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The Cassava Rhizome is waste from agricultural, that can be used to produce 

producer gas as a renewable energy, which has long been used as a fuel in engines, 

however, very few researches about the combustion characteristics have been done. 

In this study, the combustion characteristic and performances of Cassava Rhizome 

Biomass Gas - palm bio diesel high cetane dual fuel mode are investigated. 

In dual fuel mode, the single cylinder, direct injection, diesel engine mounting with 

in-cylinder pressure transducer is used in the combustion characteristic study. Producer 

gas from cassava rhizome, is generate from 50kWth double throat downdraft gasifier. 

The combustion and emission characteristics of dual fuel engine are investigated at 

constant speed 1500 rpm at various brake mean effective pressure (bmep) loads 

between 0-715.8 kPa and various diesel-gas input ratio for maximum diesel saving ratio 

of each load. It is shown the cassava rhizome can be used to produce producer gas 

used as dual fuel in diesel engine, Which maximum diesel fuel saving about 67.57% 

bmep 500.38kPa by engine can operate at a stable. The combustion characteristic of 

dual fuel mode have premixed combustion and mixing control combustion range wider 

than diesel mode, Cylinder peak pressure decreased by 10-18 bar various (bmep) 

0 - 500 kPa while the ignition delay is increased 2 - 5 °CA, And the CO emission of duel 

fuel mode is higher than diesel mode, NOx is increased by 20-250 ppm depending on 

the bmep 
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Lfl~e:J\lEJ'U {#j~ L61!f!vTI m 'U fl1 ~Vll'l~e:J'U 

~v ~ ~ 
L 61!'UL 61!mll'le:J\ll"l1 L 'Wfl1"ll m 'Vi'JEJ\l 

L61l'UL61!e:J~ll'lfl'J1lJ~'U 1 'U-H'e:J\l L~11 Vi~ 

' ' .c:!t Q..l v .dil. v 

L fl~e:J\l~'U~ t1J t1J 1 ru "'i11 n L fl~e:J\l"ll EJ 1 EJ ~ t1J t1J 1 ru 

Lfl~e:J\lfle:JlJ~'JL(Pie:J~~~I'l~\lLi.hLLmlJ Dewesoft 

e:Ji.Jmru11'1 5 (PI~1~w. i.J~e:J\l b ~e:J b 'W~\l 
' 

Lfl~e:J\llJe:Ji Lfl~1~oHn 1611 1e:J L~EJ 

b 'Vi~1ii''U~1i.J~'Vi~\lm -m 'Uf11~Vll'lf!e:J\l 
Lb~'U e:Je:J ~YJ61! Lbfl ~lJ 1 'U e:JlJ L (Pie:J ~ 

4.1 eJ(PI~161'J'Uf11~Vll'l bb Vl'U~1ii''U~L61!fl~')EJi.J1~lJ 1 u 1e:1~ L61!f!Lbf!~n161!"1illJ'Jfl 

Vim~~ BMEP ~1\11 
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4.5 

eJ(PI~1f11~~'ULi.J~e:J\l'W~\l\l1'U~1L'W1~~fl1~~ BMEP ~1\ll 
i.J~~~V1Bfl1'WL 'a\lfll1lJ~e:J'U"lle:J\lLfl~e:J\lEJ'Ut?i~m~~ BMEP ~1\11 

Lb~'U.tl1'W b mEJ'U b Vi EJ'U bb ~\l~'U 1 'Um~'Ue:J f1~'U bbfl~ eJ (PI~1f11 ~i.J~ e:JEJfl'J1lJ~e:J'l..!~~'Vi'J 1\l 
'lJ 

' ' .. .dil .:::::..CII.V-4 oC:!t,l 

b 'lje:J b 'Wfl\l bl'l EJ') f)'IJ b 'lje:J b 'Wfl\l~')lJ 

Lb~'Ufl1'Wbb~l'l\lfll1lJ~'U~\l6!1'11 'Um~ue:Jn~u~m~~ BMEP ~1\11 
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4. 7 Lb~'U.f11'W Lb~l'l\l&¥lJi.J~~~Vltm1lJLb i.J~~'U"lle:J\lfll1lJ~'U 1 'Um~ue:Jn~u~\l~l'l~fl1~~~1\J61 75 
cu cu '1 I 

4.8 Lb~'Ufl1'W Lb~l'l\l&¥lJi.J~~~Vltfll 1lJ Lb i.J~~'U"lle:J\lfll1lJ~'UEJ\l~fl Lu~mJ\l~~m~~~1 \11 7 5 
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,J 

. 
1.1 Vi1J1ttJ£)~~11J1~fl 

d 
\J'VI'VI 1 

0 

\J'VI'LI1 

'W~-:J-:Jl'Ub 1J'U~-:J~l b 1J'Ul9le:Jm ~vh~-:J'iii(Pl"lle:J-:Jl.J'U't;~'Vlnth~ b '1'11"11 'U 1fln1~'hu~ 1m 'Um~~~(Plm~l~ 
' ' 

m~n't;l hfl ~~(Pl1 'Wvh ~-:J"Ue:J-:JBl'U1flfl1ll.J~~V11n ~1l.J~-:J~l'Ufll~"ll'U~-:Je:J(Pl~l~m~l.J ~1'W1.U'W~-:J-:Jl'U 
' 

:Ylf1bflf1~lJe:J ~ e:J~l-:J~ltlVl bbfl~ m~1.U'W~-:J-:Jl'U"lle:J-:JtJ ~~"lll m bflf1lJ bb 'U'J 1 ill.J b ~l.J~'U e:J~ l-:J\9\e:J b ~e:J-:J'Vl ntJ 
'IJ ' 

mll.J ~e:J-:Jfll~'W~-:J-:Jl'U 1 'U'VlmtJbb 'U'U:u~ b ~l.J~'U 1 'UeJ(Pl~l bu~fltlfl~ 1e:Jflfl~ o.9 1!'U bb\9\tl 2010 :u'Un-:J 
' 'IJ 

2040 tY lii''U :u~ EJ-:Jfl-:J b 1J'U bb ~ci-:J'W~-:J-:Jl'UeJ'U~'U~~-:J"lle:J-:J bfl n t.h bVl flm ll.J~e:J-:J fll~'W~-:J-:Jl'UtJb(Pl~b~ fll.J 
b ~m~ b~'U b(Plf)';h 1e:Jflfl~ 70 fhBi15~~l.J"11l ~:y~ b 1J'Ubb ~ci-:J'W~-:J-:Jl'U~~f)~ b~'U b(Plb ~d~~Vl ncil'Jfie:J:u~n 

' 
fl1ll.J~e:J-:Jm~~1 1fln~-:J~'U~l1 1e:Jflfl~ 60 1'W'd1-:Jtl 201 o-2040 bbfl~ 1 'Utl 202s nlBi1u~~l.J"11l~:u~ffl1 

'IJ 

~-:J~V11 'Utl 202s bbfl~:u~ b~l.JfiVlfi-:JeJ''UiJt.Jfll.Jl:Y lnm ~ b ~l.JtJ~~~'V15m'W'W~-:J-:Jl'U~~e:J-:J m~'W~-:J-:Jl'U~iJ 
'IJ ' 

~'J'U~~l.J"lle:J-:Jfll~'U e:J'U ~l 1V1 mo'W l~e:J ~ l-:J~-:J1 'Ufllflm ~t.J~(Pl1 'Wvh fl'Jll.J ~e:J-:J m ~~ 1 1fln61l~~'U 

l.Jl n f1';he) (Pl~lbVl f! bu~ f!'W~-:J-:Jl'UU'J bfl~fl~:Y~ b~'U b(Pl\9\e:J 1 tJ1 'UeJ(Pl~l bu~fl \9\e:JtltJ~~l.Jlru 1e:Jflfl~ 2.2 bb\9\ 

EJ-:Jfl-:J~ln'll~'Jl-:Jbbt.J'UlJ~'Ub~e:J-:J:ulm~(Plfll~ru~'Ulm'U:u 2011 ~~1l-:Jfl'Jll.Jb~fl~lf!l9le:J b-:J 1 -w~l-wn<a 
' '' 

l.J~ 1 'U tTitJ'U'W~-:J-:Jl'Ufll.J 'W~-:J-:J l'U bb~-:Jmi/i(Pl ~ bbfl~ b ~e:J b '~"~ ~-:JOU1fll'W:u~ b~'U b(Ple:J ~l-:Jl.Jl n b 'li'U n'U 1 'Utl 
"' ' 

2o4o 'W~-:J-:Jl'Ub ~~l-d'fiVl b1J'U1e:Jflfl~ 4 "Ue:J-:Jf11ll.J~e:J-:Jfll~'W~-:J-:Jl'U~1 lfln (oUe:Jl.Jflm~1.U'W~-:J-:Jl'U"Ue:J-:J 
'IJ 

bflf1:Ylf15'Ulfll~ bflf1) 

tJ~~ b 'V11"11 'V1 f)~ e:J-:JtJ~~ ~vuqJ~l~l'U'W~-:J-:Jl'Ue:J ~l-:J\9\e:J b ~ e:J-:J b ~e:J-:J:uln bb ~ci-:J'W~-:J-:Jl'U~~nm -m. 'U 

tJ~~ b 'Vll"l bnV1 :ulnm~'lll b oU'l :uln\9\l-:JtJ~~ b 'Vll"l~-:J hJ~ll.Jl~nm'Ufll.Jmll.J bb u'Ue:J'U"lle:J-:J~lfll1~ [2J b 1J'U 
' 

t.Jfl m~'Vl'U \9\ e:1 fl1ll.J ~'Ufl-:J"lle:J-:JtJ~~ b 'V1 ~"~ :Ylf1D'lJ~l~ -:J n~l1f1l~~:u ~f~Vl m~'lll b oUl'W~ -:J-:J l 'U :u ln 

\9\l-:JtJ~~ b 'Vll"l 'W~-:J-:Jl'U'VlVl bb 'Vl'U~-:J 1~~'Ufl1ll.J~'U 1 :Ybbfl~ b ~ e:J-:J:YlntJ~~ b '1'11"11 'Vlm 1J'UtJ~~ b 'Vll"lbf1't;(Pl~m~l.J~ 

tJ~~"lllml.Jlnn'll1e:Jflfl~ so tJ~~n e:J'Ue:JlOU'W bf1't;(Pl~m~l.J t.Jflt.J~(Pl'Vll-:J bf1't;(Pl~'Ue:Jf1:Ylf1:Y~'I1l1 Lft oUb 1J'U 

m~l~ ~~e:J'J(Pl~~'U 1 'U~(Pl~l~m~l.J \9\l-:J 1 bb~1 8-:Jfl-:JiJ'J~Vl b ~~e:J~-:J'Vll-:Jfll~ bf1't;(Pl~~1!'U b U'Ut.Jfi'Wfle:Jfl 1~ 
~:u~'l1ll.Jl1.Ub tl'Ubb ~ci-:J'W~-:J-:Jl'U 1~ [3J i'~Vl b ~~e:J~-:J'Vll-:J m~ bf)'t;(Pl~~~ll.Jl ~n'tlll.Jl1 i b'iJ'Ubb ~~-:J'W~-:J-:Jl'U 

' 
n~m fltJ~~ bfl'Vl~-:J-d ~'Utl'U~f1't;ru~"Ue:J-:J bf)'t;(Pl~ bb\9\G't~tJ~~ bfl'Vl b 'li'U 1~Vl b ~~ e:J~-:J~1~:ul f) f)l ~vll'U ltJG'l f) 

' 'IJ 
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l V1~e-rvi'-r"1nm1'Vi'1e:J IP1G11VIm1:w~ 1n:w ~~ ~TJ 1~ llrin~{;'l1:W ~~~11 lt1:w~~111 ll{;'l~ l 'l.J~e:Jn:w~~111 
' 

lMlb Vi~€1~~~1 f1f111D(;'lf1lJ\Hh'lJ~Vi~~ 1~ lltl l Vi~1lJ'U611'lJ~Vi~-!l l tJ'U~'U~-!l~'U'lJ1~ l 'Vlfl11 'VlCJ~-!lij ' ~ 

~f1CJJl1~G1-!l 1 'Uf11 1'111l€l1"il1:W1{;'l:W 1 t:-1~ \Pl~~~-!11'1..! [ 4] 
~ 

Pi'nCJm~"lle:J-!1 ltm ~~-:J"il1:W1{;'11 'U'l.J1~l 'Vlfl11 'VlCJ~~111~ll(;l~'lJ1~ li1'UbV1CJm:w~\9ll'U1~~-:J-:J1'U 
'VlVllb'Vl'Ull(;'l~e:J'U~f1,;~~-!l-!11'U1'Utl ~.Pl. 2556 [5] blG1V1-!l';i1CJ(;'l~l~CJV1~-!l\Pl1';i1~~ 1.1 

' 

1 Sll I I 

\Pl1':i1~Vi 1.1 R'na.n1'W'Ve:J~b~vb ow~~~'un~ 1 'Utl':i::b VIAl 'VlEJfl1':i1lilbb~::t.l':i::bij'Libiivtl 'W.A. 2556 

[5] 

'l171!1CIJ~1111~ 
I ... "' flt1fl11':iel'U AnEJJl1'W ... "" 'ti'U~ 'ti1111~ 

b'VI~vtif (TON) owi\'~~1'U (T J) (MJ!kg) 
... 

CJBV1 bbm~ 1-u 15,170,760.34 15.48 234,843.37 e:Je:JCJ 
... 

138,985.85 13.52 1,879.09 "1111 bbf1{;'l'U 

'I'J1-:JoU11 10,892,826.89 12.33 134,308.56 

oU11b~V1 
... 

120,997.14 9.62 1,163.99 ~-:] 

If ::- v 
'lJ1(;llJ'U 1:W'U 'Vl~mm'l.J~1 2,207,873.62 7.24 15,985.00 

1CJ - 11.40 -

f1~(;'11 - 16.90 -

1'Ulb{;'l~flTW 16,357,551.14 9.83 28,789.29 

lJ'W~1'lJ~VJ~-:j 
... 

l'VI-!11 5,881,311.88 5.49 32,288.40 
... ... 

236,085.11 15.40 3,635.71 :w~~';i11 f11'W 

f11'U 3,334.11 16.23 54.11 

f1~{;'11 21,968.22 17.93 393.89 

1iim-:J~111 lfl1~1ii - 6.57 -

11:W 51,031,667.30 453,341.41 

lbt:-J'U~\9ll'W 1~~-!l-!11'W'VlVllb 'Vl'W bb{;'l~~~-!l-!11'1.! 'Vl1-!l l~ €lf1"1Je:J-:J'l.J';j~ l 'Vlfl11 'Vl CJ 1~ tl1VJ'WV1ii'V1~1'W 1 'Uf11';i 1 -if 

~~-:J-:J1'W'VlV1lb'Vl'Wbtl'W1e:JCJ(;'l~ 25 "lle:J~m11-ifw~~-:J1'W~'WG1V1VJ1CJ1'Utl ~.P1.2564 [4] ~1nl1~~~-:J-:J1'W~1'W 
' 

~1-:J 1 l"liu mflm1t:-~~IP11'\'Jvh mflm1t:-~~1Plfl11:w1e:Ju btm~~-:J"il1m~ bb{;'l~fl1~tJ11:W"II1~~1VI1''U 
CJ1'W~1VJ'W~ ltl'W~'W bV1CJ~"il1:W1{;'1 fl1~1:l';i';i:W"IJ1~ ~~-!l-!11'WlbG1-:J€l1ViiPl~ltl'WbbVJ~~~~-!l-!l1'U'VlV1lb'Vl'W ~~€)-:] 

~\9ll'W1 1P11:W lbt:-~'W~ \9ll'W1~~-:J-:J1'W'VlV1 bb 'Vl'W~-:Jn~11 iJ~~D'u'lJ1~ l 'VlP11 'VlCJiif111t:-~~\9lm~ 1 '\'Jvh bb{;'l~~~-:J-!11'1.! 
' 



• 

3 

"' ' 

:u~'Vlirr;m.J~1~tl.Jl.l1fl~'Ub~€JCJ 1 [ 4] 

f'hBil~'Jl.l'Jrt b tl'U~~,N1'U'Vl1'l b~e:J n~ fl'Vl1'l'VI~'l~~1l.l1~n'tl1l.l1 1 off'Vl~ bb 'Vl'U b ~e:J b ~~'l'V'le:J~61lrt 1~ 1~ 8 

m~bb'LJrt'l~m~~'Jl.l'Jrtbb ~'l t ~b tJwi1Bilb~e:J b ~~'l ~'l~1l.l1'm t off'l1'U t 'U~1'UAJ1l.l~e:J'Ubbrt~ btl'Ub~m ~~'l 
G11V1:r'U brl~€l'l8tJWirh~'l1~ :U1nm~~fl'l!I1~'U'J1 m~'ll1 n1Bil;g'Jmrt:l.J1 t offb tl'Ub ~m~~'lt 'Ubrl~€l'l8'UWI 1~ 
iJn1 ~~1 b 'UtJm~l.l1 ~'l bb~"li'J'l~'lr~ ~1l.l 1r~nr~~'l~~e:J'lbb~n1~~n'l!l1~btJ t Vlqj b tltJ b w8'lm~t11l.l1'LJ~~ ~ n WI 

t offn'U brl~€l'l8'U W~ 'Vl~~e:J'U~l.J~~n'U~ brl~€l'l8'U W~ bbr~~'LJ:r'U bb~'l~l.J~~n'U~"lle:J'l brl~€l'l8'U 1911 -m~~l.J~~n'U~~ 

~€) t i'l1'U1~ bb~fl1~~fl'l!l1fJtl.!~fl'l!lt\J~fl1~ b~11 VllJ~~1l.J1~()e:J5'U18'LJ~1fl!)fl1~tU~bfi~~'U t 'U~e:J'l b~1 
1 VllJ"lle:J'l brJ~e:J'l8tJWivTI offf11Bil;g'Jl.J'Jrt b tl'Ub <ffm ~~'liJ'liJ m ~~n'l!I1Ue:J8m~~ n'1!11r~ru~ n'l!lru~ m~ b~11 Vl:iJ 

' 
"lle:J'l n16il;g')l.J'Jr~ t 'U brl~€l'l8'U WI :u~"li1 8 t ~'Vl~1'U~'l~n'l!lru~~G11 ~11!~ btl ~~'U:u1 nm~b~11 Vl:iJ b "li'U r~'J1l.J 
~'U~'l~~ t 'Um~'Ue:Jfl~'U ~'LJ bb 'U'Ufl1 ~b~11 VllJeJm1m~'LJ~€l8AJ1l.J~€l'UAJ1l.J~1-ff11 'Ufl1~~~~~ b u~ 

~~8~b'Jrt1fl1~b~11 VllJ r\'1~-:JD'l~ m~bb 'LJ~~'U"ll€l'lfl1~b~11 VllJ~~VI11'll!J:il'm~€ll!]:il'm b tlW~l'U 
~'lie:J~r~ b Vl~1'd'~1l.J1~nu11 'LJt ie:J5'U 18'LJ~1 nnm~ru~ bfl~~'Ut 'U~e:J'l b~11 VllJ~~'l ~r~ ~e:J~l.J ~~n'U~ bbrl~ 
l.lrt'W'l!l tl'UoU€ll.Jrt~'U~i1'U t 'U fl1~oW(9).J'U1'LJ:r'U'LJ~'l brl~€l'l8'U m ~iJ'LJ~~~'Vl5m~~'l~'U b tl'Ubb 'U'J'Vl1'l t 'Ufl1 ~ 

'lJ dfj " 'lJ 

'LJ~~VIir~~~'l'l1'Ubbrt~"li'J8rt ~l.lrt'W'l!l~ bfi~~'U:U1 n m~ bm 1 Vlm~~n~'J8 ~ :il'81~ m~VI'un~'lrn1l.JG11~ ru 
'U ... 

t 'Ub~e:J'l-d'~'ln bb 'U'J~~~:u~~fl'l!l1~18r~~ b~8~"1J€l'lrlru~n'l!lru~m~ b~11 VIm 'Ubrl~€l'l8'UWIGi'U~1'LJm8 t 'U~ 
' 

t -ffn16il~')l.J'Jr~ btl'U~')'U~~l.J bb 'U'U b offe:J b ~~'l~')l.J t 'U brl~€l'l8'U W~:u~~~ b u~~'J8m~eY~ b 'LJ~8'U b -ti8'Un'U1hw'U 
' 

~ bBilrtb ~€) t ibtJ'Uie:Jl.Jr~ t 'Um~-w(9).J'U1 brl~€l'l8'UW~rh6il;g')l.J'Jr~ ~e:J1 'LJ [6J 
'U 

1.2 1'191Qth::a'l'lfl''Ylv,N'l'U1;i'v 

1.2.1 b ~€l~fl'l!f1fl1~ l offbVI~1lJ'UG11'LJ~VI~'l btl'Ul\9l()~'U~~I9lf11Bilb offe:J b ~~'l~'Jl.J'Jrt 
' 

1.2.2 b ~€l~fl'l!l1 ~l.l~~n'U~ l.lrt'W'l!l bbrt~r~ru~n'l!lru~m~b~11VI:iJ"IJ€l'lbrl~€l'l8'UWI:um~ bU~~'J8 
' ' 

m~eY~"IJ'U1~ b~n ~t-ffn16il;g')l.J'Jr~ btl'Ub~e:J b~~'l~'Jl.Jn'UJ1ir'U'LJ1~l.J 1 'U 1e:J~b6ilr~ b -ti8'Un'Um~t offJ1ir'U 

1.3 'Ylv'Ub'YllPI..'I'l'IJ1;i'v 

1.3.1 b\911 ~~ \9ln1Bil;g'Jl.J'Jrt~1 i1 'U m ~'Vl~~e:J'Ub tl'Ubb 'U'U 1 Vlrtrt'l (Downdraft gasifier) "ll'U1 ~ 
sokwth ~~e:Jl.J~~'U'U~1r~'J1l.J~~m~n1Bil;g'Jl.J'Jrt 
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1. 3.2 i bFJ~1~-HrH1JttiJ~"llel-:Jn16!!"8ll.ll(l~t:.~~~P~1~~1f1 b~P~1 t:.~~~P~n16!!"8ll.ll" 
' 

1.3.3 bl'l~el-!l~'WI11vfl-tlVl~tHJ'UbtJ'Wbl'l~el-!l~b6!l(lbb'U'U 1 (lf1~'U 4 ~-!l'VIl~"1J'W1~ 441 6iJ6ij ~~~bbD(I-!1 
'\J '\J 

V11-:J L•ihmmf'11 ~~1l.l1~n1 in16!!"8ll.ll(lb tl'Wb ~el b~~-:J~ll.l 1~ 

1.3.4 L<ffm~~-:Jm-tll 'Wf11~Vl~~el'U'IJ~~f1el'U~l~ fl16!!"8ll.Jl(l tl1iJ'W'IJ1~l.J 1 'U bel~b6!l(lbb(l~ tl1iJ'W 

... 6 

"llel-!lbmel-:J~'W\Pl 

1.3.6 Vl1~fl1l~eJm1Vl~bb Vl'W~-:J~m~wJ1-:J n16!!"8ll.ll"n'Utl1ii'W'IJ1~l.l 1LJ bel~b6!!" bb"~ 1ieY~P~~1 
'\J ' 

1.3. 7 ~l.J~~t1'W~'IJ~~f1el'U~l~ eJIPI~1f11~~'WbD~el-!lb~m~~-!1~1b~1~ bb(l~ 'IJ~~~V15fl1~b:a-:Jm1l.l 
~el'W~1 L'W'Wf11~ b~~f11~~~ ~-!1 bl'l~el-!l~'WI11L-if1tl'U 1~'W1bl.JiJbiPlel~ 

1.3.8 Fltu~f1~tu~f11~bt:.J11 VliJ"IJel-!1 bl'l~el-!l~'WIPI1~Lbri Fll1l.J~'W1 'Wm~'Uelf1~'U eJ\Pl~1f11~'1J~el~ 
' '\J 

Fll1l.J~el'W rhii'l.l'IJ~~~Vltn1~bb'IJ~er'W"llel-!ll'll1l.J~WJ-!lt:.J(Ibtl~mJ-:J~ (COV of IMEP) bb(l~rh 

iil.J'IJ~~~Vltm~Lb'IJ~er'W"llel-!ll'll1l.J~'W1 'Wm~'Uelf1~'U~-!l~~ (COV of P max) 

1.3.9 ~f1~1'1J~l.J1tl.ll.J(I~~~ bii~ ~ 1f11el b~ ~"1! el-!1 bl'l~el-!1 ~'W 111~1 otlfl16!!"8ll.Jl(l tl'Utl 1iJ'W'IJ1 ~l.J 
1'Ubel~b6!!(1 

1.3.10 ~f1~1Fll1l.J~l.Jrl1V11-!l bf'l~~~f'11~\Pl~"1Jel-!l f11 ~1 otl b ~el b ~~-!l~ll.J~~VI'J1-:Jfl16!!"8ll.Jl(ltl'U ' ~ 

'IJ1~l.J 1 'U bel~ b6!!(1 bbVl'Wtl1ii'W~ b6!!(1 

1. 4 'IJ':i~ la•tnl iii fl1 ~ -;h ~ ~ 1 fl'iu 
1.4.1 V1~1'U~-!llJ~~~~~t:.J(I~B61l.J~~t1'W~"1Jel-!l bl'l~el-!l~'W 111L~el 1 otltl16!!"8ll.J'J(It:.J~l.Jtl'Utl1iJ'W'IJ1~l.J 1 'U 

bel~ b 6!1(1 bb(I~V1~1'U~-!l ~l bb 'IJ~~1-!l ~ ~~t:.l(l ~el~l.J~~tl'W~"llel-!1 bl'l~el-!1 ~'W 111 

1.4.2 V1 ~1'U~-:JFJru~ n~ru~m~ bt:.~11 VIii'~ bn~~Wl1 ~ 1 'W LFJ~el-!1 ~'WI11 L~ el 1 in16!l"Bll.ll" L tl'W L ~elL ~~-!1 
' 

~ll.Jtl'Utl1ii'W'IJ1~l.J 1 'U bel~ b6!!(1 

1.4.3 ~1l.J1~fl'thUell.J(I~Ull 'i.Jelelf1 bb'U'Ubl'l~el-!l~'Wm ~b'VIl.l1~~l.Jtl'Uf11~ 1 otl-!11'Wtl'Ufl16!!"8lm(IVI~el 
'\J 

L<ffm~~-!l~~rl1Fll1l.J~el'W~1~'W ~~~f'lUJ~l.J~1f1~bfi~-:Jtl'W 
1.4.4 ~1l.J1~m11 bl'l~el-!l~'WI11"1J'W1~ b~f1~1 otlfl16!!"8ll.J'J(I'IJ~~~f11Pl1 -tl1 'W~'IJ bb 'U'U~1-!l 61 b'li'Wbl'l~el-!1 

' '" I 



...; 
\J\1\1 2 

tl16/!'81lJ1~ fltl b~tlb'W~-:J~1~~1fl~-:JlJ'8llJI~ L"li'W 1lJYJ'U Lbfl~tJ fl1fleJe:W LPl'l!t1lJ LPl'l!tVItY1 Vl~tl 
LPl'l!tLVI~tJ~-:J~1nmflLfl'l!tm 1~tJt11lJ1Len1um.Jmru~iJenmP1~1ti'~ L~tJ1~Ln~ti16/!'81lJ1~ ~1-&\tlu 

' 

"' 
2.2 ft11tm'!l£l~b ;ivb cw~~;Jd1Jdfl 

L ~tl L'W~-!1'81lJ1~ LL~~~"ll'U~lJ~lJ\J~ LL~~€1-:Jfi'lh~ fltltl~ LL\Jifl ~1-!ltl'Wfl1~t11'81lJ1~ 1~lJ1 L tl'W 

L~tlb'W~-:J1'Wfl1~e.J~lJI'W;;r-!l-!11'U~~~tl-!JlJfl(W~lJ~~LVIlJ1~~lJtltJm~tJ1'Ufl1~LL~~;;rfl'l!ttw~"lJtl-!ltl't.Jmru~ 
' ' 

1-lfm~ e.J~ \JI'W;;r-:J-!11'1.!~-:Jt!u m ~~~'l11 L:ffm-w~-:J'81lJ1~"1lil~ 1~ 1 'l.l1-tf-:J1'W ~1 L tlu ~tJ-:J'Vl~1tJ~lJ\J~'81lJ1~ 
~1'1.!~1-:J ~ ~iJe.J~~mJ!)n~tJ1~Ln~~'W~-!l~lJD~'Vl1-!lfl1tJfl1'W (Physical properties) LL~~~lJD~'Vl1-!l 
fl11lJ~tl'W (Thermal properties) 

"' 2.2.1 fl11tm'VI1~n1flfl1CW'!J£J~b;;£Jb cw~~;id1Jdft 

~lJ~'Vl1-!lfl1 tJfl1'W"lJtl-!l L ~tl L 'W~-!llJ fl11lJrl1~qjtl ~1-!1 ~-!1~~~ ~tJ-:Jt11lJ1~~1~ru 1'l.J~~fl tltl 1 'U 

fl1~t11'81lJ1~"1liJ~t!'UlJ11 m 'W fl1~e.J~ \JI'W;;r-!1-!11'1.! L ~ tl-!1 ~ 1fl~lJ\J~ LL~~;;rfl'l!ttw~'Vl1-!lfl1 tJ fl1'W"lJtJ-!1'81lJ1~ 
~~lJe.J~~tl~'U\Jitl'U LL~~m~tJ1'Ufl1~ 1 'Ufl1 ~t11'81lJ1~t!'W 1 'l.J1-tf-:J1'U ~lJ\J~ LL~~"'fl'l!ttw~"lJtl-!1 b :fftJ b'W~-!1~ 
~-!le.J~~Bm~tJ1'Wfl1~LL~~'l.l!Jn~mm~e.J~ (J) LLfi~L ~tJ L-w~-:J1~tJ~11 'l.l1~ LLrim1lJVI'W1 LL tiufl11lJ~'W LL~~ 
"lJ'W1~"lltJ-:J'81m~ L tl'W~'W 

2.2.1.1 fl11lJVI'U1 bLU'W"lJtl-!1 L~tlb 'W~-!1'81lJ1~ Ltl'Wfltw~lJD~~~-!Je.J~ 1~ tJ (J)~-!Jtltlfl1~e.J~(J) 
' 

tl16/!L:ffm 'W~-!11 '1.!~1'1.!~1-!1 ~ L"li'W eJ m1fl1~~'WL'l.J~tl-!lb ~tlb'W~-!1 LL~~~~tJ~ b1~11 'Ufl1~~~ L\JI1 b~tlb'W~-!l~lJ 
fl11lJVI'U 1 LL U'U~-!l~~iJ e) (J)~1 fl1~~'W b 'l.l~tl-!1 b ~tl b 'W~-!1 ~1fl';h b ~tl b 'W~-!l~lJfl11lJVI'U 1 LL U'U ~1 ~ 1 fl 

'U 

e.J~fl1~l~tJfl1~e.J~ \Jitl16/l b~tl b 'W~-!lfl1tJ1 'Wbfl~tl-!le.J~\Jitl16/l L~tl b 'W~-!1 m.JtJ 1 VI~~'W 1~tJ 1-lf'81lJ1~~1-!ltl'U 
3 "llil~ 1~LLri 1lJtJfl1~'l.l~~ n~mlJ~'W~11LL~~~-!loU111-w~ 'WtJl1~~tJ~nm1um~~~LlJI1 (Start time) 

'U ' 

~'UtltJrl11"111lJVI'U1 LLU'W"lJtl-!1 b ~tl b 'W~-!1'81lJ1~ 1~ tJ'81lJ1~~lJfl11lJVI'U1 LL U'U~-!1 ~~ 1·ih~ tJ~ b 1~1~~ b\JI1 
'U ' 

' ' ' I .c::!il ..::::.1. CU .c( .c!il.c!il I 0 I 

'W1'Wfl1 1 blJtl L'VltJtJfltJ"Il1lJ1~'VllJfl11lJVI'U1 bL 'U'U\JI1 fl11 

2.2.1.2 m1lJ~'U"lJtl-!JL~m-w~-:J'81lJ1~ ~-!Je.J~~tl'l.l!Jn~mm~Ln~ti16/l b~m-w~-:JLtl'W€1~1-!1 
lJ1fl '81lJ1~'t11lJ11 m 'Wm~tJ1'Ufl1~e.J~ \Jitl16/l b ~tl b 'W~-!lfl1~lJrl1fl11lJ;ff'U 1lJ Lfl'W~tl tJ~~ 30 fl11lJ~'U~1 fl 
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l~e1l~~-!JB1"il~"il1':it\J1"il1fl"li'J:IJ'"Ji,1~1~"il1flll'Vl~-!JVl~eJ6li'"Jd.J'"Ji,1m~~TWm~'UTWfl1':il\Pl~~d.Jl~e1l~~-!llvleJ 

1,1~ f111d.J~'Wd.J1ll~'"J f111d.J~'W~ e1 ~1 'Wl ~m ~~-!lij 3 ~ n~ru~Fie1 1"111 &J~'W~ e1 ~ rn ~ 1 'W l deJ6li'"J&J'"Ji,1 .., .., 

fl1':ill\Plfl~'"J"lleJ-!lB'W'Vl~~611':i (Decomposition moisture) 
... ' ' 

2.2.1.3 "1l'W1~ lli,'l~~n~ru~"lleJ-!ll ~m ~~-!l"li'"J&J'"Ji,'l "il~~eJ-!lij"ll'W 1~Vi l Vld.J1~61d.J lli,1~61lJ1l61d.JeJ 

"1l'W1~"1leJ-!ll ~Bl ~~-!l"li1&J1i,1ijB'VlTI~i,1 e1 ~1-!l&J1fl~Bf111&J~'Wi,1 ~~ ln~~Wl1~ 1 'Wlf1~B-!l ~~\Plfh1111 l ~Bl ~~-!1 
'WeJfl"il1 n'i1"1l'W1~ lli,'l~~n~ru~"lleJ-!ll~Bl ~~-!liJ-!lij~i,'l ~eJn1~-!l"lleJ-!l~ ~i,1&J~1 otl-!11'W 1 'Wfl1':i~ 1 ~ mml"' lli,'l~ 

m1&J l ~'"J"lleJ-!lfl1111!~1 Vli,1~1'Woff'W"ll B-!l"li'"J&J'"Ji,'l 6li'"J&J'"Ji,1~ij"ll'W 1 ~ l~fld.J1 fl"il~vh 1 ~m ml"' ll 'Vl':ifll-ih 1 LJ1 'W 

';i~Vil1-!l"li'"J&J'"Ji,11~tieJ~~-!l"il~v111 ~ln~LJ!)n~m~'W 1l161~1l61d.JB [7J 

fl1':i~~ \Plfl 1111ll ~Bl ~~-!ll tl'Wm~'U'"J'Wfl1':i'Vl1-!llf1ijf111d.J~B'W ~-!l,!'W61d.J~'Vl1-!lf111d.J~eJ'W"lleJ-!l 
l ~Bl ~~-!l"li1&J1i,1"il~ijB'VlTI~i,1 ~B m~'U'"J'Wm ':i~~\Plfi11111 l ~Bl ~~-!ll tl'WB ~1-!l&J1 n 61&JD~'Vl1-!lf111&J~€l'W"ll€l-!l 
l~Bb~~-!16li'"Jd.J'"Ji,11~llri ~161il1~U11"1'"J1d.J~€J'W (Thermal conductivity) ~11"1'"J1d.J~€J'W~1l~1~ 
(Specific heat) lli,1~~11"111d.J~€J'W"il1flfl1':ivl1'lJl]n~m (Heat of formation) 

I I I !1,.1 
I 0 2J' 0 21 oC:il .dil .<::::111 4 .c::tt. .c::::ll 

2.2.2.1 f1161fl1~'W1m1&J':i€J'Wfl1':i'W11"1'"J1me:J'W'Vllf1i,1€J'W'Vlm'Wl"1lm~i,1-!1"1l'"Jd.J'"Ji,1 

m ':iU 11"111&J~€l'W~ lf1~ e:J'W ~~1'W l ~€1 l ~~-!l"li1&J'"Ji,1ijB'VlTI~i,1€l ~ 1-!l&J1 n ~e:JLJ!)n~ m 

fl1':i61i,11~ ~d~d~ f)'"J1d.J~€J'W~lfl~~'Wll1~ 1 'Wl~€1 l ~~.:] l ~€J-!l"il1flf1d1d.J~€J'W"il~~-!1~1'W l~'W 1~~€1~[11 ~ 1 'W .., 

"li1&J1i,1 m':iti1 f111&J~€l'W "il~ ln~~'W 1~~Vl~€l 1l.J "il~~'W €1~ n'U~161m~m':iti11"11 1 &J~€l'W"lle:J-!l"li1&J1i,1 ~-!1~ 1 .., 
... ... 

