleum Fuel
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Even if the following equation is applied, error is not so much. (See Table VIOJ 5
Gaseous fuel: H, = 25.9 (H,) + 30.1 (CO) +86.1 (CI1,)
+ 142 (CHy) + 154 (CHg) + 210 (CH)
4 223 (CyHy) + 282 (CHy)
+ 295 (C‘ o) kcal/m’ Fuel

~ Here, (Hz) elc_. are taken as the vol.% of each componenl.
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“Fable 10.11 Specific Gravity, Sulfor Content and Mean Calorific Value of Petrolcum Fuel

Specific gravity Sulfur content (%) "' Mean calorific value (low)
Kerosene ' 0.79 ~ 0.85 0.5 or Below 10,400 kcalkg
Light oil ' 0.82 ~ 0.86 _ 1.2 or Below 10,300
Whole fuel oil .
A fuel oit 0.84 ~ 0.86 05~ 1.5 ' 10,200
Bfuctoil 0.88 ~ 092 . 0.5~30 9,900
‘Cfueloil © 0.90 ~0.95 1.5 535 (Over) 19,750 B

10.4.2 - Specific Heat of Fuel and Air

"~ Coal’ 1 0.25 keal/(kg-°C)
Fuel oil @ 0.45 kcal/(kg."C)
Natural gas: 0.38 ~ 0.42 kecal/(kg-*C)
" LPG : 0.7 ~ 1.0 keal/(m?, °C)
~ Air = 0.3% kcal/(m2°C) (Influence of humidﬁy in air can be neglected.)

10.4.3 - Air'Am_ount
. The theoretical air (Ap) can be obtained by calculation from the component of fucl. In so}.id

~ and liquid fuels, if the contents of carbon, hydrogen, oxygen and sulfur in the fuel are taken
- as¢, h, o and 5%, respectively, A, is represented by the following equation.

Ao 1—!.6['8.89c_+;2€:».7(h - —g)_+.3-3slm3wf"‘g'f®'

If an elementary analysis of fuel is not done, A, is able to calculate ‘using the appro"ximate
~ expression from its calorific value. This standard adopts Boie's equation.

. Case of coal

N,
1,000

Ao =101y 0.s6m*kg-fuel

Case of fuel oil .

H. +1.36mnikg-fuel

 Ag=1238
Ao =123870,000
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Case of gaseous fuel

m3n/m?n-fuel

Ag=11.20 H,
10

L3

(Case of hydrocarbon-mixed gas)
The actual air input (A) can be obtained by the following equation,
A = mA,(1+1.61z) m’/kg-fuel

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

The value of z can be obtained from Figure 10.9.

_ ' ] 'Specif ic volume of waler vapor m*/kg
o e i : ki SO
Quantily of water vapor in ait ‘Specific volume of dry air m’y/kg 2=

1.61 z m%J/m’ (dry air)

The air ratio can be obtained by calculating the nlalcri'ai balance through measuring the
oxygen concentration or the CO, concentration in the exhaust gas. If the nitrogen content in

- the fuel is small, if the nitrogen content in the dry combnsnon exhaust gas can be assumed as

79 %, and if complcle combusuon can be assumed, the air ratio can be obtained by the
fol!owmg equation, :
o
21-{03)

(O,} Oxygcn concenlratlon (%) in the exhausl gaa _

When lhcro is little hydrogen in the fucl

me= (COZ)mat .
(COy)
(COY Carbon dioxide concentration (:%)!ir'l the exhaust gas

(CO,) ,,.: Max. carbon dioxide concentralion in theoretical dry exhaust gas

The foltowing valies may be used for the value of CO, ,...; Coal: '18.5 %, fuel oil: 15.7 %,
natural gas: 12 %, LPG: 14.5 %. ‘
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Figure 10.9 Absolute Humidity of Air
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1044 Heat Abso’ri:ed by;Generatcd =Steam
The heat absorbed by the generated stean is shown by lhe va1ue lhat subtracts the sensuble
heat of feed water from the retaining heat of generated steam.  If water is sprayed al a

superheater, the heat absorbed by the sprayed water is added to this.

If a rehéater is used, the heat oblamcd by the steam and the sprayed water is added to it. The
enthalpy of steam is shown in Tables 10.12 and 10.13.
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Fable 10.12 Thermodynamic Properlies of Saturated Water and Saturated Steam
(Temperature reference)

Temperature Saturation pressure Spexific volume {m'/kg) Specific enthalpy (keal/kg)
*C) {kgfem?) (mmHg) v V" K W PENTE
0.01 0.00623 46 0.0010002 . 206.16 0.00 597.5 597.5
5 0.00889 6.5 00010000 ¢ 147.16 5.02 599.7 5947
10 0.01251 9.2 0.0010003 106.43 10.03 601.9 5918
L 0.01738 12.8 0.0010008 71.98 15.03 604,1 589.0
20 002331 1.5 00010017 5784 20.03 606.2 586.2
125 0.03228 23,7 - 0.0010029 43.40 25.02 6084 583.4
30 0.04325 itE 0.0010043 3293 30.04 610.6 5806
i} - 0.05732 422 0.000060 25.24 © 3501 612.7 5711
40 0.07520 55.3 0.0010078 - 19.55 40,00 614.9 5749
45 0.09771 ng 00010099 15.28. - 44.99 £17.0 5720
50 0.12578 9.5 0.0010121 12.05 49.98 619.1 5692
55 0.16051 5181 0.0010145 9.579 54.98 6212 566.3
60 0.20313 1494 0.0010171 . 1679 - 59.97 623.3 5633
. 6% 0.2550 . i187.6 0.0010i5% 6.202 - 64.97 625.4 560.4
. 70 0.3178 2317 0.0010229 5.046 69.98 627.4 551.5
B 1 0.3934 2891 0.0010259 4,134 74.98 6295 5545
- 80 0.4829 "355.2 0.0010292 3.409 799% . 6ILS 5515
8s- 0.5894 4336 0.0010326 2819 85.01 633.4 © 5484
90 -0.7149 . 5259 0.0010361 © 2.361 90.03 635.4 545.3
95 0.8619 6340 0.0010359 1982 95.06 6313 L5422
100 1.0322 7600 0.0010437 1.673 100.1 " 6392 $39.1
1o 1.4609 0.00105i9 . © 1.210 110.2 . 64238 5326
120 - 2.0246 _ 0.0010606 ' 08915 1203 6462 $26.0
130 27548 - - 0.0010700 . - 0.6681 130.5 '649.6 C5192 -
140 3.685° 0.0010801 0.5085 140.7 652.8 VAR
150 4.854 . 0.0010908 - 0.3924 151.0 '655.7 504.7
160 .6.303 00011022 03068 T 1613 658.4 " 4971
170 8076 0.0011145 02426 i7g 660.9 - 4891
180 10.224 0.0011275 ° . 0.1938 1323 - 653.1 4808
190 12.799 0.0011415 " 0.1563 1929 . 665.0 ant .
200 15.855 0.0011565 ‘o272 2036 £66.6 : 4630
210 i9.454 000117267 . ' 0,10424 214.4 6619 4534
220 23.656 0.0011900 - 0.08604 225.4 6638 4434 .
210 28.528 0,0012087 001145 - 2365 669.2 4321
240 14,138 00012291 " 0.05965 247.8 669.3 4215
250 40.560 0.0012513 0.05004 . 259.3 6639 4095
260 47.369 0.0012756 0.04213 2711 667.9 396.8
210 56.144 . 0.0013025 0.03559 283.1 666.4 3833
280 - 65468 0.0013324 0.03013 295.4 664,1 3687
290 75.929 0.001365% 002554 © 308.1 661.0 3529
T300 . 816N 00014041 - 002165 a3 6511 13358
LT -100.65 00014480 0.01833 3350 65LY KIY R
320 TS.02 0.0014995 001548 349.3 645.8 296.4
330 13116 0.0015615 001299 364.6 . $37.8 Mm2
340 - 148.93 0.0016387 001078 381.1 6213 2452
© 350 168.61 0.0017411 0.00380 3993 - 6133 2139
360 190,43 0.0018959 - .. 0.006940 4214 5936 1723
37415 22556 0.0031700 0003170 503.3 503.3 0
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Table 10.13 Thermodynamic Properties of Saturated Water and Salurated Steam

{Pressure reference)
Fressure Saturalion Specific volume {m'kg) Specific enthalpy (kealkg) Specific entropy (kealikg-K)
P temparature
: (kgfcm“) (°C) v V" h' h" r=h"-h s s"
0.01 6.699 00010005 1316 6.72 £600,4 593.7 0.0243 2.1458
0.03 23.775 0.0010026 4652 . 2330 601.9 584.1 0.0336 20506
0.05 3255 0.000005) 28.72 3256 6117 579.1 04126 20070
0.10 4545 0 0.001010) 14.95 45.44 6172 5718 0.1539 © 15485
0.20 " 59.66 -0.00£0170 17791 59.64 6232 8635 0.1975 " 1.8908
0.30 6868 00010225 - 5326 . 6865 C 6269 55822 0.2242 LLes
05 B0.B6 00010298 3300 . 8086 6318 550.9 '0.2593 T 18156
0.1 $9.45  © 0.0010357 2.408 89.47 16352 5457 “0.2833 1.7882
1.0 99.09 00010430 1725 - 347 6388 ‘5396 03097 - 1.7594
1033 10000 - | 00010437 ¢ 1673 - 100,09 6392 - 5391 03121 1.7568
1.2 - 10425 0000047t 1.454 D037 6407 * 5364 0.3235 1.7448
S 14 108.74 T0.00[0508 1259 108,91 1642.4 . 8335 0.3355 1.7324
i6 11273 ©  0.0010542 1 T1I294 . 6438 5308 " 0.3460 17211
1.8 11633 0.0010573 09952 . 11659 6450 5285 03554 LI
20 119.68 50010603 | 09018 119.92 6462 5263 0,3639 - 1,7038
T2 12264 00010631 0 08248 . 12300 . 6472 T 5242 - 03N 16961
2.6 128,08 0,0010682 0,7053 128,53 6490 © 5205 - 0.3855 i.6828
T30 13288 0.0010728 06168 . 1aa 650.6 5172 - 03978 1.6713
4 142.92 0.0010831 0.4708 143,70 653.7 5100 : . 04226 1.6483
5 BEEIRY 00010920 03816 . 15213 6360 5039 - 04426 . 16303
6 15808 0.0811000 03213 15934 652.9 498.6 0.4594 1.6156
7 16417 00011072~ 02778 165.67 659.5 4938 04739 . 1.6031
8 169.6 0.0011140 02448 17135 6608 . 4895 . 04867 15922
9 17453 00011203 | 0.2)88 17651 6619 4884 " §.4983 1.5826
10 179.04 00011262 ©  0.1980 . 18125 - 6629 . 4817 . 0.5087 1.5739
T 183.20 0.0011319 01807 18565 - - 6637 4781 705184 1,5660
12 . 187,08 T Q001373 0.t663 18977 . 6645 4747 0.5273 1.5588
12 1T 00011425 -, 0.§540 19363 66501 . 471.5 - 0.5356 15521
4 19403 00011476 © 01434 197.29 @ 6657 " - 4634 05434 1.5458
15 - 119737 - 00011524 01342 - 10095 - 6662 L 465.5 0.5507 "1.5400
16 - 200,43 00011572 0.1260 20405 6667 . 4626 0.5577 1.5345
17 203,36 00011618 © 01180 207.21 667.1 459.9 0.5642 1.5293
I8 20615 . 00011663 o124 - 203 667.4° 4572 0.5705 1.5244
[} 208.82 0.001 1705 0.1067 213.14 6677 . - 4548 0.5765 1.5197
20 211.39 0.00] 1749 0.1015 21594 - 6680 452.1 0.5822 1,552
30 - 232.76 00012142 0.06794 . 23967 669.3 429.7 L 06295 1.4788
40 249.18 00012494 - . 005076 - 258,38 6689 - 4106 . 06654 1.4514
50 26263 . 00012826 . 004013 27428 6676 3913 0.6949 © 1.4288
60 . 21428 00013149 003313 © 28832 1 6655 a2 . 0203 1.4092
70 28447 00013469 - 002198 - 30104 . 6678 3618 07427 13915
80 293.60 0.001379] 0.02406. ° 312.80 659.7 3469 0763 1.3752
%0 © 30191 T 00014119 002098 . 3238 6562 3324 0.7818 1.3598
100 309.53 00014458 001848  © 133430 - 6523 - . 3180 0.7993 1.3451
i 32305 00015197 - - 001466 35404 . 6435 2894 C083ME T L3I0
140 asae. 00015985 .~ 0.01183 31283 s 600 08616 1.2890
180 34595 00016935 . 0009615 3913 619.7 2284 08505 - 1.2595
180 355.35 0001814 0.0077935 4108 603.7 1929 " 0.9205 1.2274
200 364.07 0.001990 0.00619 4316 5828 - 1812 0.9520 © 11892
220 372.05 0002169  0.00442 $62.7 5458 83.2 0.9988 11276
225.56 374,18 0.00317 0.00317 503.3 503.3 0 1.0612 10612
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10.4.5 Exhaust Gas Loss

