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Boiler ( Steam generator)

Definition :A closed vessel or arrangement of vessels and tubes, together with a furnace or other heat source, in which
steam or other vapor is generated from water to drive turbines or engines, supply heat, process certain materials, etc
ANUNINY : NYNIZTNTINTHLIINUYA AN NNIINNTENTNY@annIFalie el Fail
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Boiler in the industry :
- Power Plant ( steam turbine)
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1 cooling water

Refinery & chemical plant
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Boiler classification :

Boiler Tube

. = Industrial boilers = Subcritical boiler
" Fire tube, flue tube lity boil = Super critical boiler
®  Utility boilers
" Water tube Y il
) ®  Marine boilers
®  Combine tube ;
"  Nuclear boilers construction
Rage and diversity of boiler:
Soneratorouput iy LT 0 S0T0 | B " Package boiler
enerator outpu | e T 150 I 250 T 450 I BE)O 1000 L u . .
5 10 50 100 500 1000 5000 Fleld ereCted bOﬂer
250 S | Lt 1 i 11 | | 0 | I 1 _LE} | L
Type of firing
1‘ Supercritical
200 +— B . .
} Subortica = Stocker-fire boiler
] ) ol s F Suberitical single drum . . 4. . .
U (e il e i oyt el LT = Bubbling fluidized bed combustion boiler
&, N . . . g . .
g 1% e g = Circulation fluidized bed combustion boiler
3 oil and gas-fired boilers . .
8 s \ = Pulverized fuel (PF) boilers
E | .
£ 100 N = Waste heat boilers
CFEQ_‘_ \?:“ieid erected
b bt ored Boilers are various shapes and size to burn a variety of fuel to
50 |
NPT N E produce varying amount of steam
Smoke ube boler = : The kind of boiler on a various capacity is shown on the log
0 I T 111 : R TR T 3 R | FE T 7 T |
5 10 50 100 500 1000 5000

End used

Operating pressure

Boiler capacity (tph)

(Note: log scale)

graph help to accommodate to sight entire range

Rage of steam generator along with electric power equivalent

Ps. Boilers for power and process : Kumar Rayaprolu



CUT AWAY VIEW

HINGED AND DAVITED

ACCESS DODRS

FLAME
SIGHT PORT

WET BACK

TURNAROUND
@AS, OlL N I seurrTuBE sHEETS

MEINATION
FORCED DRAFT BURNERS " %0
(] 1
UL LISTED 4
BURNER E &
FULLY AUTOMATED A.SM.E. CODE
CONTROLS PIPING TO SECOND VALVE
EXTRA HEAVY
SKIDS AND SUPPORTS.

Fire tube, flue tube

Water tube

Package boiler

HP economizer|

and feedwater |, ¢
Q prehesﬁer'] e o

“HP wpemeater 1 and HP evaporator 1
HP evaporator 2
7. Supplementary-fired HRSG is capable of producing 192,000

Ib/hr of 450-psig/655F steam. Unit is of single-pressure design

Waste heat boiler (HRSG)

Filed erection

Stocker fire boiler

Steam Drum
" _.fj e Economizer
Reheat = L L b
Superheater 1 y— 3
Primary — i = == =
Superheater 2— H—— —i| [
Reheat H TS -
Superheater 2= | i [
Secondary o g — - 25
Superheater —= £ ]
Attemperator—_ | e - y;
Primary urnace 7
Superhester 12~ [ Outlet fill—~
-Coalll | Gas =
| Silo = || Tempering - N
Port: I
il - race ﬂ:Air Heaters
urners Collectc ; =
Coal
Feeder
Pulverizer = : T —7t-, 3/ Forced
- ) Draft
i Fan
Gas Recirculation Fan LPrimary Air Fan

Pulverized fuel boilers

Luad Bumers
EEE""“” fluidized bed (Sand,
dolomite, lime)

Ufea 1ngactu-rs

Fuel |

Circulation fluidized bed combustion boiler (CFBC)
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ULTRA SUPERCRITICAL COAL FIRED STEAM GENERATOR

Boiler Unit

DESCRIFIRON OF COMBONENTE Lﬁf:-‘

@ Coal Sio ; = —
@ Coal Feeder ]

& Coal Pulverizer

0 Burmer

i@ Fumace

@ Platan 5.H. Assamblies
# Final 5 H. Assembiies
@ Final R.H. Assemblies
@ Primary RH. Assemblies
# Primary 5.H. Assamiblies s -
# Economizer Assemblies |8 . —
& Fored Draft Fan @ " T
& Gas Air Preheater ' _ - il
& SCR . " " it s
& Combined Induced Drakt Fan & il A%
 Dry Botiom Ash System |y
# Sealng Arr Fan g

& Boiler Recrculation Pump 3

& Separator
& Hol Reheat Silencer R
4 Cold Rehaat Silancer s

Ak




5.Piping & Valve

1.Boiler & Assembly &

CV.

Standard & Law

4.Air Pollution control

AIR

AC/PAC

LIME

ESP

Dry-FGD
H

\

I.D Fan

Fo =

Stack

%

2.Fue|&_ @m
Combustible | @dr
:
( V"
<— A
i . nizer
(]
€
Coal S
— B c
Z v
@] I
\____ o .
' Water | «—Hotair_
Pulverizer wall
L 3

-

Subjective of studying

Feed water pump

Deaerator

-

ate return

~

Water demineralize system

J

3.Feed water system &
water quality



SCR system basic chemical reaction process Sulfur dioxide (50.) Erivission of Cleanad gas to stack Limesione spray
: 3 : CaCOs + Ha0
canversion to sulfur H,50, mist - aka
NOx NHs trinxide (50.) “blue plume" A% Nk
Basic reaction formula ° i tor ' '—E— Cleaned
4NO +4NH; + O; o4 N; + 6H;0 s I;_‘> gas bo stack
6NO; +8NH; = 7N; + 12H;0 : - :
etk s i o
. 3 J
Sulfur (5) S
Fuel Boiler Alkaling [lims E:ES # Hz0
Side effect formula ‘.__.. Combustion flue gas stream Flue gas e ¥ b ) P ' s &
Air with S0z R rowicti el 4 -
SO; +1/2 0; = SO '—} ::L.Ii:;lma . "y
N + SO:+ H:0 Air . Synthietic o Ty Wasia
N H; 3+ H0 = NH, HSO, Hr — - i dypsum @ A o My ush
> H20 Heater Wastc [ily ash| (Cal0r-2HeD) s, B e ta landill
' &
Additional Conversion of Condensation
, , , 50,1050, SO,to sulfurc of HSO, Flue gas desulfurization

Selective catalytic reduction system conversion acid vapor (+,50,) Vapor to mist

Motes: ESP = electrostatic precipitatar, FF = fabric fitter, FGD =flue gas desuffunzation system,
SCR = selective catalytic reduction system.

Product COp

am

Waste to
disposal

Note: CW = Cooling water

Electrostatic precipitator Carbon capture plant
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Feed Water Heater (FWH) B




CCP plant




Zeroth law of Thermodynamic Second law of Thermodynamic (Entropy of system + environment to increase for irreversible
[Thermal Equilibrium]

o For reversible process: § ¥_op
Lorh 2 (5 1(5 .
- fqu:fl (TQ)A‘F.I-Z (T*? B:g @) Heat Transfer
@ For irreversible process: ef%,'-’t <0

= §F=0(#),+:(%),<00

The Zeroth Law

-

ﬁ;ilibrium
P

\ — 2 [8g 2 (5q AQ
“@—@-3.r1(T)A>L(T>C AS = Entropy = ——
@ Since path A is reversible, and since entropy is a property There exists a useful thermoedynamic varable called entropy (S).
A natural process that starts in one equilibrium state and ends
2 & 2 2 2 2 & in another will go inthe direction that causes the entropy of the
4q q
(1 o enes, e e, e, e J T = J dsA = J dsC‘ = J dsC’ > J F system plus the emvironment to increase for an imreversible
1 A 1 1 1 1 o process and to remain constant for a reversible process.
i i i . . . . . = i ibl
When two objects are separately in Thermodynamic| 4 since path C is arbitrary, for irreversible process S;= 8, (reversible) S;> S, (imeversible)
equilibrium with a third object ,they are in ‘ ds >80 —y 5y 5 > [? (%g) ‘ [ - ] [ — ]
equilibrium with each other (Same temperature ) irrev
; f '
i i i Relationship Internal-energy
First law of Thermodynamic ( Conservation of energy)|(, |7 ) R e N ‘l
The First Law of Thermodynamics consant | p — constent | PYVa- Vi) | modT- T mop(To— i) Jll
pressure
hol Q=(U2+PV2)-(U1+P\fL)
AU — Q _ W ﬁQU = intermal energy change I‘ T2 =h2-h1
- = heat flow
% W = macroscopic work 58::] Sn‘?sm V = constant 0 Mo Ty = Th) Q=U;- ;_j' = . .
o Q-—- P AV » o_e Q=mo T~ T) Third law of Thermodynamic
= gonstant pl'\!:i!illﬂ_‘ 1 2
AV = lume change "
T el T-0o 0 Q=W At absolute zero (0 K) temperature, theoretically all
oVi = pos p:Vin (—2J v modes of motion stops (no vibration, no rotation
waork } Q=p;V;In [—2] ion!
o fnternal energy change results PHi Y ahd o iansieian)
Srom the combination of heat prm— oAl Ty Q= Wi G- U Thus, the 3 Law of Thermodynamics states that
{':""Ir‘{' j::’:ik‘;':’;f"":;;‘)'!;;:’:i‘: POWIOPIC | i/ = constant | p¥ — poYs s S B 2= the entropy of a pure crystalline substance at
Jwsie. 5 SHr s, n=1 n-1 .
In this example, the internal L. [ﬁ) absolute zero is 0.
energy of onr ideal gas system T Yo °
became greater (the pariicles P (T, £ 20000 02:09
are moving faster in the final o [Tﬁ) 03000 Increasing temperature | gy 9000
xtale) because mare energy L i Qggoo 000@0
entered the svstem through TR - (o P me,(To—To) 5 00028 9 0032
aew gl =f > gy o o v 1
" a-;l"-'nf:v;:rr rf::';ma ted the systent polytropic polytropic - -
as heat flow. with n=y with n =y oK oK
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Steam properties