0 21' .ct Clil I .c:l! Q..l I I I .c::!i .111::11 

61fi1~fl1':i'W11"1'"J1d.J':i€J'W"ll€J-!1"1l'"Jd.J'"Ji,1"i)~d.Jf)1"1J'Wfl'Uf)1f)'"J1d.J'Vl'W1~'W'W~i,1~f)1f)'"J1d.J"1l'W"ll€J-!l"1l'"Jd.J'"Ji,1 

II 1.1 I IJ IJ IJ I 
.c::!il .o:::::i 0 QJ .c:!il ,Q, .c::i oCI(.c:::i I .c::!il I CU Cl.J oC/il 0 Q.l .dil Q. oCII .c::iil.c::ll. I 

f)'"J 1d.J"1l'W"ll€J-!1"1l'"Jd.J'"Ji,1611Vl':i'U l "11€1 l ~i,1-!1"1l'"Jd.J'"Ji,'I'Vld.J f) 11"1'"J1d.J"1l'W (PI 1-!11 fl'W~-!l'W611Vl':i'U l "11€1 l ~i,1-!]"1j'"Jd.J'"Ji,1'Vld.Jf11 

f111&J~'W&J1nn11~€l~i,1~ 40 ~161m~m':iti11"111&J~€l'W"il~ij~1~-!lll61~-!11'W61&Jm':i~ 2.1 

(2.1) 

... ' ... 
rl1Vl'!'Ul~m~~-!l"li1&J1i,1Viijf111&J~'Wtie:J~n11~€l~i,1~ 40 ~161m~m':iti11"111&J 

~€J'W"il~ij~1~-!lll61~-!11 'W61d.Jfl1';j~ 2.2 

(2.2) 
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= ~B~~~~B~~11~~~1~~1~1~ 
rh~m~'ll1~11~1'v~~B~ H1~ ~ 'IJ~~~ ~b 'IJ~~ (9}1~m1~VI~1 m.l~~B~~1m~~1~ 

o.x 

~l~lflr1l'J lh'liliH 

0 ~(}() ~(Jfl 600 XOO I OIJ(J I ~(I() I ~00 

2.2.2.2 rl11l.JOJf111lJ~eJ1J\J1L~1~ 
' 

~iJ~~~~~~1~qj~B~~1~1~~-;ij1~tl~~B~U1~1Lm~fl1~rl1~1tuVl1~~11~1'B~ 

rl1 ~11~~~11~~B~-;ij1 ~ ~1~~~iiri1 ~ 'IJ~ ~~1 'IJ (9}1~rl1 ~11 ~~~~~~~Btl.! VI fllj~ eJ~~1~1~ 1V1 ~ 
' ' ~ 

m1~6Y~~~~~~w;h~ri1m1~~m1~~eJ~-;ij11,~1~il'UeJtu'VIflm~·~h~vru'VIfllj~~VI11~ o- 160 eJ~!3!1 
'I II '\J 'I '\J 

1,6ij~~.ea~~ ii~11~GY~~~~~~~.~,~~~1~~~m~~ 2.3 

cps = 0.266 + o.o0116t (2.3) 

Cp = ~11~~~11~1'eJ~-;ij1b~1~~b'IJ~~~bb'IJ~~(Jl1~eJtu'VIfllj 
' ' ~ v ' 

~11~6Y~~~~~~VIl1~ri1m1~~~11~~eJ~-;ij11.~1~ il'Uri1~11~"8~~eJ~~1~1~bb~V1~~~~~m~Vi 2.4 
' 

(2.4) 
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2.2.2.3 f'11rn111~€J'U~1nm~vht.Jfifi~m 

m~t.fi111'\.Jfin~81t.r~ffil11 "1m~~ €l-:J~I11rll111~€l'Ut. oU'11 '\.J 1. ~ €l'Vh 1 ~'\.Jfi fi~81~111 1 ~11 

t.n\11~'\.J 1~vi~€Jm~LJ~111LJ~€J 8m111~€J'U €J €J n111~1 nLJ n n~81~ t.n\11~'\.J LJfin~ m~ ~ €J-!1~111m111~€J'U 1. orr 1 

1 '\.J 1.~8fl';h'\.Jfin~m~I111"11111~€J'U (Endothermic reaction) l.b~~f1'1'\.Jfin~m1111i1m~r~18rll111~€J'U 

'VI~tl'W"'-!l-!11'\.J €J€Jfl1111.~8 fll1 '\.Jfin~ml"l18 r11111 ~€1'\.J (Exothermic reacti on)'\.Jfin~81 1"118 r11111~ €1'\.J~ 

1.n111~1nm ~~1111ii'1-u€J-!ll.l.n~1~ 1111~ 1. ~'U n'U ~.~.n~€1€1 n~ 1. ~'U ~~i1m~r~181"11111~€J'U€J€J n111~~~'U'U 1. ~ €J [:.J~ (Pl 
" 

1mY1 LJfin~mrn111~€J'U~t.fii11~'Ut.t.~\11-:J~-:J~11m~~ 2.5 

Higas) + 1/ 20 2 --> H20(gas) -241.5 k.J/mol (2.5) 

r111"11111~€J'U~1nm~vhLJfin1m~t.n\11~'U'~-!l'VI11\111.~€J1m~t:.J~\Plnru;i~~€J-!lfl1~~~i1r11t.vhn'Ut:.J~~111 
-utJ-:JI.€J'U'Vl1~tl~t.'\.J~8'Ut.t.'\.J~-:J1 tl1 'Ut.b~~~~'U\Pl€1'\.J r11rn111~€l'U~1n'\.Jfin~m t.fi111t.tl'U~1~'\.J~~n€J'U~1-:J "1 

l.l.~\11-!l~-!l\Pl1~1-!1Vi 2.1 

!;11-atl-a::nvu H20 C02 co CH4 02 CaC03 NH3 

rl1111~€J'U~1nm~vhLJfin1m -241.5 -393.5 -110.6 -74.8 0 -1211.8 -82.5 

~ d d ~ ~ q 

2.3 m-a1bfl"a1::'VIv.:ifltl-a::nvu"tlv.:l b 'tfvb "WfHI'ti1111~ 

~11'11~ ~.~.~~€1-:Jfi'\.J~~n tJ'U"U€1-:Jt. ~€1 1. 'Vi~-!1~1111~ 1. tl'UoU€111~ 1. D€1-:J ~'U~G11 ~ru111 n1 'U ~~'U'U t:.J~ \Pln 16ll 
" u 

I. ~€] I. 'W~-!1~~11. tl'U~€J-!l'Vl~1'U I. ~tltJ1oU€J11~11 11m 'Ufl1~€J€J fll.l. 'U'U 1.1.~~11. m1 ~~'\.J~~~'Vl~Jn'W"ll€1-!l~~'U'U 
" 

t:.J~ \Pln16ll 1.~€1 t.'W~-!1 m ~11.m1~~€J-:J fiLJ~~ntJ'U ~.~.~~~11\J~"ll€1-:Jt. ~€] 1. 'W~-:Jt.b ~-:Jb\118~11 LJvh m~1 1.m1 ~~ 
3 t.t.'U'U ~-:Jm~1t.r~~1~~t.t.~~~ t.t.'U'Ui1l\Plt~'\.J~~~-:Jfi~ t.t.\Plfl~1-:Jtl'U 1~ t.t.ri ( 1) m~vnr11€l-:Jfl'\.J~~n €l'U1 'U 

' 
I.~€JI.'W~-:Ji11111~ b\118fl1~'\.J~~111tl.!rl1 (Proximate analysis) (2) fl1~Vi1rl1€J-:Jfl'\.J~~fl€J'U 1 'UI.~tlb'W~-!1~1 
111~ b\118~~1.B8\11'VI~€JI.I. 'U'UI.I.8fl'B1\Pl (Ultimate analysis) (3) fl1~Vi1rl1rll111~€J'U"ll€J-!l I.~€Jb'W~-!l~1111~ 

' 
(Heating value analysis) [7] 

2.3.1 m-a1bfl-a1::~v.:~fl'tl-a::nvu"tlv.:ib~vb"W~.:J~h3J1~ 1flam-atl-a::3J1tufh 

m~1t.m1~~1.~€Jb'W~-!lb\118fl1~'\.J~~111tl.!rl1 (Proximate analysis) ~~1 t.m1~'VIb\118 

e) 1-:J B-:J'VI"' n1t5 m ~1 1.r1 ~ 1~ ~'VI1 €1-:J fiLJ~ ~ n €J 'U b\118'\.J ~~m ru f'l1"1J €1-:J ri1 'U~'U 1.1. ~ ~ ri1 'U 1f1n~ tl1'VI'U 111 m11 

111 \Pl~~1'Ufl1~'Vl\11~€l'U l.l.~~l~\11"ll€J-!l~1111"111€Jb111n'UG11'VI1''Url1'U~'U ASTM 03172-07 ~-:J1~n1'VI'U\11 
~ ' 



9 

"lleJ\l b~m~~\l"S'UJ'JG'lVi~m~e:wv~~\l bb~\lbV1CJtl~~:w1rurh tJ~:w1ru~vhm~ibf'l~1~lH1 4 tl~:w1ru hi' bbri 

(1) f'l'J1:W~t.l ( Moisture content) (2) ~1~~~bViCJ (volatile matter) (3) b~1 (Ash) bbfl~ (4) 

mi'UeJt.lf'l\ll?i1 (Fixed carbon) 

2.3.1.1 m1:w~u~eJCJ 1 t.lb~eJ b ~~\l bb ~\lVi~B"Bl:w16'l"OJ~ 1 il~i bm1~~eJ1\lB\l\911:W:W1\9l~;j1tJ 
~ ~ 

fl1~'Vl~~el'U bb6'l~l~~"1Jel\lelb:W~tlt.l~:W1f'l:W bV"lCJ b~elb ~~'l1iil-il1~i bf'l~1~~\911:W:W1\9l~;j1tJfl1~'VlV"l~eJ'U bbfl~ ' ~ 

l~Vl"llel\lelb:W~nt.!~:W1f'l:W 0-871-82 (ASTM 0-871-82) ~1Vi'!'Uri1u1ifloili~ibm1~~\911:W:W1\9l~;j1tJ ' ~ 

(Refuse derived fuel: ROF) 1 m~lbf'l~1~~\911:W:W1 \9l~;j1t.!fl1~'Vl~~el'U bbfl~l~~"llel\lelb:W~tlt.l~:W1f'l:W 
"" ' 

E-949-88 (ASTM E-949-88) ~\lbtlt.!l~fl1~lbm1~~\911:W:W1\91~~1t.l~1\l 1 "OJ~bb\9lfl~1\lfltJ1tl b"lit.~m~ 

l bf'l~1 ~~rl1f'l'J1:W~t.l"IJB\l1if \911:W:W 1 \9l~;j1tJ fl1~'Vl~ ~el'U bbfl~l~~"IJeJ\leJ b:W~tlt.l~:w1 f'l:W 0-17 62-84 
~ ' 

(ASTM 0-1762-84) "OJ~1mifl?ilmh'l1t.~m~lbf'l~1~~,J1Vi'l!fl 50 fl'!:W B'U1t.!b\911eJ'U~eJUJVifllJ ' ~ 

103 eJ\ll"lW1!m6ilm1 btltJ~~CJ~nm 30 uTVi bb6'l~Vi~\l"OJ1fl,1tJ~'lllJlllub\911eJ'U~m'Uf'l:WeJUJVifllJ~ 
' ' ~ 

103 eJ\ll"lW1!6'l b6ilCJ~b tlu~~CJ~ b'J6'l1 16 ~1b:W\l bb6'l~Vi~\l"OJ1fl,1u'l111iiBBfl:W1~\l,Y1Vi'l!fl ,Y1Vi'l!fl~Vi1CJ 1 tJ 

fieJri1f'll1:W~tJ~eJCJL u1ii 
~ 

m'U bb 1..lu1~~tl~eJCJ eJ eJ fl:W 1 b~eJ~1:W16'l1~-!'U m1:w~eJt.l tl~:w1ru~1~~~ b ViCJ~tl~ eJCJBB fl:W 1"0J~~u n'U 

eJ\91~1 m~1-Hm1:W~Bt.lbbri b ~eJ b~~\l bbfl~eJUJVifllJ 1 um~ibm1~~tJ~:w1ru~1~~~ b ViCJ"OJ~ 1-il1'51 bf'l~1~~ ' ~ 

:W1\9l~;j1tJfl1~'VlV"l~eJ'U bbfl~l~ Vl"llel\lelb:W~nt.l~:W1f'l:W E-87 2 (ASTM E-872) m~i bm1~~vh b~ CJ 1-i! 
"" ' 

b~m~~'l1iil?i1eJ~1\l 50 fl'!:w~~:W:W1"0J1m~m~~'l1ii 10 flbG'lfl'!:w 1~CJm~~:wl?i'JeJ~1'l1-il1~19l1:W 
' ' 

:w1 \9l~;j1tJfl1~'Vl~G1eJ'U bb6'l~l~~"lleJ\lelb:W~nuG1:W1f'l:W 0-346 (ASTM 0-346) bb6'l~U119i1eJ ~1\l:W1'UV11-Hii ... ' 
"1Jt.l1Vlb~flfl';h 1 lJG'l~b:W\91~ bb6'l~U1b~m~~\lbb~\l~'U~bb~l 1 fl'!:w:w1H1um~ibm1~~ bV"lCJfl1~11\l 
\?l1eJ~1\l1 t.lb tJ1Vi6'leJ:w~ii~-l1DV"l bbfl~ 1~6'1'!1 tJ1 t.lb\911eJ'U~iieJruVifllJ 900 eJ\!1"11 b6f!6'l b6ilCJ~ bV"lCJ 1 ~f'll1:W~eJu ' ~ 

b tlt.!bd6'l1 7 t.~TVi~1~~:: b ViCJ"OJ::tl~eJ CJelelfl:W1~\l~1:W1~fl~\l bfll9l1~"0J1 mtlG'll 1 'V'J Vi~\l"OJ1fl~t.!U119i'JeJ~1\l 
eJBfl:W1 bbG'l~vh 1-H b~t.~bb6'l~~\l,Y1Vi'Wfl"lleJ\l b~B b~~'l1ii J1Vi'l!fl~V11 CJ 1 tlfie1~1~~~ b ViCJ 

2.3.1.3 b~1 fieJ~1~eJtit.~'Vl~6~ir'lf'l\l b Vi~BeJ~Vi~\l"OJ1flF11i'UBt.~1 t.~~l:Wlflflm~n 1 Viii 
~ ~ 

Vi:W~bb~1 ~1~B'Wt.~'Vl~6~eJCJ1t.~b~11~bbri 68~m eJG'llJbuCJ:w b Vi~fl bbf'l6'l6ilCJ:w bb:Wmt.~b6ilCJ:w btlt.~~u m~ 
~ ~ 

1 bf'l~1~~eJ\ll"itl~~ fl eJ'U"IJeJ\l b~1~1Vi'!'U b ~el b ~~'l1iil m~m~i bf'l~1 ~~\911:W:W1 \9)~;j1 t.lfl1 ~'Vl~~el'U bbfl~l~Vl 
"" ' 

"llel\lelb:W~nt.l~:W1f'l:W 0-1102 (ASTM 0-11 02) fl1~lbf'l~1~~b~1vl1bV"lCJ 1"1ib~elb~~\l1ifl?i1eJ~1\l 2 fl'!:W 

~ii"llt.~1Vl b~flfl'Jl 4 7 5 1:wmeJu eJ'U bb-H'lm:wi~:w 1 \9l~;j1tJ bb6'l~'l11:w 111\l'Ut.lbD 1Vi6'leJ:w~1lJ~eJ\ltJ~ ~1 
"" 
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1.1.~~1~1 n 'WI.\911 l.e.J1~UJ'It13JlJ~~ 1~tJ 1 ~~1UVi3JlJ ~-~lJ~'WeJ~1~-li'1 ~ ~odeJfl1~'UeJ'W 1 'W"51:W1~~me.J11 Vi~ 
Vl:w~ 1.1.~1 ~~ 1 ll ~~-~'W~oi.~1"L11:w1i~J1Vi'l!n Ll1Vitinvtl.~~~~.iJ'WLl1Vi'l!n'1JeJ~~o~1~eJtJ 1 'W~o<ffeJ ~o ~~~ 

'U 

Vi"'~~ 1 n'i!i 611 ~~ ~ 1. Vi tJ t1 n'lJ ~ eJ tJ eJ eJ n:w 11 'W m~ 'U 1'W m ~61~ 1 tJ ~1 ~ 1 tJ fl11:W 1 eJ'W m ~Vi 1 rh'lJ1:w 1 ru 
'U 

m~'UeJ'Wfl~~1 611:W1~t1Vl11~\dm'l~1'U 'lJ1:w1twfl11:w<ff'W 'lJ1:w1ru611~~~~.VitJ ~.~.~~~.li'11~tJ1off 
fld1:Wii':w'W'W~~~~-~-61~~1'W61:Wf11~~ 2.6 

FC = 1 - M - VM - Ash 

FC = 'lJ1:W1UJfll~'UeJ'Wfl~~1 

M = 'lJ1:W1UJfl11:W<ff'W 

VM = 'lJ1:w1UJ611~~~1.VitJ 

Ash = 'lJ1:W1UJI.rl1 

(2.6) 

'lJ1:w1 tufl1 ~'U eJ'W fl~ ~1~1~ ~ 1 nn1 ~1 ~om 1 ~ Vib ~ tJ n1 ~'lJ~~:w1 ru 1"11 ~.~.~ ~~ 1 n n1 ~ 

1 l.fl~1 ~ViL~ tJ ~~ ~-~ tJ ~ ~dj 1"1 1 ~o~o\Jln ~1~ n'W 1. ti eJ~ ~1 n m ~1 l.fl~1~ViL~ tJ15m ~'lJ~ ~m rur111lJ1~ ~1:w 

fl1~'UeJ'W~eJtJb'W611~~~~-VitJ ~~'lJ~n~~~Vi:W1tJn~ri1'W"l11~~~-n~Vl"'~m~'U1'Wn1~61~1tJ~1tJm1:w~eJ'W 
'U 

n1~1 l.fl~1 ~~eJ~I"l'lJ ~~n eJ'U'lleJ~ 1. ~eJ 1. ~~~ 1.1. ~~Vi~eJ"S1:w1~ 1~ tJ n1 ~'lJ~~:w1 rur1 1vi'1 

m~1 ~ofl~1~~\Jl1:w"'n~ru~'1JeJ~"51:w1~~H1 'Wm~~~1~ru1~iJ"'n~ru~ ~o~o\Jln~1~n'W~o tl'W 4 ~,~, 'U'U ~eJ 

(1) 1~ofl~1~~~-~m~~~\Jl1l.J61l.JD~'1JeJ~I.~m~~~\Jl1:W~1~-!'U:W1 (As received basis) (2) ll.fl~1~~ 
~o~m~~~mtJ1~~onru~m~~~1~tw1l11.~m~~~~.iJ'W~o~m~~~~.~.~~(Total dry basis) ~otl'Wm~i~om1~'1-1 
1. ~eJ ~-~~~~1lJ~~1~ru1m1:w~'W~~Vi:w~~ eJ~1 'WI. ~eJ 1. ~~~ (3) 1 ~om1~~~-~eJ 1. ~~~fl1 tJ1~ ~onru~m~ 

'U 

~~1~ru1~ 1lJ~1:Wf111lJ~'W~~1 (Airdrybasis) 1.tl'Wf11~ll.fl~1~'!-1~o~m~~~~.~.~~~1lJ~~1~ru1m1:w~'W~ 
e:J~~~1'1JeJ~ 1. ~eJ 1. ~~~ ~otl'WeJ~I"l'lJ~~neJ'U 1 'WI.~eJ 1. ~~~ 1.1.~~ (4) 1 ~om1~~~-~eJ ~-~~~fl1 tJ 1~ ~onru~ m~ 

'U 

~~1~tw1l11.~m~~~l.tl'W~o~m~~~~-~-~~~.~.~~1lJiJI.n1 (Dry ash free basis) ~~l.tl'Wm~1~ofl~1~~ 
~o~eJ 1. ~~~ 1.1. ~~~1lJ~~1~ru1m1:w~'W ~.~.~~ ~oli'1 1. tl'WeJ~I"l'lJ~~neJ'U 1 'WI. ~eJ ~-~~~ m~1 ~om1~~m tJ 1~ ~onru~ 
~1~ ~ 'lJ1:w1 ru~v\'1 m ~1~om1~~~-~-~~'lJ1:w1 rueJ~I"l'lJ~~n eJ'U~1 l.f1~1~Vi1~~~iJ!"11 1.1.\Jln ~1~n'W m~ 

1 l.fl~1~'1-1eJ~I"l'lJ~~neJ'U 1~ tJ'lJ~~:W1UJ\Jl1:W ~onru~~~~1~ru1~1~ ~ n'W~~ 1v1oU'eJlJ~~~1~tl'W L"li'Wm ~ 

1 Lfl~1~'1-1eJ~rl'lJ~ ~f1eJ'U'1JeJ~ ~o:ffeJ I.~~~ Ll. ~~ \911l.J"' f1~UJ~'1JeJ~ ~o-ff eJ I.~~~ \Jl1:W~1v!f'!'U:W1 'lJ ~~f1eJ'Uvl1tJ l.rl1 

fl1~'UeJ'W1~1~~~-~'W eJeJn6ih~'W 1'W11Jl~I.~'W ~~~o'V'JeJ~ m~'UeJ'Wfl~~1 611~~~1-VitJ fl11:W~'W~eJ~1'W~o-d'eJ"51 
lJ1~1.1.~~fl11lJ<ff'W~eJ~~eJ1"51:W1~ 'LJ1:W1ru'i/i1~~1f1f11~1Lfl~1~'l-1\Jl1:WLf1UJ~~1~ ~ 1.1.61~~~~[11~~ 2.2 

'U 



nu,,,..,,:=...rt4fl&~!~'YI1:Li.,"llJft1PI"l1114u 

n nl5m-, 1:=..r rlondi~ ;:I 'b.i' "l1Jft1fl "lllJilJ un:=&cl, 

A c H 

A FC 

C '11111tJif~ fl1fl.ltJU 0 1ilJ1tJth tltiO·l·U 

- .t .. .,·· .t :!i M 1 '11111tJQ~ f'l"l11J,_."'t1CI 'I .. U'Uti'IJO~"'J"llJ"ll'l 

M. '112.nva~ f'l"l1ll4uftodfiih'llo~=i"l1l"la 
.. .I ~ --M 'K111t.ltl~ f'l"l11l"li'Ul1~1illfl'IJI!)~"Jt"lll"ll'l 

0 IN s Mi 

VM M 

s M1J1e.a~ oia&Tll!)f 

FC '111J1Va.:t f'ITf'l.JOUfl~fl"l 

vl\1! '111l1vtf~ rr,,.,::,'tftl 

Ms 

.fl1'W~ 2.2 tfi111tuvi"lifi.'Lim'a1bfl'a1::\·hl~~\h::ne:J'U"Ue:l~b~elb'W~~bb~~1~~n1'atl'a::li1Wfh 
\PI111bnru,; [8] 

11 

m~1 Lfl~1~~€l~ fi"tl~~fl€l'U"Il€l~"S .. n.n~ 1~ t1 m~'\J~~lJ1ru~1"1l€l~'tlllll~"ll'W~ ~1~ 1 LbG1~~~~ \Jl1~1~ 
.. 
'V1 2.2 

., 
u;n 

15.77 82.14 2.09 

21.16 78.28 0.56 

21.54 76.83 1.63 

18.54 80.10 1.36 

19.80 71.30 8.90 
0 ., ' 

~1\Jl'W'W'W 22.43 70.89 6.68 
' 

19.25 75.17 5.58 

14.95 73.78 11.27 

Lbfl~'U 15.80 63.30 20.60 

e4fliJl'U"IJl1 80.40 19.60 
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..::t. t1 tt ,: .o..::~ T q 

2.3.2 n'1~1bfll~1::Vi€Hiflltl~:mv\J"tltl.:l b "Ue:Jb 't'U'HI"U1111fl b~Elfl::be:JEJ~ 

m~'l bfl~1:::~e:J'Iritl~::: fltl'U'Utl'l b ~m ~~'l~l11lflblil Em::: bBtllilVI~eJ bb 'U'U bbtlfl'B1 (91 (Ultimate 
' 

analysis) blil t~vfl 1 'lJ':il::: 1mTieJ1.:JB.:J (9}111ifim~1 bfl~1:::~eJ.:Jri'lJ~:::n e:J'U bb 'U'U bbtl nu1 ~'UB'IriTW~'W bbfl::: 

ri1'W bflfl~tl 1Vi'Wiil (91111111 (91~~11..! fl1~Vllil ~tl'U bbfl:::i'~lil'Utl'ltl b111tl'W~111fl11~1VI1'Uri1 'W~'W ASTM 
~ ' 

0317 6-09 (9}111111(9}~~1'W~1~n1Vi'WiillTilbfl~1:::~bbfl:::m111ru~ ~tl'lvl1fl1~l bfl~1:::VI1~ bbfl m111ru'Ue:J'I 
~ 

fl11'U e:J'W 1®" blil ~ b ':il'W n111:::i1'W 1 'W b(9} ~ b':il'W bbfl::: blh bliltJ'lJ1111ru'UmeJ e:Jfl68b':il'W 1 i1TII"l1'Wlru blil t~fiWJ1 

LJ~111ru~1~~.:JV11IIil1 'Wb~m~~.:Jl1ri1 btl'W 1 oo ~l'W ~1VI1'Um~i bm1:::~ bb'U'U bbtlfl51(9l':il:::lbfl~1:::Vibliltl 
' 

~ ':il1~ru1 (9}111~1..!~11..!~ b ~e:J b ~~ '~ b tl'W b ~e:J b ~~ '~ bb ~'~ m ~i bF1~1:::~ b ~e:J b ~~'l~l11lfl bb 'U'U bbtl nu1 (9l'U e:J'I 
~ ' 

q ~ I V ~ 
"11l11lfl"1l'W\il{9}1.:J 1 bb~lil'l\i1'1{9}1~1'1Vl 2.3 

"' c H 0 N s "U1111fl 

1i1Biilb~lil 48.13 5.87 42.46 1.45 0.00 

b LJ~ tlfl~lltlfltJVl 49.98 5.71 43.35 0.21 0.01 

b LJ~e:Jfl ~d bbtlfl11e:Jfi'V1 51.30 5.29 40.90 0.66 0.01 

~'l-il1lb~lil 46.58 5.87 45.46 0.47 0.01 

'W1'1-il1l~1~ 43.20 5.00 39.40 0.61 0.11 

0 "' ' 43.64 5.81 43.87 0.00 0.00 fl1(9l'W'W'W 
' 

~1~'Wbbfi:::1'Uoil1l 1 ~lil 43.65 5.56 43.31 0.61 0.01 

"' 44.80 5.35 39.55 0.35 "111'Wtltltl 0.01 

bbflfi'U 38.30 4.36 36.45 0.83 0.06 
... 

40.30 4.60 33.99 1.51 0.00 t:.Jfl(9l'U"1Jl1 

.c.. t/1 II .::1 

2.3.3 n'1~1bfll~1::Vifll1fll1111~ti'LI"tlti.:I"U1111fl 

m~'l bfl~1:::~ri1m111~tl'W'Utl'l~l1llfl ~1111~tiVI11mlil t1m~1 bfl~1 :::Viblil tJ 1 ibfl~tl'll:ie:J11il~ 

b~ tlfll1'UB11D bbflfle:J1i3 b(9le:J1 bbfl::: blil t~'lTim~l"l1'Lilru blil t1 1 i-iJB11fl~1~ ':il1 n m~i bfl~1:::Viblil tlfl::: bB t1 li1 
'\) 

m ~i bfl~1:::~V11ri1 fll111~tl'LI'Utl'l b:ffe:J b ~~'~~l11lfi~"Dt1111 in'LI11ilt~vfl 1 LJlmTieJ' 1'1B.:J(91111-ile:Jn1Vi'LIIil m11 

111 (9}~~1'Lifl1~Vllil~tl'U bbfl:::i'~lil'Utl'ltl b111tl'LI~111fl11~1VI1'Uri1'LI~'LI~1 -if111 (9}~~1'LI ASTM 05865 
~ ' ""' 

m~VI1ri 1Fll111~eJ'LI'UeJ'I~l11lfiVI~eJ b ~m~~'~ bb ~'Iii 2 iTI Fle:Ji bfl~1 :::Viblil t1V11ri1m111~mJ 
~'I (Higher heating value) bbfl:::lbfl~1:::Viblilt1Vi1rl1fll111~tl'LI~1 (Lower heating value) 
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' .. 
rl1fll1&J~el'W~1"ll€J-:Jb:fi€lb'V'J~-:J;g'JlJ1G'IVI~mnilb~tlfYJlrl1fn1&.J'!€J'U~Vl5 (Net calorific 

' 
value; NCV) b tl'U f11 ~VI1rl1fll1&J~€J'U~ di~r<il1 fl f11~ b~.J11 VIii b ~€1 b 'V'J~-:J;gl&JlG'I~€JtuVIfll1 b~&J~'U~ 

' " 
25 e:J-:Jm b6i!G'I b65~~ 1~~~"il1~ruT;he.~~~.nruen~1~"il1flm~be-~11VIii~-:JVI&J~~l&J~-:JJ'1ii~m'U~ b tl'U 1e:J 

.. 
ri1 m1&J1'€l'U~-:J"ll€l-:J b :Sm 'V'J~-:J;gl&JlG'IVI~e:J €l1"il b~ ~ n·;hri1 fn1&J1' e:J'U ~l&J (Gross calorific 

" 
value; GCV) btl'UVI1rl1fll1&J1'€l'U~ bfl~"il1flfl1~ be-111 Vliib~€lb 'V'J~-:J;gl&JlG'I~e:JruVIfll1b~&J~'U 25 €l-:JI"11 

' " 
b6i!G'I b65~~ b~ ~~"il1 ~U.!1l1 e.!~ ~.fl ru6f1'~1~ "il1 fl fl1 ~ be-111 Vliitl flYl11 ~ b8'UG'I-:J"il'Uiie:JtuVIfll1 25 €l-:JI"11 

" ' " 
b6il" b ;~~ 1 'Umru-d1e:JJ'1"il1flm~be-~11 VIii "il~ flltJ bb u'U n~tJ&J1 b tl'U"lJ€1-:J bVIG'Il Y111 ~m ~fll1&J1'e:J'Ue:Je:J n&J1 

~-:J"il~Yl11 ~fn1&J~€J'U"il1flfl1~be.J11 Vliib ~€1 b'V'J~-:Jiirl1 b ~&J&J1fl~'U ~-:Jfld1&J~€l'U~ b ~&J~'Uiirl1 b'Vh fl'Ufll1&J 

~€J'Ubbe.l-:J"lJ€J-:Jfl1~flG'\1~ btl'U 1e:J"ll€J-:J 1e:JJ'1 
' .. ' 

fll1&JG1'&J~'U~~~VIl1 rl1fll1&J ~€J'U~1tltlrl 1fll1&J~€l'U~-:J"ll€l-:J b :fie:J b 'V'J~-:J;gl&JlG'I bb~~-:J~-:Jfl1'V'JVi 2. 3 
" 

.. 

... 

~--------------------------, 
T 1 I 

I 

LHV=Q1 

I 
I 

I J, ('UtHma1) 

I 
I ____ J 

HHV=Q,+Q2 

"il1flfl1~~ "il1~ru1 bbe.J'Ufl1'V'J~ 2. 3 "il~ 1~m1&JG1'&J~'U~~~VIl1-:Jrl1fll 1&J1'm.J ~1 bbG't~ri1 

fll1&J~e:J'U~-:J"lle:J-:J b ~m 'V'J~-:J"lll&JlG'I~-:J bb~~-:J 1 'U~&J m~~ 7 

.,; 
b&.J€1 

" 

HHV = LHV + nhtg(H20l (2.7) 

htg(H20) = b€l'UVl1G'ItJm m 'Ufl1~btJ~~'U 1€JJ'11 ~btl'U"lJ€1-:Jb VIG'Il~-:Jiiri1 b'Vh ntJ 2,260 m"~"~e:JnbG'tfl-r&J 

n = ~1'\..ll'U b&JG'\"ll€1-:J 1e:JJ'1 

b ~e:J-:J"il1 n ri1 fll1&J~e:J'Ubbe.l-:J 1 'U m~nm m tl'U 1e:J"l!e:J-:JJ'1iiri1 2,260 nbG'I"il'U ~e:JfibG'tn-r&J bbG'I~ 
" 
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1:w~~~~"lle:J-:J1®"1~-n:il'U~en.Jl~1:w~~~~"lle:J,:n11 (H2 : H20) ijrhwhil'U 1:9 ~-:J~'U~1n~:wm~~ 2.7 ~~ 

~1:w1 ~n ~ ~tJ 'Ufll1:wi1':wvr'Uth~vd1-:Jr11 m 1:w-r e:J'U ~1 ~~~~f'l1r11 1:w-r e:J'U~-:J"lle:J-!1 ~ ~e:J ~ V'l~-:J"ib:w1~ 1~ ~-:J .. 
~:Wfn~'Vl 2.8 

HHV = LHV + 22.6 (9H +M) k.J/kg 

'U 

(2.8) 

m ~'\111 f'11 m1:w 1e:J'U"lle:J-:J"til:w 1~~1:w 1 ~t~rl1'Ulru 1~ n1'V1 ~1 'U'IJ~m rue:J-:J l"l'IJ ~~n e:J'U ~1-:J 1 

"lle:J-:J b ~e:J ~ V'l~-!1~1 n m ~1 ~Yl ~1~~1~ t~m ~'IJ~~:w1 ruf'11 ~bG'l ~ m ~1 br1~1~~1~ tJ~~ ~€i t1 ~ 1~ tJij ~ b~'U eJ 
'U 

r111:w61':wvr'U~b ~e:J'VI1rl1 m1:w1'e:J'U~-:J"lle:J-:J b~m Vi ~-:J 1~ t~m~r11'Ul ru~ 1n'IJ~:w1ruu1 ~~1-:J 1 ~m 'U 

~~e:J b Vi~-!1~1~~1 nm ~1 ~Y1~1~'VI'1~tJG'1~ bBtJ~~-:J'IJ~1 fi!J€1~1 'U~'IJ"lle:J-:J~:wm~e:J ~1-!1~1 tJ'VIG'11 tJ~:wm ~ 1~tJ 
~b~~~~:wm ~~~ij~{J)~ ~bG'l~ ~~e:J-!1 1 "llb 'Uf11~ 1-tl~:wm~~ ~b{J)f1~1-:Jtl'U 1 'tJ m~~~ ~~e:Jn'tl1~:wm~1~ 1 'IJ1-tl-:J 1'U 