10.4.6

The average specific heat of combustion exhaust gas is 0.33 kcal/(n, *C) from the resull
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 exhaust gas quantity is calcutated from the material balance
simitar to the theoretical air or can be obtained from the fuel calerific value according to the

" Bote's approximale expression.
pp p

" Case of coal

Gy = M +1.67m3n/kg-fuel

- Case of fuel oil

! f;g:o‘— - 3.9|n13nlkg-fuel

"~ Case of gase'ous fuel

1 251{,

m? Ikg -fuel
. 10,000

-(Case of hydrocarbon-mixed gas)

Actual exhaust gaé qtianiily is as the following éqqalion.

G=G;+{m- 1) A, + water vapor quami;y due to moisture in air

“The wal'er_ vapor quantity due 10 moisture in the air may usually bé neglected. -

Heéat Loss Due to Furnace Blast Steam

Steam is used to atomize fuel. ln use cf thc steam generaled in lhc boiler, the heal loss s

according lo the fol!owmg equa!mn :

Heat Ioss due lo blow in steam = Blow-in steam quanhly per | kg of fuet % (Enthalpy '

of stéam at exhaust gas tcmperature) (hnthalpy of
feed water) '

Inuse of steam in anolhcr line, the emhalpy of steam at ambient temperalure is taken as basis,

and an output heat and input héat are calcutated in enthalpies in each conditton.

—392—



104.7

10.4.8

 10.4.9

1teat Loss Due to Incompletely Burning Gas
It is calculated according to the following cquation.
Heat loss = 30.1 {G, + {m - 1} A;] (CO) kcal’kg (m’,)-fuel

(CO) is a carbon monoxide content (%) in dry exhaust gas, G, is theoretical dry exhaust gas
quantity.

Heat Loss Due to Combustible Refusc in Cinder

‘A combustible carbon (C)% con;eht can be obtained by the following equation.

C ¢ o= au/(100 — u)

here,a: Ash content % in fuel
©u: Average unburned contenl % in cmder

- Heat loss is 8¢ kcallk_g-fucl. _ |

Heat Loss Due {o Heat Releasc

' Allhough it may be obtamed by measunng the heat release in each parl, in Japanese Induslnal
. Standards, heat loss is taken as a value muluphed by the fue! calorific va!uc by heat release

loss %

: Tﬁe following values are showh as found figures for hea’t loss. (Table 10.14)

 For reference the diagram shown in the Power Test Code of the ASME (American Soc:ely of

o Mechanical Engmeenng) is shown in Figure 10.10. This diagram is a case of the d:fference

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 nv/s. ‘For other conditions, it should be
corrected by a multiple of Figure 10.11. This diagram is for a high calorific value. Foralow
calorific value it should be multiplied by H,JH,

Tab!e 10 14 Radlant Heat Loss

“Boilercapacity vh 5 . 10 50 100 500 1000

Radiantheatloss % . 20 14 08 05 03 02
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Figure 10.10 Heat Loss Chart {From ABMA chart in power test code of ASME)
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wall wall Pantial load heat cotpot o
pt321043210 w\é . 2
) 1] LAY A TN AN NS I .
lg C ] ey NS \\ b \\ N 'g
= oIl Bl EINDOSBIS B D ™~ s
< ESal iy N - N A Y N -
+ I amg )] & ~, ] S . _ 4
€ BT B AN VTN A SN :
R = in=g SN NELAVEL Y \ 3
2 A - Max continq;;'s;\‘\\\\ \\\\\ \\'A\\\ ‘>*‘"”" 2
[V} 111 | i1 . \ K \ \
a » N
] heat output . NN .
E 10 L3 LR PA - "T ™ \ _ \\\\ \\\ \\ AN \\ \\ 1o
2 o= & :)L‘ - * : \ - ‘\ P N N 08
o 3 03 =111 : I R . N 06 .
H 8 04___.--- A4 :: - - =3BN N AN ~ —"“04
o ML PO . : 1Y \ RNEN
5 o3 [EH . S8 N I N
Lo 0.2 [ ; ~t- 0.2
. 1
‘0-‘ 111 118 11l . 1 it o1
LR Coudo0d060800 2 3 4 6 810 20 3040 6080100 20 500 1000 2000 5000
L¥ .d_: ..... 10 7 .
A:cr,-?o%hn g"w.ﬁa[e, cooling . Qe Hourly total effective heat output {10'¢ kcal/h)

wall wall
" Cooling wall cocfficient
(‘lhc ﬁgurc shows the case that the te mperature difference beiween the heal reltase smface and the ambient air is 28 "Cand the wmd
_\elocny on the hcal release surface is 0.5 m/s. Cerrection mulnplcs in other condition are based on that of Flgure 10,11}
I\ote So far as a water-cooling wall otcupies 1/3 or more of the projected arcaina combusuon chamber reduction of heat koss is
peimitted to be dorie, For an air-cooling wall lhe reduction of heat Joss shou!cl be restricted 1o a case of utitization to

" combystion of the (‘oohng air,

Eumple ln s boiler haung the maximem continuous Ioad of 100 x 10" kealh, when the pamal load is 5 x IU“ keal, h and the
nurnbcr of waler-cooting wall is 3, the heat loss rate tesults in 0 65 %. : ’
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Figure 10.1 1 Correctlon Muttiple of Temperature Difference and Air Velocily to Figure 10.10

14

10

Correction muftiplé of heat release

0

T80 100

- Temperatare difference between heat release surface and anibient air (At 'C)

10.4.10  Other Heat Losses

They are error terms.
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10.5

Bolter Performance Indication

The boiler efficiency is indicated by an input-output method which is represented by a ratio of

the available output heat to the total input heat as shown in Table 10.10 or by a heat loss method
which subtracts the heat loss rate,

Also, to indicate the boiler performance, an equivalent evaporation multiple is often used.

Equivalent evaporation

" Equivalent evaporation multiple = : :
1 P P = Consumed fuel quantity

kg steamvkg (m*)-fuel

~ 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. It is
sometimes used as a good raling for daily management, '

_ The performance may sometimes be indicated by a rate of evaporation of heating surface (kg/

mt.h) which is divided by the equivalent cvaperation by the heating surface area (except an

economizer and a superheater), or by a rate of heat generation {kcal/m’h) in the combustion

chamber which is divided by the total input heat by the volume of the combustion chamber.

—306--




10.6 Consideration in Installation Steps

10.6.1

Cogeneration

When steam is applied to heating, its heating temperalure is almost 200°C or less and the
temperature of steam is also around the same temperature. While, the flame temperature when
fuel is burned, seaches one thousand and several hundred degrees centigrade, but the temperature
difference between its temperature and the steam emperature is not utilized effectively.

The basis of a heal engine in which heat is converted to work is the Carnot cycle. When an
effectivé work occurs by the comptenon of cycle through that of an operatmg fluid receives
heat at the temperaturc 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 theorcucal ef ﬁc1ency of the Carnot
cycle can be represented by the following equation. :

)
. 3
n g

'According_ly, a higher T, is a higher efficiency.

Cogeneration gives a work (eleciric power) by utilization of the higher temperatures when

fuel is burned and utilizes the remainirig exhaust heat as heat (see Figure 10. 12) And various
systems are cons:dered as follows.

(D (Gas turbine pdwer ge_nerélion) + (Sleani_lurbine pewer gencration)

. @) ' (Diesel or gas engine power generation) + (Hot water supply) .

@) '(High' pressure steam turbine power gcneraiion) + (Steam supply for heating)

In the planls of a steam consumpuon type, (he last sysiem {3) is usua1|y used insuch as a

" petroleum’ refmery, a paper and pulp plant, or a chemical plant. From the point of view of

cfficiency, the steam pressure is desirablé in 30 kgl’cm2 {G) or more and it is alimost 100 kg/
cm? (G). And the capacity is SO t/h or more. With the sharp advance of an energy price, the
economical efficiency is improved even in further lower pressure and a Iower capacily boeiler

_and the case equnpped with a generator instead of the’ pressure reducmg valve has increased.
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Figure 10.12 An Example of Cogeneration System

High pressuze steam 38 bar (G)
P i CORSRESRION 4 | SEERRI I
: Blectrie power
Pressure (g c
Boiter reducing _ : PR
vaIV@ | H 1 i
Féed water @( e @ @
punip , [~ \ Geaerator
Deae_ralor . . N Lm\ -predsure sieam
J A
1.5 bar (G) g
Intermediate-pressure steam -y
11 bar {G)
+ Deacrator pump
~_ Condensate from plant
—-—— Heal ¢xchanged waier
Fec& watet tank
10.6.2 | Coping with Steam Demand Variation

When thé:_s_ieﬁni demand fluctuates largely in a short time or adifference in the steam demand
between day and night is farge, an excessive capacity boiler compared with the average load
must be installed and the air ratio 'must be kepl at a lngher level to prevem black smoke - .

'occurnng at the load fluctuation,

“To preverit a declinihg of the bbi!er efficiency due to those, balancing the demand should be -

done through managmg the manufacturing plants as much as possible and Ihe followmg

 measures to the syslem should be taken,

- As a method, the steam accumulator should be equipped to store some excess steam which is

used when shoft of steam (Sce Figure 10.13), If an accumulator is accompanied when the

' 'bmler is installed, a boiler of the capacny near o lhe average load is 1b!e to cover suffl(:tenlly

the demand.
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Figure 10.13 Effect of Steam Accumulator
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In another method, several small size one-through boilers which are quick start-up are

‘installed and the operating number of boilers is controtled automaueally according to load

{sce Figure 10.14). Since this method increases the efficiency in a lower load compared w:lh '
the case of a single boiler (see Figure 10.15), energy conservation can be taken as a whole with

a counterba!ance of some loss increase due to the start-up and shut—of f. operauon

_ Figurc 10.14 Operation Number Conlrol

No. 4 Boiler . Load

: : Automatic boiler
. : Pressuse regulator .
. . number controller
: Z No. 3 Boiler . :

No. 2 Boiler

C
No. | Boiler

Steam load
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10.6,3

' Boiler efficiency (%)

Figure 10,15 Boiler Efficiency Improvement by Opcration Number Control

ot | 91 |
st 9% |
89} S8t
88 | g 88t
18 § 87
7t g g7t
3 g
86 | 86t
cl
m .
{Single) ‘ 1 (Boiler number control)
O 10 20 30 40 S0 &0 70 80 90 100 0 10 20 30 40 S0 60 70 80 90 100
Boiler Load (%) : Boiler Load (%)

Installation of Proper Capacity Boiler

Installation of an excess capacity boiler causes not only a higher investment bul also requires

a relalively longer starl- -up time to the requlrcd steam quantity and for much heat Joss. In

“addition to this, when the number of ON-OFFs in operauon is increased, the exhaust gas loss

due to purge al each operahon is in¢reased. In a high-low combustion changeover system

 boiler, although a proper air ratio is held at a high combustion, it will oflen be transformed to

" For mslallauon of a boiler, a proper capacﬂy boiler shouid be installed, al‘ler saving of sleam _

a hlgher vatue at a lower combustion.

consumphon ‘and conlrol of fluctuation should be taken.

lf the capac;ty of an existent boiler becomes exccsswe and 1f the time of a low mmbusuon is '

' longer an exchange to a small capacny burner may bnng about a beiler result.
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10.7 Energy Conscrvation Mcasure of Bollers

There are various items for the energy conservation in the boilers as shown in Figure 10.16, the
characteristic factor chart, The important points of lhese items are described below.

