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The overall reaction 1s:

2H2 -+ 02 — 2H20

Initiation wall + Hg —> WH + H

Branching H + O2 —> OH + O
k = 200x10" exp (-8455/T) cm® mol’ s’

HAE O + H —> OH + H

2

k = 2126x10" exp (-6.860/T) cm® moi ' s
Propagation OH + H2 — H + HO
z

k = 594x10™ exp (-3.880/T) cm® mof’ s’
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C+0, —CO,
H, +0.50, - H,0

afimsieninildanugal (Uedn) awnaufise

C+0.50, - CO

Waindsniinuzduegme auinufnzen

S+0, — S0,
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N&I91N130 I uaz amnpinisgali (Ignition Temperature)

Temperature
Combustible Formula

°F °C
Sulfur S 470 245
Charcoal C 650 345
Fixed carbon(bituminous coal) C 765 405
Fixed carbon(subbituminous coal) C 870 465
Fixed carbon(anthracite coal) C 840-1115 450-600
Acetylence €A, 580-825 305-440
Ethane CH, 880-1165 470-630
Ethylene CH, 900-1020 480-550
Hydrogen H, 1065-1095 575-590
Methane CH, 1170-1380 630-765
Carbon monoxide CcO 1130-1215 610-665
Kerosene - 490-560 255-295
Gasoline - 500-800 260-425
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Ananavasnistiaslalln (Flammability limits, limits of

flammability)
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AL uuTeLdes (supersonic reaction) 138711558400 (detonation)
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e 9z AnUHATeNAMMEIRINTERS (subsonic reaction) 3ENIINTITNIIEAIN
Sau (deflagration) wam1vdeusanldan nasiintUadln (flames) ws1gNAUAUUNG
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These are commonly used terms, but technically speaking these are different.

1.  Ignition refers to the process / phenomena of initiating the overall burning (burning used loosely here)

process.

2 and 3. Combustion and burning are similar in the respect that both leads to the formation of new species as

a result of chemical reaction in a irreversible process.

combustion technically refers to a Burning refers when the

h to infinit
- when the process is being done process has access 1o Infinite

in "fixed" amount of airloxygen. amount of air/oxygen ie.

done in open.
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These are commonly used terms, but technically speaking these are different.

4. Explosion happens when rapid increase in volume takes place imparting momentum to the reaction

particles with a production of a subsonic shock wave.

5. Detonation is similar to explosion with the difference lying in the fact that the rapid increase in volume is
so high that production of supersonic shock wave takes place. (See the image carefully, you can see the

wave arc in top)
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AsAaUa g aSuandrunauTivinza 615
MnTamaegaien nswnluiaziinduldly §1su
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Anduldlaguiioaty dedudedl 929 drunaui
MunzaniAaallndule agﬁzwdwqmumamﬁﬁ
FounAaionsiian (Lean mixture) figiiniuadlulle
Sundasifndusivesnisiiaadli (lower limit of
flammability) uardrunauTideimdaduiudian (rich
mixture) fidsaainuailily Bonindasifndugees
nsiaaladlil (upper  limit  of  flammability)
#29n319v09drunaniliFondn Insrinuaenisiin

wWaalw (limits of flammability)

Full leanest Richest
% %

Acetone (C,H,0) 3.10 11.15
Acetylene (C,H,) 2.50 80.00
Ammonia (NH,) 16.10 26.60
Benzene (CH,) 1.41 7.10
Butane (C,H,,) 1.86 8.41
Butyl (C,H,,0) 1.45 11.25
Butylene (C,H,) 1.98 9.65
Carbon monoxide (CO) 12.50 74.20
Ethane (C,H,) 3.22 12.45
Ethyl (C,H.0) 4.25 18.95
Ethylene (C,H,) 3.05 28.60
Heptane (C,H, ) 1.00 6.70
Hexane (CH,,) 1.27 6.90
Hydrogen (H,) 4.00 74.20
Methane (CH,) 5.00 14.00
Methyl (CH4O) 7.10 36.50
Octane (CgH,,) 0.95

Pentane (C.,H,,) 1.42 7.80
Propane (C,H,) 2.37 9.50
Propyl (C,H,0) 2.15 13.50
Propylene (C,H,) 2.40 10.30
Propylene oxide (C,H,O) 2.10 21.50
Toluene (C,H,) 1.45 6.75
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sugepmannlinio by
Upper explosive limit

daasngamgnlse)
Lower explosive limit

o lnddesldum qnindu-nlydes 0% 5% 10% 15% 207%
| s e
Infensty or Force Lean Rich Optiraal axplobive lmit
T AT UL
Burn Burn
y .
ainnauluiadunlenlv
Too |lean TOO R|Ch
T Burn To Burm
L
1 T —
LEL IM UEL

armet 100% Eamae 0% Percentage of fuel to ar M 0% (auwde 100%

Snrnenuanatordtumnae
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SN ANTANNBEVDINITLH LA (Stoichiometry)

2 4

anIA@INAINIANUITAINAINENDLALaLNAS (A/F)stoich

9RINEIUTINIAVIDINAkAS T NAIFUTUULATEIN SN I NanosAlowwns

m,, _ 476(}'{ + y/4) . Mwair
(A/ F)stmch - a 1 wﬁ;el
stoic

M e «

ZH,0 + 3.76 (x + X) N,

\
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5@13’1&’3%&&3&& (Equivalence Ratio) ((P)

D = (A / F)stuich — (F/ A)actual
| (A/ F)actual (F/ A)Stoich

@ > 1 Wuresmasuy Fuel-rich

@ <1 Wurewanwuy Fuel-lean

® =1 WJuvswauiianaedlowss
uen Nt SeiiuTumdung fiduiusiudnsdiuanya
100%

SOHAETDID N FANARDUALOIWRT =

(1-D)100%
o

SRHAYUDIDINIALIR Y58 % Air Excess =
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a i - g ons ws oW i = = ol =
A8 Lluaassuafaiuiemvinnuinsseun (Full load operation) ¥
onsIEvanya @ = 0.286 {gnsIN15lUareI@INIEWNNY 15.9 ke/s lapatAaussnaud
EﬂJ%ﬁ%ﬂﬂL‘ﬁELWﬁMﬁﬂﬂﬂﬂH CiieHes (MEBEIIUTIF) 2918 RTINIT I MALTILIAVDS