'U 

~~~'Ue:J ~n'U.UeJ:wG'l e:J-:Jrl'IJ~~ne:J'U"lle:J-!151 {9)~1-!1 .., ~m 'U~ ~e:J b ~~-:] 
'-' \J 'I I 

~:wm~m m 'U f11~rl1'Ul rur11 Yll1:W 1e:J'U~-!l"lle:J-!l b ~e:J b ~~-:]~ fl~ eJ'UflG'l:W~-:J"til:Wl~ ~~e:J b ~~-:] 
'U ' 

HHV = 0.3491C + 1.1783H + 0.10055-0.10340- 0.0015N- 0.0211A (MJ/kg) (2.9) 

c = 'IJ~:w1rur111'Ue:J'Ub'Ub~e:J~V'l~-:J (1e:JtJG'1~ 1~ml1V11!n) 
H = 'IJ~:w1ru1®"1~~~~'Ub'Ub~m~~-:J (1e:JtJG'1~1~tJ~1'VI1!n) 
s = 'IJ~:w1ruiG'lb'V'Je:Jft'Ub~m~~-:J (1e:JtJG'1~1~tJ~1'VI1!n) 
o = 'IJ~:w1rue:Je:Jn61h~'U1'Ub~m~~-:J (-re:JtJG'1~1~tJ~1'VI1!n) 
N = 'IJ1:w1ru1'W1{J)~b~'U1'U~~m~~-:J (1e:JtJG'1~1~tJ~1'VI11n) 
A= 'IJ1:w1ru~n11'U~~m~~-:J <1e:JtJG'1~1~tJ~1'VI1!n) 

n1 ~'\111 f'11m1:w-re:J'U"lle:J -:J ~ ~e:J ~ V'l~-:J"til:WlG'l m ~vh m~ f11'U 1ru 1~n1'Vl~1'U t:JG'lm ~1 ~1"1~1 ~~ 

b:ffe:J ~ ~~-:J 1~ t1'IJ~~:w1 ru~-:Jm~1~Y1~1~'VI'1~ tJ'IJ ~~:w1 ru~'UV111~~1 tJ ~1nm1:wGY:wvr'U~~~wi 1-:Jf'11m1:w 



"' 

~e:J'W"Ile:J-:J L~m'W~-:J 1~tJf11':i1 offoifm.JG'l~1f1fl1';j~hfl';i1~VI1~t~tl';i~l.n ru bbG1~-:J~-:JG1l.Jfl1';j~ 2.1 o 
'lJ 

HHV = 0.3536FC + 0.1559VM- 0.0078Ash (MJ/kg) 

FC = tl~l.J1tufl1~\Je:J'WF1-:J~l1 'Wb~e:Jb'W~-:J (~e:JtJG'l~ 1~ml1VI'l!f1) 
VM = tl~l.J1tuG11';i';i~b'VItJ1'WL~m'W~-:J (~e:JtJG'l~1~tJ,J1VI'l!f1) 
Ash = tl~l.J1tub~11'Wb~e:Jb'W~-:J (~e:JtJG'l~1~t~,J1VI'l!n) 

' 
lPI1':i1-:~iii 2.4 fi1fl11~~v'W'Uv.:~~h~1~'tiilfllPi1.:~ ~ [ 1J 

... "' "" ... I II ... 
'!11~1~ 1l:lflb Vl~elVI-:1 fl1fl11~':iel'U '!11~1~ • 

(MJ/kg) 
... ... 

14.40 
... 

tltltJ "ll1'We:JtltJ l.J~'W';i1') 

tJtl~ bbG'l~ 1 \J 17.39 
... 

14.27 "(]11 bb f1G'l\J 

'rJ1-:Joif11 10.24 lJ'W611tl~VI"'-:J 
~ Q.J ~ 

'W1l.J'W'll1G'll.J Vl~G'lltltJT~l.J 17.86 oif11 1 'W~ 

b~'W1t~ 17.62 
v ... 

tl'JG'\{;1-:J 

f1~G'l1 18.46 ~1tJ 
... ~ ... 
fl1'WV11-:J 9.83 tllb'VIG'ltl-:J 

v ... 

16.33 oif1'JYJ1-:J Vl~G'l1tJ\?Il~ 
'lJ 

bl"l~1lJ 
... ... 

14.98 f1-:lfl1'W 

"' 
2.4 b VJfll 'W l~am':i~~\Plrhlllb~vb w~.:~ 

Q,J 4 ~ 
1l:lflb Vl~elVI-:1 • 

b tl~e:Jf1 

f1~G'l1 

VI~G'lltl 

... 
\?I'W 

v 

'M 

b tl~e:Jf1 
0 ... 

G'\1\?I'W 

rl1~'WbbG'l~1\J 

1tJbbG'l~~'W 

(2.10) 

I II 

fl1fl11~':iel'U 

(MJ/kg) 

16.23 

17.93 

15.40 

18.42 

18.04 

12.66 

14.49 

19.44 

10.23 

b Vlf11 'W 1G'l~fl1';j~~\?ln1'il b ~m 'W~-:J Ltl'Wb Vlf11 'W 1"~~ b tl~t~'W<all.JlG'l'VI~m~e:J b 'W~-:J bb~-:J~l1~'WVl~fJG11';i 
btl'We:J-:Jrltl';i~f1e:J\J 1 ~btl'W'W"'-:J-:J1'W~e:J t1 1 'W';itl"lle:J-:Jn 1'il b~m 'W~-:J b~e:Jb'W~-:J bb ~-:J~U1l.J11 -til 'Wm~\Jl'Wm';i 

'lJ 'lJ 

~~ \?ltl1'ilb~e:Jb'W~-:JG11l.J1';it11 m~VIG'l1f1VIG'l1tJtl';i~bflV11~\Lfi "$'Jl.JlG'ltl';i~bflV11Ji1-:J ~ ri1'W~'W ri1'W "lltJ~ 

bLG'l~lG1~ b'VI~e:J~-:J~1 f1fl1';jbf1~\?l';j btl'W~'W b~m 'W~-:J bb~-:J~~ Ltl~tJ'W';itl btl'Wtl1'il L~e:J b Vl~-:J~ltJm~\Jl'Wfl1';i 
• 'lJ 

btl~tJ'Wbb'llG'l-:JV11-:Jbf1l1m1l.J~tl'W (Thermal chemical conversion) ~bii~~'Wmt~1~G1fl1l~~fll\JfJl.J 
tl~l.J1tuG11';i~lf1G'l1-:J mm'Wfl1';i'Vl1tl!]f1~m~~\?ltl1'ilb~tlb'W~-:J l~bbrl tl1f111"1 tl1'ile:Je:Jf16Bb~'WbbG'l~ 1e:J,J1 

khanitha
Rectangle

khanitha
Rectangle

khanitha
Rectangle

khanitha
Rectangle



16 

ltl'W~'W 1~m~e:Jl ~~-:Jll~-:J~~vht.Ji]n~m fi'D~1';i~1f1~1-:Jfl1~1 'Wlrl~e:J-:Jt:.J~\9ln16!!l ~m~~-:J t:.J~\9lnru~ 
Vi~fl'vt1v1~1 flf11';j[:.J~ \9ln16!!l ~m ~~-:]~~ l tJ'Wn16!! ~-:J'lh~fle:JtJvi''J ~ti16!!~ lt:.J11 Vim vi' ll~~n16!! ~ lt:.J11 VilJ 

hJ1v1 ';j'Jl.J~-!l~'W lih ~1'Wll~~tl1ir'W~'W n16!!~lt:.J11Vim~vi'llri n16!!m1De:J'Wl.J€l'W'We:Jf116!!~ ti16!!iil'Vl'W 
' 

ll~~ti16!!1~1~';il~'W n16!!~lt:.J11Vlilll.i1v11vi'llri n16!!rn1De:J'W1~e:Je:Jf116!!~ ll~~n16!!1'W119l';il~'W ti16!! 

l ~e:J l ~~-:J~ t:.J~ 1911vi'ii e:J-!1 rh.J ';j~ f1 e:JD"lle:J-!1 ti 161lll~ ~ri 1m 1l.l~e:J'W ll\91 f11111-:Jtl'W~-:J 'ii~'W e:J ~ fi'D~ m~ru ~"ll e:J-!1 
'U 

'lJ ijfi~m~ lfl~ ~'W ll~~ ~1 ';i ~1f1~1-:J~1 otl n16!!l ~e:Jb ~~-:J~li€1-:Jrl'l.J-;i~ f1 e:JtJVi~ fl'l.J-;j~ f1€JDvl1 ~ n16!! 

rn1De:J'Wl.le:J'We:Jf116!!~ ll~~n16!!lil'Vl'W ~~l~~fln16!!l~e:Jl~~-:J·trw~'ii111 ~';j~'Jl6!!e:J1n16!! (Producer gas) 

ll~~(hn16!!l ~€1 l ~~-!l~t:.l~\911vi'iie:J-:Jfl'l.J';j~f1€JtJVi~f1~€J n16!!rl11'1Je:J'Wl.J€J'W€Jf116!!~ ll~~ 1~ 1~-;il~'W ~~ l~~fl 

n16!!l~€lb~~-!l~-!l lrl';i1~~ (Synthesis gas; Syngas) ll~~~1n16!!l~€lb ~~-!l~t:.l~1911vlt-tl"ii1l.l1~ ltl'W 

" n16!!"ii1l.l1~Vi~e:Jn16!!l~m~~-!1~1fl"ii1l.l1~ [7J 

fl';j~'\J'J'W m ';i'Vl1-!l lrliir111l.J~€J'W~ ln~~'W.n1 ~1 'Wlrl~€1-!1 [:.J~ \91 n 16!!l ~€1 l ~~-:] LJ-;j~ f1 €1'\Jvl'J ~ 
m~'U1'Wf11';iVi~f1 4 m~'IJ1'Wf11';i 1vi'llri ( 1) m~'IJ1'Wf11';i~~r111l.l~'W (Drying) (2) m~'U1'Wf11';i 

~m~~1vl1~Yn1l.l~€J'W ( Pyrolysis) (3) m~'U1'Wf11';il~.J11VilJ (Combustion) (4) m~'U1'Wf11';it:.J~\9l 

n16!!l~€Jb~~-!1~1f1~1'W"1111 (Char gasification) m~D1'Wf11';i~lfl~~'Wfl1~1'Wlrl~€J-!lt:.J~\9ln16!!l~€ll~~-!l 
l tl'Wm~D1'W f11';j~iir111l.l~1~'W~I11e:J n'W lfl~~'W~~m.J fi''Wll~~ 111e:J l ~ e:J-:J fi''W 1~ ~~'IJ~ l'JruVi~e:J ~1ll Vi'l.i-:J 

1111-:Jtl'W~~ lfl~'l.Ji)f1~~1ll\9lf11111-:Jtl'W 1 'l.J~-:J-d~'W€1 ~ tl'\J~.f\11 ~ lbd~"' e:J:!J"!Je:J-!1"81l.l1~~'\J~ l'Jt\J,r'W~-!1 1vi'llri 

'l.J~l.J1UJYn1l.J~€J'W~lfl~~'W'IJ~bdru,!'W ltl'W~'W 1 'Wfl';i~'IJ1'Wf11';it:.l~\9l n16!!l~€Jb ~~-:] 'l.Ji)fi~m lt:.J11 VilJne:J 

l tl'W'l.Jijfi~mVl~ fl~ ln~~'Wri e:J'W'l.Jijn~~ 1 ~'W 1~ ~'l.Ji]n~m ~'W ~~ lfi~~'W 111e:Jl.l1 ~~ l tl'Wt:.J~ 111e:J l ~ e:J-:Jl.J1 ~1 f1 

t:.l~"!Je:J-:J'l.Jijfi~m f11';j lt:.J11 VilJ~ lfl~~'W 1 'W"1i1-:J ll ';jfl 'l.Ji)fi~m~ lfl~~'W.f\1~ 1 'Wlrl~€J-!lt:.l~\9ll ~m~~-!1 n16!!l tl'W 

LJl)n~~1~ ln~~'W 111€1 l ~€1-!1€1 ~1l tJ'W~1~'\J ~-!l,r'Wfl1~';j'Jl.J"!Je:J-!lm~'IJ1'W m ';j[:.J~ \91 n16!!l ~€1 l ~~-:]~ ln~~'W 1 'W 
' " ' 

lrl~€J-:j[:.J~\9ln16!!l~m~~-!lll~~-:j~-:Jm~Vi 2.4 



n. 
~trtt~~t1l~U~trtt~~~M.,B~mt~B~n~rtLt~mLrt&jbn.~n~n~rtLt~~bA.,~~~LLm~wnBkM:Lt~ 

I J'l I f'l f1 J1i I 

(H"Z) L[l.~t + ~~,,~~M.m!]:,<-- nBkM:LW + U~Q,~gM.mf]:, 
~ ~ ~ 

11·z ~~LUrt~~~~n~rt£!M:Lt~~~~mn!]:rtLt~~~n_E.n t n!]:rtLt~ 
I J'l /1 ffi 

n. n. 
~~UU ~~ ,,~~M., Bf:\~W tL~ L!bBt~Ba.r,~n t~trtt~UL~UBB~ tU~Q, ~~M. m!]:mt,~B~nf]:M:Lt~ 

1'1 t1i 1'1 I II 

rl.£-~~nBk rtLt~n.k~t ~trtt~uL~~BP ,~t n~~~, n~rtLt~ ~~n~n t n~~~, ~n~rtLt~~~u u 

l;lt:,ltt:,~t-~M1@~1UI.,~U@@n~ltl.,t:,~Bit1.1::tti.,UfU,n.::r.u ~·z ~MI.,ll 
~ ~ . 

nB~M:Lt~ 
"' 

1 
~bA. 1mtrtt11. 
"' "' 

u~Qmtrtt~ 

1 
L!bBt 
~ 

~·z lA,M.LlJ 
!"' 

n t~~~,, ~trtt~~~M. ,Bf]:,UL~UBBnf]:M:Lt~~bA. ,~~~LU ~~M. ,B!]:m t ~LL.m~~~1~nf]:rtLW~Bil.~M. ,,~LU 
J'l f'l J'l f1 I J'l 

~~,, n~~mbA. t~LUntt~mLt~ ~~M.m!]:,~Ba.t~~n~ ~,,~t~~L~~r,,K~n.~n~L~!J::~n!]:rtLW~bA.,::~ 
f'l I f'l f'l 1'1 

~LUL~~~ !J~,~LIA,~~r, ,m~~r, ,~LUL~~~Qr,~~, ftt ~~1 ~trtt~t~UL~LM:UBB~bA., ~~nf]:M:Lt~~ tL~~~t} 
' ~ ~ 

n_E.n t rl.k~t ~trtt~~nBkM:LW Q>mU~n.n t~~ftt LM:L~,~~L~~~Qr,L~HoW~L~Ut~~L~n,tb~~ ~~M. m!]:, 
/"1 I f'l I J'l J'l 

ri9L!J ~~~~B~~, ~Ba.~~nn.~B~n_E.nr;, Q>n_E.uL~~B t:, LrtN;!LJ!l~n_E.n L8 B~~trtt~n.~n~~~,~L~~~Qr. 
I I f'l J'l J'l I I I f1 I f'l I 

n. 
UL~Lrtn~nL~~~~nBkM:Lt~n.k~t ~~t}n_E.n t~trtt~ ~~~mr/9, Lki~B OOZ-OL ~L~bA.~~~tp.n t~B 

f'l I f'l f'l 

l"b b .. n. 
c;ubA.mB!J~ ~1~~M., Bf]:, ri9L!J ~~~~B~~, ~BU.~ ~nn.nL ~~B~~ t}n~n t ~trtt~ LM:UBBnf]:M:Lt~~bA., ~~~~,, 

11 ' 1'1 t1i 1'1 

nBkM:Lt~n.k~tt:n~nL8B~~trtt~~mu~n.nr;, (auoz au!AIO) n!]:rtLW~~n~ 
1'1 1'15 I I J1i J'l 

n!]:rtLt~~~n~ 1·1·v·z 
~ ~ 

n_E.U~~n~ (17) ~~,,~bA.tL~m~ (£) nBkM:LW~t~t~~L~~n~ (Z) n!]:M:Lt~~~n_E. n) ~,,~t 
1'1 1'1 1'1 1'1 t1 

mu~n. tJ nr; mll:~~,~L~~~gr,~Ba.~mj>J,U~rtL~nr/91 nr; ,~fb,, ~~M.,Bf:,r19L1f~~~~B~~mt~W~~L~ 
f1 I J'l I 

mu~n. n~~Bt:m~~m, n~rtBkM.n~~~,~L~~~Qr.nt;,~Luntn.~w 17 ~LLmtn.~W!J 
' ~ ' 

I:'~M1@~1101.,1J~~Ht-@~~mbBI.,llt-~111:-~M1@~1n.1!n~~~1~1.,B~~fl. l"17"Z 

L1 
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i1f'll1d.J~'U~N tl1';i';i~ b •vHJf'ld1d.J~'U'OJ~ bfl ~ 1Ji'-ihv'h 1 ~~ld.Jlfl~ bf'l~€l'U~lfl'ld.J11 'U~'U~fl1~ ~hlii'l~m1d.J 
'\) 

1'€l'U~mJ~Vlft'ld.J1~'lf'l'liim1d.J:ff'UbVl~€lmJ&J1f1 ~.:] 'OJ~~'l~fl~mJ nn1m~bflVl~'U 1 'U~'U~Vlfl'ld.J1 bbfl~ 
'\) '\) ~ 

~'l ~fl ~€!1 tltl'lf'lUI.fl1"fj"IJ€J'l fi 16il b ~€! b"fj~'l~ ~~ ~J~1Ji'-o;~~ 1lJ ~1d.J1';ifl~V11 vJ1Ji'(h~ld.Jlfliif'll1d.J~'U\JI1d.J 
' 

d.J1\JI';i~1'Ubb~'l1lJ bn'U1'€l~"~ 61 ~'ln1~€l'ltl1';i 1 ~ ti16il b~€1 b Vj~'liif'lrum"fj~.:] b ~~.:]"fj€) ~ld.Jlfl'OJ~ ~€l'lii 
"" ' '\) 

f'll1d.J~'U\JI1d.Jd.J1\JI';i~1'Ubb~'l1lJLn'U1'€l~"~ 33 1 'UtJ5n1~1f11';i~~\JI n16ilb:ff€l b "fj~.:]'OJ~~1d.J1';ifl';j~ b Vl~ 
f'll 1d.J~'U ~ €l ~ 1 'U~ld.Jlfl11il.Jf'l'Vld.JV1"1Jru~~ €l ~ 1 'U~'U f!V1m1d.J~'U 1Ji'L! 'U~ld.Jlfi'OJ~~ €l'liifi1m 1d.J~'U ~1 n-J1 

'\) '\) 

1'€l~fl~ 15 f'll1d.J1'€l'Um m'Utl1';i';i~ b'Vl~f'll1d.J~'U'OJ1 f1~ld.Jlft~1d.J1';iflfl1'Ulru 1Ji' b~m'l';i1'Uf'ld1d.J~'U~€l~ 
'\) 

1 'U~ld.JlfllV1~tl1&J1 rum1d.J~'U 1 'U~ld.Jlfl~1d.J1';ifl'V1';11'U 11il'OJ1f1tl1';1l bf'l';i1 ~-vh:ff€1 b Vj~'l1V1~tl1-;itJ-;j~d.J1ru 
f11 1V1 ~tl1d.J1 ruf'll1d.J1'€l'Um -m, 'Utl1';i';i~ b Vl~ m1d.J:ff'U~1w!'U b ~€! b "fj~'l~ld.Jlfl~nf'll 1d.J:ff'Uu€l ~ f1l1Vl ~€! 

.::I 0 v 
~d.Jf11';i'Vl 2.12 bbfl~ 2.13 \JI1d.Jfl1Vl'U 

~Hvap = 3.348-13.085U+60.262U2-95.778U3 (k.J/g) b~€1 u~0.3 (2.12) 

~Hvap = 2.26 (k.J/g) b~€1 U ~ 0.3 (2.13) 

b~€1 ~Hvap = "fj"'.:]'l1'Umm'Um';i';i~b'Vl~f'll1&J:ff'U <n1"~"~Bn1fln'!&J) 
u = tl1d.J1Ulf'ld1d.J:ff'U 1 'U~ld.Jlfl ( 1'€l~fl~ lV1~~1Vl-Jf1) 

'OJ1f1~d.Jtl1';i~ 2.13 'OJ~ 11il11n1~ld.Jlfliif'll1d.J~'U 1 n1fln1d.J'OJ~~€l'l1-Hm1&J1'€l'Ub~m~'U1~~1€l€ln 
'OJ1 f1~ld.JlfltJ-;j~d.J1ru 2,260 nlfl~fl~'lmd.J1U!f'll1d.J1'€l'Um m 'U f11';j';j~ b Vl ~f'll1d.J:ff'U~1Vl'!'Utl~n1mm';i 
~~ \Jin16il b ~€! b "fj~.:].n'OJ~d.J1'0J1nm~'Ul'U m';i be.J11 VllJ~ bn Vl~'Um ~ 1 'Ubf'l~€l'le.J~ \JI n16il b :ff€1 b "fj~.:] 

IJ v Q.l v v 
2.4.1.2 "ll'U~fl1~\JilVll~f'll1d.J';i€l'U 

~'U~fll~~llii'l~m1&J1'€l'U (Pyrolysis zone) btl'U'U1nru~~ld.Jlfl~€l~1'U~'U.Q 
1Ji''!'Uf'll1d.J1'€l'U bbfl~~fl1 ~~ltl~€!~~1';1';1~ b Vl~€1 €lf1d.J1 Bru'Vl.nffi 'U~'UcQiifi1tl-;i~&J1ru 135-600 €l'll"11 ' '\) 

b6ilfl b ~~~ "!ild.Jlfl~€1~ 1 'U~'U.Qb tl'U"!ild.Jlfl~bf'l~€l'U~fl'ld.J1 'OJ 1 f1~'Uf!Vlf'ld1d.J:ff'U f11';j bf'l~€l'U~l"IJ €l'l"!il d.Jlfl 
'\) 

m~ 1 'Ubf'l~€l'l~~~J~n16ilb:ff€l b"fj~'l LnVl~'U 1Ji' b~€l'l'OJ1n"!il&Jlfl~€l~1 'U'U1nru~'Ub~11 VllJ Lbfi~~'U~~ni'U~ 
€l~~Vlfl'ld.J1'0J1n~'U~"1 ~ ~11il1 ~m1&J1'€l'UbnV1tJnn1~Tv'h1 ~d.Jlflf!Vlfl'l bbft~ LnVl n1';j ~'U~l vh1 ~ 

'\) ~ ' 
~ld.Jlfl~€1 ~ Ji'1'U'U'U"Il~'U ~l Lbfl~ bf'l~€l'Uf!'ld.J1 til 1 'U~1'l "lil&Jlfl1 'U~'U~fl1 ~ ~1Ji'1 ~m 1d.J 1'€!'1..! 'OJ~ 1Ji'1'LJ 

'\) 

f'll1d.J1'€l'U'OJ1 n~'Ub~11 VllJ~€1 ~~Vlf!'lm 1 'U~'U~m ~~11il1 ~m1d.J1'€l'U 1lJii~1';i~lf1fl1'lm m 'U n1 ';i'Vh 
'\) 

tJ5n1m b oil1&J1ti'l m1&J1'€l'U~ b:ff€1 b "fj~-:]1 'U~'UcQ1Ji''!LJ-o;~~vh 1 ~~1-;i';i~ b Vl~~€1 ~'1 'U b ~€! b "fj~.:]~fl1 ~ ~l 
€l€lf1d.J1~'l €l1'0J b~~nm~'Ul'Uf11';i.Ql1 n ';i~'Ul'Uf11';1 bb\Jif1 ~l"IJ€l'l~1 ';i';i~ b Vl~ ( Devolatilization process) 
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t:.~i'l IJlJi'rusn~ t:.~i'l IJleJeJf1:W11il1f1~'W61m £J ~l~'"Wm1:w~erw'\.J';i~ f1eJ'U~lEmJV11'W eJ~ mvnl161:w ~hw'W~'W 
n161l~bt:.~1hurt~ bb~~n161l~bt:.~11 'VlilbJ1~ 611-;i'\.J';i~f)eJ'U 1~1mfni'UeJ'W~eJ£J1 'W';i'\.J"lJeJ~ n16111~bbri rh61l 

'IJ 'IJ 

fl1i'UeJ'W:Wel'WeJf1161l~ n161lfl1i'UeJ'W 1V1eJeJf1161l~ fl16115:ibVl'Wbb~~ fl16111~1V1';ibliJ'W b'lJ'U~'W m~'Ul'Wf11';i 

61m£J~l~l£Jfn1:W~eJ'W~bnV1~'Wbb~~t:.~i'liJ1Ji'rust1~1~1il1f1m~'Ul'Wf11';i ~~m~~ 2.6 

fll1:W~el'W 1 'W61fl1l~ 

HeJeJn61lblil'W 

" ' 0 cv ~ 8)1 .c::t 

'W1:W'WV1'W f11611Vlbt:.J1 

1'Vlm~ n161l~bt:.~11'Vl~ 

1lJ1~ 

LJi)n~£J1f11-;i61~1£J~l~l£Jfn1:W~eJ'W"Um"iil:wl~ 1V1£J1~"ill:wl~ii~IJl';i1:Wb~~~ CaHbOcNdbb~~ 

n1'Vl'WV11~t:.~i'liJlfirusn~1~1il1f1f1-;i~'Ul'Wf11-;i61~1£J~l~l£Jfll1:W~eJ'W'\.J';i~f1el'U~l£!~1'W~1i(CxNy)n161l 

~1-:J1 mV1bb~~J1 ~~bb61V1~1'W61:Wf11';i~ 2.14 

a' = ..ij1'Wl'W 1:w~"lleJ-:Jn161lfl1i'UeJ'W:Wel'W'WeJf1161l~ 

b' = ..ij1'Wl'W1:w~"lleJ~n16111~1V1';iblil'W 

c' = ..ij1'Wl'W1:W~"Umn161ll1bVl'W 

d' = ..ij1'Wl'Wb:W~"llel~beJV1Vi~'W 

e' = ..ij1'Wl'Wb:W~"lleJ~mV1 

f' = ..ij1'Wl'Wb:W~"lleJ-:JJ'1 
t:.~i'liJlnrusnliJ1f1LJ~n~£J1m';i61~1 £] ~l~l£Jfll1:w~eJ'W"lleJ-:J"iil:wl~LJ-;j~ b.nVl ~1~ 11Vl £] 1 ibb 'U'U ~1~el~ 

f11';i61~1£J~l~l£Jfll1:W~el'W 61';i'\.J1~~~\Jl1';i1-:J~ 2.5 
' 
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o/o 1~a 
1> J[ ... 

vh:~'ti11 "Ufl::bfl~b~ ~boOmiv'U 
\PI::nv'U'U1 b"lfe:Jb'Wfii-:I"Ufl:: 

"' "' ... 0 

bflfl 'U1VI'Lin e.~ai.I'Wfil1a\Pin 

I ~ 

12.45 18.24 19.42 10.84 5.15 tn'W"ll1~ 

co 65.36 67.31 57.08 33.37 24.51 

H2 4.97 5.34 3.79 3.26 4.13 

CH4 0.04 0.00 3.65 1.26 14.53 

C2H4 2.36 0.01 0.96 5.87 39.80 

HCN 0.72 0.28 0.10 6.09 0.56 

H20 9.86 5.78 14.72 6.66 2.65 
., 

4.24 3.04 0.27 32.62 8.66 btn 

€Jt1J"v1fli1 
' 'IJ 

1~~h1"68~ 712 674 711 702 664 

(bfll'U) 

" Q.J .CIIV V 

2.4.1.3 "ll'W~~fl"ll'W 

.ffu~~niu (Reduction zone) btl'LI'U~nru~ri1'W"ll1~bb"~~~l?lilrusn~'W 1 "i11fl 

.ffu~"1 tJ ~l~ltJfl'J1l.J'!€l'W bb"~.ffub~11 "v1iJ bfl~mJ ~l"~l.J1 f!~'U~ b 1ru-d' bb"~Vi11 ~ bil~'l.Jlj il~m~~ niu 

1~ tJfl16ilfl1~'Ue:J'W 1~€J€Jn 16!ll'l"i11 ni'Wb~11 "v1iJVi1'tJl)il~tJ1tl'Ufl1~'U€l'W 1 'Wri1'LI"ll1~ bil~'tJl]il~tJ1~~niu"~ 
e:Je:J n6/lb "ii'LI1 u n16ilfl1~'U€l'W 1~€J€Jn16!ll'l"~ b tJu n16ilfl1~'U€l'Ul.J€l'W'W€Jfl16i!l'l ~~~'U'U~ b 1ru'll~~ b~ tJfl';hi'W 

IJ" f./ I iJ' 

~~niu Vl~€Ji'W~~I?ln16ilb'8m~~~"ii1flri1'LI"ll1~ (Char gasification) 'tJl)il~mvhil~~'Wfl'Uri1'W"ll1~bb"~ 

~~ l?lnrusn~'W 1~ bfl~tJ'LI~l"~lJ 11 'W'U~ b lru-d'btl'W'l.Jljil~m~ bil~ ~€1 b ~tJ~fl'Lib tl'W~1 ~'U~~.n 
fl16ilfl1~'U€J'U 1~ €l€Jn16!ll'i'Vi1'tJfiil~mfl1~'U€J'W 1ut11'W"ll1~ b tJu'tJfiil~m~ ~fll1l.J 

~€l'W 1~ ~ ~ \PIJl rusn €1€1 fll.J 1 b tl'W ti 16ilfl1 ~'U €J'Ul.J €J 'W 'W €J n16ill'l b~tJ n'tJ lJ il~ tJ 1-d' l1'tJ fi il~ tJ 1 \l ~ tJ 1 ~ ~ 
(Boudouard reaction) 'tJl)il~tJ1~bil~~'U~~bb~~~1 'W~l.Jf11~~ 2.15 

C + C02-> 2CO + 172k.J/mol (2.15) 

1 €1 tJ 1 ~ ~ ~ b VI tJ €J €J fll.J 1 "i11 fl b <ff €J b ~ ~ ~ 6fl l lJ l" "ii ~ vl 1 'tJ fin~ tJ 1 fl 'U fl1 ~ 'U €J 'U ~ €J ~1 'W ri 1 tJ "111{ 

bil~'tJfiil~tJ1~~ fll1lJ~tJ'LI 1~ ~~\PiilrusntJtJnm1~ bbn n16!lfl1~'U€l'Wl.J tJ'W'UtJn16!ll'l 'tJl)il~m~ bil~~u 
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l~t.Jfll1'1Ji)fi~tnl€lbl9l€l1llflG1 (Water gas reaction) ~'l~:W1t.Ji'i'l'1Ji)fi~tn~~hv11'1Ji)fi~tnn'Url11'U€l'W 
1#1~:-J~ 19lti'ru,;-b'iJ'Wti1~f11{'U€l'W:W€l'W'We:Jn1~v1 '1Ji)fi~t.J1~ln~-ff'Wvi'lllGi~'l1 'WGi:wm~~ 2.16 

C + H20 ->CO+ H2 + 131k.J/mol (2.16) 

1ml'1~~~ l ~t.J €l €lfl:W11il1fll ~e:Jl ~~'lli!~vi'1'1J i)n~m n'U ti 1~r11 {'Ue:J'W:w e:J'W'W e:Jn1 ~v1l tJ'W'IJ i)n~ mr11 t.J 

f1l1:W~€l'W 1#1 1:-l~ \9ltltu,;-€l €l n:w 1l tl'W ti1~f111'Ue:J'W 1#1 e:Je:J n1~v1lbG'l ~ ti1~ 1®" 1~ ~ llil'W b~ t.Jn'IJi) fi'1t.J1'i111 

l€lbl9l€l1lbflGi"il~ (Water gas shift reaction) ~'l~:W1t.Ji'l'l'1Ji)fi'1tn~lfi~ f'h~m{'U€l'W:W€l'W'W€lfl1~v1vi'1 

'1Ji)fi~mn'UJ11vi'ti1~ 1®"1~~ llil'W 'IJi)fi~m~ln~-ff'WlbGi~'lvi''lGi:wm~ 2.11 

(2.17) 

ti1~1®"1mllil'W~lfl~lil1fl'IJi)fi~t.J1l€lb\9l€l{lbtiG1"il~ (Water gas shift reaction) lil~vl1'1Ji)fi'1t.J1 

tl'Uf11i'U e:J'W l tl'W'IJi)fi'1tnf11 t.J m1:w~e:J'W 1#1 1:-l~ \9ltl ru,;-e:J€lfl:W1ltl'W f'h~i1l 'Vl'W l~t.Jn'1Ji)fi~m'i1-J1 'IJ i)fi~tn 
1®"1~~lbtiG168Yilf1otl'W (Hydro-gasification reaction) '1Ji)fi~tn~lfi~-ff'WlbGi~'lvi'lG1:Wfl1~~ 2.18 

C + 2H 2-> CH 4 - 74.8k.J/mol (2.18) 

ti1~1®" 1~~ llil'WlbG'l ~ ti 1~r11i'U e:J'W:W e:J'W'W €l n1~v1~ lfl~li!1 n'1Ji)fi1t.J 1l€lbl9l€l{ ll tiG1"il~ (Water gas 

shift reaction) lil~vl1'1Ji)fi~t.J11#i' 1:-l~ \91Jltu,;-€l €lfl:W1ltl'W ti1~i1l 'Vl'W l~t.J n'IJi)fi~t.J 1'i111 '1Ji)fi'1t.J11:-l~ \91 

ti1~i1l'Vl'W (Methanation reaction) '1Ji)fi~tn~lfi~off'Wvi'llbGi~'lb'WGi:Wfl1~~ 2.19-2.21 

2CO + 2H 2-> CH4 + C02 - 274k.J/mol 

CO+ 3H 2-> CH4 + H20 -165k.J/mol 

C02 + 4H2-> CH4 +2H 20 - 165k.J/mol 

'1Ji)fi'1tn~viflotl'W"ll€l'lri1'W61111~lfi~off'Wvi'lbbGi~'lb'WG1:Wfl1~~ 2.15 - 2.18 Gi~'IJ1vi'vi'llbGi~'lb'W 

~'IJm~~ 2. 7 .., 

(2.19) 

(2.20) 

(2.21) 
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2.4. 1.4 .ff·w~n hnj' 

~'WLt:nhnj' (Combustion zone) L\J'W'U1nru~L~€JL'Y1~-:J=il'nrnufi111tll]fi'1tn 
mm68 Ll11-tl'wl''Urn4'U€l'W 1 'W=ill~li.1 L tl'Wtlijfi'1v11"11Vm1~~€l'Wtlijfi1 m1 'W~'W'd'n€l';h L \J'Wtlijfi'1tn'VI~n 
~~1flfld1~~€l'WL~eJ1 m'Wfl1~V'htlijfi'1V1 LLfl=iJ'J~'Ji.1~eJ~1 'W.ff'W~'W ~ IJi€1 hJ ~-:JeJ1~L1V'W'U'1LlU.!'Q';h 

'U1nruneJ1yj (Hearth zone) ~ruV13JlJ1'W.ff'W-d'nrhtl~:::~1ru 900 - 1200 eJ-:Jf"l1L6l!m6ilmn.Ji)fi1m~ 
Lfl\1l~'W1'W~'WdLL~\11-:J~-:J~~fl1~~ 2.22 -2.24 

C + 0 2-> C02 +394k.J/mol 

C + 0.502-> C02 -284k.J/mol 

H + 1/202 -> H20 + 242k.J/mol 

' ~ 

.n1cwiii 2.a u~ma1m-au..J11 'VIm 'Wi'WbllJ11 'VIii 

(2.22) 

(2.23) 

(2.24) 

~~Vll.1'Y1~-:J-:J1'W~ LfiVl~'W 1 'Um:::'Ul'Wm~~~\Jin16l!L ~eJ L 'Y1~-:J~1 n 4 m:::'Ul'Wfl1~~-:J~1m::: L~v111 
' 

-iJ1-:J~'W~1~1~tl~~tJ1~~-:J Lb~\11-:J 1 'Wfl1'Y1~ 2. 9 
' 

C02+H,t0 
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1t1bb 'U'U'tlv.:~tlfim~1 tJfimU1 

tlfim~1n'Ufl1i'llv'U 

'\.Jl) ~1 tn'U~ en { ~ 
'U'U 

C + C02-) 2CO + 1 72k.J/mol 

LJ!)~~cn1t1 b\91€11 bbn?l C + H20 -)CO+ H2 + 131k.J/mol 

'1Jl)~~cn1~ 1~·mn?t~~ bfloff'U C + 2H2-) CH4 - 74.8k.J/mol 

'\.Jl) ~1 en t1 t1 n~ b~-tl'-IJ'U1 ~~ 1'U C +0.502-) CO - 111k.J/mol 

tJfim~1vvn~b~-H''U 

C + 0 2-) C02 + 394k.J/mol 

C + 0.502-) C02 -284k.J/mol 

CH4 + 202<-) C02 + 2H20 - 803k.J/mol 

H + 1/202 -) H20 + 242k.J/mol 

tlfim~11vblPlvibLna~cw 

CO+ H20 <-) C02 + H2- 41.2k.J/mol 

tlfim~1m-a~~\Plbbnaijb'VI'U 

2CO + 2Hr--) CH4 + C02 - 274k.J/mol 

CO+ 3H2-) CH4 + H20 -165k.J/mol 

C02 + 4H2-) CH4 +2H20 - 165k.J/mol 

tlfim~1~"Wvi~-:~1~~ lolilvJ1 

CH4 +H20 <-)CO + 3H2 + 206k.J/mol 

CH4 +0.502 <-)CO+ 2H2 -36k.J/mol 

z.s u;a~~viij~~~vm-a~~\Plb;Jelb'W~.:~ 
1 'U m~'U1'Un 1'mn?t~~ bfloff'U e:Jru'VIflil bb"~m1:w~\.~~~ btl'U?tfl11~~ rh'VI'U~1 ~ bn~'\.Jn~~~1'U1~ 

' 'U '6.1 

'IJ n n~ en bb" ~ b ~ ~ n 1611 Vi~ €16'11'~'\.J i' ~f) tl'U \911 :w ?I [111 ~ ?I:W ~" 'Vl1 ~ bflii 1 ~ ~ vi'11 'IJ~ €J ru'Vi fl il ~ 1 n-h d.J Cl Cl ClJ 

500 tJ~P\1 b611" b~~?l '1Jl)~1mlrn 1lJ?t1:W1if:lv11b'W'U~tJ 1~ ~~ruVIJJil:W1nn-;h 700 tJ~P\1 b611" b~~?l 
m~'U1'U f11i'Vl1~f11 ~m~ b"li'U m1 bb w~ ~?I:Wfl~mflil1"1l€l~n1611 (Diffusion) ~~~ boU1ovi'1'1Jl)~1~1 tl'U 

m {'U tJ'U ~~ \JltJ'U?I'U €1~ 1lJVi\.!b~ t1 b Vi~'U tl'U n i'~'U1'U m i''Vl1 ~ bfll:i~ 11 ~ b ~1 ovh 1 ~'1Jl)~1 ~ 1 bfll:i b tl'U 
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~1flTVI'W~~lJ~~fl1';ibfl~tJl)n1tn~"llru~,!'Uwh,!'U (Kinetically influenced reactions) m81'Ub\111 

tJl) fl';iuJ';ij~ijtJl)f11tn brlijlJ1fllJ1 mn~~'U ~.fl11~~ttJVI.fJlJ bb~~rl11l.lvl'U~h.:J 1 ~'U.yt.ytQn:illfl~.fl181 'U 

b\111-yt ';ij~'V\'1 1 ~btl~ fl';i~'\JTW fl1';i'Vl1.:J fl1 8.fl1'VfVJ1VIih~rl~ fl brl~1~.:Jri18lJ1~~1';i 1~~ b V18.:J1~ ~TW b tJ'U 
' 

\J';ij:ij8.yt~.:Je.~~ 1 ~tJl)n1tn'Vl1.:J brli1'U1.:JtJl)n1m bn~~'U bb~hJ~1lJ1';itl~1 b'W'U~B1 tJ1~B.:Jf1tJ-;j~ nB'U"ll tl.:J 

?h6ilboSm~~.:Jm~';ij~ btl'Uvi'.:Jbb~~.:J1 'U\111';i1.:J 2.1 

.. 
i111'Litl":i::mn.J"tlv.:~rhfl!b ~en 'r4~.:~ ~vat:~:: Lf!EJ111t:~ 

H2 12-20 

co 17- 22 

C02 9- 15 

CH4 2-3 

N2 50- 54 

iJ ';ij:ij 8~'U 1~i1 e.~~ ~€ln16il b offt1 b~~.:Ji1vi'.:J-d 
2.5.1 fl1111~'LI"tlv.:lb~m'r4~.:1 (Moisture content) "ti18Vh1~G1~~1'U"llt1.:Jn16iihr1~';ib';ij'U1'LI 

n16!! b ~B b ~~.:J~.:J~'U bb~r111l.I~'U ';ij~vh 1 ~tJ';j~~'VlTI.fl1~"ll €1-:J b\111 e-~~111 fi16!! bb~~ fi1r111l.l~t1'LI.yt ~€1-:J m ';j 
" iJ II !1.1 IJ' I 

.dil. ,C( .Q..:::.i c=f IQ.I Q. odl Q. IQ Q I 

~~~.:J rl11lJ"lJ'LI"lltl.:J b"lltl b 'V'l~.:J"lJ'JlJ'J~"ll'Utl~fl'U"lJ'U~"lltl.:Jb"lltlb~~.:J bb VI~.:J'VllJ1 bb~~fl1';i b\11';i8lJ~.fl1'V'lfltl'U 

u11tJe.~~\11n16il"tl1lJ1~ rl11l.loS'U1'U"tl1lJ1~~1lJ1';imbli.:J1~btJ'U 3 ~n"ee-ru~fi€1 
2.5.1.1 m1l.I~'U~B~m81'UbcQB"Il1l.l1~ btl'U~1'U~~1l.l1';it~t18b'U';ibtl~"llt1.:J b6!!~~1'U 

" " " 

.. ' 4 cu .ell ..:::i6'V i.l .q Cit. 