10.7.1  Air Ratio
The targest heat loss of boilers is an exhaust gas loss (see Figure 10.17). The exhaust gas foss
is decided by an exhaust gas volume and an exhaust gas temperature. A proper air ratio must
be kept to minimize the exh'iusl gas volume,

- Considerable po'inls to maintain the proper air ratio are as follows:

Figure 10.16 Energy Conservation Items of Boiler
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Figure 10.17 Example of 20 T/ Boiter Heat Balance

Retaining heat of generated steam
87%
- | Heat loss due to conlinuous
Residual loss .0%\w T a6 Blow-off water
Hzating oss due to
waler vapor in exhaust gas Heat loss due to
06% dry ¢xhaust gas
 Circulating heat
Heat Qutput ' in air preheater
%
Heat Input -
Heating value of _
buming assistant steam t_{j Sensible heat of air
0.7 % 18%
Heat of combustion of fuel e _
C912% _ ' Sensible heat of fuel
- T03%
1367 kg % 1000 = 14.7 tovkL,

Evapotalvqn mubtiple = Tkgx0.93 kgL

() :':Maintéining't;f'pr'dpcr fuelzoil temperaturc'

. Fuel ml should be prehealed to 80 — EOO °C to mamlam the wscosuy of fuc! oil w:lhm -

o the rangc of 20 10 45 ¢St. (See Flgure 10.18).

(2) - lnspecuon and tumng up of bumer

{

Clogging of oil strainer

Clogging, abrasion and assembling of humer up

The mounting dircction of the burner and distance to the burnes tile
Damage of and deposit of carbon on the burer tile

Oil leakage from the oil valves and the pipe connections

H

) -Maiﬁtaining of steam pres’s’uré for atomization
The steam pressure, air pressuse or fuel oil préssuré should be maintained to the

specified value by the rianufacturer to be atomized sufficiently. The characteristics of
_.oil burners should be referred to Table 10.15,
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{4) Prevention of air invasion

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

Figure 10.18 Viscosity of Fuel Qil
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Table 10,15 Characteristics and Application of Oil Burner

Low pressure High pressure

Qil pressure system

air system atomizing system
Non- Internal External R Non-
!m“‘m_k' interlock-  mixing mixing _"‘;!ufn reiuin oil
MBOPC ingiype  type type OUPe  iype

Fuel oil amount

15~120  4~180 10~5000 10~600 50~10,000 S0~ 10,000

* Oil pressure

LY | 6.1 ~03 1~9 02~ 5~ 40 5 ~70

Atomizing préssure

mm i,0 mmH0 3~ 10bar 2~8bar - -
{400 ~ 2,000) (400 ~ 2,000)

Atomizing medium
amount

2~3miy kg 13 mikg AD2m kg AO26m kg -
$0.25 kg/kg $0.33 kefig

S, ! Air Air Air or Air or
Atomizing medium :
steam steam
Combustion air 400 ~ 100~ 0~250 ~ 0~350 100 100
pressure 2,000 2,000 '
Combustion 4~6:1 4~8:1 g:1 6:1 3;1 3t
reguolation range - . : '
Short Stightly Shori - Slightly Shott Short*
_ flame " short - flame, long flame flame
Flame charackeristic flame, - Long flame e
‘ Long * flame '
flame - o
Possible - Easy Good  Sameas Low Same as
for = handling. atomizing. left combustion feft
propor-  Sameas - Small noise, :
tional feft. 7 clogging Low cost
. control by : _ " of
Merit ode lever. T - operation
Low ¢ost o '
of installa-
tion and
operation _
Blower Same as  Power cost Power cost Not - Same as
required  leflt’ requited | requited  respond left
to {oad
Weakness ﬂ-..iclualion
High
| pressure
pump
o required
Boiler o) 0 O 0. 0
application : o ‘ S
O c 0
¢ kel O
O o O O 9 e
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o)

(6)

Regulation 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 fiame 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 slightly black smoke will be emitted.

In fuel oil or kerosenc burning, through observation of the flame fromi the front spy hole,
the combustion under conditions thai the center of flame is a slightly dark shade and a

dazzling flame around it is stable is near to the proper air ratio.

If the air amount drops a little shorter than the proper vaiue the neighbor hood of the -
flame tip has a tinge of black and sool generates.

On the other hand, if the air is excessive, the flame shortens extremely and becomes like
a branch swaying violently. The cotor of the flame becomes a yelow closer to white.

Automatic contiol

It is the most simplé method when the fuel control valve is inlerconneclcd_m}:chanically
with the air damper and the lever is driven by the control motor of the automatic

: Combusuon But this method is difficult (o change the seiting of the air ratio during the

aperation and the air ratio is more likely to be set at a little higher level not to generate

" black smoke even al a lower loadmg_

' Thcrefore lhere is a method :mprovemem in part of this melhod

The example shown in Fxgurc 10. !9 has a ratio setting mechanism in the linkage and the

- Q,content in lhe exh‘ausl gas is fed back lo adjust the air damper to the O, setling by fine

adjustment.

The example shown in Figure 10.20 remains the function of linkage and the controller
of the revolution of the blower is added to it to adjust the O, concentzation in the exhaust

- gas using a seuing value suitable to the load.

For a large capacnly bmlcr a flow controllcr should be installed for fuel and air

‘respectively to perform a parallel orT sefies cascadc control by the steam pressure signal

as shown in anure 10. 21

Thesn controls have lntle problem vnder the steady operauon but !hey do not have a
mechanism to prevent black smoke generation which conirols fuel of air by preccdmg
air when boiler Joad increases and preceding fue} when boiler load decreaseés. Accordingly,
these controls have the problem that the air ratio must be set at a little higher level not
1o generate black smoke even in a load fluctuation. ' '
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To dissolve this defect, the example in Figure 10.22 is applied with a cross limit to
check fuel or air flow whether to conform to the actual flow of each othes: for fucl, the
master signal coming from the steam pressure meler is compared with the smoke limit
fuel quantity signal obtained by a calculation from the aclual air flow, then smaller
value is selected as a fuel value. In the air side, contrary to this, the air flow issetto a
larger value between the master signal and the smoke limit air quantity signa! obtain¢d
from the actual fuel flow. Thus, since a control of the air preceding type is done in a
load increasing and a control of the fuel preceding type is done in the load decreasing,
* the air ratio is not required at a }arge margin.

Even in this method, however, since, at a load rapid decreasing, the air ratio comes
temporarily to a higher level, an vpper and lower limit mechanism of the air ratio may
- be attached.

When the fuel component fluctuales, there are some cases in which ait flow is controlled
more exactly through transmilting the signal to the controller from the O, analyzer in

exhaust gas.

Figure 10.19 Boiler Air Ratio Controller (1)

. . -Ratio selting device wing = o :
- . : lenoid valv ) ' ‘
Flow meter - AC va1§3‘»“°‘d vave f box | :\ .

 Fuel ou_uhqu 2 : | Boiler
Flow T oil - @ _ o - | v
. | & Damper_ ' E£20, sensor

traasmitter | circulation

' Signa fer o . .
o Signal e P contro. N

, L"‘ convertef Drunt pressure E/E_ o [:l :

’ ' positioner Q, analyzet

: ¥, setting " Tntcgration
SET Proportion
i 0

Bias
SET

&
LS_ET . “— e
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Figure 10.20 Boiler Air Ratio Controller (2)
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Figure 10.21 Basic Combustion Contrel System

PIC:  Main steam pressure regulator
Fr Airffuel ratio setting device
FIC-F: Fuzl flow regutater
" FIC-A: Air flow regulator

(a) Paralle] cascade system

g
g\é?

4 ;(B)Scrialcascade'systém o ' } {c) Serial cascade system
Fuel precedence typc - o Air precédence type

(FIC)
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Figure 10,22 Block Diagram of Single Cross Limit Combustion Control System

g Steam Pressure p, (F). Airratio

: : : g FOMAX).CA
| E, (MAX)

CA: Theoretical air quantity pet
unit fuel quantity

High signal selection  ~ High select :

© B (MAX): Maximum value inthe

100-K .
-'_TGOTZ measuring range of fugl Now
Master sigoal F, (MAX): Maximum value inthe -
y /@ . measuring range of ait flow
Low signal selection
Low select
: S : 100+X
. E< il s ]
. R 100
v : H Low limit
- (FC) 2 .

/ I N
L Computation of square

) - / : : » TOOL extraction i .
L. : - E— o L-(Correction of temperature -

- and pressure)

S Fued

) PC-1: Main Steam pressure regulation
4 : FC-1:" Fiel oil flow control SR
FC-2: Airlow control

(7) Standard of air ratio
Since the air ratio is influenced by the type of fuel, the load factor and the composition

of control devices, these points must be considered for setting of the standard. The
values of Japanese standard are shown in Table 10.16 as reference.
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Table 10.16 Standard Air Ratlo of Boiler

Classification Solid fuel

Liquid fuel Gas fuel  By-product
of evaporation Fixed bed  Fluidized bed fquid T a$ lue y-product gas

Latge-sized boiler

- - 105-1.2 1.05-3.1 1.2
for electric utilities ' -
© Other boilers _ ‘ :
30 vh or more 13- 1.45 12-145  L1-1.25 11-12 12-13
10 to 30 Vh 13-145 1.2:145 . 12-13 1.2-1.3 -
5t0 10 Uh - - ' 1.3 1.3 -

<10 th : - = i 1.3 1.3 -

These values shall be applied to the operations of load factor in the range shown in the
Table and to steady operation. In a solid fuel, this is the case of pulverized coal of - %{
H, 5,000 kcal/kg.

10.7.2  Exhaust Gas Temperature
{ lmprov’emenl:of heat lra:nsfef -
" The thermal conductivities. of sdot and scale depend on lhe_ir_-:'omposiiidh and the
deposil situation, and they are of values of no more than 1/100 to 1/1,000 of these of
“'mild steel as shown in Tablé 10,17, Accordingly, these dep{isits'make the thermal
efficiency’ of boilers decline remarkably simitar to some msuratlon on lhe healmg

surface (see l*|gure 10. ’23 and Figure 10 ‘24)

' -’I‘ablc 10.17 T hermal Conductivity of Scale and Other Substance

Scale and other substance * Thermal conductivity {kEéli(m-h-"C)j - : § :
oot : © 0,06~ 0.1 L
Oily matter ' ‘ 0.
Scale as main cbmponem of silicate _ o ‘ ‘0.2 ~ 0.4
S:cale as hlain component of carbonate - _ 1 0.4~06 _
Scale as main comﬁdﬁéqi of's'ﬁ!féle; - . . 0.6 ~ 2

Mildsteed. . - . 40~60
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- Figure 10,23 Example of Fuel Loss due to Soot on Ileating Sutface
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Figure 10.24 Example of Relation between Scale Thickness and Fuel Loss
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In order to avoid any hindrance due to the scale, it is required to perform properly a -

water treatment and 2 blow and to clean periodically as described in item (3) of
paragraph 10.2.3. : o : _ _

Cleaning of the heating surface for the water side should be can;ied.om commonly once
per year, though il depends on the degree of the waler treatment, by maﬁ_ual cleaning
with a brush or by a chemical cleaning of a¢id containing an inhibitor.