VIALINES LAY RTIEIUYe9eINIANUE BN A1 TSN AT OB UARINE AT A 9119
Mwuir

3531 9N (4/F),, ., = 4.?6(.11 + i] :
fuel

e J s, i
AMMTUTOINET C, (oHa s 910 x = 116, y = 4.32
e MW, = (1.16 x 12} + (4.32 x 32) = 18.286 kg/kmol

=476/ 1.16 4 4.321 28.85 =16.82
4 ) 18.286

\ Y,

wnueasiuazls (4/F)

xiorich
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X v A/F).
VU9 TNONT I IUAIYE @ = EhﬁfF%mmh
4T Jactual
¥ v, IF). . ‘
wszaziiu 9zln (A/F) o = (A, ﬂlsmuch _ :}ﬁzﬁ _sg
LazladIn (AJF), . Maiy
Myl
o : 0, 15.9k
Wl g = it = 1 815 _ 0270 ke/s
(Aff F)zu:tu al 58.8

\
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wr , : & g & = ar iy =i
Metn  Boiler ltlugnamnisu lfiwsssunduiomas Tiisleds (Flue Gas)

FulundnfSousivaanisiwnlug AlfrweanBuludinlsenovey 3% Inglua 29

L | j‘ =3 . 1 (-] L [-Er =y T wrd
IRTIAIUTBND INALASITOINGY LAY DN TIHILANLE e LU UR U I UL
LHOLNE S

53vi 9nlandiamualidl 0g) sgluiinelaidy 3% leulua LARIIT LRI

AN S @ puaNnSIeL e
CH, + al0, + 3.76N,) —> CO, + 2H,0 + 3.76a N,
O-Atom Balance: Ja=2+2+2b —= b=a-2

\ Y,
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.dl & =Y L ¥ 3
Wesan O,g) agluinwleids 3% lnslua vesvswaulundnsie

@ uy !w— —_ —_

VIR 0.03=—2% = az 472
Ny 1+2+(a-2)+3.76a 4.76a+1

LOAUNTILS a = 2.368

i LAY i =, ) wr & =
W ER2UY DR EIUTNLIaTR R AU e A LTy

(yF), = DNa XMWy 4.76x2.368%28.85
actual Nﬁ,gjr w® Wﬁw! 1%16.0%

=20.22
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D = (’ﬁ”’f F)smich
(flm".HJ .F)MUHI

PnaunIseLe s e feimuiianssdlowes
CH,+2(0, +3.76N,)— CO, + 2H,0+7.52 N,

g v Ny x MW, 4.76x2x28.85
ﬁ]:::Lﬂ (_A/'F ).!i'mic'.'rz : = .

= _ =17.08
N X MW g 1x16.08

s
L2

INTISRSIY m::lﬁﬁ‘mﬂﬁmamgﬁw aansinbsisanatidu

P = 17.08 0.84
2022 "

\_ /
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Uansenisunlndifuuiisetesendindu suduufisernieainuiou (Exothermic
reaction)

FnuanAufouresUfizenfian1izannssu (Standard heat of reaction AH?)
FanINANNSeTBINIIIAN (Y89a5laT) faniEannsgIu (standard of formation Ap: )
AufeuresUfiseniian1izannigiu uannduainufouvesnisunlndiianizuinsgu
(standard heat of combustion AH;)

UARsemeauseu Sulrnduauiaue dflduan uansiranstuldanunsown il w309n

29NT L d
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ATAINI D (heating value, potential energy)

O

dosndomas lidnnsduinsusasnansaueidlnsdenman vieedauia lilawnsasuay
Mnanufeuveslfizenld sdndudemneasdagliinsesilenifonin vouy uraesiines
(bomb calorimeter) dwduidomasiiuveuduazvonnan

LAaesme it lwasiu (water flow calorimeter) dmduiomasidunia

1) AuSouga (higher heating value, HHV) #58A1AMUTBUINUA (gross heating

value, GHV) #95iumusoustlarasnisnataidulanie T

Ignition leads

2)  mAuSeudus (lower heating value, LHV)

HHV = LHV +n,, (AH’
2 vap

25 C

Tngulstt
jacket Sample cup

https:/Aww.youtube.com/watch?v=EAgbknIDKNo
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am‘n{]ﬁtﬂa’ﬂﬂaztﬁﬂmﬁﬂ (Adiabatic flame temperature)
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wAawnlug (flue gas) 9300n31NITULMBAUTIMLATUNIE LAY gaunnlives flue gas

aAaa

vaviun  Aggeluiendt aamniiiladlil (Flame temperature) 61Ujsewningdiveandiau
g1AluUSInuNfeIN sIUng winegsanual wazlilinsgaduninusousenaNTEUL

gaungiivesUailwaanasifeiuiin (Maximum adiabatic flame temperature) a.Jugaumgi

9 Y

avanvsUaIlWi@enasstianils o aglnla

Y 9

QRIVEFGR
) 2
H,O0<«< H,+0.50, 0.50, <0
H,O < 0.5H, +OH
\

J
|




ufis gns
Carbon monoxide Cco
Hydrogen H,
Parafin:
Methane CH,
Ethane CHg
Propane CHg
n-Butane CHyo
Isobutane Gl
n-Pentane CH,,
Isopentane CH,,
Neopentane CH,,
n-Hexane Cila
Olefins:
Ethylene CH,
Propylene CHg
Butylene C,Hg
Isobutene C,Hg
Amylene CHyo
Aromatic:
Benzene CeHg
Toluene CgHsCH,
Xylene Gl

Miscellaneous gases:

Acetylene CH,

Nahthalene Gl

Methyl alcohol CH,OH
Ethyl alcohol C,H.OH
Ammonia NH

Hydrogen sulfide H,S

Anusausn Uiig/gnuiaive,60
asrvusulad Audu 30 Hausen

P 3
uazduianagloun
316

319

994
1,742
2,479
3,215
3,305
3,949
3,939
3,924
4,680

1,576
2,299
3,036
3,015
3,770

3,687
4,409
5,139

1,451
5,753
853

1,573
434
636

gaungiiuailugegn, ssrwades

(] U

wnlusinuainidwits 25 asdwaldes

pamgufauuidn munsdaadd eunsmeaes
mawindianvgal  dhdannivauna
2,342
2,217
2,012 1,918 1,885
2,065 1,949 1,900
2,356 1,967 1,930
2,084 1,973 1,905
2,087
2,250 2,072 1,980
2,150 2,050 1,940
2,158 2,033 1,935
2,204
2,211
2,187
2,586
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*  dwiulsemalne lunsgiuansgoin1ves American Standard for Test and
Materials (ASTM)

*  ZnUuUlnsLasy (The Institute of Petroleum, IP)

*  YPIANIIVDIUIINS (The British Standard, BS)

o aglulsemAlagdnidannIsueIesinsInIgIuEna (S0) isemalneu
AUNTNUINIFINYDIUTINALTINYILDIN dlle.