5
{Fig. 9-15)
The properties of steam relation in each status [f; -
Boiler urhine
Properties Units —
. Temperature(T) K /| -
. Pressure(P) Mpa -
. Specific volume(V) Kg/m3 4 i '
. Specific Enthalpy (h) KJ/Kg )
. Entropy(S) KJ/Kg-K S
Pamp 11 z Condenser
dh=Tds+VdP ™
dh= U+Vdp Pump | :

1 to 21 iater is heated from Ty ta T;

210 3 Wister vaporized into dry steam &t constant

temperature and pressure
3104 Dry steam is superbeated to Ty
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.E Sabzuaigf_ed waparization 3D
i ry
v 1 Wwet steamn saturated
E- (water + steam) T
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T-H DIAGRAM OF WATER TO STEAM

(Converting water into superheated steam)}

Schematic of steam power plant
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Boiler Specification :

Boiler capacity units

- Steam flow

Kg/h, Kg/s, Ib/h
- Heat duty then evaporative
Mkcal/h ,MWth,Mbtu/h

Two-pass boiler

Bituminous, sub-bituminous

Units conversion

Up to 1,350 MWe

Capacity

DRH 330 bar / 650°C
/670°C/670°C

“
7]
o
S
o
=

18z 238 192 129
TUBE CLEARANCE | TueE ek g' DO SHIG

& % Maatad -1 - Package units boiler

I a T ] 67 57

w1 | | keal/h, Btu/h, BHP,
T/h,Kg/h

69 |
g’ DO0R SWING |

s L7 @ﬁﬁé@t -t

E.'[\."ER ALL

287 [ 87

Up to 330 bar /
650°C [ 670°C

BOILER JUNCTION BOX —
BOILER CONNECTIONS RATINGS BOILER MODEL
A(1) STEAM OUTLET __12° 1504 FLANGE  [(oltsL BPEE HORSEPOREE 310 APACHE S UBERIOR
B(4) Lo L Hel GROSS OUPUT_______ zerso Bl | 8-5-4000-515 | horomus: s
C.{2) BOILER BLOWDOWN 2" NPT STEAM OUTPUT (FROM & AT 212F) __27600 LBS/HR -
D.(2) SURFACE BLOWDOWN __1" NPT INPUT GAS (1,000 BTU) 33475 MBH NOTES
G1) MANWAY 12" x 16"  [NPUT OIL (140,000 BTU)_____ 230.10 GAL
H.(4) HANDHOLE 3"lx 4" . %vm%;mcmuu&m! TO CHANGE DIMENSION
J.(1) CLEANOUT 17" 1D DATA 2 ALL DIMENSIONS ARE APPROMIMATE AND WAY BE USED FOR LAYOUT ONLY.
- 3. BOLER DESICN COOE ASME SECTION 'l
K.(2) FEEDWATER 72 NPT HEATING SURFACE (ASME) 4027 Sqft 4 BOLER INSULATED WITH 2 — Bj DENSITY WINERAL PBER INSULATION WITH
L{1) AUXIUARY/VENT 2" NPT | coRRUGATED FURNACE VOLUNE 194,54 Cuft RO TR OB,
M.(2) LOW FIRE HOLD 1£2 NPT STEAM STORAGE VOLUME 120.26 CuFt | g ciappnic WEXTS ARE BASED ON UNITS WITHOUT BURNR ORf BUSNER NOUNT.
N.(1) STACK TEMP 1/2" NPT STEAM RELEASE AREA 114,51 Sqft
P(1) SIGHT PORT ___ 1" PIPE  |WATER CAPACITY:
(i) MOS8 Col 0SS lbe | s 0 T T SOE M & S
(FULL) __ 4968 Gal @ __ 41322 Lbs SUL BE REEALD WIKGUT PERMISSON OF 10 HE DETRMENT OF T
SHIPPING WEIGHT: 1T MUST BE RETURNED UPOH REQUES

Maximum Continuous Ratting ( MCR)

Bituminous, sub-bituminous
Lignite A

Oil and gas

Multiply BY

to get

Boiler Horsepower (BHP) 345

Lb. of Steam (Water per hour (Ib/hr)

Boiler Horsepower (BHP) | 0.069

Gallons of Water per Minute (GPM)

Boiler Horsepower (BHP) | 33,479

B.I.U.

Boiler Horsepower (BHP) 139

Square feet of Equivalent Direct

Radiation (Sq. Ft. EDR)

MCR is the ability of the boiler to generate and supply the declared
amount of steam continuously and effortlessly without any kind of
short fall or side effects ( such as overheating or slagging or overloading
on the main boiler or auxiliaries
Peak Ratting (PR)

PR is the evaporative that can be sustained by the boiler for a
specified period of, for example, 2 or 4 hr in a day, to meet an increased
need in either the process or the power
Normal Continuous Ratting (NCR)

NCR is the condition at which the boiler would be operated most of
time ; and naturally the efficiency at this condition shall be optimized




Heat Balance and Boiler Efficiency:

Performance Testing of boiler

» 2.Unburnt losses

» 3 Radiation losses

Fuel

Boiler

AR ‘-.—} Steam energy

Hot gas

From HP turbine

To IP Turbine

- Uncountable losses

Heat balance and performance

WNDAISNAEDVUbAZMSTUYSAWYTLANTMWNEIANNNMTAAGIILAILES
d‘ o a ) ¥ 4 4, [

Wwadiesns Yszedn dszdnimw duaspgenaes wieanndasady wazeny

ASLB9

- ASME (PTC)4
- BS 2885

- Din 1942

Boil&s &ffixiency calculation

Fuel Heat content

Gross calorific value (GCV ) Vs Net calorific valve (NCV)

Gross calorific valve GCV is determined for laboratory
the coals can be calculation Dulong ‘s formula 1-2%
accuracy from bomb calorimeter

Heat Losses

Water in Airin

1.Stack losses

Heat Balance boiler plant

1. Stack loss [70%-80% of Total loss]
a.Dry gasloss [50-60%]
b. Moisture loss [8-20%]
c. Humidity loss [<0.1%]
2. Unburn [1-2%for FP,4-6% for FBC]
3. Radiation Loss [ <1%]

4. Unaccountable Losses [ 0.25-0.5%|

CGV =80.8C+344.6(H-0/8)+22.5S Kcal/kg
CGV =145.44C+260.28(H-0/8)+40.5S Btu/Ib

Net calorific valve NCV is practically available heat of fuel
in total heat(GCV) arrived at after discounting the heat

arrived away by water vapor

NCV =GCV-(m+9H,)x Latent heat
NCV =GCV-104(m+9H,) Btu/lb or GCV-578(m+9H2)Kcal/kg




Dhiract Bathod

Heat Input Hzat Output

Indiract WMathod

Boiler efficiency calculation
Direct method

Hazat Input Hazat Output

Fusl Supplisd * Calorific Valus of Fusl

Fuzl Suppli=sd * Calorific Valus of Fusl

Hzat zzinzd by the stzam = -.’hJ,- +x¥ hf.-}:' L kTke

Net out put %
Total in put

Gross efficiency

Hezat gainzd b the stzam = th,- +x¥ h‘,-b_-j... klkg

ASME Standard PTC 4.1

AN AMERICAN NATIONAL STANDARD

ASE

FETTING THE STANDARD

@g@ The American Society of

® Mechanical Engineers

Indirect method

Loss ofheat dus to drv flus gasas

Loss duzto hydrogen in fusl (H,)

Heat loss %

100- £ ielin put

Gross efficiency

| Loss dus to moisturs prasent in fusl (H.O)

Loss due to meisturs in air (H,O)

Loss dusto carhbon monoxids

Loss dueto surface radiation, convection and other unaccoumtad

Wnbymt losses in flv ash

Unhumt losses in bottom ash

Baoiler Efficiency by Direct Method (3 piecd =

Total heat gained by the steam =100
Heat produced during the cobustionof fuel '

Boiler Efficiency by Indirect Method (1) ryaie.) =100 — ¥ Losses

Steam Output

0y Flue gas loss

(A
T3 1310

: I
6, surkaee loss n"ﬂ"“'i A Maonsture m luel

7. Fly ash loss

Fuel Input, 100%

-

IE”-IL"H.‘]'IL':«' 100 = (1+2+3+4+54+6+T+8) by Indirect Methad)




Indirect method , Heat loss method

Gross boiler efficiency = 100- (%Loss1+2+3+4+5+6+7+8)

Where
L1- Loss due to dry flue gas(sensible)
L2- Loss due to hydrogen in fuel (H,)
L3-Loss due to moisture in fuel (H,0)
L4-Loss due to moisture in Air (H,0)
L5-Loss due to Carbon monoxide (CO)
L6-Loss due to surface radiation and other unaccounted
L7-Unburn loss in fly ash (Carbon)
L8-Unburn loss in bottom ash Carbon

L1- Loss due to dry flue gas(sensible)

L, = xC x(I,-T
1 mxC,x(1; G)XIOO
GCV of fuel
Where,
L, = % Heat loss due to dry flue gas

m = Mass of dry flue gas in kg/kg of fuel
= Combustion products from fuel: CO,+ SO, + Nitrogen in fuel
Nitrogen in the actual mass of air supplied + O; in flue gas.
(H,O/Water vapour in the flue gas should not be considered)
C, = Specific heat of flue gas in kCal/kg
T¢ = Flue gas temperature in °C
T. = Ambient temperature in °C

L2- Loss due to hydrogen in fuel (Hg)

Where

9XH2X{584+CP (T -T,)}
X
GCV of fuel

100

kg of hydrogen present in fuel on 1 kg basis
Specific heat of superheated steam in kCal/kg®C
Flue gas temperature in °C

Ambient temperature in °C
Latent heat corresponding to partial pressure of water vapour

L3-Loss due to moisture in fuel (H,0)

where

M x {584+Cp (T, -T,)}
X
GCV of fuel

100

kg of moisture in fuel in 1 kg basis
Specific heat of superheated steam in kCal/kg°C
Flue gas temperature in °C

Ambient temperature in °C

Latent heat corresponding to partial pressure of water vapour



L4-Loss due to moisture in Air (H,0)

AAS x humidity factorx C x (T; -T,)
x

L6-Loss due to surface radiation and other unaccounted

100
La GCV of fuel
where
AAS = Actual mass of air supplied per kg of fuel
Humidity factor kg of water/kg of dry air
Cp = Specific heat of superheated steam in kCal/kg°C
T = Flue gas temperature in °C
T, Ambient temperature in °C (dry bulb)
Dry-Bulb Wet Bulb Relative Humidity | Kilogram water
Temp °C Temp°C (%) per Kilogram dry
air (Humidity
Factor)
20 20 100 0.016
20 14 50 0.008
30 22 50 0.014
40 30 50 0.024
L5-Loss due to Carbon monoxide (CO)
%CO x C 5744
L _ x x 100
5 %CO + %CO, GCVof fuel
Ls = % Heat loss due to partial conversion of C to CO
CcO = Volume of CO in flue gas leaving economizer (%)
CO» = Actual Volume of CO» in flue gas (%)
C = Carbon content kg / kg of fuel
or

When CO is obtained in ppm during the flue gas analysis
CO formation (M) CO (in ppm) x 10° x Mrx 28
Mg = Fuel consumption in kg/hr

Ls = Mg, x 5744%

* Heat loss due to partial combustion of carbon.