Cleaning of the heating sutface for the gas side should be carried out by a brush every
month or three nonths for smoke tube boiler. Bven in its period, when the temperature

of exhaust gas is higher by 30 °C compared with the temperaiure just after the cleaning,
cleaning is again required. For a water lube boiler, peiiodic soot blowing is required.

When a flue smoke tube boiler has an enough capacity, a special steel turbutator in the

smoke tube is inserted to improve the coefficient of heat transfer by bringing turbulent -

- flow in the gas flow (see item (3) of paragraph 10.7.7).
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(2)

Recovery of waste heal in exhaust gas

In boilers, it is basic that the exhaust gas temperature does not rise by keeping air ratio
in proper values by lessening contamination on the heating surface. If the exhaust gas
temperature is higher, the waste heat in the exhaust gas is recovered to preheat the feed
water or the air for combustion and the thermal efficienicy 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 (econoniizer). A middle or ‘small size boiler is often provnded

with either of them.

" “The point to be given atlention for recovery of waste heatin the éxhailsl gas, is corrosion
"in low temperatures due to sulfuric acid mist in the exhaust gas.

When a fuel containéd with sulfur is burned, S0, is formed and a part of it is converted
10 8O,. 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,80,) in a high concentration, which provides corrosion to the

heat exchanger or the ducl.

The relation between the sulfur content in fuel and the SO,% in exhaust gas is shown in"
Figure 10. 25, the conversion of 30, to 80, is shown'in hgure 10.26 and the relation
belwcen the SO3 concentration and the dew point of acid is shown in hgure 10.27. In

the v:cmlly of the inlet for a low temperature fluid of the heat exchanger, a low
© temiperature part exists partially, Therefore, the gas lemperalure must be kept at a
' _hughcr level than the dew point of acid shown in the figure.

Figure 10.25 Relation between Sulfur Co_n_te_nt in Fuel and SO, Content in Fuel Gas

o —T T 0
o 19
e =
Henprs————al
% 1 2 3 4 5

Sulfur conteal {wi%)
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Figure 10.26 Relation between Sul{ur Content in Fugl and Conversion Ratio from SO, to SO,
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Figure 10.27 Relation belween 8O, Concentration in Exhaust Gas and Dew Point Temperature
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To aVQ'ic_i this trouble, some heal exchangers are used wilh a glass tube or a lead coaling
tube as the material. As shown in Figure 10.7 of paragraph of the heat balance, a’

measure 1o prevent overdropping of the gas side temperature of heat transfer surface

may sometimes be taken by means of prehealing the air wuh an external heat source-

prior Lo fcedmg the air 10 lhe air prehcaler
The rising of feed water temperalure not only causes a direct increase of the mpul heat

: but alsoithasa merit which makes the thernial stress genetaled in the drum very low by

a small tcmperalure duffercnce between the temperatures of feed water and boiler water
. in the drom, ‘ :

- The saving rate of fuel due to air preheating is as follows:
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Where,
Q: Cartying-away heat of the combustion gas keal/kg-fucl

P: Catsying-in heat of the preheated air keal/kg-fuel
'F: Catorific value of fuel kcalkg-fuel
If: Available heat and required heat = F - Q keal/kg-fuel

In a case, where air is not preheated
Hy=F-Q

In a case of preheating air
He=F-Q+P=H,+P

L Taking the required heat of furnace as X keal/h, the fuel consuniplioh when air is not
. preheated: ‘ '

. —x—kg-fucllh
Hy

When air is preheated:

X X ypfueth
Hg HA +P . o

- Accordingly, the fuel saving rate is as follows:

Hy HutP_ . P_
X Hy +P

. The fuel saving rate in case of 1,2 in the air tatio is shown in Figure 10.28.

" The preheating of air brings an energy 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 fame temperature.

‘In the case of an air preheating, however, care must be used 10 the increasing of NOx
generation due to the rising of flame temperalure and the heat resistance of the burner.

' Whea an instattation of an economizer is planned, it should be overall invéstigated in

‘comparison wilh the recovery of condensate, the heat recovery ina continuous blow and
the feed water preheating effect by solar energy or utilization of wasté heal 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.

415~



3

Figure 10.28 Fuel Saving Rate duc to Air Preheating

Exhaiis_l £as ténlper:aiure standard

Fuel saving rate (%)
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- The heat efficiency of boiless is generally at a higher level compared with an industrial
furnace ahd the exhausi gas temperature is also at a re!alively lower level. A large size

boiler is in a favorable economical condition to eqmp with a wasle heat recovery ‘unit

and has the exhausl gas al a lower temperature., ‘A gaseous fue! ‘generally has a lower
sulfu_r content and heat recovery from the exhaust gas comes to extent of lower exit

temperature.

In the Japanese exhziust:g’as_(enipe_ralu_'re‘ standard, the standaid of an exhaust gas - g‘;
temperature by capacity and by fuel is determined in consideration of these points as - 3
shawn in Table 10.18. o : -

Tablé 10.18 Standard Exhaust Gas Temperatore of Boiler (unit: °C)
(Load factor: 100 %

at the outer termperature of 20°C)

Classification
of evaporation

Fi xed bed

Solid I"uelr o
Fluidized bed

Liquid fue} .

" Gas fuel

: By-product gas

* Large-sized b'c;!ler

for clectric utilities .

145

110

200

Other boilers

30 ¢/h or more 200

1010 30 th
5 to 10 vh
< 10 tvh

- 250

200
200

200
200
200
200

110
170
200
220

200
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10.7.3

- 10.7.4

1075

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

Prevention of Heat Release

Boiless are designed to restrict heat release as much as possible under consideration that most
of the heat radiation surface is water or steam part and heat insulation is also generally
sufficiently provided.

However, the feed water tubes, valves and flanges around the boiler are sometimes not
provided with that insulation.

In the eveni that hot water such as condensate is recovered into a feed water tank, seme
examples allow the hot water recovered with much effort to overflow in vain owing to poor
level control. If overflow is required, piping should be arranged lo allow the low tempcrature
water at the bottom to overflow.

© The heal insulation feference of boilers is not shown in the Japanese standard but it is taken

10 be according to the Japanese Indusirial Standards (JIS A9501). In JIS, it is prowdcd to_'
insulate heat with a thickness so ‘that the sum of the fuel cost corresponded o the heat loss

‘fmm the surface after the heat insulation and the annual amortization for the cost demanded
: lo the heat insulation work is minimized. Namely, it is provided that the heat insufation:

thickness may be sclected lo cause the greatest cconomy according lo fuel cost and working

- cost of lnsulauon {See Chapter of S{eam 5

Energy Conservation of Accessory

~ Foralarge scale boilér, an opl:mlzauon of the capacily of blower and feed water pump should
. be taken: If most of the aperation is under a low lead, the number of revolutions shoutd be
- controlled to reduce the contraction loss at ihe valvc and the damper

Dust altached on the air p'rehea{er. and the fah shéuld' be cleaned periodically to prevent an
increase of pressure loss and a reducing of the efficiency.

Opcration

If theuse ofsleam is limited to only day llme aone- through boiler of quick starl-up operation

s desirable, but for a Mue smioke tube bo:ler sonz ¢consideration is needed not o advance the

stait-up lime and to stop bcforehand the terminalion of operauon with choosmg a-lime .

utilizable to the remaining pressure When the boiler is stoppcd the fiue damper shouldbe =
- shut down to prevent cooling of the furnace.
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10.7.6

Routirie Managenient

To advance the encrgy conservation of boilers, it must be settled first to provide required
instruments and grasp the daily operating situations. Especially the refation between the
evaporation and the fuel consumption, that is the cvaporation multiple (see paragraph 10.5},
should be observed. If a declining of the performance is recognized, its causc should be
investigatcd immediately and an appropriate measure must be taken.

Table 10.19 is a sample of operation records. These ilems must be recorded for the boiler
management, The items such as the evaporation multiple, the feed water lemperature, the
exhaust 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 detection in ils early s!agc of any abnormality.
The indication of data is useful to promote the operator’s interest o encrgy conservation.
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10.7.7

Example

(1)

@)

»

Feedwaler preheating with waste heat in other processes (Petrochemtical ptant)

In an ethylene manufacturing process, the water used for cooling of the process fluid bas
been discharged at a temperature of 63 °C with 1,500 vh. The water has been cooled to
35 °C in a cooling tower and has been used again for cooling.

On the other hand, the boiler in the adjoining plant has preheated air to 60 "Cin a
preheater with steam 10 prevent a low lemperature coirosion of the air preheater.

The persons in charge of both plants have taken riotice of this point, arranged a pipe
between both plants, instalied a hot waler system air preheater and disused (he steam
system preheater.

:

The results saved the steam for preheating of 13 t/h. The investment cost was 70 millien

yen.' The saved cost of fuel was 330 million yen a year. The invésiment fund recovery

period was 3 months.
Improvement of boiler air ratio (Building material manufacturer)

The heat balance of a boilet (30 tfh)_which burns fuel oil was as follows:

_-. Boiler efficiency _ L - 90%

Exhaust gas loss ' s
Steam loss for atomization - 1%

~+ Heatrelease and others ' - 4%

Various tesls were carried out by changing the hir ralio automatic controller to a manual

:operallon in orc!er tolryto reduce the exhaust gas loss. The result proved to be poss:ble

to reduce ftom 2.5 % of the mnvenltonal 0,% limit to 0.6 %. As a resull, O, has been
reduced to 1.0 % ' - < .

. a. by replacmg to a mlcrocomputer conlrol system whlch can cope withaload ﬂucluauon

and

b b'y inslalialién 6!’ a_zirconia s'ystem 0, anhiyz’e'r ivhich is a _lo'w time dcl'ay.'

' Since the opening of the damper for 1he forced draﬂ fan was a low dcgrec of 10 to 20
Y%, the revoiuuon control by inverier was carried out.

'

As a result, fu‘el 0il was' ceduced by 37.5 ké/l year, power was reduced by 145 %

10° kWh/year, the merit was 5.15 mxlhon yen/year and the investment cost was recovered

“in about one year.
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(3)

Exhaust gas temperature

. 0op

250

Heat transfer improvement of smoke tube (See Figure 10.29)
A special steel turbulator was inserted in the smoke tube of a flue smoke tube boiler
{6 kg/cm? (G), 7 t/h) which burns fuel oil and the heat transfer was improved by giving
a turbutent flow to the gas flow in the smoke tube. As a result, the boiler efficiency was
improved from 87.5 % to 89.7 %.

- Figore 10,29 Turbulator Insertion Effect

Smoke fube
i

-\Bame plate

" (2) Load-exhaust gas temperature . (b) Lead-efficiency

3001 (*C) (%)

After installation

—

Before installation

“ Before installation

- After instailation

‘ Efﬁcicncy_'.. S
1

| 1 . i 1
60 20 100 0 60 80 100

'O'I:_u.:: Iil :Iiu.i 1 '}
- . Load —» (@) : Load )
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11,  ENERGY CONSERVATION IN THE
UTILIZATION OF STEAM






11,

11.1

ENERGY CONSERVATION IN THE UTILIZATION OF STEAM

Utilization of Steam

Steam is widely used in factories, buildings and so on as an energy source because of its
excellent physical and chemical properties. Available utilization of steam with a thorough
coniprehension of its properties is related to an effective encrgy conservation, -

“The general characteristics of steam are as follows:

(1)

(2)

®)

4

- (5)

(6)

Saturated steari is always in aconstant relationship between the pressure andthe te mperaturc

- and by keeping steam in a constant pressure it is possible to set 2 constant lemperature

{See Figure 11.1) -

Steam has a lacge latent heat of evaporatioh and the temperature is kept constant during
evaporation (or condensation).