2.5.1.3 rl11l.l"lJ'U';ij1flfl1';j~m81111"lltJ.:J~1';itJ'U'Vl';i8~18rl11l.l';itJ'U'VltJru'VI.nl.l 200 - 250 
' " 

€1-:Jf"n b6il~ b6il8~ ~.:J~.:Jfll1€lttJVI.fllJvi'l -ill 'Ufl1';j';j~ b V18rl11l.loS'U~ ~1 bb~~rl11lJ~'U~tl~ .fl181 'Ub UtJ"il1lJ1~ 
~ ~ ~ ~ 

t11 ~tJ.:)fl1';iU1"il1lJ1~lJ11·i!biJ'U'V'l~.:J.:J1'U rl11lJ~'U~.:J'VIlJ~m';iml.l bn'U~€18 ~~ 5o .. 
2.5.2 "tl'LI1fl"tlv.:ib~m'r4~.:1 (Fuel size) i1e.~~fl'Ufl1';ibfl~rl11l.lvi''UI11flrl~tll.l (Pressure drop) 

.m81 'Ub\111 bbn~68'Yi18 bB€11 t1'1 bn~m1l.lvi''U~~m81 'Ubrl~t1.:Jl.l1mn'U 1 tJ';ij~vh 1 ~~B.:J1i'V'l~.:J.:J1'U 1 'Um';iu1 

tl1fl11"1boD1 bb~~~1 n16!!~1~tJtJfl';ij1flb\111 bb?i~681 vi btJtJ1lJ1 n brl~tJ.:J8'U~fl';ij~~tJ.:Ji1bb ';j.:J~ ~lJ1fl'V'l tJ-vt';ij~ 
" 

btl1"1J'U~rl11lJvi''UI11fl"lltJ.:J';j~'\J'U~.:J'VIlJ~ 1'U'Vl1.:l'Vltl"et~ m fl11"lrl'J';i';ij~G1l.l&r~n'U~'U~~1"lltl.:J b ~tl b 'V'l~.:J 1 ~ 
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lJ1flvl~~ b Yle:J 1 m~\J~lJ1 rufh6i! b ~lJ~'UbU1~ bii~m~'UTUfl1';i 1#1 b 11~'l~'U vnn1•&\~€J b~~'l"1J'U1~ 1 vmJ ~~ ' ~ 

vl11 '\Xbii~DqjVI1fl1';il.~11 VliJoU1lJ 16i!'U 1.'iJ'U~11. V1~"1ltl'lfl1';i l.fl~ l.tl1VI(l€JlJ l.~lJ&l~~ir'l (Slag) 1. ~';i1 ~tl1 

1. ~€1 ~.~i=i'lil"1l'U1 ~ 1 Vlqj 1.n'U hJ 1.~m~11 VliJ 1.1.~11. ~m~~'l~~ 1 Vl(l(l'l hJ~~~1m1."~ hJ'ilwl''Um';i 1.~11 VliJvlil 

€11fl1l"'l.oUWv'h l.~lJ eJ\>1'j1fl1';iiJ€l'U€11fl1 Ml€11. ~m~~'l~'l~'l~'U vl11 'iXe:JtuVIfliJI.~lJ~'l(l'l 2,000 €l'll"'1 
qj Cj 'U " 

1.6i!(ll.~8~~'l~'l~€J~~~ 1. V1~81tJ11 '!X~.n~ l.tl1VI(l€JlJ 1 'UI. ~€1 ~.~i=i'l'Vln"ll'W~ 1#1 ~'lm';iilm';itl11.~€l 1. ~i'i'llJ1~~ 
'\J ' 

1.tl'U~'U1.~n 1 "1l'U1~'tJ'j~lJ1 ru 1 1.6i!'U&ll.lJ\>1'j ~~v111 'IX'l.J'j~~'Vlfim~m';il.~11 VliJ&l~'U 
2.5.3 m':in':i::\11EJ'tl'U1fl (Size distribution) l.~m~~'lvlll.i~~1'lDt1JVI11'1Xn'UI.\>11~€J'lil"1l'U1~ 

~~~11.~lJ€J 1~ l.l.\>1n1Ji1'ln'Umnirn ~.~'j1~VI1fl"1J'U1~ l.l.\>1n\J\1'ln'UlJ1n mm!"'l.b(l~n16i!~~ 1 Vl(l~1'U\>11lJ 

"lie:J'll1'l~ 1.n~~1n1.<ffe:J 1. ~i'i'l"1l'U1~ 1 Vlru I.L(l~ 1.~nvl1.n8 n'U v111 '!Xm'j 1.~11 VllJ'U1'l'U~ nruilf111lJ';i'UI.I. ';i'li.I.IJi 
~ ' 

'U1'l'U~ 1.1 tui.~'U~1(l'li.L(l~€J1~ ~~~~'Ufl'U 1 'UI.1m IJie:JlJ1vl11 ~1.f1~ fl1';iVI(l e:JlJ 1. tlwi'e:J'U (Clinker) 

2.5.4 fl1111\II'U 1 bb 'lhl'u~ui (Bulk density) 1. tl'U fh~ 1.1.~ ~'l ~m~ru ~ fl1 ';iHf'lJ~lJ 1\01 ';i"lJ €J 'l 

1. ~€1 1.~i'i'l~'U ml11fie:J 1.~€1 1. 'Vll. ~€1 1. ~i'i'l~ 1.tl'U 1.~ ~"'l1 LJ1 'Ufl1"ll'U~ 'j'tJ'Vl';i'l"lle:J'li.I.IJi"~ 1.~~~ ~v111 ~~1"1le:J'l 
'\J 

1.~~ 1.-ff€1 I. ~i'\'li.L 'U'Ufl'U 1~1#1 ,j'Ufl€1 l.fl~-ci€l'll1'l';i~Vll1'll.~~ 1.-ff€1 l.~i'\'l~'U~'U vl11 ~I.LJ~€J'l'tJ~lJ1 \>1';i1 'U 

fl1"1!'U~ 'U';i';i~ 1~J1VIU nile:J m ~ €l'l~1ni!"lie:J'll1'l €11 fl11"1 v111 ~r11f111lJVI'U11.1. 'l.i'U 1~ 8 ';i1lJ ~ 1(l'l 
' 

1~8vi'11 LJ1.~m~i'i'lm m 'Utl1';i~i'\\>1n16i!~~ ~.L.J~€J'li..Q€J~LJ'j~lJ1ru~€J8(l~ 2o - 1o "1J€l'l't.l~lJ1\>1'j'IJ'j'j~ 
' 

2.5.5 a1':i':i::b\IIEJL'Lib~Vb'W~~ a1':i':i::b\IIEJ (Volatile matter) ~'t.l~€l8€J€JfllJ1';i~Vd1'l't.lijn~m 
~1lJ1';it1f11'UI.L'l.i'U1#i'~€ltuVIfliJ 100 - 500 €l'll"'11.6i!(ll.~8~ ~'l ~~ fi €J ~11. 'iJ'UJ' 1iJ'U~'U Vl~e:JJ' 1iJ'U~ 

' '\J 

fl~'U ~1 \J\1'l 1 tl11.~€l 1. ~i'\'l1J~1';i';i~ I.V18lJ1 fl€l1~~~1'lD t1JVI11#1 l.~€l'l~1nJ'1iJ'U~'U I.L(l~ 1e:JJ' 1iJ'U~ 
€ltuVIflilf11'U 1.1.'l.i'U 120 - 150 €l'll"'11.6i!(ll.~8~~~ l.fl1~~'l~1'U'U~U'l~'l~€l'll.l.8fl€l€lflne:J'Utl1 hfl i'l1'Utl'U 

' '\J ... ~ 
l.fl'j€J'l8'U \01 

2.5.6 ~1.lh l.fl~~1fl~1';il.l.1u1 \01~ l.tl'U~1'U'lJ'j~fle:J'U1 'UI.~€1 1.~i'\'l';i1lJ~1fl'U€le:Jfl6ili.~'U"1lru~ 1.~11 VllJ 
' 

1.m ~.~.n~6ilvhme:Je:J1 ti'1~~~1'U~1.rh 1 'UI.~m~i'i'li!r11~'l fi~~v111 ~~~'l'l1'U"1le:J'ln16i!l. ~m~i'i'l"~"'l 1.1."~ 
'\J 

l.\>111.1.fi~6ili"J181.€l€l~~€J'l~1';i€J'li..Q'€J~ l.fl'U~I.tl1lJ1 fl~'U I.L(l~VI1fl~l.n1VI(l€JlJ ~1 (~'lffi€Jfl1~1.fl~lJ1 fl~'U 
I.~€J~~~1'U~I.n11JlJ1fl~'U "li1lJ1(1~1'U1 Vlqj~~n~ l.n1LJ'j~lJ1ru~€J8(l~ 1 -3 8mi''UI.bfl(l'UI.L(l~i"J1'loU11 

~~n~~611'U~I.n1LJ'j~lJ1ru~€J8(l~ 1 o -2o ) ~~n-ut1JVI11'Um';il.~11 VllJI.I.(l~tl1~~~€J~lJf11'j 
II II I !iJ' 

2.5.7 fl1111\II'U1'tlv~~'Lib~Vb cw~~ (Bed thickness) il~"IJie:JLJijn~m'Vl1'll.flilvhii~"li'U 1 'U 

1.\>111.~11'Umruvlf111lJVI'U1"1le:J'l.ff'UI. <ffe:J ~.~i=i'll. ~lJ~'l~'U~~ v111 ~'U~ 1.1ru~ ~.ii~'t.lijii~m~~ni'Wil"li1'lni'1'l 
~'U't.lijii~ 81'Vl1'll.fli!vll.ii~~'U ~~1. LJ~ 8'Ufl16i!f111'U tl'U 1~€1 tlfl h~1 ~I. tl'U fl16i!f111'U€l'UlJ€l'U'U €Jfl16i!~ 
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" " ' 
2.6.1 b\Pl1bb'U'Ui''Ub~elb~~-!loU -!I 

l\Pl1llu'Ue~1111';iml D'l\Pl111Vii"'V11'lm';i 1 vn.1"1J€J'lelln11"1ltl'U 3 ll'U'U 

2.6 .1.1 l\Pl1lb 'U'UfhE1l1 vm<ff"W (U pdaftgasifier) l V'Wl\Pl1~~~1Pl1-ffl~1llb ';iflbb"~ bV'Wb\Pl1ll 'U'U 

~ 1 ~ ~~\Pl l ~€1 l -w ~'l~~~ n\Je:J'W loff 1Vl1 'l ~l'W'U'W"Ue:J'llm lb"~ m mP~~~~ n~'l~ 1 "W \PI~ lbm 'lloff 1111~ 1'W~ 1'! 
' " " 

'U~nrul'VlU€1\Pl~ lbm'l~~ltl'W'U~nrum';il~11 Vl~b~m-w~'l ln\Pltli)n~m~"W 1~n1E1lrn1'Ue:J'W 1\Pl e:Je:Jn1E1l~ 

lb"~tl1 n1E1l~€J'W~~1'W~1 n'U~nru b~11 Vl~~~i1e:Jru'Vl.niJ~'l bb"~~n~'l1 tlf!'l'U~ nrutJnn~~11~ ni"W~'l 
, '-! 'U 'U d.J 

l tl'W'U~ b 1 ru~i1t1~111 rurn1'Ue:J'Wm n b v; ~'l-w€1~ ~~vhtli)n~ mn'U n1E1lrn1'U€J'W 1\Pl €1€1 n1 E1l~ lb"~tl1 1~ l tl'W 

n1ez~rn1'Ue:J'W11€J'W'We:Jfl1ez~~ lb"~ 1®"ll'l';i l~'W Vl"''l~1n~wi1E1l~1~~~ 1 Vl" loff1~'U~llru~i1e:Jru'Vl.niJ~1 n111 'W " , " 
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b\Jl1 b~ 1'th~bfi'Vldbili~n~fi\J;g1&J1~Vlmn"lli11'1 ~1 ~19ie:Jn1';i b\Jl~m.J b~m 'V'I~'I i1 

'I.J';i~~'Vlfim'V'I~'I b 'V'I';i1 ~ 1~ e:JUJVlfliJn16!Je:Je:Jn&J1 ~1 ~1'1~'1~ 1 ~ bb~~~~mn bb19ii1-ilm~~fie:Ji1tl~&J1 rutl1~'W 
" ' " 

~'We:Je:Jn&..~1mn b'V'I';i1~Ll1~'W~'W~~~\Jl1m 'WLJ~nru1 '¥'11~ 1 ';j<a~hJ1~~1'WLJ~nrutll]il~~1m';ib~11VlilriB'W 
e:Je:Jn ~'lbill'lm';i~m~~1'Vl1'1r11 1 &J~e:J'W"l.lmtl1~'W~'W'IJB~ m';ir\'1 '<()1'ltl1~'W~'W~r11'\.Jbbil'We:Je:Jnmb-tl'W 
'iJ ~Vl11 Vlql"l.IB'I bbtl ~<a'V'J1 ~ be:Je:J{tl ';i~ bfi'Vl'iin 1 ';itl-r'I.J n 1';ie:J e:J n bb '\.J'\.J'\.J 1'1 e:J ~ 1'1~1&-J 1 ';it!~ l'ltl~&J1 rutl1 ~'W~'W 
1~ b 'li'Wm';i~'ltl1 6!1~~~\Jl1~Be:J n ~b Vl'We:J'\.J~b 1ru~~ n -B''W Vl~e:J n1 ';ib~&J 1e:Jtl1~e:J'W~~&Jb -il1fi''I.Je:J1n1Pl b~e:J 

G1'1 b~~&J1~bill'ltll)il~m Water gas bb~~'OJ~ 1~fi1 6!l~i1fJUJfi1'V'I~~'W 
2 .6 .1.2 b\Jl 1 bb '\.J'\.Jfl16!11 Vl~~'l (Downdraft gasifier) b\Jll'll';i~ bfi'Vl.Q e:Je:Jnbb '\.J'\.J~'W&J1 b ~e:J 

"IJ'<(JI'ltl1~'W~'W~e:J~1 'W b ~e:J b 'V'I~'I bb ~'111'1 ~ b~'¥'11~ mn 1Pl'OJ~t~ n l'll'l ~1'W'OJ1n~ 1'1..!'\.J'W~~ 1 'W~1'1"l.le:J'I bm ~1'1..! 
\I 'U 'U '\J 

n~&J"l.le:J'I~151'l~'lb~~n1 1 Tuyers'\.J~b1Ul~1QI'l'OJ~b-tl'W'I.J~ b1UJn1';ib~11Vlil tl16!1~1~'0J1n'\.J~b1rud'OJ~bill'l 
~~n-B''W 1 'W"l.lru~~1 Vl~~'~~~1'W~1'~ bb~~~1'Wi'W"l.IB'Ir1 1 1'1.JB'W~e:J'W~'~B~ b Vli1 e:J\Jl~bbm'l "l.lru~ b~~1tl'W 1 'Wi'W 

" " 
"l.le:J'I;g1&J1~~e:J~'Vl1'1~ 1'W'\.J'W"l.le:J'I'\.J~ b 1Uln1';i b~ 11 VliJ'OJ~i1tl~&J1 rue:Je:Jn<a b'OJ'WU e:J~&J1 n vh 1 ~bill'ln 1 ';i 

" 
~m~ ~1'Vl1'lr111&J~e:J'Wbb~~ 1B"lle:J'Itl 1~'W~'W~ bill'l~'W'OJ~ 1 Vl~~1'Wi'W"lle:J'lm1LJB'W~~B'W'Vi'1 1 ~J1~'W~'W 
bill'lm';ibb\Jln~1b-tl'Wn16!1 ~'lm';ibb\Jln~1d'OJ~bill'l~'W1'W'Ii1'~BruVlnih~Vl11'~ soo- 1,ooo e:J'Im 

' " 

~'~~'W tl16!1~~1'W'\.J~ b 1run 1';i b~11 VliJ'OJ~i1~1'W'll';i~ n e:J'\.J"l.le:J'Itl1 ~'W~'Wbbi1'll~&J1 \Jl';i~l'l~'l b Vl~e:Jue:J ~ n 11 
" 
~e:J~~~ 10 "l.le:J'Itl1~'Wbb~~J1~'W~1~'0J1mmbb'\.J'\.Jfl1 6!11Vl~~'W bb~~fi16!1~1~'0J~i1m1&J~~ml'lmnn11 
vh 1m offm';ime:J'IUB ~~'~ bm bb'\.J'\.Jtl16!11 Vl~~'W 1 Vl~~'~'OJ~i1m1&..~ b ~1"l.IB'ImmP11 Vl~~1'W~1 bn1'0J~ e:J ~ 

" 

fl1W~ 2.11 ~n'l~tru::•l.lel-:1 b\Pl1~~\Jlfh~b ~eJb W~.:lbb '\.J'I.Jfh~L VI{;! {;I.:! 

1'Wb\Jl1bb'\.J'\.Jtl16!11Vl~~'~ 1BLl1~'W~'W'OJ1n 1'¥'11 ';i1~<a~'OJ~~e:J'l~1'W'\.J~nrum';ib~11 Vlil 
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~~nnov\'11 Vl61{;j 1 fJ lii'lV11~fll1lJ~m.J b\?11'\.b~ bflVJd eJ eJ n bb 'U'U 1 Vlii-«u~vrw 11ii'V1 bbfl'U {;j ~ lVJ fJiim TU e:JU 
" 

m m~b -ih b 'VIU tl"ilVJ-«u~Vl'W11ii'V1~ bbfl'U~61V1 b~ fJ n11fle:Jfl e:JVJ (Throat) b ~ tlfl1'Vlt.!V11 VlbflVl'U~ n ruri1u , , 

~e:Jt.~bbvmbfl'U '1 ~D'~~'U 1 Vlti1"11~1n1 ~ l{;j b6861~1u ~~'U~nrufle:Jfle:JVJ(;jVJ{;j~mn~~ov\'11 Vl~ru'VlJJiJ'U~nru 

.Q b ~~61~~um fJ 1u'lle:J'U b 'll\?1~ 1 nm~~'U'Vl~~ bb~'Vl1 nr1t1 fleJVl b~ mnu 1 tl ~~~~ t:-J(;j 1 VI bnVl m 1l.l~u l?ln fl~e:Jl.l 
" 

lJ1fl;~~~nV1'1Jl1~fl111 '\ll{;j'IJeNne:Jt.lb ~tl b ~~~~llJ'J{;j'Vl1 nli'llt.!1Vl hJ b 'VllJ1 ~61lJ b\?11 bbn616/1vJ1fJ btltl~ bb'U'U 

ti1"1!1 '\ll{;j{;j~ii'Vlmmb'U'U ;~611l.l11t~..ij'Uncil.l1ll.lilu 1vi' 4 "llUVJ ~~1tl~ 2.12 , " 

(1j) 

(fl) 

0 

.nTrfVi 2.12 ~n~ru::fHlfltJV1bblit::nT-a~1t~litlJ"lltJ.:JtiP11tt'U'Ufh41111 'VIIitlit.:J 

(n) fltlfltJVJtln~ nuvim'JtJ9Jtl1n1fl'atl'Ut:-loU\l 
"' 

("ll) fltlfltJVJtln~ nuvim'JmJtl1n1fl\Pl'a\lfllit1.:J;i(;t.:J 

(fl) fltlfltJVJtln~ nuvim'JtJ'Utl1n1fl\Pl'a\lfllit1\l~~'U 
"' 

< .:J) u~ununuvivtlvuv1mfl-av'U ~-u.:J 

m~~ 2.12 bb61V1\lbbt:-Jt.!f11~'lleJ~'U1nrue:Je:Jn68bV1iuvi'1u'Vlu1'1JeJ~vim'1Bumm~ 

1e:J'Ut:-JU'l'U1 b lru1~'Vl11~vie:J~V1n'Ut:-Ji!~ bb{;j ~'U1 b 1ru~1~ nm~ bm~~ b iJu ~V1~e:Je:Jn68 b~u 1 tlhm~ ov\'11 VIii , 

e:Jru'VlniJ~1 u~,!uti1"1!t:-J~~.nru.;;~1n1 ~ l{;j 11"B61~~1u'U1nrud~~ hhnV1fl11bt:-J11'VllJ bb~m~~~iim1 , " 
61{;j1 fJ lii'lV11~fll1lJ~e:J'U 1vi'61lJ\j1tU (Complete reforming) 1~'U'U~1-ifvimJB9Jtl1fl1~1eJ'Ut:-J"l!\l~\lli 

le:Jn161~~~tlcie:J fJ 1mhwu&lu eJ eJ nlJ11vi'lJ1 n n'i11~'U'U.yh -if vi enJeJUB 1m~ m'l nm 'l;~m "1l'U eJ eJ n<B bVJiu 

m'lfle:Jfle:JVJ~ bb{;j~fl1eJ'Ufl(;jlJfll1 B~ 1'l11nmlJ1~'U'U~iivim'1Bumm~ ~1~nm~~~'lll1~m11 'Vl{;j'IJ e:J~ , 

b~m~~\l~ll.Jl(;j bb{;j~m~~~b~l.lfl11bflV1Dt1J'Vl1nV1'lll1\l (Bridging) 1 'Ufle:JflBV11vi'~~t:-J(;j 1 Vl~ub~e:J b ~~~ 
'\ll{;jllJ i1"11B'l1 Vln1"1lbb{;j~ 1mJ1iru&lub~VJ(;jeJVJ1 tl1vi' lVJfJ 1lJbnV1'\.Jl)n~mbb ~nlii'l 
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bm bbn~68YhEJ bBB1bb'U'Unl't11 'VlGH'Wil~ hJ b'Vllll~tl'Ub ~B b~~-:l~lJ bl"''l!tb~l1Jlfl 1 

b ~ ~l ~ ~ bbfl fl'Vl~B bl"''l!tb~l'Vlfl B:W~ bn~~'t.Fill fl'U~ bd ruBB fl68 b~-a''t.Fil ~ 1 'Vlflfl-:lvl TUci l-:l b~'U~lfl-:l bbfl~ bb ~-:l ~l 

btl'UflB'UBfll-:l~l~ b ~l bbfl~~~fl~"llll-:lfll~ 1 'Vlfl"lJB-:lnl'tlbbfl~ b ~B b~~-:l 'Vlln:ill btl'U~B-:l1 offfl''U b:fi'v b ~~-:l~lJ 
b~l:Wlfl ~~ ~B-:lvll-:ll'U~Bru'Vl.ni3~lfl';h~~'VlflB:W~l"lJB-:l bl"''l!tb~l bbfl~ 1 off\Jl~ bbm-:l~'Vl:W'U'Vl~B"lJiJ'U 1vi'1 'U 

, '\J , , 

b\Jll bb 'U'U.Q\lJ-;Jl b tJ'U~B-:llJfll~O~ 1mll b oUl1 tJ b~~l~tl~:Wln.lrlll:W~'U 1 'Ub ~B b ~~-:l bbfl~Blflll"'lJ btl ~-:l~ B 

~Bm~bn~tli)n~mB~bb~') 

2.6.1.3 bb'U'Unl't11 'Vlfl"llll-:l b\Jlltl~~b.nvrdbb~~-:l~-:lm~~ 14 mmi"''OJ~nn~~ ~l'UVila~ 
" " 

~-:lB~b 'Ubb'Ul~l'U'U~ nrufll~b~l1 'VllJ~~Bfl~~'OJlflVllO~ BBfl1 tl bbfl~~~BBfl1 tlBfl~~b tl'U'U~b lrufll~ bn~ 
" " 

m ~'UB mm ~-:lv1'l1 ~J' llJ'U bbfl~J'll!'U~'U bn~ m ~ bb\Jlfl ~l b tl'U~ l'Vl'U~ b ~B-:l~l niJJ' l'Vl'l! m 'U l bbfl ~iJ 

~fl\JlB'U~'UB-:l~ b ~l~Bfll~b tl~~'Ubb tlfl-:l"lJB-:l.fll~~~m~vll B~ b ~B b ~~-:l~rll~Ul:Wl1 offfl''U b\Jll bb 'U'U'Qfll~ 
btl'Uril'U1~~iJflrum~~-:l [10] 

' " 
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2.6.2 bmbb'U'Ui'U'tlt~-:11 'VI~ 
L~e:J~~l1rul L(9ll LL 'U'U.ffu L ~e:J L yj~..:JU..:J~'~~ll.l LL'U'U ~~ L ~,rh mTv1l'll'W'1le:J'lm~'U1'Wnl11 u 

1~'U'U ~ ~~'U tl ~ nutJl) fi1 ~ lVll'l bfli1 bbG'l ~~ .f1lyjVJl\l nl Wll yj'1Je:J'l b ~m yj~\l 1Vl ~~ ~ ~ bfiVliJ qj'Vll ~ l flb f!l~ 
Lnl'VlG'ltllJ~ LnVl~'Ul.Jl mn'U 1 'lJ ~\lne:J1 ~bnVl nl1tlVl~'U 1 'Ub(9llDtl~fl~'l b ~tlbbtlDtu'Vll~\lf1~l1~'l1~i1nl1 ' ., 

Ulbtllb(9llbe.Jlbb'U'U.ff'U'1Je:J'l1VlG'l (Fluidized bed) l.ll1otl~'l.f1lyj~ 2.15 f1l1'Vll1~i1~m1~L~~tl'U'1Jtl\l 

1 VlG'l (Fluidization) Vll.ll ~~\l nl1'Vll1 ~f1~l.l'1Jtl'l b~Vl'1Jtl'l bb~\l'1J'Ul Vl b~ m 'IJ~~'\.J 1 '1Ji1~i1l1~fl~l~'1Jtl'l 
' 

1 VlG'l1Vl ~m161l.l~~n'Unl6!l'Vl~e:J'1le:J'l L Vim 1 'Wi'W'1le:J'l1 VlG'l (Fluidized bed) LL 1'l1 '1.Jl.lri1'l~m~vh ~e:J 
Jlwwn b~Vl'1Jtl\l bb~\l~~t1f1~l'\.J~1~ Lb 1\l~l nm11 VlG'l~'U'1Je:J'~nl6!l vh 1 ~b~Vl'1Jtl\l Lb~\le:J~1 '\.J~i1l1~M\l 

~ ~ 

mll.l L ~1nl6!l~l ., n~l.J L~Vl'1ltl'~ bb ~\l~~e:J~U'ln'U~ (9lll.J'IJ1n~'U'\.J~'\.J(91~ LLm\l b~e:Jfl1ll.J b ~1~\l~'\.Jb~e:J~ ., 
I , " 'U I 

LL 1\l~ f1'U'\.JL~Vl'1le:J\l LL ~\l~~ L ~l.l~'\.J~'Wm~~'lvh1 ~L~Vl'1le:J'l LL ~\l~f1~1 .ffuL~Vl'1ltl'l LL ~'l'1l~ l~ ~1e:Je:Jf1e:J~1 u 
~ 

~j)lyjM\j bb'1J1'UG'ltl ~fl~l~'1Jtl\l b'Vlm~nl ~'l b~tlVl'Vll f1 b ~l.Jf!Jll.J b ~1 nl6!l~'U 1 DBf1 il~~ij bb 1\ll.Jlf1yje:J~~~ 

bth b~Vl'1Jtl\lbb~\lb'Vl~ltrl~VlG'lVltle:Jf11 LJ1~ 
' 
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bm bb 'U'lliiiHi'B~fle:J fl1'.irrJ'UfllJ€ltwVI.fliJ1 'U b\Jl 1 G111n'.iflm~vh 1~~1EJ ~.:JG111n'.it1-rrrt~·1 
' ' " 

€ltuVI.fllJL ~~1fl'"Jl~~VIfl€llJ bVIfll'lJ€l-!lb~11~ vh 1 v!hJ bii~m'.i~'U ~1'1J€l-!l b~1VIfl€llJ~bii~~'U ~.:JG11lJ1'.it11 off 
' " ' 

~1EJ1Jlfl b ~€l-!1~1flfl11lJ b ~1'1J€l-!l€l1fl1Pl.fl1EJ 1 'Ub\Jl1lJrl1G1-!l 
" 

b\Jl1 bb 'U'U.ff'U'lle:J-!1 1 Vlfl EJ-!1 bbD.:J€le:Jfl1~ bU'U 2 bb'U'U fle:lbb'U'U'I'Jmm mP! (Bubbling) bbfl~ bb'U'U 

VI~'U1'U ( Circulating) .ff'U'lle:J-!1 1 Vlfl bb 'U'U'I'JmmmP~bii~~m1lJ b~1n1BI1~11 'U'llru~~.ff'U'lle:J-!1 1 Vlf!VI~'U 
1'U~fl~~'U1 b ~€lfl~'tJ~lJ1 ruci1'U~VI~~fl€l~~1 fl'tJl)ii~m (Carbon carryover) L~EJm '.iL.ll ml''UlJ11'U 

b oV1 b\Jl1~1 .ff'U'lJ€1-!1 1 Vlfl bb 'U'Uii~~lJfl11lJb ~1'1J€l-!ln1BI1G1-!l fll1 bb 'U'U'I'Je:J.:J€11 m Pl'B'.i'.ilJ~1 vh 1 ~lJ'.i~vl'Ufl11lJ 
" 

r'il'l!'ii~lJ'lftt41hJ1.-ii 

th::1~ 



~ 
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'VI1J'U'"J'U • 

bb~ ' bbEJ "" V1111fl 

' ' "" bbtJ bb£J V11!1fl 

' ' bb£! bb£J 

' ' ' bb£J bb£J bb£J 

,Q ~ 0 dd ., 
2. 7 'W1":i11lblileJ'm~~m":ifl1'L!1ru'VIbmn'tleJ~ 

'W1';i1ij blilel~vft m 'Ufl1':ielelflbb 'U'U bb~~i brl';i1~~h~'U'U~~Iiltl16(f~'d1J'dfllj'VIm £Jrh b ~'U eJ\il';j1fl1';i 1 'VIfl 

'Vel-'lel1 fl1 1"! eJiil';j1fl111 otlb~elb'W~-'l ~1rl'd1111'el'U'Vel-:Jb~elb'W~-'l ~1rl'd1111'el'U'Vel-'ltl16(f~'d:W'dfl btJ'lJ~'lJ bbfl~ 
~1~1-'l 1 b 'VI~Td'~11111nu11lli m um1r11u1rubbrt~tJ':i~biju~m1n'l.l~'VeJ-:J1~'U'l.m~liln16(f 11'1 [6] 

2. 7.1 Superficial velocity 

Superficial velocity btJ'l.l~1vft m 'l.lfl11r11'UfJ:WeJiil':i1 fl1 ':i~~liltl16(f ~1rl11111'B'l.l'Vel-'l tl16(f 

ff m1 m ':i~'l.lb tJ~eJ-'l b ~el b 'W~-'l'W~-:J-:J1'l.l~11'1 bbrt~eJiil':i1 fl1':i~~lilri1'l.l bbrt~Ll1l!'U~'l.l~-'lljm1:w~1~ty:w1 n1 u 

fl1':ielelflbb'U'Ublil1~~1iltl16(f~'d1Jdrt ljr!1Dm:w Superficial velocity, SV H~-:J~:Wfl11~ 2.26 

(2.26) 
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2.7.2 Heart load (Bs) 

Bs ~ eJ'lJ~~ 1 UJ"/J eJ ~ b <ffm ~ ~ ~ bb ~~ ~1 oUVi 1 'J ~1 tJ~ 'W ~Viii 1 ~Vlii mJ ~ ~ V1 ij m.h tJ b tl'W 
' 

kg/cm2/h bb~~ Bg ~Bili~ 1\Pl'J tl1"1!~~1'W~'W~Viii1~V1~B-B'11~~ ijVi"L.hmtl'W m3/ cm2/h b~m~1n 
1 kg "/JeJ~b~m~~~bb~~~eJ~~1'W~1~"/JeJ~~'W~Viii1~V1~~n~ 1 1 ~1m'Jti~~\Pltl1"11"111~1~1~ 2.5 m3 

~~~'Wb 'J1~1~1 'Jm "litJ'Wfl11~G1'~'W'U5"1JeJ~rh~~~eJ~ 1~~~~~m'J~ 2.27-2.28 

Bg = 2.5 85 

Bg = 0.36 SV 

(2.27) 

(2.28) 

