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d SOIMIVALTU29999011133 ccb”uémmﬂmuwzﬁmswﬁﬂeejﬁew
UanaouduaInly wiehigunzyuindsuciaiu 3o °C.

0 égmnﬂuazcﬁuesjewﬁﬂmjuczﬁﬂ COUSNMINIULESNTIR9901
91017 WL BIN1UAVTULININ (AzgUMzYL 100°C.

0 M3usIdesjoleri:

1Bhp = 34.5Ib/h = 15.65kg / h
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NMUASNLL29I91UU17)

Saturation Enthalpy kJ/kg Volume of dry
Pressure temperature Water Evaporation Steam saturated steam

bar g “C hy hyg hy m?/kg

0 100 419 2257 2 676 1.673

1 120 506 2 201 2707 0.881

2 134 562 2 163 2725 0.603

3 144 605 2133 2738 0.461

4 152 641 2108 2749 0.374
5 D 159 671 2 086 2 757 0.315
B 165 697 2 066 2763 0.272

7 170 721 2048 2769 0.240

SN0INIWALTE2999L

_11139,/(kg/h)
SNMINWALNU2999101

mjuczﬁﬂ,(kg/h)

ccsamaﬁgsjswﬁﬂguﬁa,(kJ/kg)

cceamaﬁzejewﬁﬂﬂsu,(kJ/kg)

F
\p _ Ma(h, —hg)  h,=419xT
° 2257
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gle v wl8tlgrdnewLINIUdi t  5,000kg/h. 110N
glorutINnuEangIswe Ihana 00U taveumzyy 5 barg
(tr 25°C 01U0NY. FINWIVNT-S0NINIVEEINS119)297
gUILVININID?

e 0700V P = 5 barg, h,, = 2757kJ/kg

CCRZ, -

vaz@»‘i)ﬂﬁab 25°C,h,, = 25°C X 4.19kJ/kg°C = 104.75kJ/kg

M_x(2,757kJ / kg — 104.75kJ / kg)
2257k / kg

_ (5,000kg/h x 2,257kJ/kg)
* 7 (2,757kJ kg — 104.75k] / kg)

5,000kg /h =

— 4,254.88 kg/h
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SUURERTVDT wluSHinaucuy:input-output method

BoilerEfficiency = Sl x100
Heatlnput
Boiler efficiency (n): = Qx(H—-h) x100
(qx GCV)

29: Q= Uuamwswmmwuam‘cm?mcmauaoim (kg/hr)

H= ccsamaﬁeejmsmsuma (kcal/kg)

h = Lceam"\aﬁ293U°1U93Jc2°1mlsww°1 (kcal/kg)

q = UzduwSetwilsunwdteilucaazgolys, (kg/hr)
GCV = ﬂﬂﬂ@ﬂuseugjgmeejtastw (kcal’kg)

Shea50mun 20:7:0972.970:/71771/:/777:77
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U“amumuw?uccma“aa‘tm - 2.0 TPH
£1021US9Ug 029900 : 10,200 kCal/kg

24 1]29jﬂm.USSIJZDEIJSSTI’EHT]Q”UUU]JSWIH
g Uu;Lu°1Uewmmwuam‘m?uccmauaaim : 24 TPH
. aawmu/gumvzyuaejawmjo kg/cm?(g)/180°C

ewmuwuasjmmaw 85° G

cceama@esjmmau 85 kCallkg
%jm:uonmﬂ Uuanmwﬂueejzmewm ?
%jmnonzm SOMMIVALTIUS1?

cceama@esjswﬁ@uﬁa(sat) at 10 kg/cm?(g) pressure: 665 kCal/kg

S



MUAIUDUULSNNWIU29900911 LOUdNNIIA)
Jrdotiwweejuieruin (n)=
24 TPH x1000kg/Tx (e665kCal/kg—85kCal/kg) x 100
2.0 TPH x 1000kg/T x 10,200kCal/kg
= 68.2%

enmmnaucmusm 24 Tonne of steam/ 2.0 Ton of oil =12
enmmuaucmusﬂuaeﬁwswm ”

gmmpmagcmuswasjweﬁulﬁﬂumacﬁj SN0IFOUIALMDY
91u01NTl9UeIT AN LAz g lugnjuiiuds A uauege (W
12 Tunaucdiatol Tuea=8atu.
fioghg;
mauwewmcwum‘cwmianmmuuUuuae‘cw SN0V T
ediugrly 6 kg tuen21ud1 181108 kg IU1063E309%8)
9116 6kg.
S3usherecuuticy welSdud@ndude  Somnazidie
918 (LU 13. 2 gy