IZUVNIATITU UBN.

: e s
hii {l; Do

RERATIGRA British Standards

-
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® ANUNWIWNIE (specific gravity)
® A1AUSU (heating value)

® N15ILATIZYBIAYIENBY (gas composition)

\_ -
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ATNDIIDILNL

AU UNIZVDILA AL T UT AT IEIUTLUINNAMUA UL ULYDILA FUUA UYD

o ® v Y [ lej
T ludesssylutnausiall

NN AU

a (% =

NU LLAagAINUNU

Y

LAED199999ADDINTA ANUNULUUVDIVDUAAIVUDEAUD

Y 9q

Y
>

NAUBYUIN WAAIIUNUILUUYBILAFVUBYAUTIQ UM

Sp gl’ — pfuel @1atml556°c(600 F)
7% p. @latml15.56 C(60 F)
Mw

»

MW
R

dndedufaUssngiduduniaanuni (Ideal gas)

o
Tl

-
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The specific gravity of gaseous fuel is expressed as the density, or specific weight, of the
fuel at 15.56 °C and 1 atm to that of air at 15.56 °C and 1 atm. For these conditions,

determine

1) The density of methane, CH,, kg/m’
2) The density of propane CH,, ke/m’
3) The specific gravity of methane.
4) The specific gravity of propane.

\_ -
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Solution

Basis: 1 m° of gas at 15.56°C. 1 atm

1. Density:
P
CH
4
a) p
CH:
3 8
b) p

(16 kg/kg mol) (101 kN/m7)
(8,314 kN mikg mol K) (288.56 K)

(44) (101)

Components in Dry Air

QOxygen
Nitrogen
Carbon Dioxide
Hydrogen
Argon
MNeon
Helium
Krypton
Xenon

= 6.736 x 10° kg/m® Q 0.6736 kg/m3

= "/ -1852x10° kg/m’

(8.314) (288.56)

2. Specific gravity of gases:

Volume Ratio compared to Dry
Air
0.2085
0.7809
0.0003
0.0000005
0.00933
0.000018
0.000005
0.000001
0.09 108
Total Moleaular Mass of Air

P 16.56 °C, 1 atm mw
sp gr (1556°C) = e 5 ) =
p (1556 °C. 1 atm) Mw_
(28.97) (101) 5, 3
= Y g
Pair (8,314) (288.56) 2 x 10" kg/m
c) sp gr = M = i = (0552
CH, 1.220 x 10° 28.97 '
9 _182x10° 44

sp gr LO0e X Y
CH, 1.220 x 10° 28.97

= 15719

Moleaular Mass - M
(kg/kmol)
32.00
28.02
44.01
2.02
39.94
20.18
4.00
83.8
131.29

Moleaular Mass in Air

6.704

21.88

0.013
0

0.373
0

0
0
0

28.97
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ANANNTDW

e pnudeuvesiadiomduanady e M{ e
whepuseureliumsvisenolua [ {E

o mhefideldlaun wheduluszuy - —
99nqy Ao UNg/gnuraium
(Btu/ft>)

* weluszuu SI Ao Alaweaes wie %\@%
Wnz9a/anuneniuns (kcal/m?® %30 e

107 = |

MJ/m?) “““’

*  (D9919BRUNNTLAZ LI ULALD u




https://www.youtube.com/watch?v=omsbWKHmMRMM
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WAT1ErlaedsunalasuIlens v ¥38958u laun lalasAnsueusiee lalasiau
Wudu wenaniifissAusznauidaduedtos Lawn Aauau lulasiauy

asuaulpeanlad A1susuuauanles Lalasiaudalus [Wudu

C){) - o
& O o P

,T_[_-_—'E'f_} L pep CONMpRITET

HHVgas _ mixture = > x;HHV,

HHV,

gas_mixture

Xi Ao LAwdILveduavesesAdsenaU i lulgeinas
k HHV,  fa Aianusougaetesdusenay i ludamas /

D AIAINTDUGIVRILNAYBLNGS T omledova
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CH, (g) +2 0, (g) — CO, (g) + 2H,0 (1) + AE

Exothermic
reaction

The products are lower in energy than the reactants.
Exothermic reaction:  E is a negative value.

\_ -
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A natural gas has a volumetric analysis of 95% CH,, 3% CH,, and 2% CO,,

for conditions of 14.7 psia and 77°F, calculate
1) The higher heating value of the fuel, Btu/ft> of gas
2) The lower heating value of the fuel, Btu/ft> of gas

Note: 1 (cal / g) mol = 0.004184 (kJ / ¢) mol

\_ -
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Solution

Basis : 1 g mol natural gas
1. Stoichiometric equation:
(095 CH + 003 CH + 002 COl+alO + 376 NZ] —> bCO +cH O + dN
4 2 6 z 2 2 2
Carbon atom balance:
095 + 006 + 0.02 =b = 1.03
Hydrogen atom balance:
(4)(0.95) + (6)(0.03)

I

2c

C 1.99

Oxygen atom balance:;
(2)(0.02} + 2a = (2)(10.3) + 1.99
a = 2.005
Nitrogen atom balance:
d = 376a = (3.76)(2.005} = 7.539
[0.95 CH4 + 0.03 Csz +0.02 CO)] + 2.005 [Og + 3.76 NZ] — 1.03CO2 + 1.99H20 +
7.539N2




4

N

Q/ o ¥
‘Ir‘iﬂﬂﬂ’]iﬂ’]%')ﬂbﬂ’]‘ilﬂ’ﬂ‘lfi&d

Solution

2. Energy balance:
Q= 2N [AH] -2 N [4H]

i= f ', }'

or Q= 1.03AH] + 1.994H] - 0095[AH] - 0.03[AH ]
fc f " H,0 f CH, f C,H

28

- 0.02[AH ]
f 'CO,

Oz 1

Recall that the higher heating value assumes water in the products is a liquid.

