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1. Intraduetion

Producer g 1= shemative ssed for subsitning Fossl
focds, gaecilically biomiss gasilicadon [ [l B bas cenain
cnvironmental sdsasgpes when ased on e Birmen (2], The
tambustion  process n=ulls can be umed  for vanous
wpplicmioms, soch as drving, pes borbanes, and  boilers
Severd Fictons wfect the flame. soch s the ascwint of
oombised  wir and keat relored from the bumner |3,
finuiation is g ginal gwiles] o dercl e coilesiicg
process's speciie lemperature. This can alos be sbained
thirmisel verices pamameters, It reduces the desipn time and
the expermental cost 4] The amount of bent released
duming the combasdion procese and the guostity of nitrogen
my the nix ore Dchas dal specilicaly oot the Moo
tempeabre. toen ke thermedymamically medellad o
imeerinin the effect of hear refense and e quaniity of
nifmgen.

Several prelimanary. siacles have been comied. md e
theermmed yronie smsalations, Vilzeck | 5] pestormed & sumilar

«OEAl

dnalysts am fiezas comsbustion osag the mass ol energy
tmlance princple. Caligiun [6] camied oul a thersaodynamic
ammalation of dunl fued dicsel and producer gis inan inbennol
conrlasilien engine. This wos pecfonaed by appldying the
firsa lew of themmodymmics oo closed sysfem Laioaoy
171 comied oot o Ainkly ekklysison e coibisben of o
mixlase of methane avd hylmygsn fuel. This was alsa
nerfrarned hasesd cm ihee Frat fiw of the rmasiynamics. Rahim
%] mmuduted ko burning spesd of the molbeec-nis dilsra
mnixiwee, while s muee fcion and emperadne inohe
comtssUon chanber wee demingd by applying 1he
cofeervition maes and energy sgualion. Siphae [V also
imvestigaiedl . 0 poms=mediom chamber osimg
ik 1 i lukmg erecegy und singlo-dep
eyjlations, o explan v oombustion. pocess s diese]
cngise. Horiram [19] cawied om0 2eno-dimensieno
tlhemseddymanie simulation of 3 compressad 2eition sgine
This  wus  perfomed by usieg dhe  fise law ol
kool ynamice, Faig [1] dmolaled o swro-dimenscionis]
mabnime waesiroke cngine by spplying mass e cnorgy
conservitien ux well as bl g egquations. Fapagissnakis
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[12] peilcimmed o lermodynenic simukilon e a sool gas
wpaark igmvilioa engine using similar procesees,

Thic xhuly’ peerfeamad 2 thermesbynamis damulabom sl
single poducer gis from blomess pasilicagan by applvizg
tsdak, il SOy l'nbl'.' in i Gpen sysienl 1 osan b
determing 1he general efed of exoessive ar oo Plame
tempersure. The specific chjective i m obmin the heat

eleas] donneg Bhe combPardicm ooess ol lemmperadones
hetween #00 and S0P

2. Methodology

The camdmstion process was anilysad by agplving the mass
halance - jad ghe Gimt s of thermoedanamicos (enerpy
bolence ). The muos balasce Tor ghe sleady slole conBdion is
wliwdan fi Exjuidimt 7

Mo — Mgy ™ BMpsryre aj
tar stcedy Mete condiion = U, then
M = Maa il
The first law of thermodynamics is sbown as folloes:
B - Bvni = 35cuaen K]

Funhezmeee. this comdmsilion prmess oGouss moon ofen
ryaem by applying Use il volume, For sleady Mo
|AEsystem = U, the first lww ot thermodynmmics i staled e
Tl s
Ei=E. e
Tt compomenis of nbed amd outlel ceergics ane heal.
wirk. amel mass flow, The sqpuetion Ben beoomes:

Qs+ Wit B ~'-_£:+.-]-_ = Qs + Wi + Efl +__—‘|': —'n]_’-:n

By igmoring kizclic asd poensal energies, meludizg
winrk doiee and hent enterng the sysiem, the earber aased
euadion Iwmngs

Rt = My = big )

Carmp tho combustion prosess, o chanpe was dotecied in
the intomal mergy. This isclsdcs chemical ssd ssnibic
energies. Based on s, the combusion proces consias af
tormiginm and sersible enthalpies. as shown in the folkneing
uation;

1B}

h=&F + (K- 5=} i

When the combustion process occors adiabstically. ahe
walue off Ly, =00, The eepmtinn 16 fether staied as folless:

Ev (] +5-F), = Eng (R +E-F]_ ®
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Thie Marie’s benmperstine s guanibty of ben nekised b
sred W coleehae based oo the fel compesiton dhat
urigem on chemicsl resclion opuamon, The Feel ased in this
smudatiom is producer g from palm ol <kell gsification,
I Gonsifuents are shoom in Table 1 with o ps heating
valie ol G.E MIMNmn'.