ALt tanna, Judi2unudsiuneeoiiersi, 0009
SoU29%(291( (tAzUrINNWIUS9ITNLIULISNODL.
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Steam Output

Flue gas loss
loss

isture in fuel
oisture in air

6. Surface loss

7. Fly ash loss

)
Fuel Input, 100% | Boiler
Air
i 8. Bottom ash loss

Efficiency = 100 — (1+2+3+4+5+6+7+8)

oy (by In Direct Method) —
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Heat loss due to dry flue gas Ly

Heat loss due to steam in flue gas L,

100.0 %

Heat loss due to moisture in fuel L4
Heat loss due to mossture marr L,
Heat loss due to unburnts in residue |

Heat loss due to radiation & other Les
unaccounted loss

» Heat in Steam

138 %

L, cunIuguiRundIusoueeIoIuigunn;

L, couniuguisunaussuiiagindseig tusese;

L, couniuguissnaussucisgnidanoiugud tugstu;

L, counmguisena1usouciioqingaiuguesisini;

L EE.UﬂJJ"I°11J§lUE?]EJE]O’I.USSUEﬂJSj’%ﬂﬂ%jE%OEmSZﬂUEU"I‘Cw

L. L chunuguuna$euiiagINnIEiSSaorugsututoss et wardus;
L7 U2 US e 3E) Uiz 30 L.
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/ We Gas Loss'\\\ Hegiskoss due to Steam(H,)

) mchx(rr Ta_) 100 B 9xH,x{584+C,(T,-T,)}
GCV of fuel L = x 100
Where, GCV of fuel
L, = % Heat loss due 10 dry flue gas Where
m = Mass of dry flue gas in kg/kg of fuel _ - - .
= Combustion products from fuel: CO, + SO, + Nitrogen in fuel + H, B gg ofhm:.ze:fmxnﬁrl l_kg basis C
Nitrogen in the actual mass of awr supplied + O, m flue gas G = Speafe Wd steam m kCalke
(H,O/Water vapour in the flue gas should not be considered) ;f = Flue gas temperature In ’g
C = Specific heat of flue gas i kCal/kg"C L = Awisiestieegeciesn s
U -
T, = Flue gas temperature in °C] 584 = Latent heat comresponding to partial pressure of water vapour
T, = Ambient temperature in °C

; : Heat Loss due to present moisture in air
Heat Loss due to present moisture in

Fuel [ Dry-Bulb Wet Bulb “Relafive Humidity | Kilogram water
Mk {584 +C, (T,-T)) per Kilogram dry
s = X 100 Temp °C Temp °C (%) air (Humidity Factor)
GCV of fuel 20 20 100 0.016
where

M = kg moistue in fuel on | kg basis i = 0 oo

C, = Specific heat of superheated steam in kCalkg"C 30 z 50 0.014

Te = Flue gas temperatwe in *C 40 30 50 0.024

T. = Ambient temperature in *C

584 = Latent heat corresponding to partial pressure of water vapour

Heat Loss due to incomplete —
combustion = AAS x hunmdity factor x C, x (T; - T, ) x 100
4 L, =
% CO + % CO, GCV of fuel where
AAS = Actual mass of ai lied f fuel
Ls = % Heat loss due to partial conversion of C to CO Humidity factor = ke of water/kg :fn drSl;p :n o
CcO = Volume of CO in flue gas lcavmg economizer (%) C‘, - SNClﬁC heat of supethcated steam in kcal/kgoc
Co, = Actual Volume of CO, in flue gas (%) T, = Flue gas temperature in °C
> = Carbo:; :ontent ke / kg of fuel T = Ambient temperature in °C (drv bulb)
When CO is obtained in ppm during the flue gas analysis
CO formation(M_,) = CO(inppm) x10®°xM;x28
M; =  Fuel consumption in kg/hr
e = Mw x 5744* R ———

* Heat loss due to partial combustion of carbon.
21



Heat loss due to radiation and convection

Le = 0548x[(T./5555°-(T,/55550*1+1957x (T.-T)** x sqrtof
[(196.85 V,, + 68.9) / 68.9]
where
L¢ = Radiation loss in W/m?
V., = Wind velocity in m/s
T, = Surface temperature (K)
T, = Ambient temperature (K)