From Appendix D (MMANUIN )

AH

C

[(1.03)(-94.054) + 1.99 (-68,317)] - [0.95(-17,889) + 0.03(-20.236) + 0.02(-94.054)]
-213.340 cal/g mol

HHV = 213,340 cal/g mol

Btu/lb mol
= (213,340 cal/g mol) \ 1,800 cal/g mol

384.033  Btu/lb mol /
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Solution
3. Density
p (147 Ibflin° (144 in /ff) Ibmol

P= RT = (1545 ft Ibf/ib mol °R)(537°R) = 0.00255 = ¢

4. Higher heating value. water as liquid in product:

HHV = (384.033 Btu/lbmol)(0.00255 Ib mol / )
a) HHY = 980 Btu/ ft

S. Lower heating value. water as vapor in product:

Ibm .

LHV = HHV-199h (68°F)
g
LHV =+ 384.033 Btu/lb mole fuel
b mole H,O 1
-\1.99 b mole fuel)

k4

= 346,279 Btu/lb mole

b) LHV = (346.279)(0.00255) = 880 Btu/ff’

Btu )(
1.054 415 HO 1816 mole H O
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1B DLNRILKEAD

drurauvadlalasnisuay 4 ngu Ao wW1s1iu (parafin) Tata#lu (Olefin) Luuu

(Naphthenes) tag azlsun@n (aromatic)

Wiy Hussduszneundniinusidluiiuilns Beuuazuidsssuwd snvardfayvedalasaiven
ﬂduﬁﬁa fi8n3dmszning H/C gafign Aanudeureniagsiian AadufausaUIuInsian A
vunuunign wWlvdfazenn afesdenisiiy

Tawa#lu wutiosTuuvdssssufidesanliiados wildanmieufianislunssuiunsnduiiovinl
ihifumsAuniinuanddenudeu (Thermal cracking) Wiellalalasaueuluanaidnas dnvms
ddnyuadlelnsaiueunguifie Snsrdmsening H/C desniinguwisiu wnludiazanatunans la
whssnzinuiiseuasdoniaiiu fennvfesnanieadledudatuoondiau

wuditu wuesluuassssund daudindrelaaiiundiinnuaissuinniniesanlasaadeiiduag
eVRHLE

aglsudin lelasmueunauiifidnuasianeduiosninssuuuuiuaiosuin ldllaudfiane
waneUszn1s Ao lassadaluananziinge wadessenisiiu wludliaduuin AnuruIwiugs A1Ay
YoureUsunsgefian AnuFeuresnasian usiil Polycyclic Aromatic Hydrocarbons, PAHs

a150912159
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N

auURNUFIURAEII8N15INEITIAUNITATWIUNITH LY Aaulanas

WAIUVNTU oA

AU WINNIE 1D W 1o (APl specific gravity)
FUTAININAY 1MRS5IU ASTM (ASTM distillation curve)
991Ul (flash point)

ﬁ;ﬂ‘lﬁqﬂlwauazﬁmﬁu (pour point and cloud point)
AIANNTOU

N1TAATIERULUULENG W

NG (ash, water and sediment)
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N

WANNITANBIDEATVTLH LA

The American Petroleum Institute

APl _gravity = 1415 -131.5

- gr(GOOFj
60°F

sp gr WUAIAINE9 NN Z LU S UL UANNAU L LUY 991U AU

(%4 a

Tl 60 F (15.8 °C)

API°(60) = [0.002(60 bserved°F) +1]lobserved API|

o A

WndufiiauvuiuugRsliaANaed NI 18 W Lo 91 uazeadafnaula

Q’wﬁumﬂ%ﬁyﬁmm%mLmiw‘ifm'jwﬁ'] AININNEWT N 18 W 1o g9 /




« Light crude oil

Any crude oil with API gravity of over 31.1 degrees falls into the light crude oil category.

« Medium crude oil

Oils with API gravity falling between 22.3 and 31.1 degrees are classed as medium crude oils.

« Heavy crude oil

Heavy crude oils have API gravity of under 22.3.

« Extra heavy oil

Extra heavy oils have APl < 10.0

API gravity values of most petroleum liquids fall between 10 and 70 degrees.
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Total heat of combustion (1000 Btu/Ib)

200

19.8

19.6

194

192

186

184

182

101

Total heat of
combustion
at constant
volume
{Btu/lb)

Conditions
(60//60“F)

i

/
/

n”"
Density at
B0°F (lb/gal)

Specific gravity
at standard

1 i 1 { 1 i 1 1 1 1 1 | L 1 1 | 1
L B R B R RS = C R O ol R = cA = R = B - B < = B < o
~ W = L 1 W 2 W N Wy n M w

20 30 40
Gravity {API)

&
(o]
wn

Density {Ib/gal)

1.1
1.09
1.07
1.05
1.03
1.0
099
097
0.95
0.93
091
089
0.87
085
0.83
0.81
0.79
0.77
0.75

Specific gravity at 60/60°F

flasaninan APl e (Hydrometer)

ANUFUNUTTLUINIAIAIUSDULLAZAN
072927LN12 API
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LAULAINITNAY UIMFIU ASTM

wanfugitlnsiden duduarsuay
lslasansusunansviafidanifenuansiiaiu e
1handu Buldvesmaaiuniusenudunes
w3n Agumgigaidiendifian anduueiinig
ndusniuly QN%QﬁQ%L%NQQ%U@EJ'NG]'?JLT‘jaW’]ﬂ
wisuldvesvaIngaLInauisue LuaInYn
GLRVNE

U1Auduiusseninegaiien Las
Yovarlngusunsinduldunairansa agleduy
TAasenindulAaniandu