bV1tJvi'1 1 Dbb~1~1 Heart load ~~ Hi1 'Wf11'JeJeJmb'U'Ub\Pl1~~\Pln1"1!"111mmb'U'U 1VI~~~bvh~'W 

~~~1 Heart load dbtl'W~1hVi~n1 'Uf11'Jelelf1bb'U'Ub~elfl1Vi'WV1~1~'W1~B 1LJ 

2. 7.3 el\Pl"a1~1'U5'fl.l~i'l (Equivalence ratio, ER, .cl).) 
b ~ el~V1~1'W1'W~ 1 'J1lJ b\PlB1ffi ~ 'Uf11 'JD'J~ blJ'U~~'J'Jti'W~'ll el~'J~'U'U~ ~\Pln 1"11"111~1~ ~~ 1~ij 

m'Jn1Vi'WV1 eJ\Pl'J1~1'W~~~~~'W LVJ tJ 1 ~ilm~-J1 e) \Pl'J1 ~1'W~~~'J~Vil1~J1Vi'Wn'llmm ml"!~ml1Viirn 
" ., IJ 1.1 IJ 

.dl <Q 21Q .t::::il VV I 0 V IO V .dl q i.l 

b "ljeJ b ~~~ bb Vi~~'J~ b 'Vl tJ'Ufi'U eJ\Pl'J1~1'W~~~"/JeJ~'W1 Vi'W f1 'lleJ~m mi"'\PleJ'W 1Vi'W n "/JB~ b "ljeJb ~~~ bb Vi~ \Pl1~ 

'Vl~~D 1 'Wf11'J~'hfl'J1~~'J~'U'U~~\Pln1"1!"111~1~~1~1'Jtlrl1'W1ru LVJtJ 1 off~\Pl'J~~~~m'J~ 2.29 

Equivalence ratio <f>= (Flow rate of air supply) x (Duration of the run) (2.29) 

(Mass input of wood) x (F for <f> =1) 

~~eJm1~1'W'llel~el1f111"1~m~m~~~ (A) ~1Vi1''U <f> =1 ~el 5.22 mai?/kg 'llel~b~m~~~ 
F 

bb~~eYm1~1'W~~~~ ~1Vi1''Um'J~~\Pl n1"1!"111~1~eJtJl 'W'th~ 0.268 - 0.43 ~~1 'W'Vl1~'Vln~n bb~1B~ 
" \J gl 6J 'U 

1'W•tb~ 0.19- 0.43 

mru ER = 0 btl'Uf11'J~mtJ~1~1tJfl11~1B'W bVltJ 1~1offmmi"'V11BLJ!)n~m1 ~ h 1~~~ 

bb~~mru ER = 1 bb~Vl~i'i~m'Jb~11VI~~~~\J'Jru 1oo% ~B~\Pl1~'Vl~~D 

2.7.4 el\Pl"a1bbn5'1~~ brt~'W~1 b~1~ (Specific Gasification rate: SRG) 

eJ\Pl'J1 bLn~~~ bfl.ff'U~1 L ~1~ LtJ'W~1~'UeJf1n~ili~1UJL~eJL ~~~ LL~~ffi m Dfl'U bLn~~~Lfl.ff'U 1 ~ 
1~n1"111 'lJ'J~1LEim1 ~B 1 Vl't.htJ~'W~"IJB~fleJfleJVJVI~B\Pl~bLm~1'Wnm 1 -8'1 1~~ VI"L.btJffi off'UeJnLJ~~1ru 

~B kg/m2-h LV1tJ~V1~1nJ1VIirm~m~~~mlJijfl11~~'W 
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2.7.5 Turn Down ratio 

rh~b tl'W~Tu€lnrn1~~~1 b~~€1~~~ b~'Ubfl~€1~ 1~~~"Vru~ b 'U1 bfl~€1~ bbl;1~ b ~~bfl~€1~ fie:Jrh 
. 0 Q..l ~ .q 8')1 

Turn down rat1o ~1'Vl~'Ubfl~€l~t:-JI;1~n1611 

2. 7.6 tl-a:::~'VIG.f11~b~~fl111J~€l'U (Thermal efficiency) 

fi1~llwn~~1 ~11J'VI1~~1'U b'VIfl'Wf11 'Un1~€l5'U1 ~fl'J1~~1~1~fl"Vm~~'U'Ut:-J~ ~fi1611:S'J~'JI;1 

fie:Jfi1tl~~~'VI5m~ b :a~m 1 ~~B'U ~~fi~t1~~1 rufi161l:S'J~'Jj;j~t:-J~ ~ 1~ ~B b ~B b ~~-:J~1 offt:-J~ (;ln161l:Sl~'Jj;l 
~1~1~flA1'U'Jru 1~~~~~m~~ 2.31 

11m = tl~~~'VI5fl1~'Vm~~'U'Ut:-J~~fi16!1:S'Jml;1 (o/o) 

Hg = fl1fl'J1~~€l'W'V€l~fi16!1:S'Jm1;1 (k.J/m3
) 

Og = eJ(;l~1m~1'Vl~'V€l~fi16!J~'J~'J~ (m3/s) 

H5 = rl1fl'J1~'!€l'U~1"ll€l~b~€lb~~~~J~J~ (k.J/kg) 

M5 = e)~~1m~1offb~m~~~ (kg/s) 

2. 7. 7 ~1fl111J~eJ'U'tleJ~fhfll~'h1J1~ (Heating value) 

(2.31) 

fi1m1~-!B'U"ll€l~fi16!J~l~'Jj;j A1'U'Jru 1~~1n B~f'ltl~~ ne:J'U"ll€l~fi16!1~1~~~m~~ 2.32 

Hig = 12680 V (CO)+ 10800 V (H2) + 35900 V (CH4) (2.32) 

1 + 2.38V (CO) +2.38V (H 2) + 9.52V (CH4) 

Hig = fl1fl'J1~~€l'U"llmfi16!1:S'J~'J~ (k.J/m3
) 

V (CO) = ir~~l'U 1~~tl~~1m"ll€l~m1'UB'U~€l'UU€ln 16!1vi (ne:J'Ut:-J~~n'Umml"l) 



V (H2) = 61'V1ci'J'UbV1tJtfhJ1(;J~"UeN1®'bV1'ml'Wh.!e:n fl1 P1 (tl€l'U~~lJtlUe:J1fl1Pl) 

V (CH4) = "'V1ci'J'UbV1tJmlJ1(;l~"U€l\lijL'Vl'W1'Wfh"i! (tlB'W~~lJtlUe:J1fl1Pl) 

f11fn1lJ~€l'U"U€l\ln1"i!"lillJ'J(l~~~lJtlUe:J1fl1PlLL~l~~ijr)Tlh~lJ1U.! 2,500 kJ/m3 

.d ~, .d 

2.8 bfl'a€l~£1'\J \Pi n1'll't1111 1~ 
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Lfl~€J .:ltJ'U~"''IJV11D[l1tJ 1 'IJL tJ'W Lfl~€J .:ltJ'IJ~~ijtl1'H~11 Vl~"UB'l L ~m 'W~'l m tJ 1 'IJ'lJ1m (;1~~1tlV1 ~'U 
LflV11 ~n1;;1'-:J-:J 1 '\J€l€ltllJ1 ~1-(f'l1'\JLL'W ~V!(lltJ 1~ LLtl Lfl~B'ltJ'IJ~~ L"i!(l~ ~~(;lbVJ tJ Rudolph diesel LL(l~ 

Lfl ~ B'l tJ'IJ ~ Otto 'VI~ m fl ~B 'l tJ 'U ~ LLn~ b "il~'IJ ~'l'lJ~~ L 'Vl P11 'Vl m~ tJ tl'"J 1 Lfl~B 'l tJ'IJ ~ L U'IJ68'U ~ ~ ~ {;lbVJ tJ 

Nikolus August Otto 

fl1~1 off'l1'1Jn1"il"lillJ'J(l LtJ'W L ~B L 'W~'l~1Vl~U Lfl~B'l tJ'U~"''UV11D[l1 tJ 1 'U L ~v1 off L tJ'W ~'U tl 1;;1'-:J1 'U'l1'U 

L "8-:Jtl(l'V!~€1~1'\Il~U Lfl~€l\ltl1 L'WV11 'I'Jvh L tJ'UL~€l'l~ti1 ~'U hlJ1 tl LL~1 'U fl1~ 1 off'l1'Wij-ifv~ ~~ ~€l'loW~ 1 ~ru1 

fiv L~v1 offn1"il"lillJ'J(l~~lJB1fl1Pl~~ijm1lJV!'W1 LL 'li'W"UB-:J'W;;l-:J-:J1'W (Energy density) ~1tl ';hJ1ii'W 

~ L"i!(l~~lJe:J1fl1 P1 LL(l~tl1"ilb"il~'U~~lJB1 fl1P1 tl1"il"lillJd(l~1lJ1~tn11lJ11 offfi'u Lfl~€l'ltJ'U~"''UV11Dfl1 tJ 1 'U 

1~1V1mLtJ-:J(;l1lJ;;ln~ru~m~1offL~m'W~'l1~Ltl'W 2 LJ~~Lil'Vl fiv 

2.8.1 bfl~v~£1'\J~h ~m ~~~ b~£11 Ltlu Lfl~v'l tJu~m offn1"il"lillJ'J(l b~ tJ'lv~1'lb~tJ'J ~m~ L DVJ~ltJ 
' 

LJ~~mtJ 1 vJ ~Vl LL 'lJ(j-:JlJ1~1mfl~v'ltJ'W~n1"1l1"1l~'W'Vl~mfl ~v'ltJ'W~~L"i!(ln1~ ij-ifv~fiv~1lJ1~t~Vi1'l1'W 

bVl tJ 1 offn1"il"lillJ'J(l L ~ tJ'l€1 ~1-:J L~ tJ'J ~'lij ~'l ~1 L tl'W~~B'lijtl1 ~LJ~u'lJ~'l Lfl~B'l tJ'W ~tl B'WU1lJ11 off'l1'Wij~'l.Q' 
' 

mru~Vl Lb D(l'l~1 tl Lfl~B'l tJ'U ~ ~ b "i)(l ~€l'lVJ1 fl1 ~~Vl Lb D(l'l bfl~B'l tJ'U ~~'l.Q 

2.8.1.1 ~V1~'lv'lJmru~~lJtl1"i!L~m'W~'ltlDmmP1 (Gas mixer) ~u~nruviv~llJ 1v~ 
' 

u1nru'V!U1~'WDtl~L~B L~ B~~lJB1tl1PltlUL~m'W~'l 
2.8.1.2 ~Vl~'l~'WDtl~L~B (Throttle valve) L~v1offmufllJe!m1m~ 1 V!(l"Uv'l1v~ 

' 

" ' " V.c:i.c:i tl.t::~t.VVCI! .dil ~ QQ.J 

2.8.1. 4 fl€JV1VlluV1Vl L"i!(l€J€Jtlbb(l'J(;IVJ{;l'l'V!l L'VltJ'ULL'Vl'U L'WB~Vl~~ LUVl LL(l~(;JVJ{;l'l~~UU~Vl 
' ' 

~~ LDV11 VllJ b -il11 'lJ 

2.8.2 bfi~B~£1'\J~b~m ~~ ~i111 (Dual-fuel engine) L tl'W Lfl~B'l tJ'W~~1 offJ1ii'W~L"i!(l L tl'W 

L~m 'W~'l~'JlJtlUn1"il"lillJ'J(l Vl1'l1'U bVltJ~~lJtl1"il"lillJd(l tlUe:Jl fl1P11 ~e)(;l~1 ci'J'U~LV!lJ1~~lJ LL~l~1 tJ L -if1 

'Vl1'l1v~"UB'l Lfl~B'l tJ'U ~ ~1tl,!'U~'J5V1~ b"i!(l~~5V1J1iJ'U~ L"i!(l'lJ'1lJ1 rub ~tJ'l L~tlUB tJ L ~v1 ~J1iJ'U~ L"i!(l 

LtJ'U(;)'JL~lJtl1~L~11 VI~ ~1tl,!'Un~~L~11 V!~n1"il"lillJ'J(l~€J1 'lJ ij-ifv~fl€1 ~1lJ1~fl~V1 LLD(l'l Lfl~v'l1 ~lJ11 off 

ti'un1"il"lillJl(l1~~1tJ ~1lJ1~m~uLfl~v'l~ L"ilm ~tJ'lv~1'l L~m'Vl~v1 off~llJti'un1"il"lillJ'J(ln1~ 
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2. 9 ~1l'f'H'l'U::bb!;l:: \Pl·;m 't.J-at 'Un1'a'Vh:i1'U"ttB ~bf"l~B~ti'U!ii.ffi ifrhlij~1111i;~bU'Ub ~m ~~~ 

~m';itl'U~"I.Ie:J-:Jbfl~e:mru\Jl 'Vi:W1~~-:J fll1:W~1:l.11';it11 'Uf11';i'Vi'1-:J1'U"I.Ie:J-:Jbfl~e:J-:J~'UI'i ~-:J~~tlfltl1'Vi'U~ 
'IJ 

1~~fi1~-:J~-:J~~ 'Vi~e:J vm{n~-:J~~ ffi~e:Je:Jfl:l.11~B~';i1b~l';ie:J'U'Vi~-:J.,~~e:J~"Iil-:Jbdmrn';i1i-:J1'U"I.Ie:J-:J ~ , ~ , I 

bfl~e:J-:J~'UI'i'lil-:J"I.Ie:J-:JBm1b~lbfl~e:J-:Jm.JI'ibb~~fi1 ~-:J~bfl~m~'UI'i'Vi'1-:J1'U1~~ 

r\'1~-:J bb~~er~';i1 b ~1~U~:w 1 -lit 'Uf11';ibb~~-:J~:W';i';it1'U~"Ile:J-:Jbfl~e:J-:J~'UI'i~~ bbD-:J biJ'U 

( 1) tl1~-:J~tl1'Vi'U~~-:J~~ (Maximum rated power) biJ'Utl1~-:J~-:J~~"I.Ie:J-:Jbfl~e:J-:J~'UI'i~1~e:Je:Jfl:l.11 
'U 'I 'U 'I 

1mu'lil-:Jrn';i'Vi'1-:J1'U~'U ~ 
(2) tl1~-:J~tl1'Vi'U~'l.Jf1~ (Normal rated power) biJ'Utl1~-:J~-:J~~"I.Ie:J-:Jbfl~e:J-:J~'UI'iffi~e:Je:Jfl:W11~ 

0 Q..l 0 I 1 .dl, 

~1'Vi';i'U f11';i'V11-:J 1'U e:J 81-:J~ e:J b 'U e:J-:J 

(3) B~';i1b~l~fl1'Vi'U~ (Rated speed) biJu5m1b~l';ie:J'U"I.Ie:J-:Jf11';i'Vi~'U"I.Ie:J-:Jb~mim'VI~m~-:J 

tl1~-:J~tl1'Vi'U~tlf11 ~e:Je:Jfl:W1 
'IJ 

2.9.1 rh~~ 

r\'1~-:J (Power) b tJ'U~1ffi -lit 'Uf11';itl1'Vi'U~~:w';it1'U~"I.Ie:J-:J bfl~m ~ul'i b~n1 'Vi~m ~ 1 'Ubb~~ b tJu 

~1~tl1Vi'U~fll1:W~e:J-:J rn ';j"IJe:J-:J bfl~e:J-:J~ m bb~~e:JLJmru~ bfl~e:J-:J~ul'i~e:J-:J'lJ'U bfl~e:Ju1 ~ ~1';i1D b~e:J{ 

... 
0 Q,/ I q 

2.9.2 n1!;l~'U~"tt 

' 

fl1~-:JD-:J~ (Indicated power, Pi) biJ'Ufl1~-:J~~1~'Vle:J~~1m~m~~-:Jm~1um~'Ue:Jfl~'U 
1LJ~~fl~'U ~e:Jli)~mrn';i'Vi'1-:J1'U (Indicated work per cycle, We) ~1~~1flf11';iB'U~bm~ 1~me:J'U 

m1vh~Vil1-:J~1fll1:Wvl'Ubb~~LJ~:w1 ~';im~'Ue:Jfl~'U ( P-V diagram) ~~e:J~l'n~mrn';i'Vi'1-:J1'U"I.Ie:J-:J 

bfl~e:J-:J~'UI'ivl-:J~:l.Jf11';j~ 2.33 

(2.33) 

{11) .• (TI) 
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B'W~ bflb(9)e:J{ bfl~e:J-!l~'Wii (Engine indicator) ~-!lb~lJ 1·1i'btl'WB~bflb(9)e:J{b :a-!lnmb~D"il~D'WUm.J1 otlB'W~ bfl 

b(9)e:J{B b~fl'Vl~e:Jtin~ ~-!l1 'W-!l1'W1~~.Qb~e:Jn1 -ffB~ bflb(9)e:J{B b(;lfl'Vl~e:Jtin~ 

1 'Wfl1 ~vn n1G)-!l'\J-!l~'We:J fl"il1fl"il~VI1-!l1'W ~e:Jl!]~ fl ~ bb~'JiJ-!l "il~ ~mlVJB (9)~1 b ~'J~e:J'U fl1TVllJ'W'lle:J-!l b Y-lm 

.Um'VI~~-!l~l~~-!l"il~1~n1G)-!l'IJ-!l~~e:Jm~'Ue:Jn~'U (Pi) btl'W~-!l~lJm~~ 2.34 
" 

~1VI-r'Ubfl~e:J-!l~'Wii~e:J-!l~-!l'VI'J~ nR = 1 bb(;l~bfl~e:J-!l~'Wij~~-!l'VI'J~ nR = 2 

2.9.3 rh~.:~~'U'afl 

(2.34) 

n1G)-!lb'U~fl ( Brake Power, Pb) btl'Wn1G)-!l~lV11~~bY-lm.UmV1~~-!l'VI~e:J~~e:J(9)'Wfl1G)-!l'lle:J-!l 
' 

bfl~e:J-!l ~'Wii ~-!l b iJ'Un1G)-!l~'t111 til -tl'-!l1'W 1~,r'Wbe:J-!l m T)VJ n1G)-!l b 'U~fl"il~1 otlbfl~e:J-!llje:J~b~~n111Vl'W11lJ 

iJ b(9)e:J1 (Dynamometer) 1V1~ "il~lV1e:Je:JfllJ11 'W~D'lle:J-!l'Vle:J{n bb!;l ~~e:J'U fl1~VIlJ'W'lle:J-!l bfl~e:J-!l~'W ii~-!l "il ~ 1~ 
" ' 

~ Q.J ..d 
'Vle:J~flVl-!l~lJfl1~'Vl 2.35 

T = Fr 

Pb = 27tTN 

(V!thmtl'Wrev/s) T(VI\hmtl'W Nm) x 10-3 

2.9.4 n1~.:J~ilaVJ'Vl1'W 

(2.35) 

(2.36) 

n1G)-!lb~~VJ'Vl1'W (Friction power,Pf) Vlll 1~ n-!l n1G)-!l~lll'lle:J-!ln1G)-!l~Hll'Wm~'l11be:l11e:J~ 

b.U1 bm1m~~ e:Je:Jn n1G)-!l~ be:l1'1l'W~ bb~-!lb~~Vl'Vl1'W'lJe:J-!l~'Wcil'W~1-!l1'lle:J-!l bfl~m~'Wii bb(;l~ n1G)-!l~Hll 'W m~ 

'iJ'U bfl~e:J'W ~'tJ mru~1-!l1 ~~1 btl'W ~e:J fl1~vl1-!l1'W'(Je:J-!l bfl~e:J-!l ~'W ii 

2.9.5 tl'a::~'V1fi.n1w ~~.:~n~ 
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~ I .c:!il tf V ~ ~ tf 

~'Wb ~'l m~e:Je:Jmb 'U'U bl"l~e:J'l t~'W\11 bb~~e:J\11~1 b ~l'lleN bme:J'lt~'W\11 

2.9.6 f'l113J~'U~.:I~~ bilil£J 

vmin btJ'Wm~ll'll"ll111~1111 ~ 1 'Wm~vl' 1'l1'W'IJ€l'l bl"l~e:J'l t~'W IJi bb~'Vl e:Ji f1fil ~~'W€18 tl'U'IJ'W11'l'IJ€l'l 
'U 

bl"l~€l'lti'W\Jlrh bl"lie:J'lt~'WIJ'i'IJ'W11'1 bb\11 f1 ~1-:Jtl'Wfil~ hJ~1111~t1 bD~t!'U b Ylt!'U~ll~~tl'W~ 1~ ~'li1f11~fllVI'WI'l m~ 

ll'l ~ll~~tl'W~'Ile:J'l bl"l~e:J'lti'W IJ'i~1-b1 'Wf11~ b LJ'1t~'U b Vit~'U~'W 11'1 v 1~fil 1 f1 m~VI1'l1'W~€ll!J~m~l mJ~ll1\11~ 
m~~l'l~€ll!J~m ri1~1~i1mhmb~'l~€l~'W~ ~'lb'1t~f1l11"1l111vl'W~'lt:.Jm~~tl (Mean effective 

... 
pressure, mep)~llf11~'Vl 2.37 

Ll'lt~ vd btJ'WLJ~mmm~~l'l 

(2.37) 

ri1m11Jvl'W~'lt:.J~ b~~vfil~i1m111Vi111tl\1111ln1~'l~1-tll 'Wf11~Vi1 ~11-il'n1~'lu'l~ti fil~ 1~ 
btJ'WI"ll111vl'W~'lt:.J~b~~t!U'l~ (Indicated mean effective pressure, imep) bb~~~11-il'btJ'Wfl1~-:J 
b'U~f1 fil~1~btJ'WI"ld111vl'W~'lt:.Jm~~m'U~f1 (Brake mean effective pressure, bmep) 

"' "' 2.9. 7 m':i~'Wbtl~v.:~ b~vb'r4~.:~\11 b'r41:: 

1 'Wf11~'Vll'l ~e:J'U bl"lie:J'lti'W IJi m ~~'Wb LJ~e:J'l b ~m ~~-:Jfil ~ nnl'l'l b tJ'W e) m1 m ~ 1 Vi~'lle:J'llll~( rht) 
'U 

~'l bl"l~e:J'l t~'W IJ'i'IJ'W 11'11 Vlt\] fil~i1 m ~~'W b LJ ~ e:J'l b ~e:J b ~~ -:J111 f1 vl' 'lL!'W b ~€11 ~~1111 ~m111 LJ1-il'1 'W n1 ~ 
b LJ'1t~'U b Ylti'U1~ ~-:J fllVI'WI'l1 'W~LJ bb'U'U'IJ€l'lf11~~'W b LJ~e:J'l b~€1 b ~~'l~1 b ~1 ~ (Specific fuel 

consumption, sf c) ~'l b tJ'WeJ\11~1 m~ 1 Vi~'IJ€l'llll~ b ~m ~~'l~e:JVitb tlfl1~-:J.ffi ~€l€lf1111 bb~~ b tJ'Wf11~ll'l 
LJ~~~'Vl5fl1~'1J€l'l b\"1~€1-:J ti'W\111 'Wf11~ 1-il'b ~€) b ~~'l b ~€lt:.J~\11~~-:J-:J1'W€l€lf1111vl-:J~llf11~~ 2.38 

sfc = fit 

p 

Sfc (Vi't.bmtJ'W mg/J) = rht (VitbmtJ'W g/s)/P(w • .bmtJ'W kW) 

(2.38) 

ri1~'Wb LJ~e:J'l b~m ~~-:J~1 b~1~~'l~1tl~'l~ ~11 LJfil~rl1'Wln.t1 'W~lJ'IJ€l'lf11~~'WblJ~€l'l b~€1 b ~~'l 
'U 

~1b~1~b'U ~f1 (Brake specific fuel consumption,bsfc) ~€leJm1m~1VI~'IJ€l'llll~b<ffm~~'l~€l 
Vi\Jltifl1~'lb 'U~f1.m ~€l€lf1111 
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., 
Ql I I I .dl Q. 

2. 9.8 Blil'a'll:I'J'U"a::'Vi'J'l.:iel1n1AiilBL 't!Bb 'V'l~-:1 

5m1m~1"v1~"Ue:J.:'Il.l1~mrn~ <rha) ~~~:::5m1m~1"v1~"Ue:J.:'Il.l1m~mY~~.:'I <rht) Blil~1~1'U 
~:::"v1l1.:'1fl1~ 1 "v1~"Ue:J.:'Ie:J1 fl1~~e:J f11 ~ 1 "v1~"Ue:J.:'I ~ ~e:J ~Yl ~.:'1-n~::: ~ tl'U1.h::: 1t~'11111 'Uf11~rl1"v1'U~t1.fl11::: f11 ~ 

(2.39) 

"' 
~~Eii~~:::~Biil~1~1'Umm~~m:amYI~.:'I 18<NF<70 

2. 9.9 Blil-a'l~ 'J'U m-aeJ\il"lJB-:1 bfi~B.:Ifl'U ~m <!lrhlij~'Jl.J'J~ b u'U b ~B b 'V'l~.:~ 
1 'U~rl~e:J.:'It~'U~~~~:::~ -u~~hm .. h:::mt~ 1 vJ~1 itl1iJ'U~ tl'U~ ~m Y~~.:'l 1~ t~vh 1 tl~:::~5191~1~1'U , 

1~t~~ vd = tl'1l.l1mm:::..ij'~ 

Vc = ml.l11il~-de:J.:'Il1.:'1 

(2.40) 

~1 n m~Pim;1YILJl1 ~rl~e:J.:'I ti'U ~m in1Ei!"ii1l.l1 ~ ~ tl'U~ ~e:J ~ Yl~.:'lt11l.l1~ntl~LJB \91~1~1'Un 1 ~ 
e)~ 1~t1.:'1().:'1 17:1 1~t~ 1~~trruru1rum~i1e:Jmil~~'U (Shridha:200 1) m~~~l.lBm1~1'Ufl1~B~t11m~n 

~ v v 

vh1m~tl 

2.9.9.2 ~tl~ti'Ue.l1t1LJ~~mHi1"U'U1~ Clearance volume 
~ 
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2.10 m·mn1VI~hJbft~e:J~a'U~~~-a:au~~-;mm-ae1~ • 
2.1 0.1 ~n'blru::~!;h~ru'tle:~~m::u1'Um-ab~n1 VIm 'Ubft~e:J~a'U~~~-a::b u~~1am-ael'~ "' . 

~n~ru::~~1 A'ru'UtJ.:J m::'UTU m 'a Len1 'l,nTI 'U Lfl~tJ.:J tJ'UIJi~m:: L u~ ~1 tJ m'aB~Vl~ t1 "' . 
Lfl~tl.:JtJ'IJIJi~ LEi!~,!'IJYWG1'aLJ1~fitJ L ~m 'W~.:J~::tlnQ~ L oU11 LJ 1 '\Jfl'a::'UtJnG1'U 1~tJ'a::'U'UQ~ L~e:JL 'W~.:J~ ' ~ ~ 

LJm tJ'UtJ.:J:ij'.:J'Vl1::B~ tltl'\Jn1'aL~lJ~'IJLe.J11 VllJ~ ~tl.:Jnl'aL~mJ Btl 1'11lJLJ'an ~ LL~1 L ~tl L 'W~.:J~::tln5~ L oU11 LJ 
~ 

Jl1t~fl11lJ L 11G1.:J 1~ t~~1'1J'a~15~'ab~tJ1Vl~B'Vlm t~'a L~m ~m -w~.:J~1'1J~'IJLJmt~'UtJ.:J~15~n~:: LLI'lmU'IJ 
~ ~ ~ ~ 

Btl 1 'IJ m::'UtJ nG1'U L ~m ~1ne:JtW'VlfliJ LL~:: fld1lJ~'IJ'UtJ.:J m m i"'G1.:J n11~~ m'a'a:: Li:J ~'UtJ.:J L ~B L 'W~.:J m'a~~ 
\J 'U 'I '\J 'U 'I 'I 

'a:: Li:J~ Ltl.:J'Utl.:J~1'\J~ Ltl'IJG11'ae.JG1lJ L~tl L 'W~.:Jtl'Utll mi"'n~::Lfi~~'IJVI~.:J"Ii1.:J~1-ff1 hJMtJ.:Ji"\1 L 'WmoUm VI~ tJ.:J 
L~mn~m'aLm1 VllJ'UB.:JG11'ae.JG1lJL ~m -w~.:Jn'Um mi"!Ln~~'IJ fl11lJ~'IJ 1 'IJm::'Ue:JnG1'Un~:: L~lJ~'IJ Ltl'IJe.J~ 

~ 

1 ~Lfl~n1'aB~~1'\J~~.:J hJ Le.J11 VllJ ;.:JYl11 ~"li1.:J~1off1tltl'\Jn1 'a~~'a:: L 1J~'UtJ.:JG11'ae.JG1lJ L ~tl L 'W~.:Jtl'Utl1n1i"' 
' 

~1~e.JG1lJn'IJ 1~t~i1~~~1'\JtJ~1 'IJ~~~1 n~~G11lJ1'ame.J11 VlmJl,!'IJ~'IJ~.:J m'a Le.J11 VllJn~::Ln~~'IJ tJ ~1.:) 
~ 

'a1 ~ L 11 'IJ tJ n~ 1 nd L~tl L fi~ n1 'a Le.J 11 VllJ Lb~1 bd ~11 'IJ n1 'a 'a:: L Vltl'Utl.:J L ~ tJ L 'W~ \l~ LVI~ tJ n ~:: ~ ~ ~ .:J Jf 1 tJ 

~1VI-r'Un1'aQ~ L ~tl L 'W~.:Jn~::i1~tJ L ~tl.:J 1 LJ~'\Jm::vi'.:JLJ~lJ1tub ~tl L 'W~.:J~~tl.:Jnl'a 1Jf L oU11 LJ1 '\Jfl'a::'UtJnG1'U 
~ 

bb~1 ~1'\Jfl'a::'U1'\Jn1'aLLI'lnL tJ'IJ~::tJtJ.:JeJtJtJ n1'a'a:: L'Vltl n1'ae.JG1lJ 'a::Vll1.:JL ~e:JL'W~.:Jtl'Utll nli"' LL~:: nl'a 

Le.J 11 VllJrl~::ij ~ tJ L ~ tl.:J 1 LJ~'IJ m::~.:J L ~tl L 'W~.:J~.:J'VllJ~ 1Jf ~1'\J Lb~~:: f1'a ::'U1'\J n1'a~ .:J n~11lJ1 LL~1 

'IJ t1n~1 nd n1 'a e.J G1lJ'Utl .:Jtll n1 1"1~ L Vl~tl 1 '\Jfl'a::'U tJ nG1'U tl'Un1Ei! ~fl1 ~.:J Le.J11 VllJ bL~::~ Le.J 11 VllJ Lb~1 fl ~:: 
~ 

Ln ~~'IJ ~tJ 1 LJ l'l~tJ ~ m::'U1'\Jn 1 'a Le.J11 VllJ Lb~:: m::'U1'\Jn 1 'a'U m tJ ~1 

~:: L ~'IJ 1Jl11 m::'U1'\Jn1'a Le.J11 VIm 'IJ Lfl~tl.:J tl'IJ ~Ji~~ 'a:: L 1J~Jl1 tJ nl'aB~ rltl'\JoU1.:Ji'UitJ'IJ 
' 

5~ L ~tl L 'W~.:J Lb~:: G1 m1::n1'aYl1.:J1'\J'Utl.:J Lfl~tl.:JtJ'IJIJi ~1VI-r'Ue.J~~~1Aty'UtJ.:Jm::'U1'\Jn1'aLe.J11 VllJ~ij ~tl 
n1Tvl1.:J1'\J'Utl.:J Lfl~tl.:JtJ'IJIJiij~.:J~tl 1 LJd 

2.1 0.1.1 L ~tl.:J~1nn1'aQ~ L~e:JL 'W~.:J Lfl~tltl'\Jn1'aL~lJ~'\Jn1'a Le.J11 VllJL~nU tJ tJ ~.:J,!'IJ~.:J 
1:Ji1oUtJ~1 tl~'Utl.:Jn1 'aiJtJ n L Vli1tJ'IJ 1 'IJ Lfl~tl.:J tl'IJ ~Ji~m:: L 1J~Jf1t1 LJ'a:: n1 tJ 1 i'J;.:J L tJ'\Je.J~lJl ~1 n n1 'a~~'a:: L 1J~ ' . 
LtJ.:J'UtJ.:J L ~tl L 'W~.:J LL~::mmi"'~e.JG1lJtl'\Jtltl'IJLL~1 1 '\Jn1Ei! ~1'\JG1~Yl1 tJ ~.:J,!'IJ Lfl~tl.:JtJ'IJIJi~~ 'a:: L 1J~Jf1tJn1'a ' . 
e)~ ~.:JG11lJ1'at11 iBI'l'a1~1'\Jn1 'aB~G1.:Jn111Jl L tl'IJe.J~ 1 ~LJ'a::~'Vl5 m-wm 'a L LJ~tJ'IJ'W~.:J.:J1'\J L ~tJ L 'W~.:JG1.:J 

~ ~ 

~1off1'a::VIl1.:Jn1'aL~lJQ~ L~e:JL 'W~.:J LL~:: nl'a L~lJ~'\Jn1'aLe.J11 VllJ~::~tJ.:J~'IJ ;.:J"Ii1.:J~1-ff1~~'\Jd~ .:J~1 LtJ'IJ ~tl 
m'a-rn~1fld1lJ~'\Jm::'Ue:JnG1'UG1.:JG1~ 111 ~~1nl1A1G1.:JG1~~ Lfl~tl.:J tJ'IJIJi~::'Vl'IJ 1~ ~.:J,!'IJG1lJ'l'T~1 '\Jnl'a~~ 

\J 'U 'I 'U 'I 'I 

'a:: L 1J~'Utl.:JG11'ae.JG1lJ L ~tl L 'W~\ltl'Utl1n1i"'~.:J~tl.:Jtl ~flltl 1~ "li1.:J~fl1VI'IJ~ ;.:Jm::Yi'11m~ tJ 1 offJ1iJ'IJ~ LEi!~~ 
~ 
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.<C:li oClj I I ~ 0 

l.l l~'lJ~ l 'Vl'U~~ m 1 f'l1'VlflTVl'UVl 
" 

2.1 0.1.3 l ~tJ~ ~ 1 n'Vl tJ~n 'lJ tJ~ lfl~ tJ~ (I 'U ~ l '\J~ (J'U ll '\J~~ 1Vl (I n1 ~ l '\J~ (J'Ull '\J ~~'\J~l.l 1 ru 

l ~tll ~~~~~n~Vll-il11 LJ ~Bl'~..ijm 1Vl(J~m ~ 1 Vl~'lJB~m mf'll-il1lfl~tl~(J'U~ lnmJ~ ~ hh LJ~ (J'U ll LJ~~ v11 

1 'IX lfl~tl~ (J'U~~ l~~~1l.J1 ~flvl1 ~1 'U 1~Vl (I 1lJ 191 tJ~iJ~'Ul ~ ~ ~~~'U~1'U1 'Ufl1 ~~l.J~ ~ ~ 1 l iJ'U 1:-J~ 1 'IX 

'\J~~~'Vl5 m~ l oa~n~~ m~~'U1~~l'U~~n-;h l~tll Vi (J'Utl'U lfl~m(J'U~~Vl~~ l iJVlvll (1'\.J~~ fl1 (I 1 yJ 
" ' 

2.1 0.1.4 l~tJ'\J~l.l1rul ~m ~~~~~fl~Vll-il11 '\J~Bl'~..ij'm l ~l.l~'U Dt1JVI1 m~1 -ffm mf'l 

~~Vl'J1~fl1~ lm 1 VI~~~ lflVl~'U ~~L111 '\J~m~ lflVl'\J~l.J1 tu'lJtl~ l 'lJll1 (Soot) :6'1'Ul'Ul.J1 n~1lJ~1l.l1~me..J 1 
" 

1 VlmvlVIl.JVl rltl'U fl1~ Fl1 (I 1Bl~ (J tltl fl ~~~'U l 'lJllT'iJ1'U l'Ul.Jl flVI~ tl Fll'U vl1'lJ tl~ 1Bl~ (]~~ l iJ'U ~l :6' 1 tl Vl 

eY~~1~l'U~~w;h~l ~m ~~~~Bmm f'l~rh&r~~~~Vl 11~~1 20% (VI~Bmnn11) ~~'U1~n11~1~e..J~l.J 
" ' 

~tl ~ l iJ'Ue..J~ 1 ~Fll1l.l~'Uir~ e..Jmu~mJ~~ 'lJtJ~ lfl~tJ~(J'U~U1 tJ1fl1f'll-il11Vl(Ju~~l.l"lJ1 ~ ~1fll1'lJtJ~ 
lfl~tl~(J'U~~Vl~~ l iJVlvll(J'\J~~fl1(1 1 yJ~~l.Jl.J~tl'U 

' " t I lJ' I 

2.1 0.1.5 b'tj tJ~~1mfl~tJ~ (J'U~~ l~~v11~1'UvlltJBm1~l'U~~VIl1~ l :fim~~~~tltl1fl1f'1Vi 

'U1~ l~l.ltl ll~~~m~~'U 1~~l'U~~v11~1'U~Bm1~l'U~~VIl1~ l ~tll ~~~~tltl1fl1f'l~'U1~l.l1 n v111 ~~1 ir~ 

1:-J~'lJtl~ y( =CrJCv) 1 'U•1h~m~'Ul'Ufl1~'lJ81(J~l~~fll11 'Ulfl~tJ~(J'U~~m ~l iJVlvll(J'\J~~fl1(1 1 vJ liJ'Ue..J~ 

1 'IXLJ ~~ ~'Vl5m~ m~ l '\J~(J'U~&r~~1'Ul ~tll ~~~~~fll1'lJtJ~ lfl~tl~ (J'U ~~ m~ l iJVl vll (1'\.J ~~m (I 1 vJ~1V1-r'U 
" ' 

e)~~1~l'Ufl1~'lJ81(J~lVI'i1~1 [9] [11] 

2.10.2 ~'\Juuu'tlv.:~m·mnl'VIm 'Ubfl~v.:~£J'U~~b~!;l 
" 

eJ5'U1 (I 1v1~1nm~~mnrn~ci1 (J'lJtJ~m~'Ul'Ufl1~le..J11 VI~ lb~~m~i lfl~1~~-iJtJl.l~Fll1l.l~'U 1 'U m~'Utlfl 
" 

~'U 1 'U•1h~fl1~le..J11 Vl~~lnVl~'U bVl (J~l1'\Jlb~l~~1 -ffe)(91~1fl1~'\JcitJ(Jfll1l.J~tl'U (Heat release rate) ~ 
" 
fl1'Ultu~1 n-ilBl;J~ Fll1l.l~'Um~'Utl fl~'U~l.Jl.l-ilm VI~ (J\l~1\l 1 L iJ'U~l fl1VI'UVl~tl LL 'U'U'lJtJ'l m~ le..J11 VI~ 

~'lB~~1 m~'\JcitJ(Jfll1l.l~tJ'U fifitJ e) (91~1~~\l~ &r'l'l1'ULFliJ'lJ tJ'll ~tll ~~~flntlci tJ(J tJ€1 fll.l1bVl (Jm~'Ul'U n1 ~ 
" 

Le..J11 VI~~'UL€1\l "lil'l~1\l 1 'lJ€J'lm~'Ul'Ufl1~Le..J11 VIW 'Ulfl~€1\l(J'U~~l~~Lb 'U'U~Vll~m~~\lbVl(Jm~~€1~~ 
~~'\J1v1~'lm1t'JeJ(91~1 m~'\JcieJ(Jfll1l.l~tJ'U 1 'UJl1~~ 2.18 

' 
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;:f 

·~ - 'th'l ei l"lfl1um 'i 'il~'.i::r0 ~ ! 1 ~" n~ ""''",;~,"~"vi" a" 11' oimmih 

~ 1 1 'lh'lnTnt:·nhnJ''Vi\Jnfl'l1JrpJ1~wm:~~erlJ .,.. 
~~ 

e 
200 210 

.flTW~ 2.18 eJ\Pl':i1n1'a'lh'imJfl1111~el'lJ"'Jel'lbfl~eHIEJ'lJIPivfl etl'aZ'U'UO\Plb~elb 'W~'I b\PIEJ\Pl'a 'IVi"J 1 tl 

bb~IPI'I"tf1'1vl1'1 ~"'Jel'ln1'aU.J11 'VI~ [9] 

2.1 0.2. 1 '1i1~~1i11 'Ufl11~\P11~ b iJ~P~ (Ignition delay period, a b) b tl'U'Iil~1~Vil1~ 

fl11b~11~'U"/JB-!lfl115~ b~B byj~-:Jb -iJ11 tfl 'U~B~ b~11 Vliibb(l~fl11 b~11~'U"/JB-!lfl11b~11 VIii fl11b~11~'Ufl11b~1 

1 VliiVI11~:>J1flfl11b 'tJ~tJ'Ubb 't.J(l~f1l111-a''U"IJB-!lfl11'Y11~Vil1-!l P-8 1~:>J1fln11'Y1B\?\11fl11D~Btlm111~B'U 

~Vi1:>J1fl-ifB11(1 P(8) 
'IJ 

2. 10.2.2 'lil-:Jfl11b~11 Vlii~11~~11~ ~~111ltlB'Ubb~lVI~B'Iil-:Jfl11b~11 Vlii~1l~ b ~l 

(Premixed combustion phase Vi~B Repid combustion phase, be) 1'U'Iil-:J~btl'Ufl11b~11VIii 

"/JB-!l b~B byj~-:J~1~~~11tl'UB1fl1f"1 btl'U~11~~11~Bt!L 'U~vro.hn~"/JB-!lfl11b~11 VliJ1 'U'Iil-:J~1-ff11 'Ufl11:>J~ 
'IJ ' 

1~ biJ~ ~-!l b~B bfl~fl11b~11 Vliifl:>J~ b~11 VIii bneJ'tJyj~eJ11tl'U Yll 1 ~fl11bm 1 VIii bfl~~'UB~ 1~11~ b ~l 1 'U'Iil-:J 

hJ~B-!lf"111111-ifm Vi~tl-!lbb(l~b tl'U~(l1 ~e) \?\11fl11D~Btlf1l111~B'U 1 'U'Iil-:J~~~ 
' 'IJ 

2.1 0.2.3 '1il-:Jfl11b~11VIii~flflf1l'Uf1111~tJfl11~~11 (Mixino-controlled combustion 
'IJ ' ::, 

Phase, cd) b~m~myj~~ bb(l~Blfl1f"1~~~~11n'U 11nB'Ubb~l 1'U'Iil~~1i11 'Ufl11:>Jm~ biJ~ 1~flm~11 VIii 
' 'IJ 

yj~eJ11 b~11 VIii (B\?\11fl11~~111~Vil1-:J b ~B b yj~-:Jn'Ummf"l) 5m1fl11't.J~Btlm111~B'U 1 'U'Iil~~m:>J 1 LJii~ 
rl1~-!l~~rh~~B~ (1~tJvfl1LJ:>J~~1fll1rl1bb1fl) Vi~Bm:>JhJii~n1~ bbl9i:>J~(l~(l-:Jb~Bfl1~'Ul'Ufl11b~11VIii 

'IJ ' 

vl1 b'U'U\9iB 1 LJ 

2.10.2.4 '1il-:Jfl11b~11VIiii1 (Late combustion phase, de) btl'U'Iil-:J~fl11D~Btl 

f1l 111 ~B'U bfl~~'U\9iB 1 LJ~e) \1\11 ~11 'U :ij'~Vil~"/J tJ1 tJ ~l ~~ b tl'Ufl11b~11 VIii b ~m yj~-:J~l'U~ b Vi~ Bel~ 
'IJ 

b~fltlBtJ bb(l~btl'Ufl11b~11 Vliil9iB 1LJ"llB-!lb"lllJ1bb(l~~11~bfl~:>J 1flfl1 1b~11 Vlii~11~~11Vi'U1 (b'li'U CO,H2 

"1(1 "1) 



-. 
43 

2.11 m-au tl-a~'L!-tm~m-ab~11 'VIah::'VI'·h~1!J:5'm~v1!J:5'm 

~1 b 'VI~"I.Imm·ru'lJ';J~VIl&:JnTm.n1 vru'';i~·vrnr)!J~m~e:r)!J~m&..~1"0J1rru"OJ~tJ 3 oV'e:J~e:J m';l bb 'lJ';j" 

ir'IJ';J~W;h.:Jl'!]~m~Bl!J~m 1 '\Jfn ';J brl~e:J'IJ~"I.Ie:J.:J~1';l~~&J 1 'Wm~tJe:Jf1~tJ 1 'U"I.Iru~~~1 b Vi tJ'U 1 ~'th~ mtJ 

1 'V'J n1 ';! bb 'lJ';J ir'IJ"I.Ie:J.:J'lJ1&..~ 1 ru bb" ~ b ~e:J b ~~ .:J~ t:1 n ~ ~ b .V 1&..~11 'IJ f1';j"~tJ eJ n ~tJ n1 ';! bb LJ ';! ir'IJ b ~ e:J.:J "OJ 1 n 
~ ~ ~ 

~tJ1nru 1n~i11 b VitJ'IJ 

~1 ';1 1iJ b~e:J1~1-tl'b iJ'W ~TU.:JtJe:Jf1f11';lbb 'lJ';Jir'IJ"I.Ie:J.:J m';l b~11 'VI~';l~'VIl1.:Jl!]~m~B1'!J~m~iltJ&J 1-tl 

tl'IJ Hi'bbri rl11&J~'IJ1 'Wm~tJe:Jf1~tJ~.:J~~ (Pmax) &J&JoVe:Jb'VI~tJ.:J~bil~m1&J~'IJ 1 'Wm~tJe:Jf1~tJ~.:J~~ bb"~ 
'\J '\J , , '\J '\J , 

rl11&J~'IJEJ.:J~" bu~tJD.:J~ (IMEP) 1~tJ f11 ';lb~11 'VI~~ b ~1 1'!J~m~B1'!]~ m~ijm1&J~'IJ~.:J"OJ~ bil~~'IJ 1n ~ 
ntJ~'IJ~ ~1 tJtJ'\Jbb"~vh.:Je:Je:Jn1 LJ1 'Lll!J~m~ijr111&J~'W ~1".:J&J1 ~1'\Jm';J b~11 'VI~otl1l!J~m~ljm1&J~'W 

~.:J"OJ~ eJ ~1n" "OJ1 n v11 bb 'VIU.:J f!l'W ~ m tJtJ'IJ bb" ~"I.IEJtJ b oV'11 n~f!l'IJ~ ~ 1 tJtJ'IJ 1 '\Jl n ~ m~ijm1 &J ~'IJ ~ 1 n'l1 
'\J '\J '\J '\J ~ 

~e:J~ r1" e:J.:J tltJrh IMEP "1.1 e:J.:J bb~"~l!J ~ m f)ij~ n~ru~r1~ 1 tirl~.:Jtl'IJ ~1 bb 'lJ';J~D.:JtJ eJ n m ';! bb LJ ';! ir'IJ 

';!~ 'VIl1.:J 1!] ~ n ';! ~e:J 1!] ~ m ~1&..1 1 ';j"f:ltJ eJ m iJw•h rl.:J~1~ b iJ'IJ ~&JLJ ';! ~ ~'VlBm ';! bb 'lJ';Jir'IJ"I.I e:J.:J IMEP 

(Coefficient of variation in indicated mean effective pressure, COVimep) ~.:Jb~tJ'WbiJ'IJ~&Jf11';1 

~ 2.421~~-:Jd 

COV of IMEP = O"imep x 100 

IMEPavs 

1~t~~ crimep = ~1bDti.:JbtJ'Wm~';l~1 'W"Ile:J.:J imep 
' " ' 

IMEP avs = ~1bu~tl"l.le:J.:J IMEP "OJ 1f1~1'\J1'Lll!J-:ij'mVf.:J'VI&J~VioJ1&J1rl1'\J1ru 

(2.41) 

';J1&J~.:J~&J'lJ';J~~'VlBf11';lbb 'lJ';Jir'IJ"I.Itl.:J~1r111&J~'IJ 1 'Wm~tJe:Jf1~tJ~.:J~~ (Coefficient of variation in 
~ ~ ' 

maximum pressure) ~.:Jb~ti'IJbiJ'IJ~&Jf11';J~ 2.431~~-:Jd 

COV of p max= a pmax X 100 (2.42) 

Pmaxavs 

'i~.,~ ~ 
b CJ Vpmax biJ'IJ~1 b~ti.:Jb tl'IJ&J 1 m~1'\J"I.Itl.:J P max 

' " ' 

b iJ'W~1 bu~tl"l.le:J.:J Pmax"OJ1 n ~ 1'\J1'Lll!J~mVi'.:J'VI&J~VioJ 1&..11 rl1'\J1 ru 
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i.l CV .c:l i.l ~ I I V V Q.J V 

,B~a~11~~Un~~DBn~D~~~,Bb~1~~~1~1~aB~,1~~~~1~B~Ua~~~~1~,~1~~1~1~1~~ 

'1111 tfl.Vi L~~ 1~~m~~1eYm1m~'\.J~B~'W"'~~1UL~iJ,B~ L~m ow~~ ~n L~~n 'J 1 eY~~ 1m~'\.J ~B ~~ 11~ 
~Bti~~BeJ~~ 1 n1~be.J11 ~iJ b ~B b 'W~~ b ~BB5D1 ~"'n1!tru~,B~n1~ be.J11 ~iJ~ bfl~~ti 1 ti b~~B~~u(#i~ ~ 

' 
~~ L {J~~h ~ m~eY~ 1~ ~i5m~~11um~vi'11~ ~ m~ 1 in !J-rrB~~~~,B~~ru~-wal"n ~~1~1~-!D~~DD 
btl~ Ll1BoW~1~~1.111 ~B~b tiM111~~11~~tibba~Bru~.nij~~1b~~B ~~ L:U~u 1~LtJti~1~n1~~ 2.43 

1~~~ 
dQ 
dt 
dV 

p dt 

Ih · 1 

~ ' ~ 

dQ 
dt 

(2.43) 

= eJ'm1n1~ri1~~B~~1U1~~~~U\J~b~B~~1~1nm~n~~~~,B~,B'l.Jb,~,B~~~DD 

= eJm11~a,B~~1ab-rr11tflu~~DD~1ti,BDb,~,B~~~DD~~1bbWU~ i (m~1~aBBn 
Clil I ;:1 

~1m~DD~~~~1 b uti aD) 

h· 1 = bBUViatJ,B~~1a i ~b-rr1~~BBn~1m~DD 

u = 'W"'~~1ti,B~~1~~B~.n1~ 1 ti,BD b,~,B~~~DD 
~ 

~1~'!Db~~B~~uWiLLDD5~b~Bb'W~~1~~~~~~ ~1~~D~~~1um~DBn~D~~LtJti~~DDLtJ~ ma~ ' ~ 

1~a~1ti,BDb,~,B~~~DD nfim~Bb'W~~Lba~LLfi~~1~m-rr11tJbu&"dBn ~~1uhJ~~ma~1~aL-rr11tflu 

dQ 
dt 

dV . dU 
p- +IDfhf= -

dt dt 
(2.44) 

('W"'~~1ti.n1 ~ 1 ti~~WlDBtu~.nij b fl ~~B~1~ b~~1) ,B~~1~~D~~~ 1 um~DBn61D bba~ LBU~1atJ61~~~ 
.. 'U 'I '\J 

J' ~ ~q iJ 1a I 0 CLJ t.l dQ ~ ~~ I I Q.J .q <dl tl 

,B~b,Bb'Wa~~u~b,1 u~1~a1~Dbba1 - n~~na1~butie.Ja~1~~~~11~'Wa~~1tib~~~~B~11~~Bti 
dt 

~'\.J~B ~BBn~11~~n1~be.J11 ~lJ,B~ b~B b'W~~ ('\.J~~1U!D1n) Lba~m~ri1~ b 'Vl~11~~Bti~1m~DD 
<1 u L~~B~~uWi~~ L iJum ~ri1 ~ L ~~11~~Bu~1m~DD LLa~ m~ L~~B~~~1~~1~ Bru~-wa!"l 1 ~~1 

' 
~~ LtJum~1ruaD) LLa~L~B~~1n h s.t~ o ~~m~ 2.44 ~~1~ 

dQn dQ ch dQht dV dU5 - - -- --- - p- + -
d t d t dt dt d t 

(2.45) 
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dV dT 

dt 
p- + IDC -

dt v dt 
(2.46) 

dp dV dT 
- + - = -
p V T 

(2.47) 

dQ0 Cv dV Cv dP 
- = (1 + ) p- + - v-

dt R dt R dt 

(2.48) 

, Cp 
1~EJV1 y LiJuer~~1~lU"llmrn1l.r!e:Ju~wr'i1~ -LLG'1~1um~1Lm1~t-1eYm1m~'l.Jcie:JEJrn1lJ~€lu 

Cv 

"IJ€l~Lfl~€l~EJUtJJ~L~G'l 'lil~"IJ€l~rl1 Y ~LVilJ1~~lJ'OJ~LtJU 1.3 -1.35 LL~n1~€l~fl1~rl1 Y 1n~LflEJ~tl'U 
fll1lJLtlU 'OJ~~lJ1fl~U 1um~1Lm1~t-1-rr1~~Uflfll~1-tl'f'l1 y "IJ€l~€l1fl1Pl~'l.JmEJ"llm~~Vil~B~rl€lUfl1~ 

Len 1VI:IJ~~~ rl1'\.J~~lJ1tw 1.35 LLG'l~rl1 Y ~1Vi-r'ULLtl~~Len 1 Vi:IJLL~l~rl1'\.J~~lJ1tw 1.26-1.3 

i11'V'l~ 2 .19 LL~~~"IJU1~"1J€l~fl1~'l.Jcie:JEJflJ1lJ~€lU~llJLLG'l~~Vl5 fl1~ri1EJLVlflJ1lJ{€lU e.JG'l"IJ€l~fl1~ , 

1 VIG'l L -rr11 LJ1 U~€1 fl LLG'l~fll1lJ~e:JU"IJ€l~ fl1~fl G'11 EJ L tJu 1e:J LLG'l~ fl1~ L ~lJ fll 1lJ~e:JU"lle:J~ L ~€1 L 'V'l ~~"IJ€1~ 
Lfl~€1~ EJUtJJ~ L~G'l~~'U'UQ~ L ~m 'V'l~~ b~ EJ~~~ LV1€JTI 'U"1!1{'0J vl1~1U~.f11l~ LLG'l~B ~~1flJ1lJ L ~lLfl~€1~ EJUtJJ 

'l.J1unm~ ~~'V'l'Ul1 L€JUV11G'1D"ll€l~m~nmmtlu 1B"ll€l~tl1iru~ L~G'l'OJ~i!e:JEJfl';h ~e:JEJG'l~ 1 "ll€l~rl1flJ1lJ 
~€JU"lle:J~L ~€1 L 'V'l~~ LLG'l~fl1~L 'l.J~EJULL 'l.JG'l~'V'l~~~1U~ L~EJ'J tl'Ufl1~L ~lJflJ1lJ~€lU1 ~LLn1€l L ~€JL 'V'l~~'OJ1 fl 
€JCUVI .nl1"1J€l~ fl1~Q~ 1 'l.J L tJU €lCUVii1l1"1J€l~ €11 fl1~~tlfl B~~l 1 D'OJ ~~ rl1'l.J~~lJ 1 ru {e:JEJ G'l~ 3 "IJ €1~ rl1 

" '\J , '\J '\J 
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fld1l.J~eJ'W"llB~l:SmY-l~~ &11'1.JflT:iri1mVlfl11l.l~m.J~1l.J\Jl"Biil"li1~m';iun1 Vlil~~i1rh ~mm~ 10 ~~ 
~mm~ 20 "llB~fl11l.J~B'W~nmJ~m.JBBflm~~Vll.Jiil 

" 

100 
n ""l _.,. 

·= ~ 8 0 
.-=- ,~ 
~ r"7' 

= = GO = ;r> 

= ~ 

= = = ......... -= i3 40 
-= r-- w:;;;: ;E ;;::: 
= -= 2 0 ,. .,.... -... 
~ = 0? c-

"'* = 0 

- 5 0 0 50 1.00 1.50 

,.p.~ '\Je t'H 'l o . EJ~ ft-.. A -r c 

-azuu51ilb ~em'4~~ blilfl\Jl'a~ b Vlel'fl uttn~~ vl1~1'\.J~.fl11Zbb~Z~\Jl'a1flt1111b~'J 
4 ~tl d , II 'I "I 

bflt'ae.J~fl'W\Jl 1'\.Jn~1~ 'll~bb~lil~'tl'W11il'tle.J~fl1'afl1flb'VIflt111l'ae.J'W fl1'ab'VI~ b'W'llvn bb~Z 

e.~~'tl v~m-an~1fl b tl'W 1mb~zm-a1 ~flt1111~e.J'W bbrib ~e.~ b w ~~ [9] 

2 .13 m-aiJvfltb'Wbflt~e.J~f!'W\Pl~b'll~ 

l fl~B~~'\.JtJl~ l~"~ ~ l~'\.J 1~ l~~'U~~1 l~l.JB~'\.JB ~tl'UB\Jl~1n1~l~l.J~'\.J"l!B~ll ~~~'\.J 1 'Wm ~'U Bfl~'U 
" " 

';i~w;h.:J "Ii1 ~fl1';i~'\.J iil 1tlfl1';i l ~l.J~'W"l!B.:J ll ~~~'Will~ 1 'Wm~'UBfl~'Utl1~-:J lb"~';i'\.J lb ';i.:Jn~~v'h 1 ~lfl~m l~'W 
" " ' 

hj b~~'Utlfl~1 '\.Jfl1';i~\il';i~ l Dlil1 ~ l :S'B l y.j~.:J~'\.Jiil 1tlil1 ~ 1 '\.Jfl';i~'\J Bfl~'U~~~e:J.:j~lil';i~ l Dlill :S'B l y.j~.:JB'\.Jil1 fl 
, 'U , , 

lb ';i fl ., 1 ~"n1 Vlifri B'W~'W~Iil fl1~~1il"lltl.:!~1~1illb~tl1Vl1 fl l :S'e:Jl Y-l~.:Ji1fl1';i ~lil1~ l'Oiil~1~1l.J1fl bil'I.J 1 tl ~Btl1 I , , , 

~tl.:l';iB~'Wm~~.:J~'\.J~ Iilm';i~lil"lJB.:l~1~1illb~1n~~.;h 1 ~l :S'B l y.j~.:j~~lilloU11 tJir.:J~B.:J ~'\.Jiil1tl ~~ ~l.Jtl'\.J~'\.J 
' 

i1tl1mrul.l1fl~.:J'vh 1 ~i1m~lnlil m~~m~l Dlil~'W';i'Wbb ';i.:Jfl1"'-:J~'Wl ~l.J~'Wt1~1-:J';i11ill ~1v111 ~ lfllil fl ~'W 
' ' 

l ~ ~.:J lfl \ill~~~ lfl1 ~ ~~~'\.J l~~ fll 1 l tJ'\.J fl1~iJ Bfl"lJB.:l l fl ~B.:! ~'\.JtJl~ l~"Vl~B l~ ~ fll1 flBl.J1J ~ .a-'I.JiJBfl 
(combustion knock) 

tl1 fl1 1l.l~1~1"llB~fl1';i~ lil';i~lDiili1"1i1~~~~~l1m~'W~Bl:S'mY-l~.:JhJwJ1-:Jl'VIU~1vh1~i1fl11l.l~1~1 , 

~e:Jm ';i ~lil ~ ~ l D lil €1~'\.J 1'\.J" ~tlB.:l"lJB.:JJ1ir'Wl :S'B l y.j~.:JB'Wm flll ~n~ n~~~'\.JmtJ1m '\.Jl1 " 1 B'\.J~11ill ~1,r'\.J 
' " ' 

~tl"~tltl.:l"lJB.:JJ1iJ'I.J~ ~~ ~ l.JB~l'\.J~B.:l~'\.Jiil 1tl l~tl';iBfl1';i~'\.Jiil1tl~1-:Ji1bBfl1~~~ ~l.JB~1~utJ~~.:J~'\.J 
" " 

B\Jl';i1&11'W~ ~l.l"llml.l1 "~~'Wiil1tl~1-:J ~1ll ';i.:!~'W ~1 n m';i~'Wiil1tl~1-:J~.:J h J l ~l.l~'WB ~1-:J';i'W ll ~.:! "' n~'U~~ , " " 
1~-!'U lb ~ ~ ~'\.J~';i1'\J l~~'U 1 '\.J Vl 1 -:l\Jl~.:JoU 1 l.Jtl1fl1 1 l.J~1~1 "1J B.:! n1 ~~m~ l Dlil i1l.J1 ntl1m ru l :S'B l y.j~~ n ~~ 

' 
~~~l.l 1 i l ~Bm~~'Wiil 1tll.J1 n~~~'Wl~B~.:Jnm~ l :S'm Y-l~.:J~'Wiil1tl~.:J lnlil m~~'Wiil1tl~';i11ill ~1ll"~~'Wlb ~.:J 