Heat loss due to unburnt in fly ash

Total ash collected / kg of fuel bumt x GC.V of fly ash x 100

o
GCV of fuel

Heat loss due to unburnt in bottom ash

Total ash collected per kg of fuel bumt x GC.V of bottom ash x 100

L=
GCV of fuel




s The following are the data collected for a boiler using furnace oil as the fuel Find out the boil-

/&

" e efficiency by indirect method - —
mxC x(T,-T)
% Heat loss in dry flue gas x 100 L
Ultimate analysis ( %) . GCV of fuel E .
Carbon =
Hydrogen = 1 2136 x0.23 x (190 - 30)
Nitrogen = 05 x 100
Oxygen = 15 10000
Sulphur = 135
Motsture = 05 L, 7.86 %
GCV of fuel = 10000 kCalkg
Fuel finng rate = 2648125 kplu
Surface Temperature of botler = 80°C
Surface area of botler = ‘ 9xH:x{584 + G (T, - T.)} .
Humudaty = 0025 kekg of dry air Heat loss due to evaporation of x 100
Wind speed = 38mis water due to H, in fuel (%) GCV of fuel
2 =
Flue gas analysis (%) 9x0.12x {584 + 0.45 (190 - 30)} -
Flue gas temperature =  19°C 10000
Ambient temperature = 0C
Co, in flue pas by volume = 108 | 7.08 %
0.% in flue gas by volume = 74 =
a) Theoretical air required = [(116x0C) +[{348x(H,-0,8)} + (435x 5)] /100
kg/kg of fuel. [from fuel analysis]
= [(11.6x84)+[{348x(12-15/8)}
+(435x15)]/100
= 13.92 kg/kg of oil
b) Excess Air supplied (EA) = (0,x100)/(221-0,)
(74x100)/(21-749)
= M4%
c) Actual mass of air supplied/ kg = {1 + EA/100} x theoretical air
of fuel (AAS)
= {1+544/100} x 13.92
= 2149 ke / kg of fuel
Mass of dry flue gas = Mass of (CO, + SO, + N, + O,) In flue gas + N,
in air we are supplying
084x 44 0.015x 64 14K 21493 T e —————
= T + 2 +0.005 + 100 + 10

21.36 kg / kg of oil



P

y /<

—

0.

% Heat loss due to moisture
in fuel

L;

I

Mx {584 +C, (T;-T,)}

X 100
GCV of fuel

0.005 x {584 +0.45 (190 - 30)}

x 100
10000

0.033%

% Heat loss due to moisture in air

AAS x humidity x C, x (T,- T, ) x 100

Radiation and convection loss =

(Le)

Total radiation and convection
loss per hour

% Radiation and convection loss

0.548 x [ (T, / 55.55)* - (T, / 55.55)*] + 1.957
x(T.-T)** x sqrt of [(196.85 V,, + 68.9)/ 68.9]

0.548 x [ (353 /55.55)* - (303 / 55.55)*] + 1.957
x(353-303)" = x sqrtof [(196.85x 3.8+ 68.9)/ 689]

1303 Wm?
1303 x 0.86
112058 kCal / m?

1120 58 x 90 m?
100852.2 kCal

100852.2 x 100

10000 x 2648.125

0.38 %
Normally it 1s assumed as 0.5 to 1 % for simplicity

—— " —
P S
o~ —
Input/Output Parameter kCal /kgof | %Loss
furnace oil

Heat Input = 10000 100

Losses in boiler :
1. Dry flue gas, L, = 786 7.86
2. Loss due to hydrogen in fuel, L, = 708 7.08
3. Loss due to Moisture in fuel, L, = 33 0.033
4. Loss due to Moisture in air, L, = 38 0.38
5. Parual combustion of Cto CO,L; | = 0 0
6. Surface heat losses, L, = 38 0.38

Boiler Efficiency = 100 — (L, + Ly + Ly + L, + L = 84.27 %

Boiler efficiency by mdirect
method

100-(L,+L,+L,+L,+LY

100 - (7.86 + 7.08 + 0.033 + 0.38 + 0.38)
100 -15.73

84.27 %
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1. zuzmanuq;ngumzzyueejeﬂucauzﬁthmzhaﬁuﬁj