100

| S S S W SN Y S |

20 40 80 80 100
% Distillation, volume

100 mi
fuel flask

receiver

thermometer

graduated

1. heavy diesel oil 6. aviation gasoline
2. distillate 7. low exhaust

3. kerosene emission gasoline
4. summer gasoline 8. ethyl alcohol

5. winter gasoline 9. benzene

condenser

”
“anuaiusalunisseme
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qm’m‘l‘i/\l (Flash point)

Wudnamilanuarneauauisalunisszeduloveamandugiinniudlnsidvunagaula

#0975 lnglinruslnuiailn U Pensky - Marsten closed cup %38 Cleveland open
cup W0glynNUTIULANITULNUTIIIIBENN ANUUTUINTHALANIZUINTTIU

aa e~

Ul Ao aaumgindnan Nanunsavilvidemasniglossnin
NAUAUDINALUIRTIAIY MnUEautagaNdaA1A1anfA1g9gnves
[

lowainas weilusznielnAvziinnisaaln iWulunudunaziau

https://www.youtube.com/watch?v=w_nVhkvPEpl

https://www.youtube.com/watch?v=bZsTOecenyc
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yavigaluanazynu

9q

ox

wAa gj dyai k4 % a d'd U 9; Y % 1 9; U
ﬂiLI‘U@]‘V]QﬁEN‘LlLﬂ‘c’J’J"ZJENﬂ‘UUﬁﬁ,J’mJVL"U (wax) ‘1/13J6L‘L!‘L!’13J‘L! TAYLRNIL U URIN LYUEILTULS

1Y
aa o o

" gavgalnavuiede gaumginainitgaugiininiusuvgalya 3 esewaidod Wevinliou
AINANIZLAZLATINONINTI Y Beduiusiunsiluialundnlnguduiuiinuazisy

LYNDDNIINULY

1 1 %4
aa a

" 9aqu Nueda QmmammmaqLﬁuﬂwﬁmﬁwmaﬂmm (hazelilavinlyusiulduasniy
AN1ZLAZLATONIDUNSFIUULAENY TuAAaNANYelvIUIALANLNN LIIUADYRENA LY

Y

&

Wsly 9AvEnlafzagaandngnunaigad

https://www.youtube.com/watch?v=dOsgg-WPIqg

https://www.youtube.com/watch?v=spCNB4OjpYg&ebc=ANyPxKoAK-
iao0yvUyXEoggvkpDMslcljEEO7sRIFQMygY cFfyCiohvOMXpYviOwmIERyApToZCOk7pBolgeKVil200WNh2nswé&no
htmls=False
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ANAN1NS DU

M350 ILASITRAIAINUS DUV LT DINANMA L ALITUANY LAADSHLADS LAY ULTLNE LT
9515 0YALNTILASIEUVDININLO UMY FNUSULNULANTIEIN50USZUIUAIAUNSULARIN
ANNTUIKLY (WUAINANNAT NI 18 A 1e) Seeari 11 wazmuedulagldgnsvesgaes

(Dulong’s formula) ald

LHV = (46.428 —8.792p2 +3.170p, )(L—y — Y —S) +9.4205 — 2.449

B v AR AIANNSews lWinngganailaniy

L Juenuvuwu mhedu nfw/gnuiaiguiuns
x Jurvdiulnguiavaau
y Juavdiulaguiaveaan

S Wuavaiulaguiaveenug ey
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N153LATICHUUULENTIA

TunsAuuniswalud Sududemsnun1siaggiuuuwens1aieriin1snauIa
LALAANEIIU AaRAIUMUsEaNSAIMNISH b YSoUTeAnsnImvedsE Ul 519NdALY AB

ANSUBU 1alASIAU 29NTaU WIASIAY LazNIuEOU

HHV = 0.339(%C) +1.256(%H — %0 /8) + 0.105(%S), MJ/kg

Ao A1AUTEUTUGY Wngasenlansy
%C %H %0 waz %S Wusvazlneuavaisinaisusu Lalasiau 09ndiau asiusdy auaIny

https://www.youtube.com/watch?v=Ys-rksLoSEU&nohtmls=False
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N13ATISHLUULENGIA

CHNS Determination

CHNS Determination

The result of the combustion is a mixture of gas composed

of N O, products, CO,, H,0, SO, and possible excess of o N; CO; H:0 SO,
N A~ N
oxygen.This gas mixture passes through the reduction I > Oxygen - Helum }
' ‘I‘
catalyst that eliminates any excess of oxygen and converts Dynamc | I\ /\\ /
A " - flash B4 Y
N O, products into N, . Gases carried forward by
the helium flow are separated in a GC column located in L /”Om‘\ : _m
the temperature-stable oven and detected by the highly GC Cokama Tco E.;sw

sensitive Thermal Conductivity Detector (TCD).

Oxygen Determination

= co
Oxygen is determined by dynamic pyrolysis. Pyrolysis occurs in ~
a quart reactor at temperatures just under 1060 °C. In this case silver . gy
capsules are used instead of tin. The sample, when dropped into the A Pyrolysis Q
pyrolysis reactor, is converted into CO and hydrocarbons that flow | V) e |
through the catalytic at set conditions. Interfering gases are trapped @‘_ ot
and the gas stream of II:. .\‘:. and CO, enters the GC column to be H;O_/U;‘;f;: :
separated and detected by the TCD for oxygen determination (CO,). i Eager 300

O =100 —(%C + %H + %N + %S + %ash + %moisture)
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AUy

audevu laun 11 uazidn visengnaunilelueglundniueyiUlnsideu Inaaniztidumn

1%
o
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iy duse dhduen nsiengidsinanihniiegdeslutiiiy nszvilavainiieansis

AaYIN8a1ELAINAUKEN HIUNITIATIENUTUIUET NTEIALLNIFRDE193UNDBNT LA
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———
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fratnef 3.3
The specific gravity of #2 diesel fuel measured at 60°F is found to be 32.5 API. For
conditions of 75 °F. calculate
(a) the specific gravity, API; (b) the density of the fuel, lom/ft>:
(c) the higher heating value of the fuel using Appendix E; and
(d) the heating value using Figure 3.3
Solution:
1. Specific gravity, Equation (3.36):
API {60) 325