Radiation loss percent of gross heat input

0.75 0.810.88 0.94 1.0 Water wall factor
0.87 0.900.93 0.97 1.0 Air-cooled wall factor

L6.1-Loss due to surface

Le = 0.548 x [ (T, /55.55)" — (T, / 55.55)"] + 1.957 x (T, — T.)'*" x sq.rt of
[(196.85 Vy, + 68.9) / 68.9]

where

I = Radiation loss in W/m?

Vi = Wind velocity in m/s

T, = Surface temperature (K)
T, = Ambient temperature (K)
4 2 oo fiit
il ABMA standard radiation loss char
20.00 /” "\ Number of cooled
Ve 5 fur:lace walls N\ LN \ 0
138 - : :\ S \\\ = -
6.0 NG NN S, ANTER
4.0 " ;0'* \\)é”)q;’ 3 B . i \\ \\‘
Y 4 \ ~,\§p;,,%e ; | \\'\\\ \\ d N
WA NS 7 o0 o N
2.0 ::;4 Scale correction ~"‘~\\\\\0@;’0;0 % \\i]qb ‘\\\ ‘;'c%
':a y f)o{r water walls only \\Q\\ e Nl\\ N \\ \\ K
1.0 f \ < PNENESC 3
s g s N b
g'g-(-gf;: Use factor below e * \\: N
! :; 1l for air-caolled walls - 1 2 N
0.4 <€ - ~~11 ] \
-(ﬁ — ‘\\ Y
92 A Radiation loss at
Vs Maximum cont. output
0.1 W | i
./";" I"w2 345 710 20 5070100 200 500 1000 2000 5000 10000
0 R Actual output (million Btu/h)

v
4 ! "

For industrial fire tube / packaged boiler = 1.5 to 2.5%

For industrial watertube boiler = 2 to 3%

For power station boiler = 0.4 to 1%




L6 - Other Unaccountable Losses

Normally Accepted Figures for Unaccountable Losses, Manufacturers’
Margins, and Tolerances

Unaccountable Manufacturers’
Fuel Firing Loss (% Tolerance Margin (%)
Gas Burner 0.25 PR e 0.25
oil Burner 0.25 Dof/lozszg 0.25
Coal PF 0.25 0.5
Grate 0.5 +0/-6.5% 1.0
Biofuels Grate 1.0 of losses 1.0

L7-Unburn loss in fly ash (Carbon)

_ Total ash collected / kg of fuel burnt x G.C.V of fly ash .
GCV of fuel

L 100

L8-Unburn loss in bottom ash Carbon

Stoam
1 Tar C 3,85
Swamiow  jags |
! Pre e .
f T 215 48
1 it v i | [r— . Fuust i e
klikg 14,31 | | d |
( 1 A 1 -
= R |
b
kgl at Los
kg it MW i =
M i MW =
|
A =
M :__._I
1 =
LT Mear Balance [INPUT) Bl M
Kk 'y 168 Fum gas.
M MW A8 Baamanz
My 81 107
MW 132
MW (] 3.48
MW
MW Hia
M

0.2 02 01

_ Total ash collected / kg of fuel burnt x G.C.V of bottom ash

o x 100
GCV of tuel

L

Unburnt Losses from Various Fuels in Different Firing Devices

Unburnt Loss

Carbon (% of Gross

Method of Firing Burnup (%) Calorific Value)
Gas 100 0
Oil ~100 ~0
PF and CFBC (coal) >08 <2
Bubbling fluid bed 85-90 4-6

combustion (coal)
Stoker (coal) 80-90 4-10
Stoker (bagasse) ~98 ~2




SUMMARY SHEET

ASME TEST FORM

FOR ABBREYIATED EFFICIENCY TEST

PTC 4.1-a(1964)

TEST CONDUCTED BY

CALCULATION SHEET FOR ABBREVIATED EFFICIENCY TEST

PTC 4.1-b (1964 )

TEST NO. BOILER NO. DATE
OWMER OF PLANT o o LOCATION
OBIECTIVE OF TEST DURATION

BOI

LER. MAKE & TYPE

STOKER. TYPE & SIZE

_RATED CA PACITY

PULVERIZER, TYPE & SIZE

BURMER, TYPE & SIZE

IIOD — % COMB. IN REFUSE SAMPLE

OWNER OF PLANT TEST NO. BOILER NO. DATE
ITEM15  ITEM 17|  kB/hr
30 | HEAT OUTPUT IN BOILER BLOW-DOWN WATER =LB OF WATER BLOW-DOWN PER MR X |t tceeee = ouvuarf vruuuus
1000
If impractical to weigh refuse, this
item can be estimated as follows
% AS|
DRY REFUSE PER LB OF AS FIRED FUEL = ASH IN AS FIRED COAL NOTE: IF FLUE DUST & ASH

FIT REFUSE DIFFER MATERIALLY

FUEL USED MINE COUNTY STATE SIZE AS FIRED
PRESSURES & TEMPERATURES FUEL DATA
- ) " ) COAL AS FIRED
1 | STEAM PRESSURE IN BOILER DRUM psia FROX. ANALYSIS B | - oiL
2 | STEAM PRESSURE AT 5. H. OUTLET paia 37 | MOISTURE 51 | FLASH POINT F* B
" 2 | STEAM PRESSURE AT R. H. INLET psia 38 | VOL MATTER | 52 | Se- Gravity Dag. API*
VISCOSITY AT 55U°
4 | STEAM PRESSURE AT R. H. OUTLET psia 39 | FIXED CARBON | | 53 { BURNER SSF
TOTAL HYDROGEN
5 | STEAM TEMPERATURE AT 5. H. OUTLET F 40 | ASH A mow
6 | STEAM TEMPERATURE AT R H INMLET F TOTAL 41 | Btu per Ib o
7 | STEAM TEMPERATURE AT R.H. OUTLET F 41 | Bru per Ib AS FIRED
ASH SOFT TEMP.*
8 | WATER TEMP. ENTERING (ECON.) (BOILER) F 42 | ASTMMETHOD | _ GAS % VOL
COAL OR OIL AS FIRED
9 | STEAMOQUALITY % MOISTURE OR P.P. M. ULTIMATE AMALYSIS 54 | co
10 | AIR TEMP. AROUND BOILER (AMBIENT) F 43 | CARBON 55 |CH; METHANE
TEMP AIR FOR COMBUSTION
"1 | (This is Refersnce Temperature) t F d4a | HyorogeM | |55 |CaMa ACETYLENE
1?2 | TEMPERATURE OF FUEL F 45 | OXYGEN 57 |CyHy ETHYLENE .
13 | GAS TEMP,LEAVING (Beiler) (Econ.) (Air Hir.) F 46 | MITROGEN 58 |CaHs ETHANE
1 EMP, ENTERING AH (If conditions te b
4 | GASTEMP, ENTERING 4H (If conditions to be | 47 | SULPHUR 59 |HaS
UNIT QUANTITIES 40 | ASH 80 |co,
15 | ENTHALPY OF SAT. LIQUID (TOTAL HEAT)  [Bru/lb ___|.37 | MOISTURE 61 [Ha HYDROGEN | _
16 | ENTHALPY OF (SATURATED) (SUPERHEATED)
_ STM. . Btu/lIb TOTAL o TOTAL
. o TOTAL HYDROGEN
. EN:’;:OLNP;( OF SAT, FEED TO (BOILER) Bredlb COAL PULVERIZATION roT2
48 | GRINDABILITY | 62 |DENSITY 68 F
18 | ENTHALPY OF REHEATED STEAM R.H. INLET|Btu/1b INDEX* e ATM. PRESS.
19 | ENTHALPY OF REHEATED STEAM R. H. 49 | FINENESS % THRU
UTLET _ o Bu/lb 50 W |63 |BwPERCUFT
20 | HEAT ABS/LB OF STEAM (ITEM 16 = ITEM17) [Bru/lb 50 | FINENESS %JI;I“IEU 41 | By PER LB
INPUT-OUTPUT TITEM 31 % 100
.H. EM 19~ ITEM 18 [Bruslb 64 it e
21 | HEAT ABS/LB R.H, STEAM{ITEM 1 . _!-u,-/-" EFFICIENCY OF UNIT %  ITEM 29
22 | DRY REFUSE (ASH PIT + FLY ASH) PER LB . Biu/lb % of A, F
i __AS FIRED FUEL _ _ 161k . _HEAT LOSS EFFICIENCY _|A.F. FUEL | FUEL
23 | Bw PER LB IN REFUSE (WEIGHTED AVERAGE) [Bru/1b 65 | HEAT LOsS DUE TO DRY GAS
24 | CARBON BURNED PER LB AS FIRED FUEL  |Ib/lb 66 | HEAT LDSS DUE TO MOISTURE IN FUEL
25 | DRY GAS PER LB AS FIRED FUEL BURNED  |Ib/Ib 67 | HEAT LOSS DUE TO H,0 FROM COMB.OFH{ e
“HOURLY QUANTITIES 68 | HEAT LOSS DUE TO COMBUST. IN REFUSE | o
26 | ACTUAL WATER EVAPORATED Ibhre 69 | HEAT LOSS DUE TO RADIATION - |
27 | REHEAT STEAM FLOW Ib /hr 70 | UNMEASURED LOSSES _
28 | RATE OF FUEL FIRING (AS FIRED w1) 1b/hr 7 TOTAL - -
29 | TOTAL HEAT INPUT (tom 28 X ltem 41) kB/hr 72 | EFFICIENCY = (100 — Itam 71)
1000
30 | HEAT OUTPUT IN BLOW-DOWN WATER kB/hr
3 Lg;#i—ﬂlem 26x Itam 20) +{ltem 27xltem 21) 4 1tem 30 | KB/ he
OUTPUT 1000
FLUE GAS ANAL. (BOILER)(ECON) (AIR HTR) OUTLET
32 | coy % VoL
33 | 0, % VOL
34 0 N % VOL * Mot Required for Efficioncy Testing
35 | N, (BY DIFFERENCE) ] % VoL
36 | EXCESS AIR % 1 For Point of Measurement Soo Par, 7.2,8,1-PTC 4.1.1964