11011971 SUMLWLIR9I91KLNIYIILNNIUFINDY 200°C Julijusnodn
'auC‘l9j‘cﬁﬁmawésuﬁjmaﬁum?éﬁw

Duesdldidivor Sawdn=on, QUNUYU tazveevcdizdiitonye
'W;Umumajmmﬂaaw:Juemaejmjmm ccau‘cw‘cmmw

yn? 22° C mnmmj9umuwuaenswcaumcsm‘lmuummzmu

wugjjﬂﬂasjUUSﬂUUﬂﬁf]?]JEﬂj 1%
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2. -9U LU dsutImuiiojcandjunaruseu. Economizer

SrausewLcUUNtLcRIND

ounzyuguiiy 260°C, Wwliey | MH To Chimney
W0  economizer cdieyn @; cooled

sumzyUWRu3NT). 200°C, * Exhaust

csn‘tmuvanmwﬂueejunmvan

Water in

21011g921T)) 3%.
Condensing

economizer(N. Gas) 00
QUNEYLUDILIILIIT]) 65°C Wasted

——

Hot water out ED“—ER

Exhaust Heat Recovery

N7 6°C nuciiusuesgunzyuiitieutaanmuintEidiegand junowssucuy
economiser/condensate recovery, avcsn‘(mawmmnmsnmnm‘iaca9‘czUzn‘£a‘(nmn

(E3CoVAYE 1%.




3. mugusMn

[ 74 QJ

ngueIMINNEgNUdNNIgULIYSL.

Hacsalfigunrwusmiadiuguyng 20 °C
NSOlfivsdntiuvwnidiwnoiuseusejoiionw
VAUBY 1%.
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4. MBI UYUKUY

(ccccc + CO cCoOCO CO)

nﬁJJcmﬂ‘cuumuauunccuueﬁm"cmmamswmnuneumn gicge twmuciuty Ty
fi99cticol mmmmsu.,:nsnmnu.,a.ucae‘cul gigiocE.

In Wnazl cae‘tulzncdnzmnccmo (AL, mumausn‘tnesn‘ca ginoum tng
nntSys3umemindned o) I9MINFOUCY .unu;usnm Hotuma.

fiodhy: nuylzRuqeoionemo ccaucae‘cwu‘cmmocm Tradutafionp
eumngeniy :ns1n'eucm.uremﬂowwnes;munu‘mummunm Deey
(U1 3udidioct csn?mauuuanmuncsnomu‘mn

MUt udiv: NUFUIRUnINoNeINILRnUTIsUNU as grit carry-over or
carbon-in-ash (2% loss).

Gogg :Tunaslicgu uuswmm‘tamnmncuucae‘cwmumuccnj (chaln grate
stoker) mnmnznuauumn?mumu‘cuuuwn aonmnmnmueuwmnsa (L
.un\? 2100 uMtiuesI=INIn csn‘(mu?nmejcm‘cuuusﬂmnuwjjwmaunm
ce3ACo0.

Imncsn‘(mmnmucuncmnczm‘(nnn 2103SOliiMuguRunISUS Ul USUC
gloUT.
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9 LI 0 AT § 5 BN @J AJ B¢ 9

0 . g L.
1990100032US NNV 1% , wSOlRUsdndiwwesjmls1ulIgISy 0.6%.

Jrdueningounuaitoiz§uarg unudngsurniugencuuee iy
2210, 2e10299Mo(E31, 2210299189 LW ((AL2ZUIUNIUSLT)... MUANQA
Az0udulaueInIn

sm'nnéloncﬁnénﬁucés‘cwazﬁnﬁm

(29U 25102996611 KQTTOEI MINFOUCNU
(% by wt)
NIWOVUOLU Completely watecooled furnace for slag 15-20
tap or dry ash removal
Partially watercooled furnace for dry ash 15-40
removal
Tl Spreader stoker 30-60
Watercooler vibrating grate stokers 30-60
Chaingrate and traveling grate stokers 15-50
5 Underfeed stoker 20-50
Ua0uci Oil burners, register type 15-20
Multi-fuel burners and flat flame 20-30
N1gN1UL210 High pressure burner 57
LOWD Dutch over (10-23% through grates) and 20-25
> Hofft type
2999 All furnaces 25-35
Blackliquor Recovery furnaces for draft“and soda 3040
ulping processes 30




6. N1 Blow down fiuuitgeiu

1UINSONY 0wl )
(1)) 2%.