' 
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t:.J~~1~~\JtlAe:J~f1~tJ 1~1'D LL ~~ m~ LL 'Vlf1-;;J 1f1 m~r;1\J~ 1i.JtJ'U~1 ~tJ~'ULL ~~m f1 Lfl~e:J~-;;J~ L~'U hJ L~tJD 
'U 'U 'U 'I 

v .. 
~~fl1'W'Vl 2.20 

{n) 

{'11 ) 

L1111 

bLJ 
L1111 

-;;)1 f1fl1'W L i.J~tJD L Vi tJD 1 ~L i1'U•lh~ nm~~1lJ'UL ~e:J L 'W~~O~~~~l.J fl1'W (fl) btJ'U•Ii'J~~ih~tJ~ L 1m 

L 'VIl.Jl~~l.J"UfJ~ L ~fJ L 'W~~lJ1f1~G1~vl~~'UL~e:J Lfl~ f1l~i1'U~ 1'\.J~~ 1 ~ LL ~ ~vl'UG1~ LL~~~'ULL ~~ ~~ Lfi~ f11~U fJ fl , " , 
"Ue:J~ Lfl~e:J~ tJ'U~e:J~l~ 1 ~tl\Jlll.lf11~Ue:Jfl"Ue:J~ Lfl~e:J~tJ'U~~ LBIJ~ tJlf1~-;;J~'Vf~f1 L~ tJ~ 1~ L ~e:J~-;;Jlf1 L ~e:J L 'W~~"/Je:J~ 

Lfl~e:J~ tJ'U ~~ LBIJ~ EJ'~ljfld ll.J~ loffl"Ue:J~ f1l ~-;;)~ ~~ L ij~e:J ~~~ f1l~-;;Jm~ L ij~iJ f1-;;J~ L~l.J~'Ui.J~ l tJ~~ tJ ~"U e:J~ , " , 

f11~ L~l.J~'U"Ue:J~ LL ~~vl'Ue:J~l~~1~ L ~1.Q'~~v'h1 ~Lfi ~lj L~tJ~Ue:Jfl"Ue:J~ Lfl~e:J~tJ'U~LL~~~1 ~L i:1'U1~\il~m'W~ 

2.21 ~~'VIlf1 hJLfi~f11~Ue:Jfl'VI~e:J 1~Lfi~f11~-;;Jm~ L ij~Lfi~~'UL~'U lrl~LL ~~vl'U-;;J~ 1~LtJ'UL~'U LA~i.Jf1~\Jlll.J , 

LL 'U1 L~'Ui.J~ LtJ'Uf11~ L~l.J~'Ue:J~l~~1~ L~'J"Ue:J~ LL ~~tiJ'U~~LtJ'Ut:.J~ 1 ~ljf1l~U e:JflLfi~~'UL tJ'U~~ tJ~fl'Jll.J~loffl 
"Ue:J~f11~-;;J~~~Lij~ , 
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~1 b Vl191~vh 1 ~ bn~ m~L'l e:J fl1 'Ubfl~e:J.:J ~'U~~TWlJ1 n~~ bn~~1 n m~ 1 offJ1l!'Ub ~m ~~.:J~iirh~ b 'Vl'U • 
"L!lJ b tJe:J{~1vh 1 ~iifl1 1lJ~1off1'lle:J.:Jm~~m~ b \J~lJ1 n b 1m m ~5~J1l!'U'lle:J.:J~15~ b 11 bn'U 1 tJB'I91~1 ~1'U , 

fl11lJB~~.:JlJ1n bn'U 1 tJm~e:Je:Jn bb tJtJ~€l.:Jr;r'U~1tJhJ~ btlwX'UtJn~B'I91~1m~ b~lJ~'U'lle:J.:Jbb ~.:J~'Um ~ 1 'U 
" 

n1~tJ€Jfl~tJ~~fi~ b tJ'U-;J'1'U1'Ulb/in2VI1€J ko/cm2 VI1€J bar ~€J€J.:JP11 n1~VIlJ'U'lJ€J.:JeiJ€Jb VI~~.:J~1flfl1~ " ;:, ' 
'Vl~~e:Jun1 ~ 1 'U~€l.:J'Vl~~€ltJtJ~1n!J11m~u€lfl'll€l.:J bfl~e:J.:J ~'U~~ b"ll~~~ hJ bn~~'Un1B' m1m~b ~lJ~'U'lle:J.:J 
bb~.:J~'U~1n11tJ~~lJ1ru 2kg/cm2 ~€J~lJ'lJ€J.:JoU€JbVI~~.:JtJn~~~bn~~'U1 'UBI91~1~~.:Jn11 3.5 kg/cm2~€J 

2.14b'UbeJ~ib'l!~ 

J1l!'U1 tJ 1B~ b"ll~ Vlm~n.:JJ1l!'U b~m~~.:J~r;Y.:J bm1~VI1~~1nJ1l!'UY1'1lVI1e:JJ1l!'Ur;YI911~1~ 
m~tJ1'Um~'V11.:J bfliib ~€] btJ~~'U 1fl~.:J~11.:J'V11.:J bflffi mn~ b~~.:JntJ 1fl~.:)~~1.:J'V11.:Jbflii'lle:J.:JJ1l!'U~ b"ll~ 

m~tJ1'Ufl1 ~'V11.:J bfl iiffi -b1 'Ufl 1~~~1911 tJ 1e:J~ b"ll~ b~~ ni1m~tJ1'Um~ 'V1~1'Ub€J~b 'Vle:J~YJ bfl~'U 

(Transesterification reaction) 1~ ~ ii~1~ ~.:J ~'U~€J 1191 ~n~ b"11e:J{1 ~vl'll €J.:JJ1l!'UY1'1lVI1e:Jr;YI91ivh 

tJl)n~mntJ bbe:J~ne:J~e:J~ ~~ 1~~1~~~191nrusfi~e:J ~1~be:J~ bl91e:J{ (blJ'Vlme:J~bl91e:J{VI1me:JV1me:J~bl91e:J{~'Ue:J~ 
ntJbbe:J~ne:J~e:J~ffi off) bb~~n~ b"lle:J{~e:J~ 1 'UmTvhtJl)n~~1~~VI11.:J 1mn~b"11e:JTI ~vintJ bbe:J~nB~e:J~ ~~ 1 off 

~1.:JVI1Bm~ b tJ'U~1 b ~.:JtJl)n~m b ~e:J 1 ~bn~tJl)n~~11 ~~lJ\J~rubb~~ b 11~'U ~db ~.:JtJl)n~m~'W~lJ 1 off~e:J 
1"11b~~lJ1~~~e:Jn1"11vi (NaOH) V11€J 1tJ~bb'Vl~b~~lJ1~~~e:Jn1"11vi (KOH) ~1'Ubb€J~fl€J~~€J~~'U~lJ1off~€l 

blJ'V11'U€J~(CH30H) VI1€J b€J'V11'U€J~(C2H50H) [12] 

tJ~~ b 'V1 1"11 'V1 ~ b tl'UtJ~~ b 'Vll"l bfl ~191 ~n~~lJ ~ .:J~'Ui' 191 n~tJ1 'U n1 ~~ ~ 1911 tJ 1 e:J~ b"11~lJ1~1 nY1'1l'V11.:J 
' 
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fll1 ~.:J~~Iill flbbG'l~DG'ltllilntJ 1 'Ufl1~bn'U fl1~'U~~"il bbG'l~fl1~'ll'U~.:J ijfl1~~G'lltl~l~1tlfll1Vnflijfl1~ 
' 

~l 1vme:Je:Jfl~'O~~:W"ll1~ (Biodegradeble) bbG'l~ hh\J'UVl~ (Non-Toxic) ~l:W~.:J1m~tl"il1flfl1~b~nhn:J 

"il~n:w G'l'Vl~~e:J tifll1LhiJ'U~ b6!!G'l 11il tJi'j b 'll~1 n~'Uu'UbbG'l~ rr1'Uv11~ t1 t1 n'l1:w1 n Y111 ~n1~ nlil n~eJ'Ue:JoJ mru 
' ' 

'lleJ.:Jbfl~mt~'UtJhnlilm~~n'V!~eJ~BtJG'l.:J 1 oJ~·;m [13] :w 1 \Jl~~1'U'lle:J.:J1 'U 1B~b6!!G'l~1~"il1nm~~~\J!L!'U "il~ ... 

'lltl.:J 1 'U 1B~b6!!G'l~fl11ill1"il~~~\Jl1~L!'U "il~btJ'U 1oJm:W:W1\Jl~~1'U'lltJ.:JoJ~~b'Vlf'!l~'V!-r~m:W~fl1 ~'V!ilTVW 1 ~oJ .. ... ' 
bbG'l~oJ~~b'Vlf'!lbtJmiJ'U 1~bbn ASTM D 6751 EN 14214 bbG'l~ DINE 51606 \Jl1:W~1~'U [14] 

Property Unit EN 14214 ® 
Palrn ~jggj@~!i!L 

Norm a l Gra de VVinter Grade 

Est er content %weight Min . 96 . 5 ,.. 98 . 0 ,_ 98 . 0 

Density@ 1 sac kg/rn~ 860- 900 878 870- 890 

V iscosity@ 40- c rnrnz/s 3 .5- 5 . 0 4 . 4 4 .0- 5 . 0 

F l ash point ·c Min . 120 182 1 50- 200 

Pour point · c -- 1 5 -21 to o 

C FPP a c See note (b) 1 5 - 1 8 to - 3 

Iodine va lu e -- Ma x. 1 20 50- 55 56- 83 

~nurnber -- Min . 51 58- 59 53- 59 

~.l,ll.IQQ!J[ rng/kg Ma x. 1 o -< 10 ~10 

Phosphorous rng/kg Ma x. 1 0 -< 10 ~ 10 

VVater rng/kg Max. 500 < 500 -< 500 

~-JOQI~nj~ acid %weight Max. 1 2 < 0 . 5 < 0 . 5 
rn e thy l esters 

Polyun satu rated 
%weight M ax. 1 -< 0 . 1 < 0 .1 

rn ethyl esters 

Methanol %weight Max. 0 . 2 < 0 . 2 < 0 . 2 

~ %weight Ma x. 0 . 8 < 0 . 8 < 0 . 8 

QigJxc;;~.cil;l~~ %weight Ma x. 0 . 2 -< 0 . 2 -< 0 . 2 

Triglycerides %weight Ma x. 0 . 2 -< 0 . 2 < 0 . 2 

Free g lycerol %weight Max. 0 .02 < 0 . 02 < 0 .02 

Total glycerol %weight Ma x. 0 . 25 < 0 . 25 ~ 0 . 25 

2.15 b'VI~1~'U&ht.l::'VI~.:I 

irm11oJ~'V!~.:J ~tll'Vltl1f'!11~\Jl1 ManihotesculentaCrantz 'V!~tl Manihotesculenta (L.) 

Crantz (~ t1 ~ e:J.:J 1 'V1 t1 1 f'!11 ~ \Jl{ Manihotutilissima Pohl. ) ~ lil tl ~1 'U 'H Pl EUPHORBIACEAE 
" 

ir'Wcl' 1oJ~'V! ~.:J ij ~'U f11 b 'iJ lilL 'U bbfl'U~ ~ :w b 'll \Jl ~e:J'U ij'V!~ n~1 'U bb ~ lil.:J 'l1ij m ~ b 'W1~ oJG'l n n'U 1 'UoJ ~~ b 'Vl I'll 
' .. " 

1r1~:w bDmbG'l~ b 1 b 'U6!lbe:Jm:w1'U1'Un11 3,ooo-7 ,ooo tJ bb~l 11il t~nm~61'U'W~~1'U11 bb'V!~.:Jf11 b 'Wiil'lleJ.:JiJ'U , .. 
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ff .Q, 4 ~ Q.J q 

en ':i b ~'U \J1'U1 Vi':ie:J'Y11..:J'Yl?l \J1~1'Ue:Je:J nozre:J..:J'U ':i1E<ll(l 

iJ'U~1lJ~Viii'..:JbbD'le:Je:Jmtl'U 2 "ll11Vl hi'bbn "ll11VJVI11'U bb(l~"ll11Vl'1J~ LVltJ"ll1:JVJVI11'U~ ~1offb~e:J'U~Lf1 fl 

Vi~mhe:nVI1':iHfiVltJm..::~ b'li'U m':i'I111LJ~..::~ b~e:J~ 'Yle:JVJ (b'li'U ~1tJ~'Uth~tJe:J..::i 2 bb(l~~w5 5 'U1Vl) lj . , 

LJ~mru'1lmmVJ1®"1m 1E<lltJ11:Jfl~1 bb(l~ hm':i~'ll~ ~1'U"ll11Vl'1J~ ~~ hhVI~1~G11VI-r'U'I11~1'U~1f1 flVI~ e:J 1 off 

b~tJ..:Ji1tJ1l1VltJ \J1':i..:J b ~e:J..:J~ 1 nlJLJ~~1 ru'1Je:J..:JmV11®"1Vl':i hm1:Jfl~..:J ~..::~ljm 1~ b tJ'U"W~~e:J~1..::~m tJ 
'\) 

'111~11-ff~e:J..:J~1'Un1':ibblJ':i':ilJne:J'U (b'li'U ~'Uth~tJe:J'l 1 ~'Ufi':i~tJe:J..:J 3 ~'Ut5bn~m?1 1~\J1~ 50) 
\J 1 , , 

2.15.1 ~mtru::"lle:J.:I~'U~'U6'11LJ::'VI~.:~ 

~'U:W''U~1lJ~Viii'..::~ ~ Vl b tl'U 1il~~ lji;l1 ~'U~..::~ \J1':i..::i b tl'U 1il b .Q mb ~..::~~lJfl11~~..::~'1Je:J..:Ji;l1 ~'U , '\) 

':i 1 n:W''UG11LJ~Viii'..::~ (~1:W''UG11LJ~Viii'..::~) ':i~'U'U':i 1 m tl'Ubb 'U'U':i1 m Je:JtJ ':i1 n~~ bflVl ~1noife:J'1Je:J..:J 

i;l1 ~'Uvfl offLJ(ln bb(l~'1JtJ1 tJ 1 Vittlb tl'U~'d LVJ tJ~'diJ'U~1lJ~Viii'..::~ b~ e:1'111m ~Vl \J11~'1J1 1..::1 ~ ~lJ~'d'UlJ ':i~ n e:J'U vi' ..::~.0 
'\) ... 
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"lle:J'l~1~u:ih.!G11i.J~Vl~.:J€lm.J~~lnru 30 L61lu~kw~~ fl'ULL~~"'~1nuhJ1~ '111l11~uLn'ULM8l~'n1'uG1~ 