325
[0.002(60-75)+1]

a) APl {(75) = 33.5
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2. Density, from Appendix E (NMARNUIN ), 33.5 APl = 0.8576:

p (75°F) = SprHO(75OF>

fuel

From Appendix C (MANUIN A Steam Table) p_ (75°F) = 62.266 Ibm/ft°

2

b) p, = (0.8576)(62.266) = 53.399 lom/ff

3. HHV - from Appendix E (NTANUIN 9) and by interpolation

C) HHV = 19520 + 0.5(40) = 19540 Btu/lbm
4. HHV, Figure 3.3:
APl = 335

d) HHV = 19530 Btu/lbm
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#10879N 3.4

=zzs0line can be represented by the formula Cuse' Determine,

11

AF (air : fuel) ratio and FA (fuel : air) ratio for the stoichiometric combustion of

gasoline and air on a molar basis;

Z repeat a on a mass basis; and

: calculate the gravimetric and mole fractions for the stoichiometric reactants of
gasoline and air.

Solution:

Stoichiometric reaction:
CBHW + 302 - bC02 + CHEO

Carbon atom balance: b =8
Hydrogen atom balance: 2c¢ = 16 c = 8
Oxygen atom balance: 2a = 16+8 a = 12

Or

CoH, + (x + %) (0, + 3.76N,) - xCO, + %Hzo +3.76 (x + %) N,
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3. Mass AF ratio:

b AF = (12)(4.76 moles air)(28.97 Ibm / b mol air)

(1.0)(96+16) Ibm fuel
FA = (14775 = 0.0677

4. Fuel-air mole fraction analysis:

_ 1

C. JCCH = 1.0+(12)(4.76) = 00172 or 1.72%

Ys ) g = 0.2065 or 20.65%

o, =~ 5812 = v bo7o
(12)(3.76)

ZN = T 5870 = 07763 or 77.63%

= 14775




Q/ o P
ﬁﬂﬂﬂ’]i’ﬂ’]%’)%ﬂ’]‘ilﬂ’]l‘ﬁ&d

3. Fuel-air gravimetric analysis:

X MW XMW mf
CBH16 0.0175 112.0 1.9264 0.0636
O2 0.2065 32.0 6.6080 0.2183
N2 0.7763 28.0 21.7364 0.7181
Total 1.0000 1.0000
b mol’_ lbmi /bmi lbmi
/b -mol To-mol b mol W

MW = 2 XMW = 30271 Ibm/lb mol
i i
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AU (Moisture, M)

=

[~ 9; -y} d' [y} 1 a = 1
LﬂuuwwuﬂwqﬁyLaalﬂmqmﬂmiaumu‘muumazLammummmﬁq YUIA 250
Lulaswns meldannziinvungungll 104-110 asaneaided Wuian 1 9u. Widud
< dy . . 1 5 A < 1 & a a ¢

LUAMUTU (inherent moisture) 9853111899011 @IUUINLUUAIUUTLADUNIDUUNTULLAY

SuN3g (Coherent moisture) gﬁﬂ\‘iagﬂumuﬁu

101 (Ash, A) L‘T‘Juijmﬁfﬂﬁé’qmagjwﬁqmﬂmnmdmﬁumazLﬁamhuﬂﬁmtmwum 250

lalasiuas aelaanizeendladiidivuangungll 700-750 99ANYALTLE t01 AD

1 a

drlsenevetuvidnilednulunuiiungneandladauauugal

Y

%mineral matter= 1.08 (%ash) +0.55 (%S)




RANNIIATW? Mﬂﬂilﬂﬂlﬁﬁ

d1353x118 (Volatile matter, VM)

Judmdnngaydsly (inAnuusenta) ndsainnsevauiuunastdennu
azunsd wum 250 tulasiuns meldanneiinnuanaamgll 950 T 20 ssmwaldes (Ju
a1 7w Teglidlidudaiueiniaienduaaisauiulvduiissimeosnuila

AN5UBUAIAN (Fixed carbon, FO)

(= 1 d' al v 1 a v & (~4 1 1
Judunatiesvedlassaiiluanavesiuitulssnaumenisueududlvg
LA b 9uua 1eaNNAUIMNARNS AB
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ANANNSDU (Heatine value)

JalaslaNsuany LAABSLLADS

HHV = A1AUSaugs (kcalkg)

C = LAYAIULAYNIAVDIAISUDY

Ha = ipwahulpguaveslalasiauniley (Ha = H - 0/8)
S = LAYAIULAYNIAYDINUT Y

HHV = A1AUTaUEY (kcalkg)

FC,, — $99aYANSUDUAIAT DNURAULIA

VM — $8aLATAYIVY DTUAULLIY

db
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The ultimate analysis of a coal as fired is reported to be as listed below.

As-fired constituent ~ Percentage As-fired constituent Percentage
C 72.8 %ww H20 3.5 Wwaw
H2 48 %ww S 2.2 % ww
O2 6.2 %ww Ash 9.0 o ww
N2 1.5 %ww
Calculate

a} mole fraction of components, ashless basis:

b) the higher heating value of the coal using DuLong’s formula, kd/kg fuel.
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Basis 1 kg fuel
Solution:

1. Mole fraction fuel sample, ashless

mf MW mf MW X
C 0.8000 12.0 0.0e667 0.6760
H 0.0527 2.0 0.02635 0.2672
02 0.0681 32.0 0.002128 0.02158
N2 0.0165 28.0 0.000589 0.005972
HQO 0.0385 18.0 0.002139 0.02169
S 0.0242 32.0 0.000756 0.007665
kQ’_ kg,_ kgmo/‘v kgmo/f
o o o KGmotq
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Where, for example, for carbon

72.8
= - ashless

i

Z(Miva) = 0.06667 + 0.02635 + 0.002128 + 0.000589 + 0.002139 + 0.000756
= 0.09863 kgmol/kg

0.06667 kg mol/kg kg mol

- _ i tot __ /
X = 000863 kg mol Tkg - 26760 kg mol
tot tot tot

2. DulLong’s formula: (Nuﬂ’]‘iﬁ 3.4)

HHY = 8050C + 33.900 [H -% + 3.080S
or HHY = 8050 (0.728) + 33,900 [0.048 - (0.062/8)] + 3,080 (0.0222)