NIUALUIUL Blowdown s9naansusy
17 cUuciamNeIouNINE2INAL 18 UL

v QY ()

JzAuull blowdgown azti9)tinlisay
20 loanugyeninideuld dguuzwiud
0. 21U000AYASILAN FUnDWESU TS
JRouUN01 blowdown (it 1scglien
Uadeu (SolfisumzwuldsugiSy Uy
nudzmdncg e twn 1S Tunauceacol).
OUNDIIU NIWVINDIUSOUIINNIY
blowdown AULISaOU =0V UV
~zJundniu blowdown cuudciis). SN
NONYO anuygeyuilhiguuzwIv.

Blowdoun Heat Recovery System

S



7.MugnusuNUUReINaWIVYL tazdeivitindn
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Boiling Point vs Pressure
no1uSeuiej(Latent heat)
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: . 918uU18U0d(Saturated steam)
. o g1wsau(Superheated steam)
Superheat i
region [
l—h, hy,
Enthalpy
Saturation Enthalpy kJ/kg Volume of dry
Pressure temperature Water Evaporation Steam saturated steam
bar g “C hy hig hg m*/kg
0 100 419 2 257 2 676 1.673
1 120 506 2 201 2707 0.881
2 134 b62 2 163 2725 0.603
3 144 605 2133 2738 0.461
& 152 641 2108 2749 0.374
5 159 671 2 086 2757 0.315
6 165 697 2 066 2763 0.272
7 170 721 2 048 2 769 0.240
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efficient in sterilization.
G0ef):
@Uzﬂen‘léswﬁﬂcﬁmzﬁjj C’ﬁsjmwéomaawésmmswﬁﬂ 700000kJ/h. o

001Uy 6 barg. F3nwoum a1uLONAISnnInILAeINWTEe1VI29)
guznoudiiNIo Wwnasl erwlrdugiundy uazswiwnifnsouniuciijze)gte

90%. At 6 bar g, hfg = 2066 kJ/Kg
S00In01U6egNIueE; 700000kJ /h —338.82kg /h
2066kJ / kg
émmamufﬁsjmuswﬁjan NJFng0u 700000kJ /h 376.47kg/h
NIKHN 29991811 90% - 2066kJ / kg x0.9
noluEnnATiueenetionnlEetl: 376.47-338.82 %100 =11.11%
338.82
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steam header
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Pressure
reducing valve

r
Trap set J‘
Condensate
Saturation Enthalpy kJ/kg Volume of dry

Pressure temperature Water Evaporation Steam saturated steam
bar g "C hy hig hy m*/kg
0 100 419 2 257 2 676 1.673
1 120 506 2 201 2707 0.881
2 134 562 2 163 2725 0.603
3 144 605 2133 2738 0.461
4 152 641 2108 2749 0.374
5 159 671 2 086 2 757 0.315
6 165 697 2 066 2763 0.272
1 170 121 2048 2 769 0.240
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Length (L) ‘
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29D

h; - aawﬁugmcaacﬁsﬁmmugng, (m of water).
f- fodsnesuniusnt(Dimensionless).

L - Q93w10293, (M)

U - a91uto=9391e1,(m/s).
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(12¢)79:
NI
IWOUMI ODIULNNA1I29I021U0OUR99VIN Lnes daoue10 1 km
IUNNLEUEIPUNIY 150 mm . $1 SOcnu tmesjueunely 45 mi/h
ndgumzyucly 15°C tuazfiodznsuniusnycdy 0.005.

Volume Flow Rate(m® /h)

Water Velocity (m/s) = — _ 5
Pipe Crossectional Area(m*®)

3
Water Velocity (m/s) = S, > =0.71m/s
3600s/hx3.14(0.15m)
A
T~ "5gD

fai 4 x0.005x1,000mx(0.71m/s)?

¢ 5 = 3.43 m of Water or 0.343 bar
2 X9.81m/s“x0.150m
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Heat Loss(kcal/m? hr

NIUTUSTIUOUNUONDIUS O

NIUSUIKIUOD IS IULIIN

1000
900 1

800 1
700 i 130 3.7 bara

600 -
500 -
400 1
300 -
200 -
100 1
O s
0 10 20 30 40 50 60 770 80 90 100 110 120 130 140 150 160

a

Pipe Size(mm)
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Heat Loss (MJrhr)
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N1US029991U1

A1n12enluilistzAnginaa1uiiu 8 bar g.