24 —_
IN COMBUSTIBLE CONTENT 3
ITEM 43 ITEM 22 ITEM 23 SHOULD BETESTIMATED NTe THEY
FP;EBLD:ABSU:I:E% R P X e SEPARATELY, SEE SECTION 7,
P 700 11500 = COMPUTATIONS.
DR"r= GAS PER LB 11C0, + 80, + 7(N, + CO) 3
AS FIRED FUEL = % (LB CARBON BURNED PE
S 3ico, + Gy ( R LB AS FIRED FUEL + > §)
25 ITEM 32 ITEM 33 ITEM 35 ITEM 34 ITEM 24 ITEM 47
1M x + 8 x .
ITEM 32 ITEM 34 wer 4 ’
[ o :
co - T
EXCESS 0, ~ - ITEMa3z — JTEM34
36 | AIRt = 100% —~————2 - g0 x 2 e
2682N; - (p, - CO ITEM 34
a2 .2682 (ITEM 35) - (ITEM 33 .. 125" 2%
2
Btu/Ib Loss
HEAT LODSS EFFICIENCY AS FIRED| "HHV ™ LOss
FUEL 100 = %
HEAT LOSS DUE LB DRY GAS
65 | TO DRY GAS = PERLBAS XC xfllvg_*air1=”EM25xo.24 UTEMI3)-(TEMI) % x100=
FIRED FUEL Unit ... . w -
66 | HEAT LOSS DUE TO _ LB H,0 PER LB
MOISTURE IN FUEL = AS FIRED FUEL X [(ENTHALPY OF VAPOR AT 1 PSIA & T GAS LVG) 6
- (ENTHALPY OF LIQUIDAT T AIR)] = 'Tfo# % [(ENTHALPY OF VAPOR o rees
) AT 1 PSIA & T ITEM 13) ~(ENTHALPY OF LIQUID AT TITEMIT)] =« - - -« - Ty
67 | HEAT LOSS DUE TO H,0 FROM COMB, OF H, = 9H, % [(EMTHALPY OF VAPOR AT 1 PSIA & T GAS
LVG) = (ENTHALPY OF LIQUID AT T AIR)] 67
ITEM 44 ——x100 =
=9 x (1EMT x [(ENTHALPY OF VAPOR AT | PSIA & T ITEM 13) — (ENTHALPY OF LIQUID AT 41
100 TITEM I = v v vnnevnnnns e
68 | HEAT LOSS DUE TO ITEM 22 ITEM 23 68
COMBUSTIBLE IN REFUSE = % = o xieo=
&% | HEAT LOSS DUE TO TOTAL BTU RADIATION LOSS PER HR &9
RADIATION* LB AS FIRED FUEL — ITEM 28 ”,,Tx 100 =
70 | UMMEASURED LOSSES ** 70 100 =
4

n TOTAL

72 EFFICIENCY = (100 - ITEM 71) .

t For rigorous determination of excess air see Appendix 9,2 — PTC 4.1-1964

* If losses are not measured, vse ABMA Stondard Radiatien Less Chart, Fig. 8, PTC 4.1-1964

** Unmeasured losses listed in PTC 4.1 but net tabulated above may by provided for by assigning a mutually
agread upon value for Item 70,



Thermal Efficiency Levels

Boiler Type Efficiency — Indian
Industries

Manually Fired 40-60
Stoker Fired Coal 65-70
Bagasse 55-60
Oil and Gas up to 20 tones per h 70-80
above 20 tones per h 80-85
Fluidized bed combustion 75-80
Waste heat 9049
Pulverized fuel fired 80-85
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MAE MOH 1 x 600 MW Power Plant Thailand

Fire Fighting System

Tabls of Content

1 General 3
11 Objecilves 3
12 Syatemn Design 3
1.3  Equipmant 4
2 Fira Pumpa and Fire Fighting Manual Maans 5
21 General Dascription 5
22  Description of Equipment and Clrcults 5
3 Fira Fighting Watar Extingulahing System 3
31 water Delugse System 3
32  Manual Delugs Spray System 10
3.3 wetand Dry Sprinkler Systam 10
34  Preaction Sprinkler System 1
4 Flra Fighting Foam Extinguishing System 12
41  General Description of the Watar Foam System 12
4.2  Fusl Ol Storage Tank Water Foam Systam 12
43 water Foam Sprinkler Systam 13
5 Inert Gas Systemsz 14
51 Coal Slkee CO; Inert Gas Sysiem 14
E Firs Detection System 15
&1 General Descripiion 15
£2  Description of Equipmant and Clrcults 15
7 active Fire Protection Measuras (Summary) 17
71 Table 17
7.2 Smoke Exhauat 23
7.3  Deslgn Requiremants for Dralnags 23
B Passlve Fire Protectiion 24
B.1 Fira Rating Table 24
B2  Flrs Zong Componsnt 25
8.3  Design Requirements for Turbing Systems 25
B4  Deslgn Requiremants for Hydraullcally Scfuated Valves ... ... .. 25
B.5  Deslgn Requiremants for Fire Damper 25
k] Hazardous Areas 2%
Lagal Crener wrilcabon rum bir i Data Lang | Shaat
BLETOM | FOWER SYSTEMS MM O 00 -——-E 010001 | B | 29042015 | En | 23S |
SALSTON 175 A righis fesa el Pl cofke Tl anvioniman Belois prning D Socrment.

1 GEMERAL

This gocument getalls the fre protection and fire detection esign concept for the MAE MOH 1 x 600
MW (net), Uira-Super Critical Coal Fired Power Plant, Thalland

During detslied design, Dasgn Manual wil give mone detalls and repiacs ks document.

This revislon of the fire fightng concept, based on the document finallzed In fender phase, Is lssued
for the permiting.

1.1 OBJECTIVES

The document objectives Is to explain the design phiiosophy and to describe the princlples for a
gultable fre detection and alam system for Me saely of plant personnel and a fire protection sysiam

Tor conirol and suppression of fres.

Miotz: The st of bulidings and thelr a550ciated infamal amangement mentionad i this document are
preliminary. They may be modiied ister during project exscufion and fire Aghting spstems Wil be
aufjustad ccorangy.

12  SYSTEM DESIGN

The fire fighting design takes Into acootnt the rEquirement of the Toliwing niles:

- NFPA 350 — National Fir2 Protection Assoclation — Recommendad Practce for Fire Protection for
SiecTic Generaling Planis and High Voitage Direct Curent Corverter Stations (2015),

- NFPA 10 — Stangard for Portabie Fire Extinguishess [2013),

- MFPA 11— Standand for Low-, Medium- and High-Exparesion Foam Systeme (2090,

- NFPA 12 — Stantart on ©0, Extinguishing Systems (2015),

- MFPA 13 — Standand for the Installation of Sprinkler Systems (2013),

- NFPA 14 — Standand for the Installation of Standpipe and Hose System (2013,

- MFPA 15 — Standand for Water Spray Flxed System for Fire Protection (j2012),

- H%15-WHM|mmqummrmmmm

- NFPA 30 — Standand for the installation of stationary Pumps for Fire Protection {2013),

- NFPA 24 — Stangard for Installation of Private Fire Service Malns and their Appurtanances (2013),

- NFPA 25 — Standard for the Inspection, Testng, and Mantenancs of Water-Based Fire Protaction
Systems(2014),

- NFPATD - Mational Bleciical Code (2014)

- NFPATZ - Mational Fire Alamm and Signaling Code [2013),

- NFPA ED — Stangard for Fire Doors and Ofher Dpening Protecive (2013),

- NFPADO A— Standand for the Installation of Ar-Condtiering and Vantlating Systems (2013),

- MFPA 1252 — Standard for Fire Hose Connections (2014),

- DM 14495 - eooling of abovee ground tank for comiustiie Bgukds 1N case of e (19771

- LLocal codes (in be detalied later)

Lingl e i fembain fi i bar ire Dita Lafyg | Eraat
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Code & Standard Relevant boiler work :

AN AMERICAN NATIONAL STANDARD

& »\’ CATALOG ,,

&) oo s o AR Y NFPA CODE oINS

The organization of the ASME National Fire Prevention Association Codes Relevanted

* Boiler and Pressure Vessel Code is as follows:

1. Section I:  Power Boilers NFPA 85 Boiler and combustion systems

2. Section II: Material Specification: Part (A-D) NFPA 654 Standard of prevention of fire and dust explosion
i. Ferrous Material Specifications — Part A NFPA 30 Flammable and combustible liquids code
li. Non-ferrous Material Specifications — Part B NFPA 31 Standard for installation of oil burning equipment

iii. Specifications for Welding Rods, Electrodes, and Filler Metals —Part C
iv. Properties — Part D

NFPA 54 National Fuel gas code

3. Section IlI: Rule for construction nuclear facility components Part 1-3. NFPA B9 Standard of explosion Prevention system
4. Section 1V: Rules for Construction of Heating Boilers NFPA 70 National Electrical code

5. Section V: Nondestructive Examinations

6. Section VI: Recommended Rules for the Care and

operation of Heating Boilers
7. Section VII: Recommended Guidelines for Care of Power Boilers
8. Section VIII: Rule for construction of pressure Vessels
i. Division 1: Pressure Vessels — Rules for Construction
ii. Division 2: Pressure Vessels — Alternative Rules

9. Section IX: Welding and Brazing Qualifications American
10. Section X: Fiberglass-Reinforced Plastic Pressure Vessels m Iron and Steel ‘u" ) GN_S\ %

11. Section Xl:Rules for In-Service Inspection of Nuclear Power Plant Components Institute i

12 Section XlI: Rule for construction and continued service of transport tank . <
O U9 =
 PCT Performance test Code

SETTING THE STA




Code & Standard damunivuarainsnlseau

22179AU (CODE)