= 7285 kcallkg
= 30480 kd/kg coal
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MNUHATEINS nlifauysal au1samuIanIaUTIIaNEITAIRY Laga1sNandneaIn
nsenbnglalagldinaansduius (stoichiometry) ¥a9UfA38

C + O — cO

2 2

H + 050 — HO
2 2 2
S + 0O > SO

2 2

TumsufoRnsunlvsilugeamnssy viennsldnuludeansnmamnlviiauusaie
waHanaeUsznT fo FesnsUsendadoinas desnisaudougsanluniaulvel ua
lifosnsTiAnuafiuiiinanufAsoinsunlndfllauusal 1wy asuesuneuenles uay
lelnsansuou Wiy Ssfedddannziisnnensihuiisornamnindiliauussalnndian
anzdunilsfie nsldusunaenieiune (Excess ain) eliluianaveadeimndmde
Tuanafiinanmaunndmesdomdaiilontanuivluanaveseandiauuiniu anuaas

v v & A

UAUS WansuUTUIUBINIATNIABINITANUNG Y HaIEIUITAAILINUTUIBINALAUNE
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AUAANIALATAUNANAIY

1IN = waneean + Manavanedniely (gymeainszuv)

LBLINAY uhalalde
C
; .
O 2
CcO
N
. 50,
Ash _ v VL £ > N2
HO NOILNTLIAU H,0
ohiaal g - Ash
O, Unburned
N, C
02
HZO

NSEUIUNITR LML TNTTULALDN
(Input  stream) @9INTEUE AD
L 9LNEY WATeINIA WAy
nszdaan (Output  stream)
d09NITLd AD LAFNANARNAIN
n1seutndl 3o Wguha (Flue
gas) LAYNINYDILTINIBLAN
(Cinder, ash) tan1ziilold
Lo inAsndeATia I

23AUSENBU
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Taesaly finnsruteyaigInuuTunm LAYNITILASITULTDINES W lunsuUsuenniA
LLazﬁﬂﬁsﬁagamﬁmeﬁuﬁ”amamﬁm‘lmmﬁmé’aaLﬁﬁaqaﬁ‘a 138077 LATBILATIENDDSYIN

FIENU150ATIZIUNE ASUBULAeanlYn ASUBLULUDNLYR aNTLAU LazLAdLulnTIAU
(Wuwan1sa1n 100)

https://www.youtube.com/watch?v=2cBtPN-aAkQ
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A gaseous fuel consists of 39.5% methane, 19.8% ethane and 40.7% N, is burned

with excess air. The Orsat analysis of the flue gas is 8.4% CO,, 1.2% CO, 4.2% O,

and rest N,.
a) Calculate the % excess air used.

b) If the air enters with 60% relative humidity, show the complete material

balance of the combustion based on 100 ke mole of gas.

Excess air

Fuel gas —————P» —— P Flue gas

| Dry flue gas
CH4 39.5% 002 8.4%
CzHe 19.8% CO 12%
N 40.7% O 4.2%

2 2

100.0 N2 86.2%
100.0%
& Moisture
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Basis 100 kgmoles of fuel gas

kg. fuel = (39.5) (16) + (19.8) (30) + (40.7) (28) = 2.365.6 kg

N

ASZUIBAITLH LA

Total carbon in fuel =395 + (2) (19.8)
= 79.1 kg mol

Total carbon in 100 moles dry flue gas =84 + 1.2 =96 kg mol

Carbon atom balance: moles dry flue gas/100 kg mol fuel = (79.1)( %QGQ)

= 823.96 kg mols

P kg moles MW‘_ kg
002 69.21 44 3.045.2
CO 9.89 28 276.9
O 34.61 32 1.107.5

N2 710.25 28.2 20,0291
K Total 823.96 | 24.,458.7 /
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N

N2 balance: kg moles N2 in excess air

L 100
kg moles air in = 669.55 79

kg moles O2 in excess air

kg moles O2 eXcess

% excess

At 60% RH; H20 in excess air

O balance: O as H O
2 2 2

710.25-40.70 kg mol
669.55 kg mol

847.53 kg mol

24578.4 kg
177.98 kg mol
3461 - 0.5 (9.89) = 29.66 kg mol

29.66
177.98 - 29.66

20.0 %
(0.0212) (847.53)
17.97 kg mol = 323.5 kg

x 100

O2 in - O2 in dry flue gas
17798 - (69.21 + 4.95 + 34.61)
69.21 kg mol

-
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Therefore; HQO = 138.42 kg mol
Total HQO in flue gas = 138.42 + 17.97 = 156.39 kg mol
= 2,815.0 kg
Overall material balance
In kg Out kg
fuel 2.365.6 dry flue gas 24.458.7
dry air 24,578.4 H20 2,815.0
HZO 323.5
Total 27,267.5 Total 27273.7
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AANR991U (Energy balance)

PHIUNAUT U YF0AI99NNNTEUU = NEINUVDINTLULALYI-NENIUYDINTLULADDN

N bndiaaulngflunwn lifow (W = 0) uaglifinisgeydeainuseu (Q = 0)

Mnufizensnngdlannuioussnin auseuresufisernisivg Wuaiuseud

\Anduneluszuu
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Goden 3.7
A heavy fuel oil which analyses (in wt.%) C 84%, H 11.4%, N 1.4%, and S 3.2% is
burned with dry air

a) calculate the theoretical air in moles required to burn 100 kg of the oil,

b) under a given set of conditions, the stack gas obtained by burning this oil with
air is found to contain 3,500 ppm of 802 on a dry basis. (1 ppm = 10° kg per 1 kg)
Calculate the % excess air which was used.

c) under the conditions of b). this fuel oil is fired in a boiler to produce saturated
steam at 150 psi. If all flue gases leave at 300°C and assuming 5% heat loss by
radiation, determine the kg of steam produced per 100 kg of fuel oil

Given 1) Dry air, fuel and feed water enter the boiler at 25°C

w M

)
} Heating value of fuel oil is 10° kcal/kg.
) Combustion is complete

)