Steam leak rate kg/h

Orifice size
12.5 mm T =
/] 2I1IVILUEETT 9611 LUTIVEIEINS I
/f/' (B/litre) 111000 kg
A 10 mm
P xad — 8.00 650
] 9.00 730
,/f 7.5 mm 10.00 805
e 11.00 885
-—-—'_'_'_'_._._._._ I - | =] 5 mm
] , 12.00 970
L1 43 mm
20.0 1610
3 4 b 10
Steam pressure bar g
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¥ ]
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JUINFUEIPUNI 10 mm (T2 VIdudinciy 20 Baht/liter, 33a1u0u
01 NIWIUKLIULINSDTLI?

021U0U2IwL1 I 8 bar g KAL2LIN29ISED 10 MM, YA UWLIWLINSD
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NIUIUIRLOLS 9 = 250kg/h><1h><11(§50ﬂ= 402.5B/h
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Steam Trap
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o1 NFu2e9 Steam Trap U 3 €198
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> UUQEJ‘Cmawmsa‘cmesn‘cu
> U99IN10 ccaucmamummaaaﬂtu.
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Inverted Bucket Traps

Thermostatic Traps




,’:I'rap ccuundueol(lnverted Bucketlrap )

Q

2029 Itrap «uu inverted bucket

> Trap ccuuu:mmo‘iajmmuaowouglj‘cﬁ.

> trap wuugnasy auindsfiuniuifings nsennesiinie.

> g0 iEdusrwssutd lounuinfijorofiufiu §o1o
J98iumnant ity tngnJolcdiu g,

2iniieg

> NIURzUILLIn8uOLRINe9NU taA;
>N1WANAILIN (T JO9UKZODN.

Trap cvunuan(Mechanical Steam Trap)
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fa
20 29) Trap «uuUN9Y :

> (OUIzRUNUODWALNI (AZOIIU
Aggniveruiatia: Rlonda:;

> u‘tajmjcwumama

> U28n9urOusin EEE]US"IITIOSSN\COEHjm
(99 UTNIENIINIJUO;

> NWUIUINASY (RAVIAVDIENAT7L).

ag

2iiniiojze) Trap uUNASL:

> Ufudasinzannda Baeuling;

> tueziiogfinfiytucuousy 53880 afindiwgsniviilunudods.

Trap cuunuan(Mechanical Steam Trap)

72



Thermostatic Steam Trap

Bellow Steam Trap
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> 210100009 KAnoUnUSUNZWUTRLUIG;
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éﬁasj Trap cuul] (Orifice thermodynamic steam trap)
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Jumizn2ejegigusounlanalucdudigidss(high accuracy;

vV V V¥V
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20293 Trap ccuul] (Disc thermodynamic steam trap)

> rouin Lwinds;

> Ulagdningunty;
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> NUALSICNN2991A.

2
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Operation of a Thermodynamic
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Flash steam

. Steam at
Steam in 7 barg

-@A 170°C

Saturation Enthalpy kJ/kg Volume of dry
Pressure temperature Water Evaporation Steam saturated steam
bar g °C h¢ hiy hy m?/kg
0 100 419 2 257 2676 1.673
1 120 506 2201 2707 0.881
2 134 562 2 163 2725 0.603
3 144 605 2133 2738 0.461
4 152 641 2108 2749 0.374
5 159 671 2 086 2757 0.315
] 165 697 2 066 2763 0.272
7 170 121 2048 2769 0.240

Condensate C}

(o}
170)C Water 100°C
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Pressure on traps bar g
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Flash steam

Percent of flash steam

Flash Steam Pressure (bar g)