A6 MYM3 ASME TRD BS Jis
BS-EN
1 | wilasiwuuvienn (Water tube boiler) ASME-| part PWT TRD 300 12952-3 JIS B 8201
BS-EN
2 | ns@aaamadiatinuuviaiin ASME-| part PG TRD 401 12952-3
(Water tube boiler installation)
BS-
3 wﬁaﬁmmmaﬁma:mﬁmﬁaqﬂnmi ASME-| part PG TRD 403 EN129527;2002
?Taﬁmmﬁm'?‘uqﬂﬂnﬁﬂi:ﬂau
(Water tube boiler and Auxillary installation.
Requirment for equipment for the boiler)
4 | Faeuauuzlumsinunidoviduings ASME-VII TRD 601
(Recommendation Guideline for Care of Power
boiler)
BS-EN
5 | wiferihuuuvialw (Fire tube boiler) ASME-| part PFT TRD 300 12953-1 Part.1 JIS B 8201
TRAEMILAINIIAmawIad s uazgUn Il BS-EN
6 Euﬂ ASME-II TRD 100 12953-2 Part.2
(Material for pressure parts of boiler and
accessories)
BS-EN 12953-
7 | gladaanaunslunisinmualdnuniody ASME-VI TRD 701 13 Part.13
(Operating instruction/Recommendation Rule
for the care and operation of heating boiler)
8 | n1IaTIRAULAZNINARAY ASME-| uaz V TRD 500
(Inspeciton and Testing)
9 mmgmﬁmﬁ”ﬂnm%am ASME-IX TRD 201

Standard for welding

[P o ¥
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L]
We I d I ng ayEaULUUIIHAG Tag a1

4 A G o Ao o a XN A4 a a A - t@avasmisdony Ussfiwiiwan “WPs”
maden fehiduduaaunisdlumanga vialeh magesfieanuuuvdaidas NI B

! ° ! o 1% 9: <K oA ° Ax A v _ Saa ;
mmaamiﬂgms AN RLENN %N@VL?J‘WI “NVLG]S\IﬁﬁaaﬂLL‘]_I‘]_ILLﬁgmﬂﬂ%@’J‘EL‘sﬁmﬂML‘ﬂ%mﬂa A

- nIwIsmees .
a1 “WPS”

F9 fiedn 13 Wy wenamii elinmamuuasnsamamugumIaTasey lagld 1lanans

14 “Wosw” 1) 23.7

{

nsandoya “autlslunuon

. p . 2 v @ v vo oA
WSP.(Welding procedure specification ) Gﬁa@aaﬂmezmu@mm@%ﬁwmm

POR ( Process duce qualification test record ) Hudagatiufinnamanasaunsizos

ﬂ?ZUQUﬂq?L%ﬂNLLUUWIWQ ‘
2 ) o a ¢ Prelim “wpPs”
- NEUAIMMITONA LN FoaN D% Oxyfuel Gas Welding (OFW)
- aszuaumI@enansalaslTalaenniianswenvy  Shielded Metal- — ¥ -
’ mMadonEwinway Prelim “WPS” Taieiu
Arc Welding(SMAW) .
MILATUN DU

- NTUIUMITaNaN A laWand Submerged-Arc Welding(SAW)

- nemumagasanialasldaalanzuszuiaUnaguuaznszuiunis twdzaianans “PAR" isufiniamimacey
->

awanialavldaalanzgalaWanduazuianagy Gas Metal-Arc it 200 i i
o W
Welding(GMAW and FCAW)

- nszuawmMs@eNansalasltuvismisauiazuizUnaay Gas Tungsten- I wps” flldumatise:
: LLﬂtLﬂﬂﬁﬁiﬂuﬁﬂNGﬂﬁiﬂﬂﬁﬂU “PQR”
Arc Welding(GTAW) ‘

- NITLIWMITaNWAFA Plasma-Arc Welding (PAW)

1dan “WPS” fidhumssusaallFlununs

- NSTURUNNSEaNBLAA laFLan Electroslag Welding(ESW) Tayasnasou

- ThevsIn1IasTi

- ARUIWMITaNBLanaYauls Electron Beam Welding(EBW)

- ARV BITUITWLT 01

- AEUIUMITOURAR StudWelding = . .
- MM TewInATa LRI WA

- Inertiaand and Continuous Drive Friction Welding vl

- ResistanceWelding l'

- NITUIUMSHTANLALTET LaserBeamWelding(LBW) W “wps” itldumsTusasluls

- FlashWelding :

31U 2.3.1 LFAIUKURINTIAT “WPS” LAz “PQR”



W NG FROCEDURE SPECIFICATION (WFS)

OF BOILER SHELL AND FURNACE SHELL

FILE CNT Na: WES-01

CODE: ASWE SEC.IX

311 2.3.8 18879 “PQR’ M13893UNTINTTMRTaNANY “WPS” T19U%

F]
WES. Nolipam WPS):WFS.01

4
FROCES2{ns i avy): SMAW $SAW

P 4
WELDING TYTE (3%

DATE(Fui): 03-01-2007 RavDATE

- - 4
: FhaavvaL (deulsih) B seg-auto(den saw) CuacEne(dauinhudi) Ooeact: na °c

A wy

LR )

o 4w
SUPPORTING PQR Nof toam PQR. 1 anfu anyn): QR 05-07-001-PGRO1

PQR No.: CBW05-07-001-
PQR.01
DATE: 01-01-2007

PROCEDURE QUALIFICATION RECORD (PQR.)
OF BOILER SHELL AND FURNACE SHELL

. &
JOINT (seamauu ey aal) : QW-402

4
PRIZEI:AT(m:i-.J;_'.mJ 1u): QW-406

WELDING PROCEDURE SPECIFICATION No.(iau#i WPS.): -WPS.01
mpPacT: M no , O YES (vA °c)
WELDING TYPE (3%tdas): MIMANUAL (Fowlnitny M SEMI-AUTO (Bow saw.) ] MACHINE(1Fendaluia)

PROCESS(n35135matgas): SMAW +SAW

. . & »
JODNT DESIGN(uvusaanuuirsas): BUTT/ GROOVE MIN. PREREAT TEMP(gagian aalum reugu): na %
BACKING: %0.(¥') YES. (WELD METAL]( ) MAX INTERFASS TEMP(samgilnagalumiey na “c
-6l g17 (SAW)
-6l 942 . OTHER: NONE
LB [ pE i p (SMAT)
INCIDE POST WELD HEAT TRETMENT (QW-407)
; " éﬂ TEMPERATURE:  +15 °C
TEE
HOLDING TIME: NA  Min
G L1 P2
OTHER: NONE
JOINT DESIGN
) .- " P 4.
BASE METALS(umavias): QW43 SHIELD GAS (ufangaunict )
Pdo:i Geo: 2 @ Pde: 1 Grddos 2 SHIELDING GAS&MDX(fhnau fanguansl: WA %
EMETAL SPEC (Fawaizwizaatias) FLOW RATE (Smsms i a): NiA Linin.

SASIE G0 ®» SASIEGN
THICK RANGE (rinpmumaslagh 15t n 15t mm
GROOVE: NA mm.
FILLET: NA mm.
FIFE DIA RANGE(mi1y lsnania)
NA

MAJLONE PASS THICKNESS(mnmuanfige): Na mm.

GASBACETNG: %0 (¥) YES{ ) Limin

TRALLDNG GAS: Na Law

JOINT(iamiaLLmL%au): QW-402

L6l 032 PASS No. 1 2 3
/ LB52-18 @32 /oL .0 PROCESS SAW | SMAW | SAW
! INSIDE )T] DIA.(mm) 3.2 4.0 3.
P S| Ampa) 500 120 | 500
DUTSIDE VOLT(v)
GRIND SPEED(CPM) | 160 60 160

GROOVE DESIGN
OF TEST COUPON

4 )
FILLER METALS (Yt 01fct08) : QW-404
SMAW +5AW : LB-32-18 + 730 Fimx /L-61 Elecwode

DEFOSITED WELD METAL THICK RANGE:

- 4 N .
WELDING TECHNIQ UE (msnd AlumstDn): QW47
STRING O WEAVEBEAD(Sum e wiadlustu): WEAVE
GAS CUP SIZE (sw1afaufia): NA mm.

¥
TNITIAL OR INTERPASS CLEANING METEOD (fumeun 5z e smazas)

GRIND OF. WIRE BRUS EING(dgaen 3 o 15zl 14877%A): GRIND

BASE METALS(finuas35q): QW-403 PWHT (QW-407)
Material Spec. (qasaifiiaq): SA516 Gr70  to  SA516 | Temperature:  N/A °C

Gr70 Time: N/A Min.
P No./Gr No.: 1 to 1 Other: N/A

Thickness of Test Coupon (m‘wwm%mmmaau)z GAS (QW-408)

25t. mm. ) Percent Composition
Diameter of Test Coupon (A laBununasay): N/A Gas(es) Mixture Flow
mm. (%) Rate
Other: NONE . . Shielding: N/A N/A N/A
FILLER METALS(fisn289ma15au): QW-404 Trailling: N/A N/A N/A
SFA Spec.: 5.1 Backing: N/A N/A N/A
AWS Class, : E7018
F No.:1B52-18 ELECTRICAL CHARACTERISTICS (QW-409)
A No.:

Current & Polarity: DC-EP / AC
Size: 26,3.2,4.0 mm.