~1 ~u~G1lJ'U~ru'OJ~nmn'U 11L iJu~u5 L Vl~1LL~~~1 ~u~uG11i.J~Vl~'l'OJ~nn~'l'Vl~.:JLn'ULMm~uG11i.J~Vl~'l 
~ ~ , ~ 

~~~~~~ 0 . 12"lle:J'l~1Vlirm.J~~~~ V!~e:Ji.J~~lJ1ru 2.8 ~1'U~'U~e:JtJ LVi8'ULVhri1fll1lJ~e:J'U"lle:J'l 

~1~'U~'IJ 923 ~1u~m (mlJ~~'l'l1'U'Vl~LL'Vl'ULL~~e:Ju-rn,;~~'l'l1'U ,2555)LV!~1Lb~~~1~'U~~.:JH'OJ~nn 
' " 

Lmv\'11 ~L~8~~'l'l1'U 1 i.J1~mi.J~1i.J~~ 18'1ltJ 'OJ~L~'U"lle:J'lm~t!1Le:J1 LV!~1~'UG11i.J~Vl~.:J1i.J1-tl~e:J ~l'UlJ1n 
' 



. 
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LJ~:w1rum1:w~'WeJ~~ 53.40 (o/oW.b.) r11m1:w~eJ'W~1~~1m'Vl~1~'W~1LJ~'Vl~.:JijrhLJ~~mru 14.59 

b:wnn~~"~Bn1"n-r:w [ 15] b 'Vl~1~'W~1'tJ~'Vl~.:J~~ijr1ru~:wm1 'Wm~~~ 1 vJ 1~tJ1f1 b tieJ-!1~1 mLJ~eJf1'WeJf1 
'IJ ' 

mm.:J•thtJ"lleJ.:J68~n11 ~fll1:l.J bb~-!lbb ~-!1 'Vl'W~eJf11 ~b~n 1 Viii' bb!;l~~~ 1 vJ1~tJ1f1 ~-!1~1 btl'W~eJ-!JVl1f11~~eJ tJ 

b 'Vl~1~'W~1LJ~'Vl~.:J1 ~ij"ll'W1 ~ b~nLJ~~:w1ru 3-5 iJ"~ b:W\Jl~ ~.:J~~Vi11 ~ij"ll'W1~ b 'Vl:W1~~:w~~~{JeJ'Wb .V11 LJ 

1 'W~~'U'U b~11 mJ 'WeJf1~1f1drlru~:wm~ij"ll'W1~ b~ nvh 1 ~btl~f11~ b~11 'VliJ'U~b 1tub deJ 1 'W"lleJ-!1 b'Vl~1~'W 1~~ 
' 

1~tJ1'W"li1-:Jbb~f1"lleJ-!lf11~b~11'Vlil~~ btl~rll'W~"ll11~-:Jbtl'Wm~~mtJ~1"lleJ-!l Volatile Matter 1 'Wb'Vl~1~'W 

eJeJf1:W1btl'W Volatile Gas 1ml1bb!;l~ ~'W!;I~eJeJ-!1 ~1f1,1'W~~btl~f11~!;1f11'VlileJ~1-!1~1~b11"lleJ-!l Volatile ' , 
Gas ~.:J'Vl1mil~m~b~11 'VliJeJ~1-:J~:w~~rubb~1~~ 1 ~m1:w~eJ'W 1 LJ1.rr~~~Jl1ml1 b~m tl'W~'Wrh~.:J1 'Wm~ 

1111 LJ~~\Jlb tl'Wm~ bb~1 vJ1h ~1'W~b~1~b 'Vl~B~1nm~bm 1 'VliJnti1:w11.rrbtJ'WtltJ 
' 

z.t6 .:11'U1:5'f!Vibnfl1"1i'B.:~ 

~"111'1) :W1'W~'U~~tJ.:J (254 7) [16] Pimnm~U1bl"l~ri1'W~1n1il~'WtJ1-:J~1~1~1~~1f1\Jl~f1-r'Ub\Jl1 

'VliJeJ 1m1'1 m1-rrb tl'W b ~m ~~-!11 'W bm ~~ \Jlfl16(l;a1:w1mb 'U'U 1 'Vl!;l!;l-!l~'Ul1 ijLJ~~~'Vlfifl1~ b "8-:Jr111:W~eJ'W 

"() eJ-!1 ~~'U'U ~ ~ \Jl n 16(l;a1:w1 "~ -!1 ~-!1 ~eJ tJ "~ 87.81 bb!;l~ b~ eJu1 n 16(l;a1 :w1 "~1~ LJ ~~ 1Jl1 vJvh ~ 'Ul1 
'IJ 

LJ~~~'Vlfifl1~~1:W"lleJ-!l~~'U'U~1~~eJ~eJtJ!;I~ 13.5% 

V1~~~1i'W'Vl1 ~'W6(ltJ (2550) [17] Pin~1m~1.11f11f1\Jl~f1eJ'W~1m~'U'Utl1b~tJeJ\Jl~1'Vlm~:wvJeJn , ' ' 
iJeJ:w:w1~~ \Jl~~-!l-!11'W 1~ tJ b 'Vlr11 'W 1" ~ bbfi~68YJ brli'W 1~ tJf11f1\Jl ~f1eJ'W(1f1!;1~m1:w~'Wbb!;l~ eY~ b tJ'W bb vi.:JneJ'W 

'IJ 

U1:l.J1~~\Jlfl16(l;g1:W1!;1 1~tJ 1 ibm~~\Jlfl16(lbb'U'U 1 'Vi!;l!;l-!l~lJ"ll'W1~f11~~~(;1 100 il1!;1l(;lr;} ~'Ul1rl1r111:W 

~eJ'W"lleJ.:Jn16(l b~eJ b ~~.:J~Ui'iJf11 bU~tJ 5.03 MJ/N m3 LJ~~~'Vl5m~"lleJ-!lf11~~~\Jlfl16(l b ~eJ b ~~-!1 b v\1 n'U 

~eJtJ!;I~ 67.99 

-r (;l'W~ b!;I'Vl1'W"ll (2550) [ 18] eJeJ mb 'U'U bb!;I~'Vl~ ~eJ'U b\Jl1 ~~ (;] fi 16(l;a1:w1mb 'U'U 1 VI!;! !;1-:J b ~ eJ m ~ 

eJ'U bb ~.:JtltJ 1~ tJ 1 mll~'U b tl'Wb ~eJ b ~ ~-!1 LJ~~~'Vlfim~ b "8-:Jr111:l.J~eJ'W"lleJ-!l~~'U'U~~\Jlfl16(j 1~LJ~~:l.J1tu ~ eJ tJ!;I~ 
' 

76.24-86.93 ~ eYm1 m~{JeJ'W b ~m ~~.:J 130kg/h ~1:W1~(1" ~ m~1-rr b ~m ~~-!11 'Wf11~eJ'U bb ~.:J~tJ 1~ 
~eJ@~45.7 b~mVitJ'Utl'Ub\Jll~'W 

"1l'IJ1'W'Wvi bb~.:J:wrubb!;l~rlru~ (2552) [12J Pin~1~:w~~(1'W~"lleJ-!lbrl~eJ-!ln1b'W~ 1vJvh 1~tJ 1in16(l;a1 

:w1"~ ~~(;11~~1n1iJeJ'U bb ~-!1 bb!;l~ri1'W 1il ~1:wn'Utl1~'W 1 'U 1B~ b6(l!;l b tl'Wb ~m ~~-!11 'Wbrl~eJ.:JtJ'W r;l~ b6()!;1"1J'W1~ 
3. 9 ~ \Jl~ ~'Ul1 m~ 1 ifi16(l;g1:W1!;1~1:wn'ULl1~'W~ b6(l!;llJ B\Jl~1 m~~'W b LJ~eJ.:Jtl 1~ 'W b~B b~~.:J ~1 n'J1m~ 1 i 
tl1~'W 1 'U 1B~ b6()!;1~1:w n'Ufl16(l;g1:W1!;1 eYm1m ~~'Wb LJ~eJ-!1 b ~eJ b~~.:JiJf11i!eJtJ~~ b~eJ 1 ieY (;]~1m~ 1 'Vl!;l"lleJ.:J 

fl16(l;g1:l.J1!;1 462 ~\Jl~~eJ'W1Vi ~-!lfl16(l;g1:W1!;1~1:l.J~(1'Vl~bb'Vl'Wtl1~'W1'U 1B~b6(l!;l 1~ 70% 
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Pratik N. (2553) [19] Pin~1 fl1'HJ~ (91 n1"1J'IJ111'H'1~1 fll.l"l~hJ1 ':i-!1-!11'\.Jb vJe:d\h~B1 'l.h~ bih.J 

~11':i.':iti'U~'UB-!l':i~'\.J'\.Je.J~(9ln1"1lbb'\.J'\.J I mbert downdraft 'V-l'I.J'Jl bijBrll111~'U'UB-!l b~m'V-l~-:Jbtl11~~v'h1 ~ 

eJ(9l';i1 f11':i~'Ub i.J~B-!1 b ~B b 'V-l~-!l~VIGN bb~~ b~B b ~11eJ(9l':i1f11';i 1 VI~'UB-!JB1f111"1~~vl11 ~e) (9l';i1f11':i~'Ub '\.J~ B-!1 

b~Bb 'V-l~-!lb ~11~'U eJ(9l':i1'&11'U~1111~~b VI111~~11~~VJG11VI1'1.Jb(911e.J~ (9ln1"1J'IJ1111~ bb '\.J'\.J 1 Vl~~-!lflB 0.205 " , 
B.S. Pathak et al. (2552) [20] 'VlVI~B-:Jb(911e.J~(9ln1"1J'IJ11Jd~bb'I.J'I.J1VI~~-!l'U'U1Vl 1.39 MWth1V~tJ 

flBflBVI'UB-!1 b(911€J€Jfl bb'\.J'\.J 1 ~iJ~n~ru~ b tJu':i'\.J~ b Vl~tJ11~'U~1 b ~B bbtltJillVI1oUB..ij1 tlVl~ bnVI~'U 1 'UflBflBVI 
" u 

bb '\.J'\.J'Vl':i-!lfl~11 b~B-!lfl1111 bb(9lfl ~1-!l'UB-!lBUJVI.fllJ~'UB'\.J bb~~flm-!1 b(911 b ~B-!1 ~1 fl€11 fl11"11 VI~ b oU1 hJ~-:J b tJue.J~ 
' " 

1 ~'Vl11b ~11~'U 'V-l'I.Jl1 ':i~'\.J'\.Je.J~ (9ln1"11'111111~'U'U1VI 50kWthiJ'\.J':i~~'VlBJ11'V-l b :U-:JrrJ111~B'U ~B tJ~~ 63 

1u'Uru~~'\.J':i~~'VlBm'V-l'UB-!l':i~'\.J'\.Je.J~(9Jn1"11'111111~'1l'U1VI 1.93 MWthBtJL'U"Ii1-:J~BtJ~~ 70-73 bb~~fJ-!1 
" 

~1111':itlb~'Ubfl~B-:J1~~m~B-!1111flfl';h 10 ~1 111-:J 

N.R. Banapurmath et al. (2553) [21] Pin~111ru~n~ru~fl1':ibe.J11 VliJ'UB-!lbfl~B-!ltJ'U~~~-!lVI1~ 

~m~bDV~~1tJfl1':ieJV11V~tJH\~m'V-l~-!l Honge oil J1~'U~~bV11bb~~J1~'U11oU11 b~B1~-:J1'U1VJtJ(9l':i-:J 
bb~~ H-!11'U~111n'I.Jn1"1l'l11111~ b(911e.J~(9Jn1"11'111m~ bb '\.J'\.J 1 Vl~~-!l~Bn'I.J bfl~B-!1 tJ'U~~ b"ll~~'\.J b~tJ1 ~~-!JV11~ 

" 
bb'\.J'\.J 1 Vl~(;l-!1 VlciBb~'U~1tJJ1 'U'U1Vl 7HP vl1fl1':i'VlVI~B'\.J 2 ~'\.Jbb'\.J'I.J flB 1 ~J1~'U~'U'UtlVI ~1-!1 1 bb(;l~ 
J1~'U~'U~111tl'I.Jn1"1J'IJ11Jd~tl'\.J bfl~B-!1 tJ'U~ 'V-l'I.J';h f11':i 1 ~-!11'Ub ~B b 'V-l~-!1~111 1 ~~lJ';i':itl'U~'UB-!1 bfl~B-!1 tJ'U~ 
~1fll1'VlflJ11':i~bb(;l~'VlflB-!11"11fl1':i5VJJ1~'Ub~Bbi.J~tJ'\.Jb VitJ'I.Jtl'\.Jfl1':i 1 ~b ~B b 'V-l~-!1 b~tJ1 bb~~tJ b~tJJtl'U N.R. , , 

Banapurmath et al.1~Pin~1bi.J~tJ'\.Jb~tJ'\.Jfl1':i1~b~m'V-l~-:Jn1"11'111111~~111tl'I.J~b"ll~ Honge oil bb~~ 
Honge oil methyl ester 1V~tJ1~bb(;l~111'1~fl11~b':ib(91B1 'V-l'\.Jl1 m':i1~fl11~b':ib(91B1v111~'\.J':i~~'Vl5m'V-l 

. " 
b:U-:Jfl1111~B'Ub~11"ii'U fll'U~hbb~~ CO ~VJ(;l-!Jbb(;l~iJG1V~'G11'Ufl1':i'VlVlbb'Vl'U~ b"ll~~-!l~BtJ~~ 70 

S.Hassan et al. (2555) [22] Pin~1~11':i':iti'U~bb(;l~11~~~ ~1flm':i1~"1li.Jbi.JB1"1111~1'Ubfl~B-!ltJ'U~ , 
b ~B b 'V-l~-!1 ~111~ b"ll~tl'I.Jn1"1J'IJ1111 ~ b i.J~tJ'\.J b ~ tJ'\.J tl'\.Jfl1 ':i1 ~J1~'Ub ~B b Vol ~-!1 b ~tJ-!1€1~1-!1 b~ tJ1 b(911 e.J~(91 

tl1"1J'IJ1111~ btJ'U bb '\.J'\.J 1 Vl~~-!1 e.J~11tl1"1J'IJ1111(;1 tl'\.J B1fl11"1~vlB ~111 1B~ 'VlVI~B'\.J~rll111 b ~1':iB'I.Jfl-!l~ 

1,600 ':iB'\.J~B'U1Vi ~'VlB1fl 3,5,7 bb(;l~ 9 N.m 'V-l'\.Jl1fl1':i~bi.JB1"1111~ b~Bb'V-l~d111vl11~'\.J~111tl.Jfl1':i 
5V~J1~'U~b"ll~~V~~-:J~fh~-:Jbvl1tl'U '\.J':i~~'VlBJ11'V-lb:U-:Jm111~B'Ub'\.J':iflb~11~'U '\.J~mru co 1u1m~tJ 
(;lVJ ~-!1 fl1111~'U b '\.J~B-!1 b ~B b 'V-l~-:J..ij 1 b 'V-l1 ~~Vl~-!1 b~B b Vi tJ'\.Jtl'\.Jfl1':i 1 ~b ~m 'V-l~-!1 ~111~111 L ~"11'\.J b i.J B1"1111~ , 

'U'U1m 1':i':irul"l~ (2551) [23] Pin~1m111bVI111~~11 1um':iU1b 'Vlfl1 u 1~~ bbti~68YJ bfl~'U111e.J~(91 

m~bb~1vJvh 1V~tJ1~m~~uf1n,;b.Uub~m'V-l~-:J 'V-l'I.Jl1'V-l~-:J-:J1'UvTI-iilum':ie.J~(9lm~bb~1 vJvh 1 kWh iJrh 

bvl1tl'I.J 24.03MJ iJ~'U'Vl'U1'Uf11':ie.J~(91 5.17'1.J1'Vl/kWh , 

~h-a'tJ B1~VI1ill (2551) [15] Pifl~1fl1':i~9ll'U1fl';i~'I.J1'Ue.J~(9ll(9ltl~'I.J~1fl~'Url1'\.J~VI~-!JG11VI1'1.J 
u , 

€J(91~1VIfl';i':i11 bB'Vl1'U B~ 'V-l'I.J';h b V1~1~'UG11i.J~VI~-:JiJflru~11,j~~ b Vl111 ~ G11VI1'1.Jf11 ':iU1111 e.J~(91 b tJu n1"1l , , 

b~Bb'V-l~-!lflBiJ~1fl1111~B'U (High Heating Value) ~1~1':i':i~bVItJ (Volatile Mater) '\.J~111tu51~ 
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rn1'UB'W (C) bb"~51~1~1(;l'H'OJ'W (H) rleJ'W•ih.:J~.:JfieJ 14.591 b:Wnn ~~"IJiBfll"n-r:w , 80 b't.JB1b~'W~, 

46.12 b't.JB1b~'W~bb"~ 7.55 b't.JB1b~'W~\Jl1:W~1~'U ~1:W1 ':ifle.J~\Jlbbn~b~Bb 'V1~-:J~1vliJB.:Jfi'\.J':i~neJ'U"IJB.:J 
CO, H2 bb"~ CH41'W~(;l~l'W1(;1~'\.J~m\Jl':ibU~~':i~·vrJ 1-:J~BtJ "~ 13.22-14.96 ~B~"~ 16.38-17.91 

bb"~~B~"~ 1.96-2.39 m:w~1~'Ubb"~i1ri1rn1:w~B'W':i~Vil1-:J 4.90-5 .31 L:wnn~'OJ"IJieJ"n'U11"1n b:W\Jl':i 
.., '\J 

~1:lJ1':iflL11m be.J11 Viii b~m tl'Wbb Vi~.:Jfll1:W~B'WG11Vi-r'UB'UdJ'Wb~'W 1v1 b tl'WB~1-:J~ 

~.:J~n~ru n1t!J 'OJ'Wt]n,; (2545) [24] m':iPln~1Fn1:Wbtl'W1'tJ1vi''V11-:Jbl"l':i~~I"11~1Jlftfl':i.:Jm':ie.J~IJl 

m~bb~1'V'Jvh-oJ1mVi~1d!'WG11'\.J~Vi~.:J "ll'W1(;1 3, 10 bb"~ 30 L:wn~l'\Jl~ 'V1'Ul1i1:w"riTu'OJ'OJD'W~'Vl~ 
.., ' ' 

'\.J':i~:W1flJ 17,344 bb"~ 930 ~1'W'U1'Vl\Jl1:W~1~'U B\Jl':i 1 ~l'We.J"\Jlel'Ubb'Vl'W.fl1~1'Wb'Vhtl'U~B~"~ 9, 17 

bb"~ 16 IJ11:W~1~'U ~.:Jm':ie.J~IJ11 'V'J~1'0J1m Vl~1d!'WG11'\.J~Vl~.:Ji1fll1:Wbtl'W 1't.J1m 'Wm':im'Vl'W'Vlnmru ~.:JiJ 
' ' 

q ~ v ~ 

Fn1:WbVi:W1~~:w:w1n'Vl~(;lfleJ"ll'W 1(;1 10 b:Wn~l\Jl\Jl 
' 

-r~'W'W~ 'Ururu1 (2556) [25] Pln~1m':i1 offb Vi~1lJ'W G11'\.J~Vi~.:Jb tl'Wb ~m'V1~-:JG11Vi-r'UB'Ubb -H'.:Jd!'Wb~'W cd , .., .., 

1(;l~n':i~'Ul'Wn1':ie.J~\Jld!'Wb~'W'OJ~ 1 offl5L11lJ'WG11'\.J~Vi~.:J:W1~'U btl'W~'Wb~n 1 bb"~\Jl1n bb(;l(;l bb"~n~'UlJ'W"r'Jn 
1 2-3 ill:W.:Jbtl'Wnm 2-3 l'W'OJ'Wn':i~~.:Jfll1:W~'WbVi~B~B~"~ 13-15 vhn1':i'Vl(;l"eJ.:J1offbfl~B.:JB'Ubb-H'.:J 
bb 'U'U be.J 1\Jl':i.:J bb"~ bbn~~'V'J1 ~ b Bel fl(;l ~~.:J~B.:J 1 offb Vi~ 1lJ'U G1 1'\.J ~Vi~.:J b tJ'U b ~B b 'V1 ~.:J ~~ \JlfiJ1:W~B'W 'V1'Ul1 

n1':iB'Ubb-H'.:J1(;lm\Jl1bb'U'Ube.J1\Jl':i.:J~1m':ifl"{;lm1:w~'W"llB.:JlJ'Wb~'W 30 nl"n-r:w 'OJ1n~B~"~ 58 mLtl'W 

~B~"~ 141(;1~1-ffblm 180 'W1Vl 1offbVi~1lJ'UG11'\.J~Vi~.:J 14 fll"n-r:w iJri1flJ1:W~'WbD~B.:J'V1~-:J.:J1'W 
~1b'V11 ~ (SEC) 16 .48 MJ/kg water loss i1BIJl':i1n1':iB'Ubb-H'.:J (DR) 4.73 kg/h bb"~mB'Ubb-H'.:J1(;1~1off 

b\Jl1bbrl~~'V'J1~bBB1 ~':i~~~bJ"1bb"~BCWVifllh'Vhtl'W 'OJ1nflJ1:W~'W~B~"~ 58 :l.Jlbtl'W~B~"~ 141off ' .., 

bVi~1d!'UG11'\.J~Vi~.:J 8 nl"n-r:w i1ri1fll1:W~'Wb'\.J~B.:J~1 b'V11 ~(SEC) 10.57MJ/kg water loss i1BIJl':i1 

n1':iB'Ubb-H'.:J (DR) 4.93 kg/h 

'V1'V15~U'W'V11'0J1':il~n1 (2552) [26] PI n~1 bb 'Wl'V11-:Jm':il11 b Vi~1lJ'WG11'\.J~Vi~.:Jm1 offb tl'W b ~m 'V1~-:J 
' ' 

G11'\.J ~Vi ~.:J~uvl B'W Lb" ~ b Vi~1d!'W G11'\.J~Vi~ .:J'*'W~ B ~PI n~1 ~'W'Vl'W m ':i ~ (;] n 1 ':i'V1 ~.:J .:J 1'W m 1:w ~ B 'W bb" ~ , 

'tJ ':i~~'Vl~m 'V1 b\Jl1~1v1 e.J" m':i Pin ~1 ~'W'Vl'W m ':i~(;l m ':i'V1'Ul1 ':i'\.J bb 'U'U b Vi~ 1 d!'UG11 '\.J~Vi~.:J~uvi B'Wi1 ~'W 'Vl'W 
' '\J ' 

i1 l:w.:J':i'\.J bb 'U'U b Vi~1lJ'UG11'\.J~Vi~.:J'*'W~B~ bb"~ ':i'\.J bb 'U'U~'W b Vi~1lJ'UG11'\.J~Vi~.:JiJ ~'W'Vl'W n1':i~(;l n1':i 0.62 
'\J .., ' 

'U1'Vl~JiBn1" n-r:w bb"~ 0.57 'U1'Vl~JiB nl" n-r:w m:w~1~'U e.J" m':i'Vl(;l~eJ'U Lm be.J1~l:Wl"'V1'Ul1':i'\.J bb 'U 'U~'W .., 

bVi~1d!'W G11'\.J ~Vi~.:J~B m1 n1':iDB'Wb ~m Y1~-:J 22 fll"n-r:w~JlBil l:w.:J'OJ~ 1-H'ri1'\.J':i~~'Vl~.fl1'V1 bm be.J1~-:J~~(;l .., ' 
fiB 70.7 6 b 't.JB1b~'W~'V1~-:J.:J1'Wfll1:W~B'W~1vi' 77.62 fll"l\Jl~~'\.J bb'U'U bVi~1dJ'UG11'\.J~Vi~.:J~LJ"v1B'W~B\Jl':i1 
n1 ':iDB'Wb ~B b 'V1 ~.:J 24 f'll" n-r:w IJiBil l:W.:J'OJ~ 1-H'ri 1'\.J':i~~'Vl~ fl1'V1 b \Jl1 be.J 1 ~.:J~~(;l fiB ~B ~" ~ 87.35 

'\J ' 
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b~tJL"fj~~ 22.1 nLG'ln~:w~vil1:w~-;;J~1~rht.h~~'Vl5m"fjbmbt:.J1~~~~1'lfiv~mm~ 90.62 "fj~~~1tJm1:w 
"IJ , 

~vtJ~M 1oo.13 n1G'l11Pll9i 
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'U'Vl'Vl 3 

e:Jtlncarun1ca'Vl~6Hl.:J • 

bfl~ B'l tJ'U ii1 ~ b VI:W1 ~~:W fl'\J fl 111 in 11lll~l :Wl ~ b tJ'U b ~ B b ~~'l 'l1'Ul~ tJtll~ ~ 1 b i1'U fl 11Vl Vl ~B'\J~ 
~B 'l'tJ l)'lJ~ fl 11 tJ 1'\.J tJ'U ii B 1 r111LJl)'lJ~ fl 11l fill fl11:W tJ 1 'UtJ 'U ii fl1 f1l"IJ1lfill fl111:W bfl ~ B 'l fl ~ 

r1ru~1mm1:wfil1~~1 :wVI1lVltJ1~tJB'\Jm1"1151{j vLJmrubb~~m iVlVl~B'\Jij~'ltl , , 

Gasifier Unit Mixer 

Pressure Transducer 

Engine 

encoder 

A i r Box 

M a nomete 

Gas filter 

Fue1Tank 

Fuel 

Consumption 

Meter 

Dynamometer Controller 

Dynarnometer 

Exhaus t Gas Analyser 

(CO,C02, NOx,02) 
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3.1.1 bt911N~(Plfl1'lf~11Jdft 

b\Jlle.J~~tl1~~11J1~~1-ifb..lfl1~VW1~m.Jd b\J'Wb\Jll e.J~~tl1"1l~11l1mb 'U'U 1 VI~~-:J 'IJ{l(;l~tl-:Jfltl 

fle:J(;l ~-:Jtltlflbb'U'U\JlllJVI~flfl1~'1JB-:J lmbert 'IJ'W1{;1fl1~-:Je.J~~tl1~~-:J~(;l SOkwth m"lllfl ~'W~fl~'W bbe.J-:J 

Vl~m8'W ~fl-r'U b'UB1 bb~~me:J-:J~~b~ tJ(;l ~(;1~-:JB~'U'Wbbvl'W~~11l1'Hlbfl~B'W~1 tJ 1~~ ~{;11 n ~-:J~~'U'U 
'\) 

~-:JVI1J(;11~-r'Um~BB n bb 'U'U bb~~~~1-:J~'W 1{;1 tJ-:J1'Wl~tJ m ~Pin~1 r1ru~n~ru~ m~ be.J11 VI~ bb~~~ll~~fl'W~ , 

'IJB-:J bfl~B-:JtJ'UIJitl1~~11J1~'1J'W1{;1b~fl b ~tl 1 ~b Vlll1~tl'U bfl~B-:JtJ'UIJi'IJ'U1{;1 5-S.Sbb ~-:J~11 'Umru1 ~b 'lJ'W 

b~Bb'W~-:J1 'Wbfl~B-:JtJ'WIJi'OJ{;l~~ bij{;1~1tJLh~mtJ 1 '\"J bb~~ bVI1l1~ci'1VI-r'U bfl~B-:JtJ'WIJi'OJm~b{j(;l~1tJfl1~B{;l , , 

'IJ'W1{;1 8 bb~-:J~11'WmM~b'lJ'Wb~m'W~-:J111l ~-:Jbb~ (;l-:J1'Wm'W 3.2 

gasifier 
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..,; ~ 

3.1.2 bf'l':m.:~a'U IPI 

lfl~B-!ltJ'U ~~Hi1 t!n1'j'VlVlrtB-!lflmfl~B-!ltJtl~~ l"llrt 4 ~-!lVil~ ~'\J l~tJl ll 'U'U5Vll~m ~~-!l 

.. 
\Pl1'j1-!J'Vl 3.1 

Model 

Bore x Stroke 

No.of cylinder 

Piston displacement 

Maximum output 

Maximum torque 

Compression ratio 

" 

Mitsubishi 0-800 

82 X 78 

1 

411 cc. 

5.884kW/2400rpm 

25.5N-m/1900rpm 

18 

3.1.3 bf'l~v-:~1bf'l'n::~flru~n~ru::m-ab~11 'VI~'tlB.:Jbf'I~B.:~au~ 

lfl~B-!lllm1~~flru~rrt~nu~m'jlt:n 1 VilJ'VB-!llfl~B-!l tJu~ijm.Jmru~ l~tJloUB-!l 2 ci1uf1v 
' ' 

l~t!l"ll€11llrt~'1JVlln'\JoU€l:Wmn n lfl~€1-!ltlt! ~ ~-!J'j1 tlrt~ l~ tJVl'V€1-!lll~rt~ m.J mruij~ -!l.Q 
' 'IJ ' 

1.1.3.1 l"llt!l"llB1i'VlB-!ll"l1l~rtloUmVi~tJ-!l (Encoder) 1wn~ 3.5 ltlt!~llVl€l-!ll"l1'Vtl-!l 

l~moU'mVi~tJ-!lVln1 0.2 B-!ll"l1l~rt1oUmVi~tJ-!l vh1m~rh~llllt!~1B~1-!l:W1n 1VltJ"'~~1ru~1m~t!l"llB1 

~~nnci-!l1 'l.l~lfl~v-!l-r'\J"'runnru 
" v v 
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1.1.3.2 brlll'UbrlllB~l~fl11~1ii\.JlwVIB~bt:·n 1'VI~ (Pressure transducer) lii'~bbt1~~l'U.fl1'1'1~ 

3.6 b tl'Ubrlll'Ubri11B~l~fld1~1ii''U l 'Um~'UBflt1'\.J t:.J~IJPil1flt:.J~flfl1eJ(;ls6 ~ihJ~~~h15.fl1'1'1t1~ t11~1~tll~ 
~ ~ 

fl11~1ii''Uhi' 0 - 250 brlll'UbrlllB~l~B~I"l1b'¥1fl1oVm'VI~8~'\.J1~ i1 sensitivity -20 pC/bar m'l~i1-d1~ 

BtW'VI.fl:iJL'Ufl1~l~ -20 - 350 B~l"l1brlll~b~8t1 , ~ 

,., __ 
"""'- . 

---



• 
' 
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• 

60 

1.1.3.4 bfl~B~~\Ji1qJqJ1ru~1f1 bfl~B~"Vm~i1qJqJ1rub 1J'Ubfl~B~-r'Ui1qJqJ1ru-irB\j~~1~~1 n 

~lb61l'Ub61le:J~~~1'Uf11':i"Vm~i1ruru 1 ru:mbb~lb~B~~-irm.J~1tl~flm.rvbb(;le:J1 
v u ~ ~ 

"Ill ~ fle:J Sml 10ml bb~~ 15ml 
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1.1 .3. 1 1~'U1b1J~bl9le:J11 it'Um'i'Vl~"mtr~~tl~~mm'iLJ~~m'm1'U~'UIP1 
flru~imm'i1Jfil1!;119111JVl1i'Vlm~~e:J'Um1"ll5 1i1 btl'U1~~bt9le:J1bb'U'U Eddy current ~~e:J1Je'r~fl1'Ufl1J , , 

~~bbi;1~~1Wl1~~ 3.11 
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bfl~e:J ..:Jlbfl~1 ~~tl1~1m~mfl~mcJ'U~ ~i.J HM500 •lffi..:J Infrared industries !1i'..:Jbb~~..:J1 i.J 
' 

.n 1 -w 3.12 ~ 1 l.11'Hr-J~n 1 ~1m~CJ1~ 5 "IJU~~e:J Hydrocarbons (HC) Carbon Monoxide (CO) 

Carbon Dioxide (C02) Oxygen (02) Nit ic Oxide (NOx) 1~CJ b fl~e:J ..:J 1~1m~CJiHfm..J~~1b'W1~11i'..:J 
'\J 

Display Backlit LCD, Graphic 128 x64 mm 

External power 10-16 VDC, less than 1A 

Gases-NDIR HC,CO and C02 

Gases-Electro Chemical cell 0 2 and NOx 

Operating temperature 35°F to 11 0°F 

Output RS232,Eight Analog output 0-5 VDC 

Sensors 

Gas Range Resolution Accuracy 

Hydrocarbons (HC) 0-10,000ppm 10ppm ±2% 

Carbon Monoxide (CO) 0-10% 0.01% ±2% 

Carbon Dioxide (C02) 0-20% 0.01% ±2% 

Oxygen (Oz) 0-25% 0.01% ±1% 

Nitric Oxide (NOx) 0-5000 ppm 1 ppm ±2% 

"' .crt Q. 0 Q,l 

3.2 b 'tlvb w~~~1'VI':iUnT':i''Vl~~v~ 

b~m -w~ ..:J ~1'VI1'um':iVl~~e:J..:Jdi.h~nmAu ~ltJ tl1 ~i.J~b~~ tl1~ui.J1~l.l 1 u 1B~ b~~ bb~~il1~ 
:Sll.ll~~e.J~~ 1~:U1f1b 'V1~1~i.J~1 i.J~'VI~..:J ~ ..:J e.J~ ~ 1~:U 1 f1b ~ 1 e.J~ ~tl1~:Sll.ll~"lli.J1 ~ 50 kWth 1~ tJ 1 -if 

b'VI~1~i.J~1 i.J~'VI~..:J"Ili.J 1~ 2x2x2 ~f1'\J1f"lflb~i.J~bl.l~':i ~..:J 3x3x3 ~f1'\J 1 f"ltlb~i.J~bl.lm !1i'..:Jbb~~..:J1um-w~ 
'\J '\J 

3 .13 :u1 nm-:i~..:J ~le:J~1..:Jn1~:Sll.ll~b ~e:J ~-:il:u~e:Ju1 u~e:J..:Ji.J~D'~m -:i ~~u~ bfl~e:J..:Jil e:JlYltJ1f"l1~~1 

l.l'V11lVl m~ CJ~..:J"IJ~ 1i.Jfl~i.JV111~rh e:J..:Jrli.J ':i~ ne:J'\Jtl1 ~ bb~~rh fll1l.l~e:Ji.J"Ile:J..:J n1~~ e.J~ ~ 1~ 111-.:J bb~~..:J 1 i.J 

~':i1':i1..:J~ 3.3 bb~~flru~l.JD~ n1 -:ibtli.Jb ~m-w~ ..:J "Ile:J..:Jtl1 ~i.J~b~~ bb~~tl1~i.Ji.J1~l.l 1 u 1B~ b~~bb~~..:J!1i'..:J1 u 

"" ~1 ';i 1 ..:JVl 3.4 

, 
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Gas Percent by volume 

co 5.84 

H2 7.79 

CH4 4.03 

C02 11.09 

Moisture 48.3 (% Wb) 

Calorific Value 4.2 MJ/Nm3 

~tu~lltmn"l~LthJL~eJLW~\1 
... 

tl1~11 1 u lv~L'll~ ~L'll~ • 
rr;m.J V!'W1 bb tiu (kg/m3) 860.0 876.9 

fl11 lJV!U~~ 6'l,_j (m2/ s) 3.8 4.821 

~~11'\J 1 y.J (°C) 55 151 • 
rl1fl11lJ~eJ'U f1'HJ~ (kJ/kg) 44,800 39,677 
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3.3 f11';j1~fh1Pi'·:lbbtl-;ib 'Uf11';i'VI~~v.:~ bb~~m';ifi1'U1ru 

~l ll 'lh\?l1 ~ "l~ l~ tJl '1J v~ tl'U f\1 ~'VI~ ~HN ;i 1~ llri .n 1 ~ ~ lrl~ €!~ tJ 'U ii fll 1:m ~l ~ v'U l r1 ~€! ~ tJ 'U ii 

LJ~111rul ~m~~~m -if eJ'm1m~ 1Vl"'1l€l~mm~ eYI91~1m~ 1 Vl"'1l€l~n1SZ1 m111ru 1Bl~ml"~€lruVl.niJ~~ 
, '\J , 

Q,# I G 0 Q,l d t 
3.3.1 f11';i1~fi1Jl1';i~ fl11lJb ';i1';ieJ\Jbb~~f11~-:!bfl';ieJ.:!ti'U\91 

1 'Uf11~'Vl~"€l~ 1~1~rl1Jl1~~'1J€l~ lrl~€l~tJ'Ul91'1~tJ 1-h"[ Vl"~lSZl"~ ~~lj~fl'~~~~~-r'\J 1~ 20 kgf 

ll"~iir11111"~ lB tJ~ 1 'Uf11 ~1~ ri1 0.1 kgf 1~mb '1J"i.J'1J€l~ 1~"1.J1blJiJ l\91€l~iifll1lJtJ1l 238. 9mm ~1111 ~tl 

rl1~JdnJ'Vl€l~f1~1~~1f1f11~1~~~~lJf11~ 

T = 0.2389 x W x 9.8l(Nm) (3.1) 

1~tJ w fiml1Vltin~n~"~'IJ"i.JbVm~lSZl"~ 
m~1~m1lJl ~l~€l'U'1J€l~ lfl~€l~tJ"~.Jii1~ 1~tJ 1 .fflSZl"i.JlSZl€!H~m1lJ l ~l~€l'IJ~~~~~€l~il'IJ l ~" 1 

'\J 

'1J€l~ 1~"~.J1blJiJ l\91€!~ lb"~e:h"~.Jri1~1 nVlih~€llb~~~~-.m'1Jv~ 1~"~.J1blJiJ l\91€!~ 1~ tJ ll~~~ ~.m l tl'U ~€l'\J~€l"~.J1Viii 

r11111"~ lB tJ~ 1 "~.Jm~ll~~~ ~.m 1 ~€l'IJI?iB"I.J1Vi 

2.37 

tl1~~'1J€l~lrl~€l~ tJ"I.Jii~1lJ1~tl"vnri11~~ ~~lJf11~ 3.2 lb~l~1lJ1~tlrl1"i.Jlt1.!VI1 BMEP \911lJ~lJf11~ 

p == 2rrnT (kW) 
60 

4 ~ 4 ~ 
n fl€! r1d1lJl~l~€l'\J'1J€l~brl~€l~tJ"i.J\91 (rpm) 

T fiB 'Vl€l~f1'1J€l~lrl~€l~tJ"I.Jii (Nm) 

3.3.2 m';i1~e)\91';i1f11';i~'Ub tli'iv.:~b~m 'r4~.:~ 

(3.2) 

m ~1 ~e) m 1m ~~"i.J l '\.J ~€! ~ l ~ Bl ~~ ~~111 1 ~t11 ~ 1~~ tJ m~1 iB'\.J mu11 ~ eY \91 ~1m~ , 

~"i.Jl'\.J~€l~l~m~~~"llil~ 3 m~l'\.J1~ 1~tJ1.ff"~.JTi4m-:ij''Unm~'\.J~lJ1rum~1-ffl~m~~~ 15 cc lb"~"L11 
ri1~1~1~'\.Jr11"~.JlruVI1eJm1m~~"i.Jl'\.J~€l~l~m~~~~~~lJm~ 3.3 

Fuel consumption == rhr (l/ S) 
t " " 

1~tJ Fuel consumption fiveJ\91~1f11~~"i.Jl'\.J~€J~l"lim~~~ (litre/s) 

(3.3) 
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rhf fieJ mmu.nl1~'UL~elb~~-:rvfloff (lire) 

t fimlm~11'11~ (sec) 

m~i'l'l e) m1n1~ 1 VI~ 'Vel~ rhllll~llJl~ n'U n1 ~11'1 eJ\91~ 1 n1 ~ 1 VI~ 'Vel~ m nl f'H i1 Lfl~eJ~ tJ'U~ 1 off 

~LJmru'JI'leJ\91~1n1~ 1 'VI~~l'ULL~'UeleJ~YJ ll1l (Orifice plate) LL~~lJ1'UellJL\91eJ{ vl~LLG11'1~1 'U.fll~~ 3.13 

~~'JI'lelel nlJ1 L tJ'Ufll1lJG1~ LL\91n~1~'VeJ~tl1lj'VI1l'J tJ L tJ'U lJ~ LlJ m'VeJ~tl1 ~G11lJ1~tn111 Dfll'UlU.!'VIleJ m1 
'\J 

rh = CA)2p(p1- Pz) 

11'ltJ rh fieJ eJ\91~1n1~ 1 'VI~'VeJ~tl1llll~llJl~'VI~eJelln1~ (kg/s) 

C fieJ ri161'lJLJ~~~'VlBm~ 1 'VI~'VeJ~eJeJ~YJilll 

A fie1 ~'U~'VI~l~l'l'VeJ~~eJeJ~YJilll 
'\J 

p fieJ fll1lJ'VI'U1 LLU'U'Vel~tl1llll~llJl~'VI~elelln1~ (kg/m3) 

(Pl - P 2) fieJ fl1fll1lJvl'U\91nfl~ellJ LL~'UeleJ~YJilll (kg/m2
) 

(3.4) 

eJ\91~1n1~'Vll'l LL'Vl'Utll~'U~ Lllll~ (Diesel saving ratio) fieJLJ~mru~eJtJ ~~~fl1llll~llJl~ G1 1lJ1~fl 
'Vll'l LL 'Vl'Unl~ 1-iftll~'U~ Lllll~ 1~~m~~LL~~fll1lJL ~l~el'U whn'U ~~G11lJ1~flfl1'UlU.! 1~vl~G1lJn1~ 
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md- mp 
Diesel saving ratio= x100 

md 
(3.5) 

-il-en.JG'lm111vi't.mG'l~LJ~m ~11 um~'UBf1~'U 1v1111~1 nBLJmrul'~m111vi'u 1 um~'UBf1~'U 
'U 'U , \J 

bbG'l~BLJmrul'~B~P\1 b 'Vim-ilm Vi~~~ 1~~rhfl1111vi'u 1 u m~'UBf1~'U~l~ 1\illjwtll~ b tJum1 (Bar) -ii'BlJG'l 
, " " 

rrJ1lJvi'u~~D'uVinHYln1 0.2 mPI1b'ViG'l1-i!mVI~~~ vi'~~u1um1VilJ'U'1JB~bfl~B~~utii 11B'U~~lj-iJBlJG'l , , " 
fll11Jvi''U 1 'Un1~'UBf1~'U 3,600 -ii'BlJG'l bbG'l~-i!BlJG'lfll1lJvi''U 1 um~'UB f)~'U~l~ 1vi'~~flf1'l111 Drl1'UlU!Vi1 

'\J 'U 'U '\J 'U 

rheYm1m1LJ~B~m111~B'U bbG'l~rh61'lJLJ1~~Yl~m1lJbbLJ'!u1~VI';h~1n~m~Bl'!J~m · 

-ii'BlJG'l m111 vi'u 1 um~'U B n ~'U~m P\1 b 'Vim-ii'B b Vi~~~ ~1~., ~G'l B ~ •1h~ ~~Vil~ e)~ bbG'l~~~Vil~ 
" " I 

'llm ~~1~11111m111 LJ1 offibr111~~eY~11m1LJ~B ~m111~B'U 1~~ 1-if~llm1 

dQ 
d() 

(3.6) 

y fiB eJ~11~l'U'1JB~rrl1lJ~B'U:il'1 b'Vi1~ k!c)bbG'l~ 1 'Uf111ibfl11~~eJ~11f111D~B~ 

fll1lJ~B'U'1Jmbfl~B~~utii~b~G'l 'll1~'1JB~~1 y~bVilJ1~~lJ~~ btl'U 1.3 -1.35 

p fiB fll1lJvi'u1um~'UBf1~'U (Pa) 

V fiBLJ~lJ1~1m~'UBf1~'U (m3
) 

" 
3.3.4 m-a1~m3J1ru lm~fl 

LJ~111ru 1m~~~ bn~~u~1nm1 b~11VIm 'Ubfl~B~~utii~~nn1~vi'lmfl~B~11B1~ 1B b~~~u " , 
HMSOOO 1~~~~~~b-iJ1n'ULJm~v1B1m~~bbG'l~~~vl1f111l~b~mfl~B~~utiiB~L'UMl1l~fl~~l 

" 
3.3.5 m-a1~vru'VI.ni1lil~vh .:~ ~ 

, 'IJ • 

BruVI.ni1~~~1~ ., LJ1~f1B'Uvll~ BruVI.ni11m~~ BruVI.ni1J1lJ'Ubfl~B~ BruVI.ni1J1b-ii'1 
" 'U , I , 'U , '\J , ,.. 

bbG'l~J1BB f1~1 f)bfl~B~~'Utii~~~ f1l ~ 1~ ~ 1-if b YlB11lJ~'U btlG'l~ ~~ ~~ tl'U bfl~B~ ~'U ~, 'U~~ ~ 1~ 1 b ~ B1-if~ 
bfl~B~~uliiB~1u~ml~fl~~l 

" 
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3.4 15m':i'VI~~HI~ 

-:nwi~~d~tJ~m1PlmnrmJ~m~ru~m11.~11Vl~ 61l.J11ti'W~ l.l.~~l.J~~~'lltl~l.l"l~m~uii~l.111!~~1-ff 

.., 
.., "" 

Vll'l61€l'UI'l~'\.J 

' 

3.4.1 nT'a'VI~~v'Ubrt~v~fl'Wvl~ bl11!~ 1~v 1 ~J1~'W~b'll~va1~b~fl1 
1. ~ e:JV1~1'Un~ 61l.J 11n'W~ l.rl~e:J~~'IJ ii m1LJ~ e:J~l.J~~~~.~.~ ~ m~i'l'l m1l.J Iii' 'I.! 1 'Wm~'U eJ n61'U 

'IJ 

';()~Vl1fl1~Vll'l61€l'U~I"ll 1l.JI.~l1e:J'UI.I"l~e:J~~'Wiil"l~~ 1,500 ~e:J'U~€l'W1Vl 11'1~ 1l.J1~m~~ (No Load) 1.1.~~~ 

fl1 1~ ~1~ 11.1.~ ~I. ~W111~~'1J I. 1J'IJ'Ih~ 1 ';()'\.!~~ fl11~~1'1Vh ~~ l.rl~tl~ ~'I.! iiVi11vl~~';()~iJ.fr'lJ (Jle:J'\Jfl11Vll'l61tl'U 

3.4.1.2 LJ '!'ULJ~m ru f11 ~a \91 J 1~ '\.! ~ 1.111!~ 11'1 ~ 1 offr1'1J 1.1 ~';()'I.! rll 1l.J I. ~d 1 tl'U l.rl~tl ~ ~ 'lJ ii ~ ~ 

1,500 ~e:J'U~e:J'W1Vi11'l~ 1l.J1~m1~ LJ'!'UeJ'm1m11 Vl~'lle:J~Ll1Vl~m~'WI.~e:J 1 ~Ll1Vl~m~'W~1 Vl~e:Je:Jf1';()1f1 
l.l"l~e:J~~uiiile:JruVIi1~ 80±5 e:J~I"111.111!~1.~~61 1€11 ~l.l"l~e:J~~'Wiie:J~~ 'W61ml~l"l~~ll.J1~l.J1ru 1 o 'W1Vl 1. 1.~1 

, 'IJ 'IJ 

tJ'WVi nrh rll 1l.J 1. ~l1e:J'U i111~ eJ(Jl11 m11 Vl~'lle:J~ 1. ~m ~~~ 1.1.~~tl1f111"1 rl 1 l.J~~~I.I.~ ~l"ll1l.Jiil'W1 'W 

3 .4.1.3 Vll'l61e:J'U 1 'W~f1~tu~l.~~ltl'\J(Jl 1l.J oVe:J61e:J~ l.l.~l.~l.Jfl11~~'UI.1J'U'Ih~ 1 r1#~~~ 1 kgf 

