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CH;. ~CH, C,H, Islasmsusugysg amaolussy

(Wt%) (108.J/m?)

Mgniueg0(No.1) 87.7 5.6 2.4 1.8 2.7 43.2
Mgiiuegzin(No.2) 88.8 6.4 2.7 2.0 0.0004  41.9

(Ultimate analysis) C H N O S andowsSeu

(Wi%) (10¢ J kg)
taliuciuBu(No.2)  86.4 12.7 0.1 0.1 0.4-0.7
(Approximate analysis) ensusy iUazie ﬂO'I.U%lJ 1 ameowEeu
(%) (%) (%) (%)  (10° J kg™)

aUNSAS 77.1 3.8 5.4 {27 27.8
OQ0s 70.0 20.5 3.3 6.2 33.3
Su Undls 45.9 30.5 19.6 4.0 23.6
ANt 30.8 28.2 34.8 6.2 16.8
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BEVRL[ KERKiH

Furnace Gl LSHS. L.D.O.
BVR; i By (Approx. 0.89-0.95 0.88-0.98 | 0.85-0.87
kg/litre at 15°C)
DEVALnQ (°C) 66 93 66
D&XgB °C) 20 72 18
BéBV"RZ¥YKG.C.V. (kcal/kg) 10,500 10,600 10,700
H @YK, % Wit. Max. 0.25 0.25 0.1
R'G % Wt. Max. Upto 4.0 Upto 0.5 | Upto 1.8
BV"REK, % Vol. Max. 1.0 1.0 0.25
Ad 6% Wt. Max. 0.1 0.1 0.02
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nStaiznwnan
@KViB" J @B2AYQA £2KX K
HVJ hRJ ®iBM\ XA | 8§KX KYKiGF, % | 2KX K
YKKGi Ki EF, %

BVAREK 5.98 9.43

j Z¢ "G (1.1 x Ash) 38.63 13.99
BATLYK 41.11 58.96
nZkGTi DK 2.76 4.16
nKkHTi DK 1.22 1.02

RAG 0.41 0.56

Y¥Y@EDK 9.89 11.88




U UUn2e)HyRncdieNNIUNTEN,

Ultimate Analysis of Typical Agro Residues
Z6 |j @ ARNF @iM\¢ *@PaVv

BVAREK 7.1 10.79 | 37.98 13.95

j Z¢ MG 19.77 | 16.73 | 1.63 3.52

BATLYK  |36.59|33.95| 48.55 44.95

nZkGTi DK 415 | 5.01 | 6.99 4.99

nKkHTiDK | 0.82 | 0.91 | 0.80 0.56

RA\G 0.54 | 0.09 | 0.10 0.08

YY@EdDK | 31.02|32.52| 41.93 31.94
B2BVARZ¥YK

JTs G (kedlkg) 3151 | 3568 | 4801 4565
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NIVCEICBUSLYUCUU29789 (21U 1 kg.

maawsawesjmjcae‘cw (kJ/kg)

U3 6000 - 8000
0 17000 - 22000
1 IUHY 25000 - 33000
Udunan 45000
Kerosene 45000

U10uAE 45000

192 Jcny 50000
1511081080 50000
N12mIaU 55000
112202 WI 35000 - 40000
tslostau 150000

(slnstaulan1001US8ug NN (S .
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C +0a— COa
2C +07 2200

2Ha+ 02 = 2H200 + 28,922 kCals'kg of Hydrogen

Ny  t+ 0 = 8s

+ 3084 kCals/kg of Carbon
+ 2430 kCals/kg of Carbon

+ 2,224 kCals/kg of Sulphur
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NIVCEICONADCIUIZILNOZ=A

JrdueejemigidducdiscSaldiniuciiacolnycSe Wiy
tWdduyuiuy 2udiiudgdznaunngginld ucgsty (gu:
QISUSY, (SIOS(AY, U0 [LAz8Us). Yrduweinind
A9INIWL (SUDT: 9ININNWAMILNNIEA.