Tungsten Electrode Size: N/A
Mode of Metal Transfer: N/A
For GMAW (FCAW):  N/A
Max. Heat Input: ~ N/A KJ/cm

Treacle Name: KOBE
Deposit Weld metal Thickness: 25.0 mm.
Other : NONE

TECHINIQUE(inafialunaiiay): QW-407
STRING OR WEAVE BEAD(dums niaidunan):

POSITION(inlmaLTaw): QW-405
Position of Groove:  1G (FLAT)

WELD PROGRESSION(ﬁﬂmwaau,ml,%au) WEAVE
Uphill , Downhill: UPHILL Oscillation:  N/A
Other: NONE Multi pass or Single Pass(per side) : MULTI

NTA STANCE N )
M - CONTACT TIF TO WORK DISTANCE NA mm.
OSCILLATION: NA
METEOD OF BACK. GOUGING:
. & T aine - .
POSITION (it szt a2): QW-405 SINGLE OR MULTIFASS (FERSIDE): NiA
POSITION: ALL FOSITION reEmiGimuns ludpamd : 5o () ¥ES( )
- &
WELD FROGRESSION(Man1evauiuisas): +REMARK:
A O pown
- r]
FILLER METAL (aaann] it nascias) Elec D Amy Valt TrEpeed
Tem.
F M. ANa SFAN AWE, CLASS Brand Name Tipe {mm ) w W) {em. fmin)
Cylndrical | L-61 - i EM1E LINCOLN 32 500 160
hell LES-18 - 51 ET018 KOBE DC-EP 40 120 &
L-61 - 517 EM12E LINCOLN 32 500 160

FREFARED BY W/D ENGR

REVIEWED BY WD SECT. CHIEF

AFFROVED BEY W'D DEFT.CHIEF

PREHEAT(NM5augu1911): QW-406

MIN. PREHEAT TEMP(aqmmﬁmﬂq@'Luﬂﬁaugiu)z
nA - °C

MAX INTERPASS TEMP(Qmmﬂﬁmﬂq@lumaamju)z

Single or Multiple Electrodes: SINGLE

Gas Cup Size(@w1anILITg): © N/A mm.
Initial or Interpass Cleaning Method: GRIND
Method of Back Gouging: N/A

N/A °c Other: NONE

OTHER: NONE

dl 1 1 dl a v %’
NN @N@ﬂ’]?ﬂqﬂ‘l’l‘ﬂﬂmﬂtutﬂﬂ NINaAUTaUn NTulIeu




Boiler Material:

Boiler is mainly build with several high-temperature material, so that the

materials is used in construction boiler
show on the table

Parts of a Boiler

s comprise a variety of steels as

S. No Item Description Consisting Mainly
1 Pressure parts Pressure-holding parts, mainly FW, ~ Drums, tubes, pipes, headers, tanks, forgings,
(PPs) drum water, and steam and castings
2 Nonpressure parts  Fabricated items Structure, flues and ducts, casing and hopper,
(NPPs) tubular air heater (AH), cyclones, BRIL
3a Bought-outs (BOs) Equipments procured from others Valves, mountings and fittings, soot blowers,
attemperators, fans, electrostatic precipitator
(ESP), rotary AH
3b Firing equipment Mills, burners, burner management system (BMS.
stoker, feeders, air nozzles for fluidized bed
combustion (FBC), hot gas generators
3c Common BOs Common for the total plant with Feed pumps, deaerator, ash handling plant, coa!

one ar more boilers

handling plant, oil storage, P&H units, gas
conditioning skid

Note: BRIL stands for bricks, refractory, insulation,

and lagging.

Steel Forms Required for Various Pressure Parts

Type of Pressure Part Raw Steel Required
Drums and reheater header Plates
Coils for superheater, reheater, economizer Tubes
Boiler bank Tubes
Membrane, division wall panels Tubes and strip
All headers and large-bore downcomers Large bore pipe
All integral piping Small bore pipes/tubes
All nozzles including on headers and drums Forgings
Kind of steel
Carbon steels Low carbon
High carbon
Alloy steels C-Mn/C-Mo steels

11/4% Cr-1/2 Mo steels
21/4% Cr-1% Mo
9Cr-1Mo-V

Stainless steels

Boiler bank tube water wall

450-480 °C at least for sub critical boiler
510°C for super critical boiler

200 MWe

1827
it Superheat and Reheat bank tube
78] 485,510,530 °C in small power ranges
1205 540°C is the most common
o' 565°C for the HRSGs
1:;2 620 oC for super critical boiler
E o Economizer tube
:ﬁ; 250-400°C
’.l 618
532 Roof furnace
445
I ﬁ 450 °C at least for sub critical boiler
Eg 510°C for super critical boiler

SH and RH lugs and burner impellers

CFD Temperature of boiler 1,500°C

Tube Vs Pipe

Differences between Tubes and Pipes

Tube Pipe

Only conveyance and not heat transfer
Material suitable only for limited bending

Both heat transfer and conveyance

Material amenable for closer bending, as C is lower
Welding is easier due to lower C

Sizes up to 125 mm OD and hence smaller tubes
Designated by outside diameter

Closer tolerance on thickness

Sizes up to 1000 mm and beyond, and hence larger pipes
Designated by nominal bore (NB) upto 12 in. (304.8 mm)
Larger tolerances




Introduction of Steel Classification

Classification of steel

PLAIN CARBON
STEEL

(% OF CARBON)

| | LOW CARBON STEEL
(0.15- 0.35% C)

| | MEDIUM CARBON
STEEL(0.35- 0.65% C)

| | HIGH CARBON STEEL
(0.65-1.75% C)

Ultra low carbon
(C reduced upto
0.002%)

ALLOY STEEL

( % OF ALLOYING
ELEMENTS)

-

LOW ALLOY STEEL
(UPTO 5%)

MEDIUM ALLOY STEEL
(5-10%)

-

HIGH ALLOY STEEL (
MORE THAN 10% )

STEELS

TYPES

BENEFITS

APPLICATIONS

Carbon Steels

Stainless Steels

Tool Steels

Alloy Steels

Low-carbon steel, medium-carbon
steal, high-carbon steel, ultra-high:
carbon stesl, Hardox steel

Ferritic, austenitic, martensitic,
duplex stainless steel

High-speed steel, water-hardening
steel, air-hardening steel, and oil-
hardening stes

Low-allay steels, medium-alloy
steels, high-alloy steels

Affardable, solid and durable, can

be heat treated to improve their

properties, such as hardness.and
strength

Highly resistant to carrasion and
staining; solid and durable, easy to
clean and maintain as well, can be

heat treated o improve their
properties, such as hardness and
strength

Tough and resistant to wear

Srronger and more durable than
carbaon steels; ability to withstand
higher temperatures than carbon
steel and stainless steel; can bear
adverse industrial conditions

il & Gas industry, automotive
MBSty CONSEFUCTION INdUSERy

Food and beverage industry,
medical industry, construction
industry

Automotive industry, aerospace
industry

il & Gas industry, automotive
industry, Kitcherware

Carbon steel C% <2- vidnna MU
Low/ Medium/ High
ANINTOBULANAN NN LU AU aaNTAMIMEMN WU LG

Pnaudea g uiuUSInae U hazvnaSUswehayE Il
Gldgilugﬂvl,é' ¢ (Forming ability )
Alloy steel AE ( Cr, Cb, Mo, Ni, Ti, Co ,V ,%<12%)
widnnawan Low/ Medium

LIND LN AN LTI TN AB U o3 QawaNTGues AE
L UAIANNLTINY UNNNFI NWANTLATAE NUMITTONTDU
High Alloy steel AE ( Cr >10.5%, Cb, Mo , Ni, Ti, Co .,V ,% >12%)
Wiannalbsaiba Stainless Steel
=) v a 1% 1 % al @ =) d
Aaauandanumsianseu Lagazaselanvestasidonaantase
VI AZLULUNAIUANNE 3 5 NN

1.Ferritic Stainless Steel (Cr12%-17% ,Low Ni ) 1@%9 43193aMa
v 16 wlwmangadabe
2. Austenitic Stainless Steel (Cr17%Nio% ) lagdisn AVLAN AN
anumulumsiansan 1 Lassaaedu saaiaitlue %ﬁﬂqmﬁag%u
fansAansaulaand Ferritic
3.Duplex Stainless Steel ( Cr21-28% Ni 3-7.5%) Wulasearamas
g1 Ferritic wag Austenitic
4.Martensitic Stainless steel (Cr 11.5-18%) %I 15U UWBLNINE
GREREILSIEIS ol
5. Precipitation Hard enable Stainless steel( Cr 15-18% Ni3-8%)
asnsayulla



Effect of Alloy Elements

Alloy Essential Net Enhances/Positive Reduces/Negative

Elements Attribute Effect Effects Effects Remarks

C Companion Tensility, yield, surface Impact, elongation, ~Forms mart
element of Fe hardness and machinability ~ structure in

g quenched stest

Al Deoxidant +ve Resistance to aging,
in steel scaling, and heat
production resistance (calorizing)

Cr +ve Resistance to corrosion Impact, at >15% >13% Cr imy
and oxidation, elevated and 475°C Cr atmospheric
temperature strength, embrittlement corrosion
wear resistance to H
brittleness

Mn Deoxidant +ve Tensility, yield, Neutralizes S
hardenability, also
prevents red-shortness

Mo For creep +ve Tensility, yield, creep, Resistance to Used along
strength impact, wear resistance, scaling other alloying.

high-temperature elements
strength

Ni For impact +ve Tensility, yield, toughness. Indispensable
at low High Ni reduces heat resistance
temperature coefficient of thermal

expansion (Invar)

Si Deoxidant +ve Tensility, yield, resistance ~ Hot and cold Ideal for spring
and to oxidation and scaling. workability steels and
degasifier At >2.5% increases Electrical apparatus

brittleness conductivity

W For high- +ve Tensility, yield, toughness ~ Resistance to Good for tool
temperature resistance to high- oxidation
strength temperature wear,

similar to Mo. Forms
strong carbide

v Deoxidant +ve Resistance to wear, Grain refiner
and strength at high-temp-
degasifier erature resistance to H

embrittlement

Ti Deoxidant +ve Strength at high Stabilizer in
temperature corrosion-T

steels

S Impurity —ve Machinability in free- Toughness in
in steel cutting steels transverse

direction,
resistance to weld
cracking

P Impurity —ve Hardness when dissolved ~ Ductility and
in steel in quantity <0.2% resistance to

shock in CS

Cu —ve  Yield and yield/tensile Precipitation
ratio, up to 0.5% hardness at

resistance to atmospheric
corrosion

Iron & Carbon diagram (Fe-C)
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Common steel tube and pipe with their areas of application boiler

Standards

Applications

Example of Material is used in super critical boiler

Steel American British German Economizer  Evaporator SH RH MS Hot RH Feed
Grade Content ASME SA BS DIN 17175 Tube Tube Tube Tube  Pipe Pipe Pipe
Carbon 0.15-0.25°C 192 3059-320,360 St 35.8,5t45.8 X X
steel 210 Al
Tubes 53 GrA, B 3601-320,360,410 St 35.8,5t45.8 X X
Pipes 106 Gr A, B 3602-320,360,410
Mo steel 0.3-0.5Mo T1,P1 3059-243 15Mo3,15Mo5 X X X X X
Cr-Mo-V  3Cr-3Mo 3604-660 14MoV63 X X
steel
Cr-Mo 3Cr-3Mo T2, P2 X X X X X
steel
1Cr-3Mo T12, P12 X X X X
1;Cr-2Mo T11, P11 3059-620 13CrMod44 X X X X
3604-620/ 440,460
2%Cr—1Mo T22, P22 3059-622 10CrMo9 10 X X X X
3604-622
9Cr-1Mo T91, P91 3059-629 X12CrMo91 X X X X
3604-629
FerriticSS  12Cr-1Mo 03V 3059-762 X20CrMoV121 X X X
Austenitic  18Cr-8Ni TP304, 304H  3059-304518 X5CrNi189 X X
S5 3065-304559 X12CrNi188
18Cr-8Ni-Ti TP321H 3059-321518 X10CrNiTi189 X X
3065-321559
18Cr-8Ni-Nb TP347H 3059-347518 X10CrNiNb189 X X
3065-347559
18Cr-—8Ni--2~;- Mo TP316H 3059-316518 X5CrMo1810 X X