(9 .81 N) l.l.~~tJ'WVinri1 ~1~ 11.~tll.l"l~tl~~'Wii€l~ L 'W61fl1l~l"l~ ~l 
3.4.1.4 l.~e:JVll'l61tJ'U';()'\J~~m1~61~611'l~ l.l"l~e:J~~'Wii'Vl11vi'l.l.~ll.J'!'U l.l"l~e:J~~'W (Jl1 Vfe:J~ 1 'W~e:J'U 

'IJ ' 'IJ 

I.~'WI.'U111'l~ 1l.J1~m1~l.J1~l.J1ru 5 'W1Vll.l.~l~~lil'UI.I"l~e:J~ 

3.4.2 m':i'VI~~e~u brt~v~fl'Wvl~ b'll~ 1~v 1 ~J1~'W\.h~l.J 1 u 1e~~b'll~~1l.Jnurh'l!~1l.J 1~ 
Vi1 n 11Vll'l~e:J~ 11'1 ~LJ'!um~~ 1. ~e:JVI1 e) (Jl~1 fl11Vll'll.l. Vl'\.!61~611'1 

'IJ ' 

Vl1 ~1 '\J 1 '\J61fl1l~rl~~ fle:J'\J';()~Vl1fl11Vll'l61tl'U 

3.4.2.2 LJ'!'ULJ~mrum1al'lLl1~'Wth ~l.J 1 u 1e:J~ 1.111!~ 1 Vf1e:J'U l.l"l~e:J~~'W(Jl1vi'1 ,500 1e:J'U~e:J 

'W1ml'l~1l.J1~m1~ 

3.4.2.3 LJ'!'ULJ~l.J 1 run1111!:Sll.Jl~ 1. oV11. 1"l~e:J~~'Wii ';(i'WI.I"l~m~'Wiiilm1l.J 1. ~l 1. ~l.J~'W';()'W~~ 
';()l'l61~611'lrl 1 VI~~ ~~I. 1J'WtJJ11.1.VI9J~~eJ(Jl11 f111Vll'll.l. Vl'\JtJ1~'\JLJ1~l.J 1 'U 1e:J~ 1.111!~61~611'1 l.l.~lrle:J~LJ'!'ULJ~l.J1t1.! , ~ , ~ , 

m~al'lLl1lr'Wl.J1~l.J 1 'U 1e:J~ 1.111!~~1'1~~ ';(J'\Jrll1l.JI. ~l~e:J'UI.VI~€1 1,500 1e:J'U~e:J'W1Vl l.l.~lVi1m~LJ'!'UeJ(Jl11 

m~ 1 V!~'lle:J~ n1111!:Sll.Jl~ n'ULl 1 ~'Wl.J1~l.J 1 'U 1e:J~ 1. 111l~e:J ~1~~~ ~. €1~1'1 €\mt1'U 1. ~e:J 1 ~~.~.9Jh11fitJI'l11.1. wJ~ 

eJ(Jl11 f111Vll'll.l. Vl'\.!61~ 611'1 
'IJ , 
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lfl~e:J~CJ'W~~e:JruvLniJ 80±5 e:J~P11l61lm&Em1 l ~e:JDe:J~n'Wm1~fl"11illfl~e:J'W ~1n fld1Wl~f1 ~1~'1.1e:J~ 
, 'IJ 

e:Jru'Vl.niJ ~e:J 1 ~ lfl~e:J~CJ'W~e:JCJ1 'Wtiml~fl~~ ... ;rtJ~~~lru 1 o 'W1 Ylll~l~~D'W~f1r11 m1w ~l~e:J'U .n1~~ 
, 'IJ 'IJ 

e)~~1f11~ 1 Vl"'l.le:J~ l~e:Jb 'W~~ e:J1f11Pl e:Jtu'Vl.niJ~Iil~1~ 61 fld1 ~1ii''W1 'Wf11~'Ue:Jf1ti'Ulb"~~"~'l!t 
, 'U , I " 

3.4 .2 .5 'Vlliltie:J'U"'f1'l!ttu~l~ CJltl'Wn'U.ff'W~e:J'W~ 2-4 lb~b~~m~~l tl'W'1h~ 111iltJ 1~m~~fl~~ 
"~ 1 kgf lb~lD'W~nf11~1~ 1l~mfl~e:J~CJ'W~B~1 'Wtiml~fl~~l 

3.4.2 .6 l~ e:J'Vlliltie:J'U~'W n~m~~ti~ tililll~l 'IJ'!'U lfl~e:J~CJ'W~1 ~e:J~1 'W~e:J'U l&l'W l 'U1'1J~~~1 ru 
'IJ , 'IJ 



d 
'U'YI\1 4 

~iln1"a\'I~UlB'UU.il~B.fhh1V~il 

fi161!"il'nm=n lJ'Wb <ffm 'W~-:1 ~llJ 1 'Wbfl~eJ-:JEJ'W t#i~V1 ';i~b DV1~l EJn1 "'-:~eY V1 
' 

4.1 B\PI"a1n1"a'VI\PILL 'VI'WJ1~'Wtl1~3J 1 u 1e~~L'lli'ILLi'l::a3J-a-afi'U::"tle~.:~Lfl~v.:~EJ'W~ 
4.1.1 B\PI"a1m"a~'UL tl~v~L~vb w~.:ILLi'I::B\PI"a1m-a'VI\PILL'VI'WJ1~'Utl1~3J 1 u 1v~L'lli'l 

\PI1'a1.:!~ 4.1 m3J1ruJ1~'W~b'lli'lbLi'l::tl1~3J 1 u 1v~b'l!i'l.ffim 'Wn1'a'VI\PiflvULLi'I::B\PI'a1~1'Wv1n1fiiPiv 
L~vbw~.:~a3JcW''VI~'ULLIPii'l::.n1-a::L~e~lmuatlLLuuJ1~'W~L'lli'lveh~b~EJ1LLi'l:: 
b~vbW~.:~i111 bLi'I::B\PI'a1n1'a'VI\PibL'VI'Wfl.:!fl\Pib'WbLIPii'l::.n1'a:: 

'II • 

BMEP (kPa) md (kg/h) ~ mP (kg/h) Ap 
Diesel saving 

(%) 

0.00 0.23 4.51 0.16 2.02 31.88 

71.48 0.25 4.11 0.15 2.07 39.71 

142.96 0.30 3.52 0.14 2.02 53.99 

214.45 0.31 3.35 0.13 1.95 58.71 

285.93 0.34 3.05 0.12 1.78 64.52 

357.41 0.43 2.44 0.14 1.49 67.22 

428.89 0.51 2.06 0.17 1.26 67.41 

500.38 0.60 1.74 0.19 1.09 67.57 

571.86 0.71 1.46 0.32 0.90 55.30 

643.34 0.86 1.21 0.73 0.68 14.44 

714.82 1.06 0.98 0.94 0.56 11.25 
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.fl1'W~ 4.1 el\Pl'a1a;f1\ln1'a'VI\Plbb'VI\IJ1~\I~lb'llilfl'JEI'I.h~1J1'U 1v~b'llilbbil::rh'lf;i11J1il~.fl1'a:: BMEP 

~1-:le'j 

~1nm~1.:J~ 4.1 bb6W1.:J'\.J~l.l1tufl1~5111,11ir'W1 'Wbb~i.'l~m~~~-!11 'W~'tJb~m ~~.:Jb~~l 
" 

bbi.'l~ b ~e:J b~~.:J1ll-l 1111 ~ md bbi.'l~ mp fiie:J'IJ~l.J1tufl1 ~5111J1ir'W'IJ1~l.J 1 'IJ 1e:J~ bBili.'l b~e:J 1m 'U ~LJ bb 'IJ'IJ,J 1lJ'U 

'\.J1~l-l 1 'IJ 1e:J~ b Bi!i.'lmh.:J b~ m bb1.1~'\.J~l-l1 rum~5111,J 1lJ'W'\.J1~l-l 1 'IJ 1e:J~ bBili.'l b~e:J 1m 'W~'\.J bb 'IJ'IJ b ~e:J b ~~.:J1ll-l 
" 

" ' I .c:::ai .c:!rl Q. I 0 Q.l iCII,QJ I I QJ 

e:J~1-!l bl11~lbb1.1~ b"lle:Jb~i.'l.:J~ll.l \Pl1l.l1.11111'\J V1 e:J\Pl~1~l'Wfl1~V1111 bb 'Vl'W~-!1~111 bb\Pli.'l~m~~ e:J\91~1fl1~V1111 bbVl'W 
" ' 

,J1lJ'WD1~l-l1'1J1eJ~bBil1.1 (Palm Bio Diesel Saving Ratio) ~1l.l1~tl"vn1~~1fl~l.lfl1~~ 3.5 

1111~ md bbi.'l~ mp btl'U'lJ~l.J1UJfl1~5111,11lJ'U'\.J1~l.J 1 'IJ 1e:J~h6il1.1b~e:J 1m 'U~'IJ bb'IJ'IJ,J1lJ'U 

'\.J1~l-l 1 'IJ 1e:J~ bBili.'leJ~1.:J b~~lii''IJ 'lJ~l-l1tum~5111,J'1iJ'W'lJ1~l-l 1 'IJ 1e:J~ bBili.'lb~eJ 1m 'W~'\.Jbb 'IJ'IJ b~m ~~.:J1ll-l 
" 

~1fl\911~1.:J~ 4.1 bbi.'l~i11~~ 4.1 m~H\~m~~.:Jn1Bil"lill-lli.'l~ll.ln'IJ'IJ1~l-l 1 'IJ 1e:J 

~ b6il1.1~1l.J1~ti1.1111LJ~l.l1rum~5111,11ir'WLJ1~l.J 1 'IJ 1e:1~ bBil1.11m 'UVlfl"lil.:Jm~~ bf'l~e:J-!1 1111~~1l.J1~tiV1111 bb 'Vl'U 1~ 
' I I I I IJ 

~-!l~l11~e:J~1.1~ 67.57 Vif'1l1l.l~'W~.:J~i.'lbu~m'IJ~fl 500.38 kPa bb1.1~Vim~~bf'1~eJ.:J~'W~~.:Jfl';htieJ'I91~1fl1~ 
" ' " 

b'V!l.l1~~l.J b~e:Ji11~~ b~l.l~'Ufl1 ~5111,11lJ'WD1~l.J 1 'IJ 1eJ~bBili.'ll.J1fl~'Ub~eJb~l.Jtl1~-!l 1-Hii''IJ bf'l~e:J-!l~'U ~ 'Vll 1-H 

'IJ~l.J1tue:J1fl1fl11 'U m~'\Je:Jfl~'IJ1.11111.1-!l~-!l ~1.11-Hml.l1 run16i!"lill-ll1.1V1111 bb 'Vl'U 1~ti €1~1.1-!l~l~ 
" "' 4.1.2 el\Pl'a1m-aih.lb'IJ~v.:I'W~.:I.:11\Il\l1b'W1:: (Specific energy consumption) 

e) \91~1fl1~~'Wb LJ~ e:J.:J~~.:J.:J1'Wl\l1 b ~1 ~ rJ1'Wltu~ 1 n e) m1m~~'W b'\.J~e:J-!1 b ~e:J b~~-!1 bbi.'l~rh 
f'1d1l.J~e:J'U"lle:J-!l b ~e:J b ~~-!1~1 i ~'\Jl1fl1~ 1 i.:J1'U 1 'U ~LJ bb 'IJ'IJ b ~e:J b ~~-!l~'Jl.jlj e) \91~1 fl1~~ 'Ub LJ~ e:J-!1~~-!l -!l1'U 

" 
:il1 b ~1~~.:Jn'l1 m ~1-11,J'1iJ'W LJ1~l.J 1 'IJ 1e:1~ bBili.'l e:1~ 1-!l b~~lVl n"lil.:Ji11~~ ~-!l€11~ bnl11~1 nm~5111,11 ~'U 

" ' 
'\.J1~l.l 1 'IJ 1e:J~ bBil1.1~UeJ~Vi11-Hm~bb\91fl~lbtl'W1.1~e:JeJ.:JeJeJ ~ hl~bvhii''Um~5111 b~m~~.:J '\.J1~l.l 1 'IJ 1e:J~ bBili.'l 

e:J~1-!lb~m1'WLJ~l.J1rul.J1n ~.:J~e:J.:J1olfb~m~~.:J~ll.Jl.J1nn11b~e:J1m~n1~-!lbvhii''U~.:Jm~~ 4.2 
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4.1.3 tl':i::il'VIB.fl1'Wb~..:Jfi111Jiv1J 
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b€1~ bBil~€1 ~1~ b~ m'Vlfl"lh~m~~ ~~€11~ btl~ ~1fleJ\Jl~1~11Jfl1~'Vl~ bb 'V11J(;i~r;i ~ vh 1 ~€11 fl1 !311 'W~€1~ bt:.J 1 
' 'U ' 

1 VI~~~~~ ~~btl~ fl11lJ~1-if11 'Wfl1~~~~~ b'LJ~ bb~~fl1~bt:.J11 VllJbJr;ilJ'U~ru bb~~~11JVI~~fhBil;g1lJ1~iJf11 
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\ij1 n-iJm.J~f'll1:WI~\Jm EJ 1 'l.!fl':i~De:Jfl61D~1~ 'IJrl1'l.!ltl.!VI1B\91~1fl1~'1Ji.'ieJ EJf'ld1:W~B'l.! bi>W 1.gr11 ~u~EJ 
~ ~ 

\ij1fl 60 l'n:ijml~e.m~'ld 
~D-;h1'W~'IJ~~DD~~m~~'l~l:w~m~~f'ld1:W~'l.!iJ'le.J~~u~mD~fl 285.93 kPa ~~~~ 500.38 kPa 

~ 

D11 \911:W~1~D b~~~~fl1~~f'ld1:W~'l.!iJ'le.J~~u~EJbD~fl 571.86 kPa f'll1:W~'l.!61'lM11'l.!m~De:Jfl61D 
~ ' ~ 

~ ~:W~'l.! 7.41 D11 ~~m ViEJDtltJtl1lJ'l.!~ ~6i!~B~1'l b~EJl ~'l b tl'l.!e.J~:l.J1\ij1 flB\91~1fl1~'1J~eJ EJf'll1:W~eJ'l.! 

1'W'1il'l premixed combustion ~~'lfl';hm~1.gtl1l!'l.!~b6i!~B~1'l~~EJl B\91~1m~'IJi.'ieJEJf'll1:W~B'l.! 
61'l61~"lJB'l bf'l~B'lEJ'l.!~~Hh ~m ~~'l~l:W ~fl1~~f'ld1:W~'l.!EJ'le.J~ ~u~mD'.ifl 285.93 kPa ~~~~ 500.38 
~ ' 

~fl1'.i~f'll1:W~'l.!iJ'le.J~ bu~mD'.ifl 571.86 Kpa B\9l'.i1fl1'.i'IJ~eJEJf'ld1:W~B'l.!61'l61~"lleJ'l ~f'l~B'lEJ'l.!~~1 i 
~ ' 

b ,r€1 ~~~'l ~l:W61'lfl';h e) \91~1 fl1'.i'IJi.'i eJ EJf'ld1:W~eJ'l.!61'l61~"lJB'lfl1 '.i 1 offtl 1lJ 'l.!~ ~6i!~ eJ ~1'1 ~~Ell 14.49 \ij~ ~€1 
'U 'U <t 'U 

~~Ell ~~Bfl1'.i~b~:W~'l.!\ij~Vh1-H'1il'l premixed combustion ~'l.!~'l ~~~~'lil'l mixing control 

combustion fll1'l:W1fl~'l.! &1l'l.!\ij~ ~~:W~'l.!fl1'.i~e.J11 vrmfl~bflEJ'ltl'l.!Vlfl[l1'.i~ ~'l~1'l\ij1flfl1'.i 1 ib~m ~~'l 
' ' 

1vrif~~DD premixed combustion ·;h:wfi'D mixing control combustion ~~~'l.!1~-B'~1'l.!fl1~~ 3 

( "ll) l1'1il'l e) \9l'.i1 m'.i'IJi.'ieJ EJf'ld1:W~B'l.!61'l61~1"iB'l.! -i11'l ni'1-:J ~'l bfl~ \ij 1 nm '.i'IJ~ eJ EJf'll1:W~B'l.!"ll e:J'l&1l'l.!e.J61:W~ 
~ ' 

e-~61:w tl'l.!~ tl'l.!B ~ 1-:J~'.i~w;h 'l m ml"'fi'D fl16i!'lil:wl~ ~~~ Li1B ~ ~:w ~~ &1l'l.!fi16i!'lil:wl~~'l.! \ij~61'l e.~~vh 1-H ~fi ~ 
m1:wi.'i1i11 'l.!fl1'.i\ij~'.i~b '\J~ ~ ~:w~'l.!~'lm~~ 4.4 

' 
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ll1'Wvi 4.4 bb~'Uil1'W b mEJtJb iiiauu ·a-:~~'U 1 'Ufl'a::tJvnfltJ bb~::el\PI'a1n1'atJ~ i)EJfll113J~il'U'a::'Vd1 ~b ~i) 
" 1 II 1 1 

b'W~~b~EJ1tltJb-!ivb'W~~i13J(n) iii.n1'a::BMEP285.93 kPa ("tl) \ii.n1'a:: BMEP 500.38 

kPa (fll) vi.n1'a:: BMEP 571.86 kPa 
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b iJ'W~1 b'VI\9l~vh1 ~~"~11~~'W~..:J~~'~ bb"~ ~1 bb'VIti..::~l"l'J1~~'W~..::~~~'~1 'Wm~'UeJn~'U LLJ~ti'W 1 LJ ~1'W~.n1';i~ 
q '-! , 'U " 'll 

571.86 - 714.82 kPa iim1~~'WL'Wm~'U€lf1~'U1m\\fimn'Wb~€l..:J:V1nl1LJ~~1tum';i51'!~1ir'WLJ1~~ 1'U 
'U 

L€l~ b6il"~1 n~'W vl1L ~bfll'if11';i b~11 'VIlJ€l~1..::1';i'JI'i b ~1 1 'W"Ii'J..::i premixed combustion ~..::l~..::l~"~€l!"ld1~ 
~'W~..::~~I'IL'Wm~'U€ln~'ULI'Iti\9l';i..::~ ~..::~m'V'l~ 4.5 
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fl1~~~tl~~'U"lle:J-:Jfl1~~e-~11VI~~~VIl1-:Jl~lijm\Jie:J1~1ij'fWU~lJl~~1~rh~lJtl~~~'Vl~f11~~~tl~~'U"lle:J-:J 

fl1fl11lJ~'U~-:J~~ (COVPmax) ~~~~~lJtl~~~'Vl~fl1~~btl~~'U"lle:J-:lfl11lJ~'U~-:Je.Jmu~mJ-:J~ (COVIMEP) L'U 
" ' 
~ 0 

m~'Ue:Jfl~'U ''ll-:J~1lJ1~Ufl1'U'JU.Fil1f1~lJfl1~ 2.41 bb~~ 2.42 
" 

3 
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.·· 
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lil1 f1.n1~~ 4. 7 ri1~lJtl~~~~m1lJ ~~tl~~'W ~~wh-:Ji' fl~m"lle:J-:Jf111lJ~'W 1 'Wm~'Ue:Jfl~'U~-:J~~~ dJ '\J 'U II 

m~~~~.~~er\Jl~1fl1~'Vl~~b'Vl'UIJi1-:J 1 ~de:Jm~~~~lJ~'UiJ~b'W11'WlJ~~lJ~'W iJri1e:J~~~VIl1-:J~e:J~~~ 0.6 -2.5 

5 --

~ 4 ~ -
0.. 

3 I..LJ -
~ . 
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.n1cwVi 4.a bb~'U.n1cwbba~.:~alJth::avl5fi113Jtttl~~'U"Uv.:~fi113J~'Ua.:~~~bu~au.:~~Vi.n1~::\Ph.:~ ""~ 

lil1f1.n1~~ 4.s 'li1-:Jf11~~e-~11VI~~hh~~~~~n~~'U·lh-:J cov,MEP i1ri1lJ1f1f1l1~e:J~~~ 5 ~'W1tJ 
lil1f1fl1~'Vl~~e:J-:Jdri1~lJtl~~~'Vl~f111lJ~btJ~er'W~~VI11-:Ji'~lijm"lle:J-:Jf111lJ~'W~-:Je.~~~u~mJ-:J~~m~~IJI1-:J1 
lil1f1f11~1-U'tl1iJ'U~ ~"'l~~~.~~rh"'l"il1lJ1m tl'W1.offm ~~-:J~1lJlJfl1e:J~~~VIl1-:J~e:J~~~ 1.5 - 4.4 1~~i1 

" 
u 'W11tJlJ~~~-:Jbde:Jm~~ ~~lJ~'W ~-:JI.b~~-:Jl ~~ -H'W11m~1-u~offe:J ~.~~-:J~'JlJ 1 'Wm~~ ~~.~~er\Jl~1fl1~'Vl~ l.b'Vl'U 

~-:Jf1ri11 hlci-:Je.~~m~'Vl'U IJie:J ~~~~~ m~ m~'01-:J1'W"lle:J-:J ~fl~e:J-:J ~'W~ 
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4.3 ~~m-a1f111~-w~ 

4.3.1 m111tufh"lffl'l{UB'W11B'W'l.!Bf1 1"lff11'W 1vbaa 

tf'hnruf1111111"111'UB'W&Je:J'W'W eJ n1111lvllil1 n m ~ 1 off~ ~e:J ~ ~~,:d11JG1-:J n11 n1 ~ 1-i!LJ1:W'W&i ~ 61l(;'le:J ~ 1-:J 
" 

~&i tJ'JVlfl"!i'J-:Jfl1 ~~ ;-:lfl1111lfl11'U tl'WlJtl'W'Wtl n1111lvl ~ tl'Wfl11111~ ~flV11i!1 fl f11~ u:J 11 'VI~~1liG1&J'U ~ru~~(;'l~fl1 ~ 1 off 
' " 

~~m~~-:J11&J~eJ'~~1m~VlV1 ~~Vl'WG1-:J 61 vh1 ~LJ'1&J1rummP~~~'VI~B1 'Wm~'Ue:JnG1'U(;'IV1Ue:JtJ(;l-:J ~fiV1 ~tl'W 
" I " 

611'W~G11J'VI'W1vl11 ~~fiV1 m ~ ~~11 'VI~~1liG1&J'U~ru 1V1 tJLJ'1&J1 ruf1161lfl11'U tl'WlJtl'W'We:Jn161lvl'li!~i;'lV1(;'1-:J ~~ tl 
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~'U11LJ'1mrue:Je:Jn1111lvl'"Ue:J-:J 1'W 1~~ ~lil'W ~ ~flV11il1flfl1~1 off~~m ~~-:J11&Jiil~U€JtJ n11m~1 off 

LJ1:W''W&i ~1111(;'1€1~1-:J ~&itJ'J 20-250 611'W 1 'W~1'W61'J'W ~~€l-:Jiil1flfl1~1 off-:J1'W~~m~~-:J11&Jil611'W~G1&J€J1fl1 Pl~€1 
1.tSe:J ~.~~-:Ji!e:JtJn11 m~1 off~ 1:W''W~~Illli;'l e:J~ 1-:l ~~tJ'J v111 ~LJ~&J1tu€l€J n~ ~lil'W~rie:J 1 ~ ~fi V1 e:Je:Jn 161lvl'"U €l -:J 

1'W1~~~1i!'W(;'IV1(;'1-:J ~-:l.fl1~~ 4.10 
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~1fl1 ~filfl'\;1 ~'U'Vl'Ufl1~~~ fl1 ~fl1~t:J~ (P)fl16!l~ll.Jl~ b ~ eJ 1-li-!11'Ub iJ'Ub ~f) b ~~-!J~')l.J mru11 ~eJ-!lfl1~ 
' 

~~-!l-!l1'U~1flbrl~eJ-!ltJ'U~ 10 n1~l(P)~off11l.J-!11~m~'U~~'U'U 8 off11l-l-!l~eJl'U ~ll.JbiJ'U 80 fi1~l(P)~i11l-l-!l 

~1flfl1~'Vl~~eJ-!l~m~~m1l.l~'W~-!lt:J~bu~m'U~rl 500.38 kPa fl16!l~ll.l1~~1mVl~1lJ'U61TtJ~'VI~-!l 

611l-l1~fl'Vl~ bb'Vl'W~1l1'W'lJ1~l-l 1 'U 1eJ~ b6!l~"'l-l~'Vl~61-!161~~eJtJ~~ 6 7.57 
'IJ ' 

80,000 'U1'Vl 

" "' ... (P)'U'Vl'U'J(P)f;)li)'lJ 
' ' 

~Q.I i.l 

'VleJ(P)~1fl1~'Vl~ bb 'Vl'U~eJtJ~~ 6 7.57 

- b 'V1~1lJ'U~1'lJ~'VI~-!l 2.2 m~n1'l.l~eJfi1~1(P)~i11l-l-!l 

- u1~l.J 1'U 1eJ~b6!1~ o.o89 ~(P)~~eJn1~-r(P)~i11l.J-!l 

~')l.JbiJ'U 266'U1'Vl 

"' . "" ...... 
L"'feJL 'WiHIL~li'J 

1 ift.l1~111 \J bel 

6.918 'U1'Vl~eJ 

n1~-r(P)~ 

0.276 ~(P)~~eJ 

n1~1(P)~i11l-l-!l 

554 'U1'Vl 

:U1fl(P)1~1-!l 4.2 ~'Ul1fl1~~:u~ b~eJn1r1~-!lfl1~t:J~(P)fl16!lb ~m~~-!l~ll.ll~:u1m'V1~1l1'W611'1J~'VI~-!l b ~eJ 
1 if b iJ'U b ~f) b ~~-!1 ~')l.J 1 'Ubrl~eJ-!1 tJ'U ~ :u~~ eJ-!liJ m~~-!l'Vl'U61~1-!l b(P)1 t:J~(P)fl16!lb ~f) b ~~-!l~'Ul.J 1 bb ~n611m ~fl1-li 

' 
-!11'Wbb~~iJ~~tJ~n~1FI'W'Vl'Wfl1tJ 1 'W 1 tJ Bm~~-!lm~'l11 bm b V1~1l1'W611'1J~'VI"'-!ll-l11 -tl'-!11'W biJ'Wb~m ~~-!l~ll-l 

' 
~~'VIl1-!lfl16!1"iill-ll~n'U'IJ 1~l-l 1 'U 1eJ~ b6!lmb 'Vl'W~1l1'W 'lJ1~l-l 1 'U 1eJ ~ b6!1~611l-l1~t~'lJ~~tJn(P)1-liLJ~~ 1tJ"ll'W1~Bn 

' 
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'U'VI'VI 5 

fl~tle.Jfl n1~'VIflfliHI LLfi~;Jatfl\lil LL \1~ 
~ 

-:J 1'Wl ~ ~~ b tl'Wfl1 ~Pi fl~1 LM ~l tl'U fl1 ~ti 1 beJ 1 b VI~ 1il'WthtJ~~VI~-:JlJ1 e..J~ \Jlfh 6il~llJ'J~~ e..J~ \Jl~ 1 fl 

m~'Ul'Wm~ Lbn~SBYJ Lfli'W b ~B 1 -if Ltl'Wb ~B b~~-:J 1 'Wbfl~B-:J~'W~tr'WV11tlm~ 1 'W~~Vl~~ LiJVl~l~ rh~-:J5Vl1 'W 
' 

flru~n~ru~m~ be..J11 VllJ bb~~lJ~~~ -nB-:J bfl~B-:J ~'W~ 'W'UV1~~1'WlJ1 ~1111 ~t1~~tle..~~m~f!ln~1 bb~~ 
' ' 
.Um~'WeJbb'W~ 1~~-:JIJieJ 1tJ~ 

m~1Lm1~~~lJ~~tl'W~ flru~n~ru~m~Le..~11VIlJ Lb~~lJ~~meJ-:Jbfl~eJ-:J~'W~~1offn161l~llJl~btl'W 
' 

L<ffm ~~-:J1llJtl'Utl1~lJ 1 'U 1B~b61!~ 1 'Wbfl~B-:J~'W~~Vl~~ LtJVl~l~fl1~eJV1~1lJ1~tl~~tle..~~~-:J~ 
' ' 

5.1.1 flll':i':itl'LI::'!lv.:ibfl~v.:~a'LI~~blllffliih.Un111l1~1111flbU'Lib~vb -w~.:~i111 
n161l~llJ'J~~e..~~\J\~1n b Vl~1il'W~1tJ~~VI~-:J~1lJ1~tlV1Vl bb Vl'Um~1 iJ'1il'W~ b61!~ 1~~-:J~Vl~eJ~ 

" ' 
~~ 67.57 ~fl1~~fll1lJ~'W~-:Je..J~bu~m'U~fl 500.38 kPa ~-:J1m~\fi~-:Jtl'U-:J1'Wl~~"lleJ-:J "ll'1J1'W'W'Vi 

bb~-:JlJUJbb~~flru~ [12], Banapurmath et al. [21-22], Hassan et al. [23] ~~'U';hm~1in161l~l 

111 ~ b tl'W b ~B b ~~-:J~llJ~1lJ 1 ~tlVl Vl bb Vl'W m ~1 iJ' 1il'W ~ b61!~ 1~tJ~~lJ 1 ru~eJ ~~~ 60-70 1 'W-nru~~ 
tJ~~~Vl'5fl1 ~ b "8-:Jfld1lJ ~eJ'W ~1 fl';ll fl1 ~ 1 iJ'1iJ'W ~ b61l~Vlflori'J-:Jfl1~~ bb~~ lJeJ\91~1 f11 ~~'Wbtl~eJ-!l'V'I"'-!1-!JTW 

' 
:il1L'V'I1:!~-!ln';hm~1iihil'W~b6il~mh-:Jb~mVln-ril-:Jm~~ 

" ' 
5.1.2 flru~m~tru::m':ib~11 'VIaj'!Je~.:~bfl~eJ .:~a'LI~~blllfflvh .Un111lf~1111fl b tl'Lib ~e~b -w~.:~i111 • 

bb~~fl1~be..J11 VllJ~ bb\Jlfl1Ji1-:J~1flfl1~1 iJ'1iJ'W~ blll!~eJ~1-:Jb~~l fleJiioril-:J Premixed combustion bb~~ 
Mixing control combustion ~fll1-:Jfl';hm~1iJ'1iJ'W~blll!~eJ~1-:Jb~m ~l'Wfll1lJ~'W1'Wm~'UeJfl~'Uii 
f'11~V1~-:J 10-18 'UTfl'W-ril-:Jm~~ 0-500 kPa -nru~~m111~1i11t.~m~~Vl~~btJVlbb~~~~~~nm1'Wm~ 

' 
Le..~11VIlJL~lJ~'W 2-5 eJ-:J?nb~~1oU'mV1~m 'WBn~1n~~-:J~'U-;hr11trlJtl~~~Vl~fll1lJLLtl~~'W~~wh:rr!J 
~m COV IMEP bb~~COV Pmax iir111n~bfl~-:Jtl'Ufl1~1iJ'1il'W~blll!~eJ~1-:Jb~~lbb~~iir11B~1'W-ril-:J~ 
bfl~B-:J~'U~vh-:J1'W1~B~1-:Jb~n~~m~ fleJiir11~1n';h~B~~~ 5 
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5.1.3 l.lfl~'l!t"lleN ~fl~B.:J~'WWI~~Bilflvfl offrhBil"lill.llfl ~tl'W~ :Bm~~.:J~ll.l 

m~1 offrhBil"lill.llfl ~ tl'W~:ffeJ ~ ~~.:J~ll-l~'trht.l~l.l11l.lfl'1Bilr11i'U B'Wl.leJ'WeJ fl1Billli' ~ Yll.l~'W~"Iil.:J 
m~~ ~fl~B.:J ~'WWI~1 ~~"~"~".:J ~~Bm~~ ~fl~B.:J~'WWI ~ Yll.l~'W~~I'inEJ'.:Jilfi1~-:J fll1flT~1 off;] 1~'W~ ~BilfleJ ~1-:J 

'\J 

5.2 <!fma'Livbb'LI:: 

5.2.1 fl1T~~'\.J'!uLl~.:J~fl~eJ.:J~'WWI~ ~Bilflvfl off.:J1'W rhBil"lill-llfl 1 t~~'\.J ~~ 'U'U~~B ~~~.:J~ll.l 1 ~il~l-l~~tlt~~ 
' '\J 

~~fl~l.lfl~'l!t~~~\lfll~~li!1~ru1 ~fl'l!t1 ~fl"IIB.:J eJ.:JI"11 m~5~;] 1~\lfll.:J'VIU1 (Pilot diesel injection 

timming) ~~m'l~~B'U~l.ll.l&l~1\l m~'\.Jt'UeJ.:Jm5~;]1~t~G'il.:J'VIU1 2-5 eJ.:JI"11~~"1-llm'VI~~.:Jiil1m~l.ll1 

n~""li1~ 1 \l~~eJ.:j~lJ~~nt~~~b"~lJ"~'l!teJ~1-:J 1 ~ 
5.2.2 fi 16il"lill.Jl "~1 off~ t1t~ ~ ~el ~VI~ .:J~ll.J ~~ \1llil1 fl ~ \111 ~~ \11 n1Bil"Bll-llfl ~b 'U'U 1 'VIflfl.:J ~.:Jvh fl1 ~ 

'Vl~~eJ'U~lJ ~~ti'W~ r1ru"'fl'1!tru~m~~~11 VI~ ~b(;'l~l.Jfl~'l!t"llel.:J ~fl~eJ.:j ~\! m \l~~'VIl1-:J ~~ \11fl1Bil"Bll-llfl ~"~ ~.:j 
' 

fltl.l~lJD&l"lleJ.:J fl1Bil"lill.llflel11illil~ h1fl.:J~~.:J ~b~lil~YI~1 ~1l.lfll'Ufll.l"11\!1~"11eJ.:J ~ ~m ~~.:J ~b Vlfl.:J~lJ1"1leJ.:J 
' ' 

~ ~B ~ ~~.:J eJ\11~1 m~~1~mml"11 ~ ~ vhilt~'Vlflfl1~'Vl~fleJ.:J ~b~ln \111l.l ~ ~B 1 ~~flfl1~'Vl~fleJ.:Jtlfl ~B.:J ~~~t~~h 
' '\J 

~\lfll~ilm~&l~~.:J ~fl~eJ.:JileJl~fl~1~~fi1Bi!"8ll.llfl~b 'U'UeJB'W 1m1 (online gas analyzer) 'VI~Bilm~ ~n'U 
'U~~Iiln1Bil"Bll-llfl~ilflru~l.lir&lr1-:J~ rieJt~ti 1l-l11 off~ tlt~ ~ ~B ~ ~~ .:J~ll-l1 t~ ~fl~B.:J ~t~WI b ~B.:Jiil1 m~'U'U.Q 

' ' 
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m1JW~'W1'V'l~-::i-::!1'W'VWlll 'Vl'Wll6'1~B'U'!fl~'V'l~-::i-::!1'W. (2553) " lbt:-J'W~~'W 1'V'l~-::i-::!1'W'VlVI bb 'Vl'Wbb6'1~'V'l~-::i-::!1'W 
' 

'Vl1-::ll~e:Jfl 25% 1'W 10 tl", ':i1~HI1'W'W~.:I.:I1'WLbvi.:itl':i::L'Vlfllb'VIEJ2553. http://www.dede. 

go.th/dede/images /stories /6may54_ circular/ energy _53_ 2.pdf. 25 1Jf1';i1r11J, 

2559. 

m1lw~'W1'V'l~-::~-::~1'W'VlV~lb'Vl'Wbb6'1~B'W'!n~'V'l~-::~-::~1'W, (2554) "bbt:-~'Ww~'W1'V'l~-::~-::~1'W'VlV~lb'Vl'Wbb6'1~'V'l~-::~-::~1'W 
' 

'Vl1-::lb~tlfl 25% 1'W 10 tJ (YU"\.2555-2564)", ':i1EI.:11'W'W~.:I.:I1'WLL'Vi.:itl':i::L'Vlfllb'VIEJ 2554. 

http://www. dede.go.th/dede/images/stories/aedp25.pdf. 25 1Jf1';i1r11J 2559, 
Q.J Q.J Q.J f{ v .Q. Q.J .c::t Q,l 

n ';i1J'V'l~'W 1'V'l6'1-::i-::11'W'Vl V~lb 'Vl'Wbb6'1~e:J ~ ';i n~'V'l6'1-::i-::11'W lb6'1 ~1J'VI1 l'Vl m 6'1 t.J ~ 'U 6'1';i1"llu1 'W, ':i1 EJ.:I1'Wiltltl 

!;I1JtJ':iOllfl':i.:ln1':iAn'I~J1LL~::~.:~L!;I~1Jn1':ibaU':i::tJtJ~~(;l'W~.:I.:I1'Wfl1111~El'W~hEJrh"lf~1 .. 
111~a1'VIi'tJ1 ':i.:i.:i1'LIEJ(;J!;I1'VIn':i':i11"tl'LI1(;iL~n. ';i1t.J-::i1'W~Bm~'Vl';il-::i'V'l~-::~-::~1'W, 2552 . • 

----. ':i1EI.:i1'LiilUtl!;l11tJ':itubfl':i.:in1':iAm~t1LL~::oW'w.~'U1':i::tJtJn1"lf;f1111~b'Wn1':i!;ltJJ1LViv .. .. 
n1':ibn'I~J(;l':i. ';i1t.J-::11'W~tlf1';i~'Vl';il-::i'V'l~-::i-::11'W, 2556. 

ru'Vl'V'l';i ~'WV~1tl';i~L~1~. m':iAm~nflru~ncetru::m':iL~11'VI~"tlv.:~n1"lf~1.m-wl'LILfl~v.:~a'U~a'W~ntl "" . 
"' "" 'V'l';i~"'iltl1Jbfl6'115'W'U';i, 2554. 

' 
"llt1J1'W'WVi bb~-::~1Jru lb6'l~flru~. "~1J';j';ifi'U~-ue:J-::~lr'l~e:J-::~n1lilV~1 'V'Jih~1 ~n1"ll"ill1Jl6'1bb6'1~J1l!'W 1 'U 1B 

.c:i r:tJt Q, Q, 

Vll"ll6'1ltl'Wl"lltlb'V'l6'1-::i", 11':i!;l1':i1'!11n1':i 1J.Eltl. 11(2): 1-9, i"lt)~fl1r11J- ~-::I'VI1r11J, 2552. 

"ll'W1m l';i';iruf!!~. m':itl':i::w'W1'!J~m~1(;1LL~::~'LI'VJ'W"tlv.:~m':i~~(;ln':i::LL!;!1vJ.Vh;nmLn!;!tijVJLfl 

i'W"tlv-:~1m(;IL~1. 1'Vlmil'V'l'WthnqJt1J1lf!!lm';i1JI"11~\Jl';j1J"vnD'ru;J1J1: 

1J'VI1l'Vlm~m"ilt.J-::~1'VIlJ, 2551 

~'V'l8~liru'Vl{ ~'W'I!t.J. n1':iAncet1n1':i~1nflmn(;l':i::nv'U1\11n':i::tJtJU1UflJ1LflEJLViv~~(;l'W~-:~.:~1'U 
' ' 

"' QJ "" 1J'VI1l'Vlm6'1t.J~';i'W1';i, 2550. 
' 

1'Vlt.J-~~'W, 2553. 

oW"ll1 t1l 1J1'W~'U';i';it.J-::I. n1':iAncet1L(;l1 ~~(;lfl1"lfLL tJtJ1 'VI~~.:ILL~::~vL ~EJ.:IbflEJboHLfllcetth'W L U'WL ~ElL ow~.:~. 
i'Vl mil'V'l'Wth.J1qJqJ 1lf!!l fl1';j1Jf!!1~\Jl';i1J'VI1Dru;J \Jl: 1J'V11l'Vl m~t.J~-::i"ll6'11'Wr1'1'W'Vl1, 254 7. 
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V'1Vlu5'11'WY11 ';ij1'~1 \9ll'li. flm~1bb 'LI1VI1·:JnT'.iU1b 'VI~13J'Lil;ht..I~'VI~-:~3J1b ilb U'Lib ~eJb -w~-:~~13.11~ l 'LI 
' ' " b\JI1U.J1~13J1~ bbtJtJ 1'l!1fi~'Lifl1'VIi'tJm-a~\Jifi113J~'LI~~\JI~~ bn~-a. lVl tnil"V'1'Wfi 

oJ~tyty1'lPnm':ilJI"1161mlJvmJ'ru,;\Jl: lJVI1lVlCJ1"'CJ"V€J'tmri'W, 2552. 

'W!"11 ~ 61lJ~l-!lf'i. m-aflmt1fl ru~m~tru~m-ab~11 'VI~bb~~a3J-a-art'LI~'tleJ.:I bfl~eJ.:If.I'LI~rh'l!~13J1~ • 
'ti'LI1 \JI b~n. lVl tnil"V'1'LifioJ~qJ'1J1ll"ll m':ilJI"1161 mlJV11'1Jru,; \Jl: lJVI1lVl m"' CJ~'U~':i1"llli1'W, 

2555. 

~-!l"' n,; fl1'1J';ij'Wt)fl,;. m-aflmt1fi113Jb tl'Lil t11ffVJ1-:Ibfl~!fl1alJii1fl-a.:~m-a~~\Jin-a~bba1 vJ.W1 

~1m'VI~13J'Lii1ti~'VI~.:~. lVlCJ1il"t1'W5oJ~qJ'1J1lVltni"1161\Jl':ilJVI1,Jru,;\Jl: 

lJV11lVltn"'CJbfl'l!t\Jl';ii"1161\Jl{ 2545. 
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&~ Cj U IU 

lVl tnil"t1'LI5oJ~ '1!'1! 1ll"ll m':ilJ 1"1161 \Jl':ilJVI1'lJ ru,; \Jl: lJV11lVl tn"' CJ"V mm ri'W, 25 56. 

'!IJl'W~ b~VIlil"ll. m-ae~e~mb tJtJbb~~VJ\JiavtJb\JI1 ~~\Jin1'li~3J1~bb tJtJ 1 'VI~~.:~fl1'VIi'tJn-a~tJ 1'Lim-a 
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• u u 

bfl'l!t\Jl';ii"1161\Jl{ 2550. 

l':i~"ll bb~-!l61l1-!l. bVJfi1'LI1~Eim-a~~\Jibbnab~vbow~-:~~1n~13J1~. n~-!lbVl"V'1lJVI1'Wfl':i: bb~btinBI!, 
2556. 

~hiCJ €J 1 ';ij'\111 1. m-a~\9ll'LI1 n-a~tJ 1'LI ~~ lJI1lJI rt~tJ~1 n3J'LI~htl ~'VI~ .:~fl1'VIW v\Jia1'VIm-a3J beJVI1 • • 
'Lie!~. fl1f11"1'LI6'Wl\Jlfl';i';ilJbVlflb 'W b~~VI"'o!lfl1':ibtl'U b~CJ'J: lJVI1lVltn"'CJbVlflb 'W b~~Gi':i'W1~, 

" ' 
2551. 

61tn'lll~CJ bb~~~\9ll'W1"t1"'-!l-!l1'WVl~bbVl'W';ij1ntl1~'WoJ1~lJ bb~~~1~'WY1"ll. (2550). "fl1';jt:.J~\JloJ1~lJ 1 'U btl 
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~1'l!n-!l1'WYl'\9ll'W1fl1':il~CJfl1':ibfl'l!t\Jl':i €J-!lrlmlJVI1"ll'W. (2554) "bVlflb 'Wb~~t:.J~\JloJ1~lJ 1'U b€J~b61l~';ij1n 
"' oJ1~lJU1~'W", fl~.:~ilv3J~a1-aa'Lib 'VIfl'a~~tlll3Jil1fl. www.arda.or.th/kaseti nfo/south 
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/palm/used/01-04.php. 25 lJfl';i1fllJ, 2559. 
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\J'Vlfll11ll~'ll1batm t 'W~tl':i~'till'Vl1 ~1'ti1n1':i':i~~\J'ti1 ~ • 
fW{]~l~~ fl.:JLJ1~-!l, 'th~"ll161'W~ 1~~~~Vl~ "m~f'if1"M1fltu~f1'Mtu~tl1~Ll:n 1 'VIlJ LL~~~:W~~tl'U~"lleJ-!1 
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., ., ., 
m-afiTW1WVI1 B\Pl"a1n1-aihJb tl~e:J.:Jb ~e:Jb cw~.:~ bb~ZB\Pl"a1n1"a'VI~bb 'VI'IJ'lh3J'1Jtl1~ll 1 u Le:J~bfll~ 

:Y1f16'1:Wfl1i~ 3.5 el\Pli1fl1i'VI~bb'Vlt!L1'1iit~~iblll!~ (Diesel saving ratio) fiertJ~:W1UJ~tltJ~~~ 

?hlll!~l:wl~6'11:W1ifl'Vl~ bb 'Vlt~mi 1-ii'L1'1ilt~~ bIll!~ 1~~ mi~ bb~~r111:w b ~litl'U bovhnt~ ~'l6'11:w 1 iflrl1t~lru 1~ 

~'l6'1:Wfl1i 
mct-m 

Diesel saving ratio = P x100 
illct 

1~ tJ md bb~~mp btl'IJLJ~:w1rumi5~L1'1i!t~'ll1~:w 1 'U 1B~ bill!~ b~€1 1-&1'1J~LJ bb'U'UJ1iit~B~1'l 
.., 

Q ildil. Q, I 0 V 

b~ tJl bb~~ b "llm 'Y'l~'lil:W \Pl1:Wm~'U 

:Y1f1oU€l:W~~1~:Y1f1f11i'Vl~6'1€l'U ~fll1:W~t~ir'l~~bu~m'Uif1 500.38 kPa 
'U 

ffict = 0.599 kg/h 

mP = 0.194 kg/h 

... ~ P l s· D. l . . 0.599-0.194 too 
~'l'IJ'-1 a m 10 1ese sav1ng rat1o = 

0
.
599 

x 

= 67.57% 



..=1 
'tfv 

tl-:i::1im':iAm~J1 

.--

'W1 tltU!J~l(P)1 fl'lLJ1~'l 

~.Pl. 2541-2546 

:iJ'BtJ:W Pi m!t1 (P)e:J'W ~'W lb~~ (P)e:J'W'IJ m tJ 
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