Figure 11.1 Relation between Pressure and Temperature of Saturated Steam

O — S
a00— — Critical point _ ——
. o {12556 kg!cm’)
53« 350 ; - 374.15°C 7]
8250 - s :
& o /
F e
2 150 S EZf M
g ‘ . :
3 ;
s 100
i i
50

0.1 os 10 50 10 50 100200300
i Pressme(kg!cm abs)

. The tatent heat of evaporation of sleam is larger as the pressure decreases and it is reduced

as the pressure sises. (See‘Figure_ 11.2)

The heat transfer cocfficient of sieam in condensation is very large and so steam is
parlicularly excel!ent as a heat !ranSfcr medivm.

“Volume of the steam changes greally at condensallon and lhe spec:f ic volume of condensate
-is very small Accordmgly steam facilitates handling.

Steam is chemically stable and is a harmless substance. '
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Figure 11.2 Relation between Pressure and Latent 1leat of Staturated Steam
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1.2  Effectivencss of Steam Selting Pressure

11,2.1

Effectiveness of Boiler Steam Pressure

When steam is used as indirect heating, the lower the steam pressuce, the larger the heat
quantity {latent heat of condensation) released when steam condensates is, Therefore, the use
of lower pressure steam allows saving of the fuel.

In case of reduction of the steam pressure in an existing boiler, however, a proper pressure
niust be set in consideration of the limit of the minimum operating pressure of the boiler, the
pressure loss of the steam piping and the capacity of the steam servicing equipment.

Example of fuel saving through the reduction of steam pressure is shown as follows.

~ Table 11.1 Differenice of Steam Effective Heat by Pressure

Steam pressure Saturation temperature  Specific enthalpy of steam " Condensation latent heat

(kgl/em? G) - Q)  (kealikg) (kealrkg)

7 170 6608 3 439.5

5 s 6579 | 4986

If the steam pressu:re' is reduced from 7.2 kg/cm? (G) to 5.2 kgfem? (G), the latent heal of

condensation rises to approxnmately 9 keal/kg from Table 11.1. If steam cmsumplion per
month is taken as's, 400 memc tons, the steam consumphon due lo reduction’ of the steam
pressure is

5, 400xi4§23-5 300l!momh

498 6

If the calorific value of fuelis taken as 10,000 kcal/kg, the feed water temperature as 20 °Cand

- the boiler efficicncy as 85 %. The saving of the fuel due to the reduction of steam pressure

is as follows:

5,400%10* x(660.8 -20) = 5,300 10%(657.9 - 20)
40,000)(0.85' _ l0,000x(}.BS_ )

= 9,3-_47 kg;moﬁ:h

- Through reduction of steam pressure there is also a merit of energy conservation due to

decreasing of the diffusion hcat from the bmler body and decreasing of heal loss of the blow-

- off,
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11.2.2  Pressure Reducing Effect of Steam

When the minimum operating pressure of the boiler is limited or the high pressure steam in
sone sleam servicing equipment is necessary, the high pressure steam is often reduced by a
pressute reducing valve at the front of the tow pressure steam servicing equipment, -

Since pressure reduction through a pressure reducing valve is a kind of the throttling adiabatic
expansion, the enthalpy of steam dué to throttling does not change. If a high pressuse steam
is reduced through a pressure reducing valve, heat utilized effectively by increasing of latent
heat incréases. As a result of this, steam consumption can be saved.

An example of an increasc of the heat quantity lhrough pressure reducing is as follows:

Ifasteam 9 3 kg/em? (G) of steam pressure and 0.95 of dryness is reduced to 2 kg/em? (G) the
latent heat of saturated sleam before pressure ‘reduction is

481.65 X 0.95 = 457.74 keaVkg
" and l.hc:‘;nlhalpy of wet steam is
81254 #57.5?'= 638.82 keallkg.
. Thé_ !a;le:lli heat after préssure reduclioKn is
638 33 133 41 = 505 4] kcal/kg.
: Accordingiy; the latpnl heat amouni due to ér’essurc ;educlioﬁ is incfeascd by

505.41 — 457.57 = 47.84 kcal/kg.

*'In othet words, the excessive hea{'quanliiy of {47.84!457.57):)('!00 = 1_0.6% is possible for
‘utilization through pressure reduction.! The dryness after pressure reduction resulls in the
following: '

635.82 == ]334] +XX§179
x=098,
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11.3

11.3.1

Steam Transport

A steam piping from the boiler to the servicing equipment is required to satisfy the condition of
minimum distance, minimum pipe diameter, minimum heat loss and minimum pressure drop as
far as possible.

- Piping Plan

‘The steam servicing condition in steam consuming equipment should be defmed by lhe
' fo!lowmg items.

La. Servicing time and hours
b. Batch or conlinuance
c.. Servicing pressure and quantity (average quantity and peak quantity)

Wllh a p!anl plan of p:pmg, the relation between the yard piping and the planl piping should
be defined. The yard piping system diagram is shown in Figure 11.3. Decision of either the
example 1 or 2 shovld be taken into consideration for various factors such as the arca of
‘faclory, the length of yard piping, the time of expansion plant, the opcratmg process of each
* plant, the initiat cost and the heat loss. Itis also required to mvcsugale for an exclusive piping
for the daytime and the night tlme and a separation of the high pressure Ime and the low
pressure line, '

'Figufe 11.3 Yard Fi;ﬁng System Diagré;h |

" Example 1 . o
Yard piping -
B e et | I
T
. I _. | IR
: A B~ C

[

Example 2

o= ..Yard.pip-ing o : . S
P _ : —l
" Yardpiping
ina _ T l
| Yard piping .
i M —dl L L.
Boiler b e
: == A l | B I I C I
Steam ‘ . _ !
header L Plant J i_ Plan!’J 'L Plant ’J
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113.2

To take the piping from the yard piping into the plant, a main valve should be installed as
shown in Figure 11.4 to lessen the influence on the work for the plant extension or to avoid

heat loss by clos'ing the main valve at a dead time. A pressure gauge and a flow meter must

be installad. Also it is 4 method that a blind flange is mounted to some termiinals of the heater
for future vsage.

Figure 11,4 Plant Steam Piping System Diagram

Préssure
Yard pipil’lg . gauge Flow
—F

. meter Blind fiange
. IMain valve
— R | b
Brinch

Plant outside —>|<*— Plant inside pipe  Steam ttap

Heat Insulation of Steam Piping

In steam transport, part of the stéam gets condensed by heat dissipation from the pipe and is
discharged as condensate with energy loss. Accordingly, the steam piping should be given a
proper heat insulation to reduce heat loss.

- {1) ' Type and selection of heat insulating materials

a. Properties required of heat insulating materials
. Heat insulating njaie;ig]s‘ ate classified roughly into an organic and an inorganic

material. Both miaterials of organic and inorganic contain air bubbles in porous
portion by the sponge structure, and show. th¢ insulation effect.
The thermal conductivity of insulating malcri_als has the following characteristics:
1) increasing generally with the densily;
2) increasing with absorption of moisture;
3) increasing with t’aisi_ng of the lemperature,

" b. Type of insulating materials = -

The insulating material used for steam piping is mostly an inorganic materials.

‘Table 11.2 shows the kinds and features of inorganic insulating materials.
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Table 11,2 Heat Insulator Type and Its Feature

Heat
insulator

Raw material and
manufacturing process

Safety

Propeity service temgp.

Product

~ Rock woo! « Andesite, basalt, igneous

« Attacked by weak acid but not ~ Deasity: <0.3 glem? 600 °C or Jess

insutator rock, serpentinite, peridotite, weathered. Thermzl conduclivity
“chlorite-schist, slag of nickel + Various shape products suchas (70°C): .
ore and mangangse ore and plate, cylinder, band and < 0.042 keal/m'h-"C
limestone blanket,
+ Compound the above « Blanket is formed by set metal
miaterials in a proper ratio, on both sides of the stratified
melt in a tempeiatore of " rock wool and sew up with a
1,500 ~ 1,600 °C and form i1 wire. Good acoustic
to a thin fiber shape by absorption effect.”
blowing of compressed ait/ :
steam,
Si0, : 40~50%
AlLOy 10~20%
CaD : 20~30%
M30: 3~7%.
Fe,0,: 2~5% : _ L o
Gtass + Manufactured by the similar © « Plate, cylinder, blanket and Densily: < 0.1 glera® .~ 400°C or
© wool - manner to the rock wool. " band ' o Thermal conductivity ~ less '
irisulator o : ' Ty
< 0,042 kealfm-h'C
Calcium © = AdG fiber into silicate + Low price, good workability ~ Density: less 0.22 1000 °C of
‘ silicate : . powder (mainly diatom and durability. . glem? fess '
{nsulator earth) and slaked lime to v Typical insulator used not only Thermal conductivity
o teinforce, allow it to swell piping buta general machine. (70 °C):
enough and mold in a meta! . ' ' < 0.053 kcal/m-h-"C
mold to allow produce '
_ calcium siticate by steaming. 7 . ‘
Pertlite + Calkinate ignition rock such .+ Less | mm for moulding . Déasity: bess 0.2 glem? 900 °C or
insulator as pearlite or obsidian at 800 insulator Theérmal conductivity:  less
S~ 1,200 Cliakiln, ' © < 0,065 kealm-h.*C
» 'Whité or gray white cofor y
" fine patticle and very light
particle having fine bubble,
Not change in quality and
not fade in the color. Not
absorh moistuce in
 “atmosphere. g
Preformed = Polystyrene, polyurethane, -« Preformed plate or cylinder '~ Density: 'more than  -200°C
cellvlar * polycthylene or phenol resin * having many isolated air cell.: 2.7 glem? 100 °C
plastics o “ " Thermal conductivity:

" Used for cold insulation ~ °
o ' S <0.037 keal/m:h-"C
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C.

Selection of heat insulating materials

Recently, as a heal insulation for the steam piping system, the calcium silicate,
pearlite or rock wool is generally applied. The important points for selection are as
follows:

1)~ Low therimal conductivity

2) Small specific weight

'3)  Low waler absorption
~4) High strength and durability

'S} Withstands sufficiently against servicing temperalures (but use below the

safety servicing temperature.)

6)  Good werkability

Heat insulation _woiks

- Although an excellent heat insulation material is used, an incomplete work allows the

a.

heat insulation to worsen through intrusion of rainwater and the energy toss due to heat
dissipation. Care must be exercised for works

Works

)] U$e a moldcd pto.dl..lcl as far as pos.sible.

2) Consndet lhe thermal expansron ofplpes and lhe shrmkage of the heat mSUIatmg
material. :

The thermal expansion of piping and the shrinkage of the insulator cause some

gasp. In case of two layers or more (if a required thickness is more than 75 mm, the -

works should be two fayers as much as possible), the longitudinal and the lateral

 joints in each layer should be instatled, in shifting, not to be put at the sample pari,
- and the joint should be packed with a compressed fiber (Figuré 11.5). -
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(3)

Figure 11.5 Insulation of Pipe

Wice Outer facing -

Cytindrical insalator Joint

The valves, the flanges, and hangess of pipes should be insulated.