3065-316559

X5CrNiMo1812

* SA213 T92 used for outlet tube stub connections

Ref | Heating Material Design
surface temp (°C)

1 Platen SH SA 213 TP34TH/ 640
TP310HCbN/ T92*

2 Final SH SA 213 TP34TH/ 650
TP310HCbN / T92*

3 Final RH T22/ 791/ TP347H! 680
TP310HCbN/ T92*

C Prim SH SA 213 T91 550

[ Prim SH inlet SA 213723 530

6 RH inlet SA 210C 470

7 RH SA 213 T12 540

8 Econ SA 210C 376

9 Water wall SA 213 T12/ T23 515

10 | Furnace roof SA213T23 510

11 | Rear cage SA 213723 510




BQ plates American Specification and Equivalent

American Plate Specifications (SA)

Nominal Tensile Yield Tensile Yield Maximum
Plate Specifications Composition C% (kpsi) (kpsi) (MPa) (MPa) (°C) British Equivalent (BS 1501) German Equivalent (DIN 17155)
1. Carbon steels
285Gr C G 0.22 55 29 380 200 482 161430 C H-11 C-Mn
515Gr 70 & 0,35 70 38 480 265 538 224490 C-Mn 17 Mn4 C-Mn
516 Gr 70 c 0.35 70 38 480 265 538 224490 C-Mn 17 Mn4 C-Mn
299 & 0.30 75 40 515 275 538 224-490 C-Mn 19 Mné C-Mn
2. Low-alloy steels
302GrB ]Z'% Mn-1/2 Mo 0.25 80 50 550 350 538 — 15 Mo3 C-1/2Mo
3. Medium-alloy steels
3871111 'l%% Cr-1/2 Mo 0.17 75 45 515 315 566 Gr 620B 1% % Cr-1/2 Mo 13CrO44 1%% Cr-1/2 Mo
38722¢l2 21% Cr-1% Mo 017 75 45 515 315 577 Gr622B  24% Cr-1% Mo 10Cr-Mo9 10 24% Cr-1% Mo
4. High-alloy steels
NA — 0.17 80 56 551 386 500 Gr 271 Ni-Cu-Mo-V
(DUCOL)
NA 0.19 87 61 600 420 500 15NiCu-
MoNb5
(WB36)

Notes: Brief details of popular drum plates to American standards are provided here and are compared with the other popular equivalent British and German plates.
For accurate and current details, the readers must refer to the latest specifications.

Tensile strength reduces as the plate thickness increases. Tensility given here refers to higher thicknesses. Tensile and yield strength values given are the minimum
values. Figures in MPa are rounded off.

The equivalent plate indicated is not an identical material. It is the closest by tensile strength but differs in almost all other major parameters.
Plates of high-alloy steels are popular in Europe. The values given in the table against this item are not for American plates but of Ducol and WB36, respectively.
NA, not available.

Boiler drum




Boiler Quality Tubes to American Specifications and Their BS and DIN Equivalents

American Tube Specifications (SA)

German Equivalent

Nominal Temperature Tensile Yield Tensile Yield British Equivalent (DIN 17175) for
Specification Limit (°C) (kpsi) (kpsi) (MPa) (MPa) Use (BS 3059) Seamless
1. Carbon steel
Low tensile
178 A (ERW) C(<0.18) 510 47 26 324 179 1,23 ERW 320 St 37.8 (DIN 17177)
192 C(<0.18) 510 47 26 324 179 1,23 51 360 St 35.8
Medium tensile
210 A-1 C(<0.27) 510 60 37 414 255 1,23 S1 440 St45.8
High tensile
210C C(<0.35) 510 70 40 276 2,8
178 C (ERW) C(<0.35) 510 60 37 414 255 238 ERW 440 St 42.8 (DIN 17177)
178 D (ERW) 510 70 40 276 1,23
2. Low-alloy steel
209 T1 C—% Mo 524 55 30 379 207 1,23 S1 243 15 M03
209 T1A C-1Mo 524 60 32 414 2.8
213 T2 3Cr—1 Mo 552 60 30 414 207 1,3
213T 11 14% Cr-1 Mo 566 60 30 414 207 3 620-460 13CrModd
213T22 2%% Cr-1% Mo 602 60 30 414 207 3 622-490 10CrMo9 10
3. High-alloy steel
213791 9Cr-1Mo-V 649 85 60 586 414 3 622 Gr 91 X 10 Cr MoV Nb 9-1
4. Stainless steel
213 TP-304 H 18Cr-8Ni 760 75 30 517 207 3 CFS 304 551 X2 Cr Ni $19-11
213TP-321H 18Cr-10Ni-Ti 760 75 30 517 207 3 CFS$ 321551 X6 Cr Ni Ti $18-10
213 TP-347 H 18Cr-10Ni-Cb 760 75 30 517 207 3 CFS 347551 X5 Cr Ni Nb $18-10
213TP-316 H 16Cr-12Ni-2Mo 760 75 30 517 207 3 CFS 316 S 51 X5 Cr Ni Mo §17-1-22
213 TP-310H 25Cr-20Ni 816 75 30 517 207 3 CF5310551

Notes: Safe maximum outside tube wall metal temperatures given here are on the basis of oxidation resistance. Design codes decide the permissible temperature limits.
For CS usage beyond 454°C when permitted by the code, special inspection is required for 100% weld efficiency.

In the column pertaining to use, 1 refers to furnace walls exposed to high heat, 2 refers to ECON and other enclosures not exposed to high heat, and 3 refers to SH
and RH.

$ refers to DIN 17456, which is the specification for ss tubes. The equivalents are for basic steels without suffix H. Steels with suffix H are modified to suit high-
temperature duties of SH and RH by increasing the carbon content by 0.02%.

= +

Benson boiler with the
spiral water wall

Benson boiler with a
combination water wall of the
farmer o fvnec

Benson boiler with the
vertical water wall



Boiler Quality Pipes to American Specifications and Their Equivalent BS and DIN Standards

American Specifications (SA)

British German _ ’ -
Nominal Temperature Tensile Yield Tensile Yield Equivalent Equivales: i) 2 Wt A i m 4
Specifications Limit (°C)  (kpsi) (kpsi) (MPa) (MPa) Use (BS) (DIN 17175 O mvaag - I . L flukﬂ“ nl
1 alllill
1. Carbon steel | » .I. ,l,, I
Medium 3 -
tensile 1 W N * s i M
106 GrB  C(<0.30) 510 60 35 414 241 1,2,3 3602 CFS460 St45.8 m 'u ‘\_-, i
High tensile P ’ " "Wﬁ I-. . | —
106 Gr (°C) C(<0.35)" 510 70 40 482 276 1,2,3 I ' m j
2. Low-alloy stee Y AL S ]
335 P1 C—% Mo 468 55 30 379 207 2,3 51243 15 M03 | | e
335P12 C-1Mo 566 60 30 44 207 1 — T  p—
: . ;
335P11 1% Cr-IMo 566 60 30 414 207 1,2,3 3604 CFS620 13CrMots
335P22  21%Cr-1% Mo 593 60 30 414 207 1,2,3 3604 CFS622 10CrMo% 38 ‘t”tl”"\
3. High-alloy steel i ¥
335 P91 9Cr-1Mo-V 649 85 60 586 414 1,2,3 3604-2Gr91 XI10CrMa®
Nb9-1 .
Note: In the column pertaining to use, 1 refers to furnace walls exposed to high heat, 2 refers to ECON and o ' y ¥ \) Nozzle drum
enclosures not exposed to high heat, and 3 refers to SH and RH. . :
* Limited to a temperature of 427°C (800°F) and for pipes outside of boiler setting for fear of graphitizatios &
steam.

Pressure Castings and Forgings to American Specifications and Their Equivalent BS and DIN Standards

American Specifications (SA) British i
Nominal Temperature Tensile Yield Tensile Yield Equivalent Equivalent P ressure CaStI ng an d fO rging
Specification Limit (°C) Form (kpsi) (kpsi) (MPa) (MPa) (BS) (DIN)
1. Carbon steel .
Med. tensile - Nozzle for drum header and pipe
SA 216-WCA C(<0.25) 510 Casting 60 30 414 207 1504-430 17245-GS C25
High tensile - Enclose for header
SA 216-WCB C(<0.30) 510 Casting 70 36 482 248 : o
SA 105 C(<0.35) 510 Forging 70 36 482 248 1503 460-224 17243-17Mn4 - Pi pe fitti ng
2. Low-alloy steel - Pipe and header attachment such as
SA 182 F12 C-3Mo 468 Forging 70 40 482 276
SA 336 F12 C~1Mo 566 Forging 70 40 482 276 pads , thermowells
1 1 : y p . . . .
SA 182 F11 1% Cr-3 Mo 566 Forging 70 40 482 276 1503-620 17243-13CrMo44 - S peC|a| fo rg i ng su Ch as tu be J0|nt
SA 217 WC6 14% Cr-1 Mo 593 Casting 70 40 482 276 1504-621
SA 182 F22 21% Cr-1% Mo 602 Forging 75 45 517 310 1503-622 17243-10CrMa910
5A 217 WC9 21% Cr-1% Mo 602 Casting 70 40 482 276 1504-622
3. High-alloy steel
5A182F 91 9Cr-1Mo-V 649 Forging 85 60 586 414 1503-2Gr 91
4. Stainless steel
182 F304 H 18Cr-8Ni 760 Forging 75 30 517 207 1503-304
182 F316 H 16Cr-12Ni-2Mo Forging 75 30 517 207 1503-316
351 CH20 25Cr-12Ni 816 Casting 70 30 482 207

Note: The tensile and yield strengths are the minimums.