Table 1. Fus Compesitian

Mo Specivs % ¥al
I £ iR
: H: #.33
- CHa A.21
4 Cxy 4.1
3 £ 1.3
. il 4547

The stoxhiomeirs: apaten & oblainal by applying
medss corservalion, sinch 15 stabed as follows:

{02255 CO = 0,0035 Hy —0.0021 CH4+ 0,141
S0y = 045457 Iz = 00132 Oz = 03035 (Oz =
3.760a) —* D44E6 COz+ 02477 H:D =
1,805% M= (%)

The mass wnd enerpy equarbon s applied pcmg ghe
slesicd  chommal resciae. Tl st fome’™s
wemperainre s wasl bime oo lemperaiore o Nilbogen
CONmeccs i,

Simiagons o cnried oul i accordance with: vaning
cuoess o, namely (5, DR, e FPE, J0w, anild 5095
Thes rraas Flow of gr and kgl i= shown in Takle 2. In dhe
mon-ailiahitic xmulition, the hest rekisol Bom the bumer
s ix assummed o be relativedy TORHI B8 119.4 kW )L This
it within the mnge ol ihe el obtained from the
experments  camied out by [13l4]. Nemeadiabatic
Hmu.d.'lL'i-..lm serformmod waimy wo mcthels. Tha firel ie 1
determime the ¢ifce of cxvcss gir mn the Bm:™y S mperaurs
FIS mr:l..l heai valee of MHHE k. The secomd i o
determing e effecl of on cacess of aF and the fame's
remiperaiure i the hean release e The simolalion prosess
o coie] ol Boged on g cnectine flame's saperatice. 4
T hart of the cohalating precoiir is shown s Fgore |

curlice

Taktle 2 Parametar of Smuatizn

Excesaul  Abr nemsOow  Fuel mass Biw
Alr 1) rale I,I:El'h:! T (KE )
i 4L Eieh g
In A5 2JEL 17 1855
n 500799 17.165%
in FNLSE 171655
40 SEE430 T 165%
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3. Results and Discussion

3.1 The Thermodynamic Evalustion ol
Excess of Ar on Flame Temperaiure of
Froducer Gas Combusion

8

Fegures 2 and 3 show' the effect of excess abr on the
fiame = tempemture ander non-adsdatic and adiabatic
condiepons. Furbermore. excess nir morsmsss  and
reduces the Mame emperamre under boih comdiiens,
This is senilar 1o the meponts made by [ 1503, 1 s
becouse an morease @oencess mr mggers the nimgen
wopngiid ol ke comabusthe poaduct. Thies  funbs
ahworhs  the howd Brom  the combustbon  pocess,
reihicing  the flume tempemsare. In non-adiahatic
corsdighons, with the heal released ar 0000 kL. the
maximum (ke enperaue 5 YEG.6E wah excems
g at 0%, Each incrense in excess sir ab BV redices
the temperadar by 40 10 430, Meaewhile, in adiabatiz
cordkms, the maximum Tlame emperanne (5 1725°C
at rxoess ar of %, Each incroase inexcess air at 10
reduces the weperature by 0 o T80

i

Bacis il
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Figure 2, The Influence of Excess of & fa Nom-
adedals Flame Terpematus
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Figure 3. Tne infuence of Excass of Al 1D A0IaDETc
Flame Termperahee

3.2 The Tharmodynamic Evaluation of Flame
Termperature on The Heat Releasa in Varous
of Excess Air

Figure 4. shews the effeet of the Name semperatre on the
pembidy of besd wlesad fom the combasion chomder
varging excess air. An increare n the flame lempertune
mechicey Uhe st of head reicared foe varesos oxoess a0
I= evhbd e For gsich Clame senperaiere, e man nne
quamiity of hest relemsed sooers i the livwest excess of ar.
Thex is because the erergy Tom the combastinn proces s
the least aheoshed by exeess air. The Tame’s mpermune is
wituin the range of GHD o BT The heat relossed durisg
U poocess T 72400 AN o DOSEHD DI (20 kW 80 ZRE
kW), Simoler dudies reponied o similar temperare renge
o the combastion of geodecer gas [ 1910 Escess air al
P with a flame hemperatime af OO prved fhat ke
heot redenssd s clogs e 2era, Howsver, in this cincemisines.,
U bbbt Madess jenapratars i g cagese min ol 405 b
FA4 T TR
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Flomat revleareed (ifF)

Figure 4. Tha Inlluarca of Flama Tompeatune 1o Haa
Fal=ase on Variaton of Exoess of Al

2.3 The Comparalion of Themmidyriamic
Sirmudation and Experimental

Figase 5 contgmanes e caperimeidgal B [21] ancl siamlaion
proceses camed put i adiobatic conditinns. Punmarapong
[21] weporied shm the expenmental adisbitic  lame
temperniires chbined  wene PIR0C. Wemwhile.  (his
smulation resubed were 172800, the differences ie due
i dilfeems in the proaecr gas congesilom, shich eaex
an average beating vakee of 5.2 MUNmM' amd 6.1 MIHm!
during  the  eperimenal e simaulamion | procesaes,
mapadively. T simulation neihee] adopied wgs gl
referemond |7 31325 To remedy this eimotion, the fuure
anndy sl cgualies the cperating paramcters and impaove
frsth tke simulatioe and expenmentl spects.
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Figure 5 The Comparizen of smulaben and
Ewposi mantal [#1]
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An inememe M excecc osir caoses 2 smbkudion m hedh
wlisghatie  apd  son-adiabatic . wempemateres  of  Dinmass
priaclicer gas, The manissaim aiml nmivimumn adishatic Namne
Empe e e 1754390 and 40080 o0 0y and 0%
cxcess adr, respectively. The greaer the resulting mow
iwlishanic lemperahioe the leoar the beal relensed dunng the
ombustion peovess for the excess pir constanl. The sas-
oclighatic Hasve temperanee b= usually SN0 0 HHAC, whie
U jummainy oF sl Feleiscl |5 Wik 20 KW o 366 KW,
und L encess alris approsimatedy O o 409,
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