BEVIRLGAYGERKE\ KG BREBA | COVEKHH U'GBRKa

Y @YL %HRRVKWK
BAH=YK 84
nZkGTiDK
YY¥@ADK
NiKKHT i DK 192
R'\G 1.4
Kp 0.35
Ad b 0.05

BsBVARZYKJ B CAYGKERK: 10,880 kCal/kg
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Ao¢19NUAIWON MUZALWSINIOAIN 1R LMol

£31 Ur3umdensranii 5d uewitanly 7%
21n9u-1: favoumIsINndadldicnnudistingfiossd
[( 11.6xC){ 34.8X Ho—0o/8) }« 4.35xS) ]/100

= kg/kg of ol
=[(11.6 X 84) + [{34.8 x (6 — 7/8)} + (4.35 X 1.4)]/100 kg/kg of oil

= 14 kg of air/kg of oil

SUNDU-2: IV % 2939 N1nJoucNui-acdulacnnuitsl
1 () >
21MNINF2UNY (EA) = e X 100 = i X100= 50%
21% — O_% 21% — 7%
21091-3: HIUOUMI Jeduweminsjnanduluniucital

JrdUeinindg /kg of fuel = [ 1+ EA/100] x Theoretical Air(AAS)
[1 + 50/100] X 14= 1.5 X 14 = 21 kg of air/kg of oll

15
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a) Theoretical air
required for
combustion

= [(11.6xC)+{348x(H, - 0,/8)}+(4.35x5)]/100 kg/kg of
fuel. [from fuel analysis]

Where C, Hz, O: and S are the percentage of carbon, hydrogen,
oxygen and sulphur present in the fuel.

b) % Excess Air
supplied (EA)

= 0,%

100 [from flue analysis
21—0,,"‘ [ gas ysis]

Normally O; measurement is recommended. If O,
measurement is not available, use CO,; measurement

7900 x[(CO, %), — (CO,%), ]

from fl sisalves
(COz).%x[IOO-(COJ%)'] [from flue gas ysis]

Where, (CO,%)

Theoretical CO;

(COx%)s Actual CO;% measured in flue gas
Molesof C
(COz ) = | Molesof N, + Molesof C
Wtof N, in theoritical air  Wtof N, in fuel
Moles of N» - Mol.wiof N, ¥ Mol Wiof N,
Moles of C = Wtof C in fuel

Molecular Wt of C

c¢) Actual mass of
air supplied/ kg of
fuel (AAS)

= | {1 + EA/100} x theoretical air

Conversion formula for proximate analysis to ultimate analysis

%C
TH.

where

<g>0

097C + 0.7 (VM + 0.1A) - M(0O.6 -001M)
0.036C + 0086 (VM —0.1xA) — 0.0035M* (1 — 0.02MD)
2.10-0020VM

“e of fixed carbon
“c of ash

“c of volatile matter
“e of moisture

21



(101¥1RIRUNIWVYEA U MNINN TS Tuructiato

N :'JDUU:neumjgeejc%’e‘cw F0FUNIWAIWOL Fiowloy UzAUingoun
1 a1susw,Carbon(C) % by mass
2 tslnstau,Hydrogen(H) % by mass
3 gangcaw,0xygen(0,) % by mass
4 tulnscay,Nitrogen % by mass
5 U10,Sulphur % by mass
6 aowéu,Water % by mass
7 é[ﬁ’l,ASh % by mass
8 Mmno1uEeu,Heating Value kCal/kg
GCV of Fuel
9 ésmécwz"’nﬁmﬂué’lﬁumucr’l‘ﬁ‘tuﬁms’usu, C x(32/12) kg/100 kg of Fuel

Oxygen required for burning Carbon(O,)

10 sendrauiitrdugSuniudtelistasiau, Oxygen required for burning H x(32/4) kg/100 kg of Fuel
Hydrogen(O,)