The valve poriions and the ﬂange parts may sometimes not be insulated by reason of
maintenance or inspection and complexity of the works, but these also should be

. insutated. Figure 11.6 shows the works of heat insulation for vaives, Figure 11.7 shows

the works of heat insulation for flange portions, ‘and I'lgure 11.8 shows an example of

- the works of a heat insulation for hangers.

Figure 11.6 Valve Insulation Work

Rea— —— SRS
" Valve insulator
: L Cylindrical . ¥
: NS insulator ), aE
AU A / i
- ) . : v o 1
. _'Z A . .,-:.-"l‘ At
| E_—“.——"—*“-__'__- - ia W o -
Zine steel Ry
cover L .
T _ H
D A BB Setrivel 3
Coversetscrews - “Heatinsulator . . . Cover
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Figure 1.7 Flange Insulation Work

" Cowver joint inserting
(bolt clanping) Setrivel
"-,,_._F
= /ﬂang,e
i e~ = Insulator
= Onter facing

Cylindrical shape
" insulator

: Cover joint ——="§
Cover Outer facing inseiting

{bolt clamping) _

~ Outer facing

Figure 11.8 Hanger Installation Work

' Sicel plate

" Porous insulator.

(4) - Consideration of vibration

i

For heat insulation on the piping installed to vibraling equipment, an antivibralion heat
insulation shoutd be selected and a fibrous heat insulating materia} is sunable for
vibration absorplton

(5) Considcration of rainwater resistance and chemica! resistance

To prevent the heat insulation against rainwater or corrosive chemicals, the heat
insulating material should be covered with steel sheet, aluminium sheet or mastic gum.
" When the heat insulating malesial absorbs moisture, because the thermal conduclivity
‘of water is approximately 0.5 kcal/m-h-°C which is larger by about 10 times than that of
the msulalmg material, heat loss i mcuases Care must be taken against moisture. The - °
mastic gum is a liquid or a paste conlammg asphalt or plasucs as the main component
and is excellent for workability, antirainwater and chemical resistance.

b. - Maintenance and inspection of heat insulation
Since the heat-insulated sections deteriorate with age and are damaged, inspection

is required.  The inspection is sufficient by a visual check of the appearance and can
be performed even in a daily inspection tour of the factory.
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-Heat loss (kealimh)

Special attention should be paid to the following points:

1)

)

3)

4)

- 5)

Deformation and damage of the outer jacketing

Decoloration of the outer jacketing and peeling of the p.ainling

Matk of steam leakage or falling of drops.

Shifting of the cover joint parts ofoulerjackéliﬁg or fa_!lling.-offo.f the Caul_kiaig. '

Gap between the hardware for hangecs and supporis and the outer ja'ckcl_ing for .
insulation. : ' -

j']f no abnormalily is found in the above points. the insulating performance is
considered to be maintained sufficiently.

- If an abnormality is found, repairing is requiced at once. .

Heat insulation thickness of sleam'piping, toss of release heat and heat insulation
- gfficiency. ' ' : ' '
The heat insulation cfficiency and heat loss after heat insulation are shown in
Figure 11.9 to 11.14. ' o '
Figure 1L.9 1" Piping
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Heat loss (kcal/mh)

" Heat loss (kcal/mh)

Figure 11.10 2” Pipiing
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Figure 11.11 3" Piping
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Heat loss (keal/mh)

Figure 11.12 4” Piping

Insulation efficiency 1 (%)

Insutation thickness (mm)
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Heat loss (kcai./mﬁ.)

Figure 11.14° 10” Piping
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11.4

Steam Traps

When steant is fed into a stcam servicing equipment, the potential heat of steam is conducted to

_ the subject for heating, As a result, the whole quantity of steam forms a condensate thfough

‘11.4.1

condensation. The steam servicing equipment shows the maximum heating effect whea the
steam space is filled completely with steam. With a residence of condensate in the steam space,
the effective heating surface arca decreases and the heating effect of the equipment lowers.
Accordingly, to maintain the equipment capacity at a maximum, the generated condensate
should be discharged as soon as possible. In addition to preveming inflow of condensate
occurring in the steam supp!y tube to the equipment, the occurrcnce of water hammer &lso muast
be prevented.
A steam trap is applied for this purpose.
Classification and Characteristic
The three most important funcli_oris of steam traps are described below,
+ Discharge quickly lhe generaled condensate.
* Do not leak steam. '
. Dlscharge non- condensable gas such as air.
At the presem time, many_ki'nds of steani trap have been manufactured.
“These are classified roughly into the following three types by their operating principles.
(1) Mechanical steam traps -
@ Thermostatic steam traps

(3)  Thermodynamic steam traps

Each type has various models and their classnﬁcahons and charactenshc are shown in Table
113, :
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Table 11.3 Classification and Characteristic of Steam Trap

Larg? L Operation principle  Middle classification Characteristic
classification
Mechanical ~ Utilize the densily . Lever floal type The presence of condensate drives
difference between  Freé foat type directly a teap valve. It is not necessary
the steam and the Open bucket type to wait a temperature drop of the
condensate. Inverted bucket type  condensate for actuation. The actuation
Free ball bucket type - is quick and secure and has a high
refiability,
Thermostatic ~ Utilize the : © Bimetal type Actuation does not depend oa directly
check temperature . Bellows type the presencé’ of condensate. Since
difference between (steam expansion ~  actvation is done through the change of
the steam and the . type) “temperature, response is slow. !
" condensate. Accordingly the actuation cycle is

longer. A'large air exhaust capacity.

'ﬂlefmodynanlic : Ulilizé the difference  Impulse type The configuration is small and the
of lherm'ndynamié - (orifice type) o rél'iabil'ity is next to the mechahic_ai. _
property bebween'the  Disc type The 1rap back pressure is limited to less
steam and the -+ 50%of the inlet pressure.
condensate. ' o

(1) Mechanical steam traps -

These types of traps funclion by opening and closing the valve by motions of the backet
. or the float due to the difference of the densities between stcam and condensate.

a. Lever float type trap

This type is a trap to ‘open or close the valve through the lever, utilizing the
buoyance of a closed float {See Figure 11.15). Deformation due (o abrasion or
shock of the lever mechanism might cause warpage or incompetency of the valve
seal. R

- b. Free float ty’be’ trap
The float itself serves és valve (o open or close the valve port (See Figare 11.16).

- This 1rap'has a high reliability because there is little mechanical trouble. It has a
“continuous discharging characteristic of condensate.
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Figure 11.15 Float with Level Type Trap

c. " Open bicket type frap

The trap is équ_ip'ped' .\yilh a valve on the valve stick which is fixed in the center of
the upward opened bucket (See Figure 11.17). ' '

‘Figure 11.17 Open Bucket Type Trap

d. Inverted bucket type trap
The trap has a hanging mechanism of a downward opening bucket by the lever and

the valve mounled to the lever opens or closes the orifice located in the upper (See
Figure 11.18). Deformation or abrasion of the lever might cause lrouble.
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Figure 11.18 Yoverted Bucket Type Trap

e.” Free ball bucket type trap

The trap does not have the lever as in the inverted bucket type trap and its actuating
- principle is the same as the inverted bucket type trap (Figure 11.19). The bucket is

~ aglobe and its ouler surface actuates as a valve. The trap actuates interm ittently for -
a small quantity of condensate and discharges continuatly condensate for a large -

quantity.

Figure 11,19 Free Ball Bucket Type Trap

‘Theimostatic steam traps

The condensate is at a saturation temperature of steam just after the generation of
condensatle. ‘Thé subsequent heat loss lowers the temperature, thereby causing a

temperature difference between condensate and steam. This temperature differene is:
- utilized for opening or closing the valve. o

a. DBimelal type trap -

" The power generated by bimetal is in a linear relation to the temperature. This

“relation is utilized for opening and closing of the valve. But the steam pressure has

*not a linear relation to the temperature and so the servicing pressure range of the
teap is restricted (See Figure 11.20).
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Figure 11,20 Bimetal Type Trap (Strip Type)

b.  Bellows type trap

* A low boiling point liquid is seated in an expéndible hemielicalliy seated enclosure
and the valve can be opened or closed through utilization of expansion and contractions
of the enclosuré due to the change of the liguid _vapor'prcssu'rc‘ by temperature
variation {See Figure 11.21), :

' Figure 11.21 Bellows Type Trap

Thermodynamic steam (raps

The va_lvelc:an be opened or closed 'utilizinrg the difference of the thermodynamic

properties between the condensate and the steam.
The trap petformance is resiricted by the pressure such that the trap's back pressure is
less than 50 % of the intet pressure. If the pressure goes to 50 % or more, the teap results

in a blow-off condition and is impossible to actuate normally.

When air or steam éxisis at the steam trap inlet, air locking or steam locking may occur
easily and the condensate outflow may be impaired, so that care is requircd.
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a.

Impuise type trap

It is a trap utilized with fluid characteristics (when the condensate passes the
orifice, some pressure drop is caused.) (Figure 11.22). Although the trap has an
advantage of smaller size compared to other types, it has disposition of easy
trouble, because it has mechanism that some steam leaks when valve shutls and
precision fitting part, B

Figure 11.22 Impulse Type Trap

Disk type trap

“The trap is équipped with a variable pressure chamber having a disc valve between
+the inlet and the outlet port and the disc valve opens or closes through lhc pressuie -

changc in the variable pressure chamber (See Figure 11.23).

Figure 11,23 Disc Type ’I‘rap

The trap has a simple structure of only a disc valve in the moving part and can

-actuate in a wide pressure ‘range without adjustment.  But since its aclvation

depends on the ambient temperalure and the pressure drop in the transformer room
due 1o the outside air cooling, the trap actuales in spite ofcondensale in case of rain

~and cauyses some heat loss.
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11,42  Steam Trap Sclection

The following items must be considered for the steam trap selection.

(1)

(2)

Condensate load of the steam use equipment and load characteristics

For decision of the steam trap size, the condensale quantily musl be invesligaled' and the
steam trap tube diameter must be decided.

‘ Sirﬁplified catculation of the condensate quantity is poss-ible_ according to the foliowing

equation,

CxGx(T) - Th)

W, = —
where ‘ .
‘Wp : Condensate generation quantily kg/h
C ;- Specific heat of the heated fluid ~ keali(kg-"C)
G . : Weightof the heated fluid kg/h
(T; - T)): Temperature rise .. S °C
£ : Latent heat of the steam ™ kcalkg

Besides, in consideration of the amount carried in from the piping line and condensate
amount generated by the radiation from the equipment, the generated condensate
aniount is made I.S to 2-times of the calculated value.

Incase of continuous operauon of the equi pmen( thers a are generaily few load fluctuations.

"However, in the case of a batch process, start-up is executed several times per. day, and
“with each slart-up, Iarge quammes of air and condensate must be discharged. 1In
L addition, from the point of view of produclwnty, the start-up lime must be kept as shorl

as possible, so that a trap with a sufficient dlscharge capacity must be selected. In the

: ~cascof a bore of 1” and an operation pressure differential of 1.5 to 16 kgfem? (G), the

condensale discharge quantily is about 10010 200 kgih fora mechanical trap, 300 to 700
kg/h for a thermodynamic trap, and around 100 kg/h for a thermostatic trap.

Steam condilions (pressure, lcmperalure’, dryness) -

" For smoolh condensale d:scharge the followmg pressurc dnf ferential is required over
: the steam trap.

~+" Mechanical or lhermostallc lrap 0.1 kg/em? (G) or niore

+* Thermodynamic lrap o ‘0.3 kglcm (G) or more

On the other hand, blocking phenomena may occur with use al a pressure in excess of
the max. use pressure. :
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(3)

{4)

Back pressure conditions

When coridensate recovery is execuled, the condensate is evaporated again, and a back
pressure acis onto the trap.