4) Average molecular weight of dry flue gas = 30.3
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Dry air

Fuel oil

*2.000 kcal/kg)

L)

84.0 % wt
114
14
3.2

Basis 100 kg oil

P Fiue gases

kg MW kg moles kg moles O2 kg moles products
required CO HO SO N
2 2 2 2
@ 84.0 12 7.00 7.00 7.00 - - -
- 114 2 570 2.85 - 570 - -
N 1.4 28 0.05 - - - - 0.05
S 3.2 32 0.10 0.10 - - 0.10 -
“z-tal 100.0

9.95 7.00 570 0.10 0.05




4 h

v
N3EUIBNITLNA LSS
:  Theoretical air required - (9.95) ( 1701(2)
= 4738 kg mol [
- In a given set of conditions; SO2 concentration = 3,500 ppm
- 35x 10° kg

kg dry flue gas
% excess air

100
2 oin = 0211+ kg mol
n = (0.79) (1 + %) kg mol
':_tal dry flue gas = moles of (COz+ 802+ O2 + N2)

= 700+ 010 +995 1 +3743 (1 + )

\_ -
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N

(neglecting N2 in fuel)
= 4453 + 47.38 x kg moles
= (4453 + 47.38 x) (30.3) kg

kg 802 formed = (01) (64) = 64

| 73 ) 6.4

. 35x 10 T (44.53+47.38 x)(30.3)
" % excess air = 33.4




N
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3500 0.35

10 107 kg flue gas
S dry 802 - free = 100 - 0.35 = 99.65 kg
. . _ 99.65 _
A SOQ 6.4 kg in = 6.4 (-—0.35 ) = 18222 kg flue gas
Dry 802 - free (0 % excess air)
kg moles MW kg
CO2 7.00 44 308.0
, 0.00 32 0.0
N2 37.43 28.2 1,055.5
Total 1,.363.5
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The difference is due to excess air = 1,822.2-1363.5
= 4587 kg

458.7
28.97

% excess air = % x 100 = 334%

= 15.83 kg mol
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Q=5% Saturated steam 150 psi

f

Dry air, 25°C —————p»

/\ f—P» Flue gas 300°C
Fuel oil 25°C =————

/

HZO. 25°C

Energy balance: reference state; 25°C, water (liquid)

IN
1. HV. of fuel oil = 100 x 10 = 10° kcal
| = 0
fuel oil
3 H = 0

air

Total = 10 kcal
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N

OUT Combustion is complete

1) H

dry flue gases

kg moles C 300°C nC

Pmean. Pmean

CO, 7.0 10.11 70.77
SO, 0.1 10.62 1.06
) 3.32 7.29 24.20

N, 4993 7.04 351.50
Total 60.35 447 50

“H = (447.53) (300-25) - 1.2307 x 10° kcal

dfg
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2) H
HZO in fg
From Steam Table and by interpolation: http://www2.spiraxsarco.com/esc/SH_Properties.aspx
H at 14.7 psia, 572 °F = 13197 Btu/lb
sup steam
H = (5.70) (18) [(1319—“7—45)] = 0.7266 x 10° kcal
H,0 1.8
3) Heat loss - (005) (10% = 05 x 10° kcal
4) Heat utilized in producing steam = IN - OUT
= 10° - [(1.2307 + 0.7266 + 0.5) x 10°]
= 75427 x 10° kcal
From Steam Table; H (150+14.7) psia = 11959 Btu/lb
satd steam.
. Heat required to produce 1 kg steam = [(1‘1951'%) - 45] = 6394 kcal
. kg steam produced/100 kg fuel ail. _ 75427 x 10°
6394

11797 kg
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UszANSNIMN19AU3DU (Thermal efficiency)

9751821Us2MINUSUNUANUSauUMN Ul A UUS U aIAINLS B U LA NI BLINA

(ANAANUSOU)

anuSouiivhluld x 100

n:

nsiRandeuvemdeletl MuNInsgIu ASME

ANAINUSDUVDUYDLNAY

OUTPUT = INPUT — LOSSES
OUTPUT  Q,

EFFICIENCY =

NPUT

HHV

> INPUT
brocucty Energy in Fuel
Tp’:xl proc r
YO,, i En_e‘_g_;‘, nEn
Sensible Hea
Xn, b <
xcoz < Energy In Moisture In Entering Air
Xco 4
Energy Out dy
Steam >
BOILER
- Energy In .-
Feedwater <

m
Tue

T

fuet . HHY

uitimate analysis

LOSSES
»Unbumed Fuel

Energy In Dry Flue Gas

>

P
Moisture From Burning Hydrogen
_Fi,f,iii, Rl S

Moisture In Air
B

Moisture In Fuel

Carbon Monoxide

Badia!io"-. Cgl}yectlon and
naccounted For
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Example

The following data were obtained during a standard boiler test:

1.

Y 0 N o LD

_ )
N = O

Duration of test

Steam delivered by boiler

Average steam temperature at superheater outlet
Average steam pressure at superheater outlet
Feedwater temperature

Feedwater pressure

Fuel fired

Flue gas temperature leaving last heat transfer passage
Dry bulb temperature of air supplied for combustion
Wet bulb temperature of air supplied for combustion
Barometric pressure at test location

Temperature of fuel supplied to burners

1 hr
200,000 lbm
760 °F
600 psia
240 °F
700 psia
15,385 lbm
450 °F
80 °F
70 °F
29.92 in Hg
80 °F




ASZUIBAITLH LA

13. Ultimate analysis of fuel on an as-fired basis:

Carbon 0.8095 lbm/lbm fuel

Hydrogen 0.1143 lbm/lbm fuel
Nitrogen 0.0048 lbm/lbm fuel
Sulfur 0.0143 lbm/lbm fuel
Oxygen 0.0095 lbm/lbm fuel
Moisture 0.0476 lbm/lbm fuel
Ash 0.0000 lbm/lbm fuel

1.0000

14. Volume analysis of flue gases in percent (Orsat):

co, = 11.34% 0, = 5.06%
o = 0.71% N, = 82.89%
100%

15.  Higher heating value of fuel is 19,500 Btu/lbm dry fuel.

Calculate an energy balance for the tested boiler.