11 sendrauiirdugSuniudteion, Oxygen required for burning Sulphur(O,) S x(32/32) kg/100 kg of Fuel

12 Jeduwdengrauiigeln, Total Oxygen required (O) +0,+0,+0,-0, kg/100 kg of Fuel

13 UrSuwsrmndiardy, Mass of air required(S.A) 0O/0.23 kg/100 kg of Fuel

14 Jelduwenngouciy,Excess Air(E.A) %

15 JzAU9In10739,Actual mass of air S.A x(1+E.A/100) kg/100 kg of Fuel

22
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Exhaust Gas Temp-800 <C
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1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Air Ratio
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Exhaust Gas 800 €
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Temp. of pre-heated air
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Excess air %
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90
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8.4 9 10 11 12 13 14 15

Carbon dioxide %
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Excess air (%)
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Fuel

Type of Furnace
or Burners

Excess Air,
% by Weight

Pulverized coal

Crushed coal
Coal

Fuel oil

Acid sludge
Natural, coke-oven,
and refinery gas
Blast-furnace gas
Wood

Bagasse
Black liquor

Completely water-cooled furnace for slag-tap or
dry-ash-removal

Partially water-cooled furnace for dry-ash-removal
Cyclone furnace—pressure or suction

Spreader stoker

Water-cooled vibrating grate stoker

Chain-grate and traveling-grate stokers
Underfeed stoker

Oil burners, register type

Multifuel burners and flat-flame

Cone and flat-flame-type burners, steam-atomized
Register-type burners

Multifuel burners

Intertube nozzle-type burners

Dutch oven (10-23% through grates) and Hofft-
type
All furnaces

Recovery furnaces for kraft and soda-pulping
processes

15-20

15-40
10-15
30-60
30-60
15-50
20-50

5-10
10-20
10-15

5-10

7-12
15-18
20-25

25-35
5-7

Courtesy of Babcock and Wilcox Co.
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Turndown Ratio

Turndown ratio Lcuuamm:}auaummquammaatwajm (2O
amm?a‘twmucmtzm lngd Jduaaztusmingoucniv.

A2¢)19: Hoctirou) ‘tacas‘cwajam‘mmmm‘cw 250,000 kgals «az
9mmmu‘iafmamcwu 50,000 kcals, (wizgzuu macmmaumvuha
Turn Down Ratio’ tihanu 5 0 1.

(1J999IND1 aamu2029js°1mm.uuwummmmmuuaumzsjca9tzu
(2910, JJa,chJUnmmﬂmavcsﬁimmmmm azUzdunucduty
Y8 TuRazdi turndown ratio 161799 (HoamnazSuemIninls
‘Zumucm‘cwmmaj

gy SSuiiodtadidan tutndown ratio 2317, dufiastion
(iudeS vwganingoucfiliimiusy iscEalficionanté cax
U“aunu‘cmeu naugenLuURiaitigzteEaltinoiusauicty
NWONET azdsUiivesIoninuazSe wordu nnwils
Jruweimningouciitiiiss.
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F1AuNIcicoleedcuy Fluidized bed jeJ‘iumsjcm‘cuuasjuu

CEJJlJCJ"IOJJﬂ”IlJﬂJ’"ICﬂ’IUuﬁJJJ'"IlJE]UUID"Ij8’m’lﬂtf;é'\]uﬂ°llJU'llJ\CﬂﬂZﬂﬁﬂ
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gmaumsajcm‘cwccuu pulverized fuel firing ‘Zamumumumauejmwu
19 ArfgyMmudzlduigmmnouivisy (U991 NIwdivazd
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Figure 3.6. Exhaust hvdrocarbons, carbon monoxide, and nitric oxide as a function of
air—fuel ratio.

Source: Seinfeld, J. Atmospheric Chemistry and Physics of Air Pollution.
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