Steam trap outlet pressure
- Steam trap inlet stcam pressure

®x 100 %

Permissible backpressure =

‘When the permissible back pressure is defined according to the above equation, the

permissible back pressure differs according to the trap.

Mechanical trap ' © 90 % or less

- Thesmostatic, thermodynamic trap: 30 to 50 % or less

Maintenance conditions: Is there little trouble and is the life long? Are drsaesembly and
inspection easy‘7

~ The foltowing troubles can be considered for steam traps.

" Blowing s Valve closing has become impossible for the trap. The trap continues:

to discharge a large quantity of stcam together with the condensate. In

this case, the production is not impaired, so that there is a tendency '

towards doing nothmg, but the steam Ioss is large,

Blocking - : The strainer i$ clogged by rust, scale, élc ‘the valve has become

locked and can not open, and neither condensate nor air is discharged,

L As lhe trap has become cold this can be' confirmed eas:ly

When this condition_ occurs, a bypass valve must be opened in order to
nuaintain the production, and a gigantic steam loss may be caused.

Steam leakage: Leakage is caused by damage to valve, valve seat, or floal. The trap

‘operates, but in comparison to normal operation, the steam leakage is
notably. hlgh

As (raps with a simpler construcnon have less lrouble, simpler tfaps
should be selected as far as possible. '
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Body material
Select a steam trap of a suitable material according to the used steam pressure.
+ Upto 16 kg/em? (G), 220 °C: Cast iron {FC)

+ Up to 20 kg/em? (G), 350 °C: Black heart malleable cast iron (FCMB)

+ Up to 45 kglem? (G), 425 °C: Cast steel (SCPH)

" Table 11.4 shows the general caution items for steam trap selection.
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11.4.3

Steamn Trap Installation Method

The installation place can be the lowest part of a riser, in front of a pressure-reducing'valve
or any other valve with automalic control, the drain separator, elc.

As the stcam flow velocily in a steam transport pipe may be 20 to 30 nv's, a short pipe is
connected (o the lower part of the piping for removal so that the condensale can be separated
easily. The basi¢ rules for steam trap installation are that the condensate from the sicam
heating equipment shall flow smoothly by gravity flow to the trap, and that the condensate
leaving the trap shall bé sent by the steam pressure to the collection place. Figure 11.24 shows
good and bad installation examples.

—447—



Figure 11.24 Correet Example aud YWrong Example of Installation

Wrong instaliation Descriplion Corfect instaliation
Flow Steam trap should be filted in the

— direction of flow.
- _3 All steam traps bear on the body stamp or
mark showing flow direction.

. Free floai type steam trap should be fitted
" horizontally, '

Thermodynamic steam traps have no
* limitation as to position. It can be fitted
vertically. ‘

Never use an inlet pipe smalter than trap
- size. ' o

" Steam locking and air locking are apt to
“occur when inlet pipe is too small.’

Never install steam irap at a higher level
than the dréin_ag‘e point.: N
~The inlet pipe should be one that allows

water to flow into lhe_tr'a'p by g_ravi_iy.

LIPS, 1f the trap has to be installed at fevel

szg 4 \ :
7 4 * higher than the draining point, use a lft-
» " fiting. -
7 8- -
N :
%
277,

Size of coltector must be larger than trap

© size. : = _

- The collector should have a sectional area
above sur of those for all traps connected

T loit.

—~448--



Wreng installation

Description ¢ Correct installation

Collector

Condensate discharged through two {raps
which operate at different pressures
should not be collecied to a commion

Collector

§ 13

Collector

collector.

High -
pressure
Qutlei pipe should not be submerged into
tresiches. '
- Pravide small hole to break vacuuim.
Water
Each stcam unit should always have
' . | individual steatn trap. (Individual (rapping)
To fit one trap to several steam equipment
% ‘ is a bad practice. (Group trapping)
t — Q—]

: ‘—LIStcam' | '.
: Kéﬂ |

In siphen type cytinder, stcam locking is
liable to occor. - C

T

oo

“Double trappi_ng. is a bad practice. An
efficicnt one trap is enough.

© Indet e © Qutlet
Lo . .

Steam trap must be fitted at the-inlet side
to discharge condensate before the
regulating valve.

CO“CC[OI‘ 3 :'_:::**‘*"‘“.‘“

To collect condensate, the trap outlet pipe -
must not be connectéd to the boltom of
collector. '

Colliector should not have a riser. The
head of condensate in the collector exerls

on the traps as a back pressure, Coltector

P
Check valve
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11.4.4  Steam Trap Maintenance

R

@

~a. Visval inspection

Inspections

When steam traps are used for a long time, the internal mechanical parts like valve,
valve seat, etc. become worn, the function is impaired, and they will not stand up to use.

- Also, the life of each steam trap becomes uncertain.

Accordingly, careful inspections must be executed at all times, and when trouble is
detected, exchange or repair must be executed (o maintain the equipment in good

condition and to maintain highly efficient operation for the equipment using steam, -

Inspections are divided into periodic and daily inspections.

The inspection is divided into peribdic inspection arid daily inspection. The intervals of

periodic inspection should be decided in consideration of the inspection effect and cosl.

The inspeclion effect is expressed as steam consumption per unit production {steam

" - consumption rate). For periodic inspection, the following items must be prepared.

{a) Steam trap plot plan

(b) Steam trap register book '

(c) Steam trap check list

Daily inspection must be carried ovt to maintain the condition at the finishing time of
the periodic inspeclion as far as possible and should be done not to worsen the steam

consumplion rate.

Inspection méthod

When conderisate is discharged from a stecam trap into the atmosphere, of when a

 side glass is mounted in the outlet of the steam trap, visual inspection is available.

. b, Auditory inspeélion |

This inspection is a method by listening to the actuating sound by a slelhoscobe, but
much experience is necessary. '

¢ Touch inspection -

Grip the inlet pipe and the oullet pipe of the steam trap with hands wearing gloves
and make sure of the actuating condition through the temperatore difference.
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Instrument measuring inspection -

This inspection is a method to measure the actuating sound by an ultrasonic
measuring instrument and thermometer and can be simply checked without

experience.
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11.5 Condensate Recovery

11.5.1

Significance of Condensate Recovery

Heat utilized actually in the steam servicing equipment is only the latent heat out of the total
guantily of heat. The sensible heat of steam, namely the quantity of heat of condensate, is
almost wasted. The heat content of condensate amounts to approximately 20 to 30 % of the
total heat content of steam as shown in Figure 11.25. If this heat contents of condensate is

* recovered 100 % and ulilized effectively, the fuel consumption can be saved by approximately
* 1010 13 %. This will result in large energy conservation.

‘Figure 11.25 Ratio of Recoverable Heat (Enthalpy of Condensa_lclEnthalpy of Saturated Steam) -

11.5.2

(%)
60

T

et

Ratio of recoverable heat (3/h")

2 4 6. 8 10 12 14 16 18 20
Pressure (kg/emig) - '

Utilization of Recovered Cendensate

The recovered condensate is generatly utilized as feed water of the boiler, Consideration of

the pressure and the quantity of condensale and the layout of the steam equipment is necessary
to more effectively recover the condensate. ¥ he uuhzallon ofcondensate is classified into the
following three methods.

(1)  Direct utitization

The condensate discharged from the steam trap is recovered difectly to the boiler or the
feed water tank by a condensate recovery pump (Sece Figure 11.26).

In this case, high-preséure conde=n'sal¢ is 'dischargéd to the atmosphere, so that flash

" steam is generated, and care is required as this will escape into the atmosphere and
cause a loss when it is not finely dispersed and absorbed in water.
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(2)

‘ 3 i
Steam
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Figure 11.26 Direct Utilization to Feed YWater

Steam trap

Steam sefvicing
equipment
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Feed water tank

Feed water pump

Condeasate recovery pump

- Indirect utilization

1If condensate is contaminated, only the potential heat of condensate should be recovered
by heat exchange to other fluids in the heat exchanger (Figure 11.27).

- Figure 11.27 Indirect Utilization throrigh Heat Exchanger .

- Heat exchanger

Sleam 1rap

W o

I

Condensa!e rccox ery pump

Uiiliial'ionz of flash sl‘eam'

Heated

* subjet i ]
fluid '

. Condensate recovery pump

lf the pressun, of condensate is h:gh itis effecnvc that the condensale be recovered into
" the flash tank and a part of it be uullzcd as low pressure steam (See Figure 11.28),

Flguré 11,28 Flash Steam Utilization

High pressure’

o Low pressure
steam pipe . I steam pipe
" High pressure Low pressure
* steam servicing = | steam servicing
equipment - b= equipment
Steam trap . ¢Steam trap

Flash taﬁk '

To boiler or feed
water {ank”

Condensate recovery pump

453~



11.5.3

Condensate Recovery Method

Recovery of condensate from the genéfating source to re-utilizalion has the following three
methods depending on the pressure of condensate and the recovery distance. These methods
have characteristics respectively.

(M

Method by only steam trap

~ 'Condensate can be recovered (o a flash tank or a condensale tank by the steam pressure

acling on the steam trap. This can be applied to the case of a short distance between the

- condensale generating place and the uullz:ng place (See Figure 11.29).

" Figure 11.29 Recovery by Steam Trap Only

Steam servicing equipment : —‘I—-'

| Condensate
_tank

Stéam trap
)

‘Method by ccnt_tifu:gal pump.

The condensalc d:schargecl from lhe steam trap is once gathéred in a condensate tank
and then is sem pressunzed by a ccnlnfugal pump. This is applied to the case when the

: steam traps are installed ina wide area Each condensate tank is installed by an area or
~ by a process and then the condensate is recovered by sendmg it pressunzed bya pump

in a central tank (See Psgurc i1, 30}
Fig;;re l!.30 R'ecovery by Ce'nlrifuga:i Pimnp

Steam servicing equipment
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‘In this case, care must be used for ensuring the water head of the pump, a level control

of condensate tank, and a pump capacity as well as a back pressure limit of the steam
trap. Especially when the temperature in the tank is 80 *C or more, a positive water head
of 4 1o 5 m is required to prevent a cavitation of the pump.

Method by condensale recovery pump

Recently, a condensate recovery pump, which combines with an ejector to make up for
the weak points of centrifugal pump, has been used. Since the suction side of this pump
is operated under a pressurized condition, no cavitation is caused and its posiﬁve waler
head is sufficient with about one meter. In the case of a closed system of the condensate
recovery lirie, even a condensate of about 180 °C can be sent pressurized with a large

- effect of energy conservation (Figure 11.31).

Figure 11.31 Recovery by Condensate Recovery Pump

Steam servicing equipment

¢

.

Condensate 1eCOvEry pump

For this method, a mecl?anicql stéan teap should bé_ applied.

11.'5.4_ : Caution Items for Condensate Rccp\fery

n

@

Steam trap back pressure limit '

‘When a back pressure acts onto the steam lrap and when the conditions change, select
a mechanical trap with little trouble. The back pressure of the recovery piping should

~ be 40 to 45% of the min. pressure of the used steam or less.

Condensate treatment

The recovered condensate may bé considered as pure distilled water because practically
only a very small amount of various impurities are dissolved in it. Can the Tecovered
condensate itself be used as boiler feed water? If it is impossible to use, what is the
condensate treatment method? Or, for a severe contaminated condensate, is heat -
quanlity alone recovered? These questions should be investigated.
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+ pH control of condensate

The pH of condensate declines due to dissolution of earbon diexide. In consequence,
this increases the total iron concentration in the condensate. At the time of condensate
recovery, some chemicals are required to be poured into the condensate to control the
dissolved oxygen and the pH.

Appropriate selection of the condensate recovery pipe

In case of piping systems with differcnt back pressure, sepatate condensate recovery
pipes must be installed for each pressure system.