0 0.3 0.5 1.0 1.5 2.0 3.0 4.0 5.0
1 B 2.5 1.7
) 6.2 5.0 4.2 2.6 1.2
3 8.1 6.9 6.1 4.5 39 2.0
4 9.7 8.5 5 6.1 4.8 3.6 1.6

Pressure 5 11.0 9.8 9.1 7S 6.2 Sell; 3l 1.4

?2? 6 1295 L0 140 3BT | " | 610 St} =2 3 e Pi3%G 1.3

(barg) | 8 14.2 13.1 17 3l DR 305 8.3 6.4 4.8 3.4
10 15.9% Sl A 125 B TR0, W R100< 3R 6.6 5.3
12 1T TEE™ [ TS el 2705, a0z a6 A 5% 8.2 6.9
14 7t A gl T S o i O 2 7 BTG ¥ 8.3
16 19:0. | 188 | F181% =) 1656~ | 1585 =Fs1d3 12,4 17109% |96
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Percent condensate recovery of open feedswater tanks

(] [

ViHuUigaueetuIteucuudn

Steam Useful latent | Loss as flash | Useful heat in | Max condensate
Pressure
5 Temp. heat steam condensate recovery
(kg / cm”)
(°C) (%) (%) (%) (%)
0.5 110 83 2 o 98
1 119 81 4 15 96
2 i3 79 §) 1% 94
4 o4 TAoTe, 10 1355 90
§) 164 75! 12 3 88
8 A3 73 14 £s; 86
10 184 (2 16 % 84

DFugigngeineuidiu@ndiiivuigiivgnd) mnaowwiiveseruinduy.
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Conductivity meter

TDS = 0.7 x MicroCement /cm( s /cm)
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Buoiler type Maximum TDS (ppm)
Lancashire 10000
Two-pass economic 4 500
Packaged and three-pass economic 3 000 to 3 500
Low pressure water-tube 2 000 to 3 000
Medium pressure water-tube 1 500

High pressure water-tube 1000
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American Boiler Manufacturers Association (ABMA) Standard
Boiler Water Concentrations for Minimizing Carryover

e Boiler Water
Pressure T_c_)tal* Speniice Conductance
(psig) =l G, (microomhs/cm)
(ppm SiO2) | (ppm CaCO3)

0-300 150 700 7000
301-450 90 600 6000
451-600 40 500 5000
601-750 30 400 4000
751-900 20 300 3000

901-1000 8 200 2000
1001-1500 2 0 150
1501-2000 1 0 100

* This value will imit the silica content of the steam fo 0.25 ppm as a
function of selective vaporization of silica.
*.*.Specific-conductance is unneutralized
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ASME Guidelines for Water Quality infModern Industrial
Water Tube Boilers for Reliable Continuous Operation

Boiler Feed Water Boiler Water
oum | ron | Comper | rgnss | S8 | sty | conguctance
(psi) Fe) Cu) (ppm Si02) (ppm (mlcromho_s/cm)
CaCO03) CaCO03) (unneutralized)
0-300 | 0.100 0.050 0.300 150 700* 7000
301-450 | 0.050 0.025 0.300 90 600* 6000
451-600 | 0.030 0.020 0.200 40 500* 5000
601-750 | 0.025 0.020 0.200 30 400* 4000
751-900 | 0.020 0.015 0.100 20 300* 3000
901-1000 | 0.020 0.015 0.050 8 200* 2000
1001-1500 | 0.010 0.010 0.0 2 s 150
1501-2000 | 0.010 0.010 0.0 1 D 100
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Condensata-

e

e

%make up x [TDS]
[TDS]

make up

Min %Blowdown (A) =

max allowable in boiler

Steam generation rate = B ton/hr

AxB

Blowdown rate = x1000 litre/hr

95



fod:

UjU?ﬂjUSOC’I‘]TI‘]lJ blowdown 29jZJ]J8°l£JlJ°l zuw‘imcjsnta
a) U1l 100% make up water

b) umwceﬁasumwcmnuu'ﬂaau 40%

glerigIUIn srylaliidnr TDS®IF0 LA, 3500ppm, TDS 2990108 UKL LIL150pPM
CardnnmiuurSnsucly 1 ton/hr.

2 %make up x [TDS]

Congensalg | -1 Min %Blowdown (A) = [TDS] make up
max allowable in boiler

—t ¥,,Make up 3500

v Tl LSS %make up x [TDS]
e 2 Min %Blowdown (A) = TDS] :

Steam generation rate (B) =1 ton/hr max allowable in boiler
Case b) _ U0 .
3500
Ax B : 4.3x1

Case a) Blowdown rate = %1000 litre/hr =

el x1000 litre/hr = Lo

%1000 =45 I/hr

Case b) Blowdown rate = x1000 =18 I/hr
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