Structural Steels Required in Boilers

Items Consisting Material Main Areas of Application
Rolled Beams, channels, CS Boiler-, bunker-, and deaerator-supporting
sections angles, flats structures, stiffeners for ducts, and buckstays
Plates CS, AS Column base and top plates, gussets, splices.
top suspension girders, AH ends, and PP
attachments
Steel Sheets >4 mm CS, AS, ss Flues, ducts, casing, hopper, bunkers, and bunis
sheets liners
Coils/thin ~ Sheets <2 mm, GI, ss Cladding and expansion joints
sheets colored
Strips CS, ss Membrane bars, header and drum attachments.
ladders, and platforms
Rounds Black and bright cS Foundation bolts, suspension hangers, pipe
bars supports, earthquake restraints, and drum
slings
Fasteners CS, AS Nuts for foundation bolts, bolts, and nuts for
ducts
Pipes Safety valve, silencer and IBD tank escape pipes.
round ducts for air and gas, and hand rails for
galleries
Tubes <76.2 mm CS, COR-TEN Airheater main and stay tubes

Note: CS, carbon steel; AS, alloy steel; ss, stainless steel; GI, galvanized iron; COR-TEN™ weathering stesi

Structural Steels to American Specifications and Their Equivalent BS and DIN Standards

Typical Composition of Heat-Resistant Chrome and Cr-Ni Iron Castings

Composition (%)

Temperature C Si Mn S P Cr Ni Typical Parts
<600°C 32-34 1525 075085 <012 <025 030070 Ash/furnace doo:
600-700°C 3234 1525 075085 <012 <025 0.70-1.10 ash spouts
600-700°C 3.0-35 1.7-24 060-1.00 <012 <04 0.85-1.50 Grate bars—
heat-resistant
600-700°C <34 1620 060-1.00 <0.1 <0.2 0.40-0.60 1.00-1.50 Grate parts—heat-
and growth-
resistant
600-700°C 3.0-35 1.7-24 0.60-1.00 <012 <04 0.60-1.00 0.80-1.50 Grate parts—wear-
resistant

American Specifications
C Tensile Yield Tensile Yield

Diesignation Items (%) (kpsi) (kpsi) (MPa) (MPa) BS Specification DIN Specification
A36 Sections 0.26 58 36 400 250 4360-40- B, C 17000 R 5t 37.2
AS72Gr42 Sections  0.21 60 42 415 290 -43-A,B,C St442
A572Gr50 Sections  0.23 65 50 450 345 -50-A, B, C
A36/572Gr50 Sections 0.22 65 50 450 345 -50-A, B, C
AS3GrA Pipes 0.25 48 30 330 207 3601-5 360 1629 St 37.0
AS3GrB Pipes 0.30 60 35 415 240 430 44.0
AS01 Hollows 0.30 58 36 400 248 4360-40B43D 17120RSt37.2

Sections St44.3

Motz Indicated tensile and yield strengths are the minimum figures.

Heat resistant steel Casting

SH and RH lugs and burner impellers are highly heat prat in bolier
Approximate 1,500 °C shall be used heat resistant materials
Ferritic , Ferritic — austenitic, Austenitic steels

25%Cr-12%Ni to A351 CH20
25%Cr-20%Ni to A351 CK20



Boiler Insulation

General Physical and Chemical Properties for Shaped Refractories in Boilers Silica brick
Fusion Apparent Thermal
Type Temperature Porosity Hot Shock  Resistance Resistance
of Brick  Composition (°Q) (%) Permeability Strength Resistance to Acids to Alkalies
Firebrick  40% AlL,O, 1720 18 Moderate Fair Fair Good Good at low
temperature
Firebrick  42% AlL,O, 1745 15 High Fair Good Good Good at low
temperature
High 50-85% AL,O; 1760-1870 20 Low Good Good Good but  Slight attack
alumina for HF at high
temperature
Extra high 90-99% AL,O, 1650-2010 23 Low Excellent Good Good but  Slight attack
alumina for HF at high
temperature
Silica 95% SiO, 1700 21 High Excellent Poor Good Good at low
temperature
Silicon 80-90% SiC 2300 15 Very low Excellent Excellent Goodbut Attack at
carbide for HF high
temperature
[Il‘)sr:ﬂc;sung 65-85 High Poor Excellent  Poor Poor T M;;c::l:;?:s Mineral Wool /
Rock Wool

(Silica + Opacifiers)

Properties of Common Insulating Materials Used in Boilers

Specific Heat
Limiting Thermal Conductivity Capacity
Density Temperature At At At

Insulating Material (kg/m?) (@) WmK (°C) WmK (°C) WmK (°C) kj/kgK At(*C
Asbestos, loose 575 800 0.205 100 0216 300 0.230 500 0.820 20-100
Asbestos, fire 280 800 0.063 100 0.092 300 0.121 500 0.838  0-108
Asbestos cords 300 240 0.093 0 0105 100 0.J16 200
Glass wool 100 ~500 0.059 100 0.080 200 0.095 300 0796 0-108 Ceramic Fiber Calcium Silicate Perlite
Magnesia powder 300 ~300 0.066 100 0.077 200 0.088 300
Magnesia without 400 ~300 0.073 100 0.081 200 0.089 300 1.005  0-100

alumina
Magnesia—asbestos 200 ~600 0.065 100 0.090 300 0.105 500

shaped bricks
Mineral wool 200 850 0.053 100 0.065 200 0.089 300 0.837 0-108
Slag wool 200 500 0.052 100 0.086 300 0126 500 0753 0-108




1. Steam Drum
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Super heat and Reheated tube (SH&RH)

Superheat (SH)
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Metal Temperature
" Fouling due to ash compounds

®  Corrosion due to salt in ash
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Sleam temperalure
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Permissible Gas Velocities and Clear Spacing between Tubes in Pendant Superheater (Perpendicular
to Gas Flow)

Oil

Pulverized Fuel =~ Pulverized M
Low/Soft Ffld Coal Bagasse/
Fuel Gas Distillate Residual Ash Abrasive Ash °% " Biomass
Malemum gas veioc.ity (m/s) 30 30 18 15-18 12-14 18 15-18
Max1mum'gas velocity (ft/s) 100 100 60 50-60 40-45 60 50-60
Clear spacing front (mm) 50 50 100-150 200 250400 100-150 175
Clear spacing rear (mm) 50 50 50 75-150 100-150 50 63.5

Note: Agas veloc%ty of 18 m/s is for oil with vanadium <500 ppm; 12 m/s gas velocity is for very abrasive coals
such as Indian and South African coals; maximum gas velocity is the velocity of the gas at the inlet of the
bank not the average at the middle; also it refers to the 100% MCR or peak load exceeding 8 h/day.



Re heater (RH)
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Economizer (Econ) Economizer (Econ)
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Air heater (AH)
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Fuel Firing
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1 o dy Gas recirculation zone highly
LLﬂJQ%gVLiJ@]’]gJ% swirled primary air + less (’

swirled secondary air

1. 53w Oil firing babka 901373661 grade 61199139 901371 Diesel

2. 521V Gas Firing Lén Natural gas , LPG gas
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1. Atomizer for oil and spuds / pipes for gas-for proper fuel admission

2. Air register for diving and supplying the air with a proper swirl to

provide adequate turbulence

g

3.Igniter for lighting the fuel
4. Flame monitor for checking the health of the flame

FIGURE 10.11
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1.Tangentail flow

P. Parallel or axial flow
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SOOT BLOWER
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| Economizer
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® Normal usage
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Orifice housings boxes and

/ square edged orifices

Flared outlet cylinder
extensions

Straight classifier blades with
coarse particle guides

Chrome carbide
reject cone

Conical baffles and
reject doors or

conversion to inverted
cone return

Rotating throat, deflector
and extension ring

Air flow measurement

Qﬂes

1.Vertical roller mill or bowl type

3.Impact or hammer-type mill

2. A ball type for mill coal

Sound
<", Absorbing
"4 Housing

Air and
Pulverized Coal

Air and
Pulverized Coal

Ball Mill Drum
Classifier -

4. Ball tube type

Mills /Pulverizers
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Flue gas

Steam Temperature Control l — l

AN bena1IxIaz WU bis Boiler azdsznaveiy dusuanusowiany
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l6iwn BB, SH, RH B9digawngiuadhaiinnioanuaunenaiis wazysy @
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{ 4 ! ! o 4 Y N Q %’ HERs pass
wia e azdiwnaule enuidng mseduaugannves bai azdl 1
NANYIBMIB9 nadtasdasudeisis - . .
ypass
" Attemperation e
| : FIGURE 6.26
Fuel gas by passing Control by gas bypassing in boiler second pass.
® Fuel gas recirculation and tempering
® Flame control by burner tilt or burner management Secondary superheater temperature
3
. :
Excess air COIltI'Ol B \ / With recirculation
— SH
Spray-water
control valve

Without
recirculation

Tempering
- = =~

’ ECON

Furnace

— =
£

% Recirculated gas

=» Steam

11. Mast-type attemperators having their control Recirculation Boiler load
valves located outside the steam pipe generally work

c S : FIGURE 6.27
satisfactorily in combined-cycle plants

Effect of gas recirculation on secondary superheater outlet temperatures.



1.Boiler Failure

[a—

N

Tube inside or water side corrosion

Caustic corrosion Concentration of (NaOH)

Hydrogen Embitterment
Putting or localized corrosion

Stress corrosion cracking

. Tube Out side or Fire side corrosion

Super heater fireside ash corrosion- High

temperature oxidation
Water wall fireside corrosion

Fireside corrosion fatigue

Oyla) 0,(9)

/)

Rust Formation

Fe2+ {aq)+ 2 OH ™ (aq) —3 Fe (0H]2{s}
Fe (OH) 2 {s}+02(0)+2Ho 0 {l) — 4Fe (l:)H)3 (s)

Cathode

02 {g}+2H20(I}+4e_ —)40H_[aq]

Anode

Fe(s) —> FeZ* (aq)+ 2e~

Pitting corrosion

The surface crack along these tubes is a result of severe overfiring.

. Tube out side erosion
" Flyash
®  Coal partial

W

" Falling Slag
" Soot-blowing steam

4. Stress rupture

Short term over heating ( fish mouth open )
® High Temperature Creep or long term over
heat

B Dissimilar metal Weld

5. High temperature graphitization

6. Fatigue
®  Vibration Fatigue
® Temperature Fatigue
7. Problem of measuring system

8. Lack of quality control
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Boiler burst due to high pressure

The probe suggested engineers detected the
snag well before the high-pressure build up
inside the furnace due to the blocking of ash
evacuation system. A section of the boiler
burst open owing to the tremendous
pressure, letting out the trapped

"flue gases and simmering ash.”
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