In case of occurrence of flash steam, lwo'phase flow occurs, so that the pipé'diameler
must be set so that the flow velocily is within max. 15 m/s, and excessive pressure loss
and water harmer must be prevented,

' The pipe diameter for the recovery piping can be obtained from the following equation,

353X Wxv,
v

42 =

- where

'd : Piping inside diameter, cm
W: Condensate quantity, kg/h
Vi Flow velocity in the pipe, n/s
Open recovery : 1016 15 m/s,
Closed recovery: 'S to 10 m/s
v.: Equivalent specific volume

v‘%v'(l -+ v'f
v': Specific volume of saturated water at the preésuré inside the recoverjr'pipe m'/kg
*: Specific volume of saturaled steam at the pressure inside the recovery pipe, m¥kg

._f : Rcevaporauon ratio

hy—-h, hz
r

f=

- h,: Condensate enthalpy at the trap inlet side, kcalkg

h,: Condensate énthalpy at the pressure inside the recovery pipe, kcalikg
r '+ Evaporation latent heat at the pressuré inside the recovery. pipe, keal/kg

When the recovery pipe is tong, the pressure loss becomes Sarge, so that the pressure

inside the recovery pipe must be decided undes consideration of the pressure loss,
cspectally in case of self-pressure recovery,
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Example for calculation of the pipe diameter:
W = 300 kg/h
V =10nvs
h, = 160.2 keal/kg (6.1 kg/em? (G))
.h, = 111.] keal/kg (1.5. kg/em? (G))
r = 531.8 kcal/kg (1.5 kgafc:‘m_1 (G))

* = 0.00105 m¥kg

L
%

v” = 1.159 m¥kg

[

_ 1602-1H1L1

=0.091
5318 ”

v, = 0.00105 x _(‘1 ~ 0,091 + (1159 x 0.091) = 0.1065 m’/kg -
d = (3.53 300 x 0.1065/10)" = 3.4 cm

Accordingly, a [-1/2" pipe is used.

'lnsulalion

" Thermal insulation shall be executed for the recovcry piping. The p:pmg shall be routed

. sothat rl will not get wet easnly

65y

Flash loss prevention

: Disbharge of the flash steam ge.nerated' when the condensate is depressurized to atmospheric

pressure shall be prevented. When the condensate is led into liquid in the recovery tank,
cooling shall be executed so thal the temperature in the recovcry tank does not exceed
90 *C, and water shall be replemshed

As vibralions 01 noise may bc caused when the temperalure in the tank exceeds 80 °C,
a Iargc number of sma!! holes shall be ‘provided and the condensa!e shall be dispersed

w ldely

The melhod with direct recovery of the condensate inio !he bm]er. wuhous depressunzauon e
is most effective to prevent this loss. ' :
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(6) Sight glass installation

A sight glass shall be installed in the recovery piping for menitoring of trap stecam
leakage.

() Design of the toial system
The condensate recovery system is a series of closed systems from the boiler'!hrou‘gh
the steam servicing equipment to return to the boiler again! Therefore, the recovery
system should be designed as a whole instead of a design for every equipment.

Utilization of Flash Steam

In the paragraph 11.5.2 (3), it is described to recover the high pressure condensate into the

"flash tank and to utilize a part of the condensate as low pressure steam. However, since this
“method actually has various problems, ils economical effect should be investigated.

(1) . When the condensate quantity discharged from the steam trap is extremely small, the
flash steam is also small and is scarcely worth using There are many steam traps which
discharge a small guantity of condensate in a factory, The total of these condensates

result in a fair amount. But il is necessary to manage to ga!her these small quanuty..

condensates wilh a cost as sma]l as possible.

(2) Tlie' dislance bclwcén lhe place generating condensate and the _se’n?iéing place of flash -
steam is desired to be short. Because the flash steam is of a low pressure, the pressure

loss is required to be minimized. If the distarice is long, the piping increases in diameter

and the piping cost becomes rather expensive, its merit may be offset. For this case, the

ulilization of flash steam must be gwen up.

- Figure 11.32 shows an example ofusmg the flash steam m lhe front slage of an arr heater with

steam of 8 kg/em? pressvre.

When a steam of 8 kg/cm? (G) is used by 2,500 kg/h and condensale is dnscharged into a flash
_ tank of ©.5 lf.gfcm2 (G) of internal pressure, the quantity of flash steam 1s generaled with .

12.3 % (wi. ) by Table 11.5 and a steam quant:ly of 307.5 kg/h is obtamed

A flash tank is a sort of prcssure vessel lo recover flash sleam from the condensate. The flash
. tank capacily is decided on the basis of this !arge flash steam generaung volume (mYs). When . ¢
" the flash steam gocs up in the tank, reasonable vetocuy of the flash steam may be requlred not
o involve condensaie. The inside diameter of the tank should be decided to be a rising speed
of stearn of 1 (0 2 nV/s, But as a variation of the operéting condition may carry aut entrainment,
"a separator should be mounted to the steam outlel pipe.

Figure 11,33 shows a chart to decide the inside diameter of the flash tank.
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Obtain the inside diameter of the tank through the example shown in Figure 11.32.

Obtain the intersection of the steam pressure of 8 kg/cm?(G) in the high pressure side and the
internal pressure of 0.5 kg/em?(G) in the fiash tank from the charl A. Move horizontally to
chart B and obtain the intersection with a high pressure condensate quantity of 2.5 th. The
diameter of the tank is obtainable as 0.55 m. If the tank capacity is 40 liters or more, a safety
valye must be installed so that the pressure in the tank does not become excessivé by a

* variation of the supplied condensate quantity and the flash steam demand.

Table 11.5 Flash Steam Generating Rate (wt. %)

Pressuce in high : o "Low pressure side (kg!c:nﬂ (G))
pressure side ' — : _ :
(kglem? (G)) o 03 05 1 15 2 3 4 s -6 8 10 12 14 16 18
! 7 25 17 e e —
2 62 50 42 26 12 —  — — = — — — — — = =
3 8169 61 45 32 2w — — — — - — =
4 97 85 17 6 48 36 16 — — —  — -
s 11.05' 98 ‘9.1 75 62 50 ‘3,|'f"'|.4' o S = = l_';'_ —
6 “122 110 103 87 74 62 43 30 13 — — P — _ .___i
8 142 131 nz.ﬁ_ 108 '.9.5': 83 64. 48 34 22 — — — . -
10 159 148 142 _1'2.5 2 100 82 66 53 40 19 - — —. —
12 174 163 155 140 127 (116 98 82 6957 35 1T = = - =
14 187 176 169 154 141 130 U2 96 83 20 50 32 15 - —  —
“l6 190 188 181 166 153 143 124 f09 96 84 63 45 29 14 — =
5 20 199 192 177 165 154 136 121 108 96 75 51 Al 21—
20 . '

220 209 202 188 115 165 147 132 19 107 87 69 83. 38 25 12
' Figore 11.32 Example of Flash Steaim Use in Air Heater

Pressure reducing - precsure control Steam 8 kg/em? (G)

_ . _ valve . ipe ¢
| _ ‘ : pipe
Steam 8 kglem? (G) wp - R
: 7 Strabner T 0.5 kgfem? (G)

_Air E‘.>

Relief valve

et e

Airheater

Flash 1ank Steam rap

0.5 kgfem? (G)

.,__O_,,w

Condensale -«
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11.5.6

" The structure of thermocompressors is composed of three basic parts, body, a steam nozzle

Figure 11,33 Chart of Flash Tank Diameter
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. Utilization of Thermocompressors

and diffuser as shown in Figure 11,34, When a driving steam is expanded through the steam
nozzle, a supersonic jet having an extremely low static ptcssurﬁ is generated. When its speed
is reduced by the diffuser, the pressure is recovered. That is, when a low pressure steam is

'~ sucked into the Venturi throat section, it becomes high pressire steam.

Figure 11.35 shows an exaniple of a chemical plant. The boltom liquid in a stripping tower
is introduced to a flash tank and the low pressure of a generated flash sléam is raised to a
proper pressure by the thermocompressor to save additional steam.

Figure 11.34 Thermocompressor

Steam nozzle i

Driving steam
injction .

Suction (Jow pressure steam)
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Figure 11.35 Exampte of Thermocompressor Use for Stripping Tower

=

| Stripping tower

Automatic control type ejector

: | High pressure steam

Low pressure
flash steam

; Flash {ank
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11.6

Utilization of Direct Heating by Steam

" Heating by steam direct contact has advantages such as simple and low cost equipment, quick

11.6.1

work, and a constant temperature,
Direct heating by steant has the following two methods
" Direct Ieating in a Closed Vessel

A direct heating vesse! such as an antoclave and a steamer is mounted with an airtight door
and is applied to treat a settled quantity of goods in batch.

In the case of the steam direct heating, a constant temperature is accurately obtaincd by
adjustment of steam pressure, This is suitable to heating in the case than a product quality
may deteriorate at hi ghc:r than a certain temiperature or a process requiring a very narrow
temperature range.

But, the relation that the steam temperature depends on the pressure holds true only in the case '
when air is not contained-in the stéam. In an air containing steam, the lemperature is a

- saturation temperalure equivalent to the partial pressure of steam in the mixture and is lower

than the saluration temperature of steam alone. Therefore, sufficient air elimination is
- required at the start up. For reference, the relation between the air mlxmg ratio and the steam

- temperature is shown in Table 11.6.

Table 11.6 Relation between thé Air Mi_xiﬁg Ratio and Stcam Temperaiure

Steam Pressure kg/cm‘ (G)

- Air mlxmg ratio % . o _ _
0 196 1329 1511 C1m4s
10 s 1293 W2 1696 €
20 112.7 18 1429 1653
40 104.3 1163 1329 1540

11.6.2

Direct Steam Blow Heating Method

‘A diréct steam blOwing'o‘peralioh is often carried out in some processes such as when hot
“water is required or when heating a raw material solution, l“o'r steam blowing, there are

* vatious methods, such as installation of a silencer to the lip of steam pipe, or a steam blowing

pipe with a number of small holes (See Figure §1.36 and Figure 11.37).
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Figure 11.36 Silencer

Inlet side
Inlet side

Ist nozele

2nd nozzle {b) S type silencer

Outlet side
" {a) F type silencer

Figure 11,37 Steam Blowing Angle from Nozzle

Steam blowing pipe .

Nozzie

' Either method is important to condense effectively the steam blown in the liquid and to devise

not to leak the live steam to atmosphere, and great consideration is necessary.

(1) Reduce the velocity of steam bubbles blown into liquid.

) 'Gwc a longer time to wndensate the stcam bubbles Select a proper depth and location,
. and instalt a blow nozzle downward at an angle of 10* to 30° to the level (See Figure

11.37).

(3) Instali the blow nozzle under a large water head.

_(4)' : Because {he heat exchange from thie steam bubble to the liquld is done on the contact

surface, the blow nozzie size should be designed to form a number of small bubbles in
order to increase the surface area of steam bubbles.
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~(5) - Reduce the blowing presstire of steam, A low pressure is advantageous with smatl
steam bubbles. Since the steam blowing pipe is always inseited in the liquid bath, a stop

* of steam supply brings about vacuum in the pipe and causes backflow of the liquid into

“the pipe. A prcvcnting measure for this is required. Install a check valve operable in a
very low pressure to the pipe as shown in Figure 11.38. When the stcam side comes in
a vacuum, the valve opens by a pressure difference to atmospheric pressure, the vacuum
is destroyed and the back flow of liquid can be prevented.

- Figure 11.38 Steam Direct Blowing Heater

. ——IJQ— - : | .,ec. valve |
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Strainer .

emperature

regulating
valve

‘Steam blowing piping

=

I

Temperature sensor |
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