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Figure 1- AUT combustor test rig piping and instrumentation diagram
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SECTION A-A  FRONT VIEW ISOMETRIC VIEW

(a) (b)
Figure 2- Geometry of test stand (a) combustion chamber and (b) fuel injector (adapted from [25] with permission)
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Figure 3- Temperature measurement points by thermocouples (a) inside the combustion chamber and (b) at the combustor
outlet (adapted from [25] with permission)
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Table 1- Experimental test points specifications

Operating Air Flow Rate Natural Gas Fuel Flow Carbon Dioxide Fuel Overall Thermal
Point (Nm%fhr) Rate (NL/min.) Flow Rate (NL/min.) Equivalence ratio Power (kw)

I 65 16  (100%) 0 (0%) 0.17 9.7

1l 60 16 (65%) 9  (35%) 0.17 9.7

1l 60 16 (55%) 15 (45%) 0.17 9.7

\Y 45 12 (100%) 0 (0%) 0.17 7.3

Vv 45 12 (65%) 7 (35%) 0.17 7.3
VI 45 12 (55%) 11 (45%) 0.17 7.3

Ogesl blas jo alaase 60 ,Slee sla il )b Y g oo jLacsl Y des &9 ) s dw (o addlhas pl s IS sbay
Ml Cogu bale lizl azie LW cos 5 Sl ole SO L cslite fyge)l alaii a4 alise
ol G
&l sloads 6,505kl e s 905 51 oolaiwl b aS 3l il aladors 4353l 4l j0 oo auje8 o Jgl Jide 5o caalol jo
Jeloigay 3705 wilizes 9051 bl ;0 CO g NOX (3l il aliime (6055 oo slooaiyVT polie pgo (idey jo 09 o0
bl gl abais (29,5 Slod Lawgie 5 losdly Jolds 3l o] alaione (50 Shoe sla el )l 5 pom i3u 50 Nsd oo

S| 00 MLDA liso L)?A)‘

Lo &2 599

S saleds S8 coslite jabas 5 3y aliiss cagls a4 b LsSse b oad (5,50l glos aujer oF S
5085 09,53 &S5l wws oo ol (228 GlalesT Gl 30 ) o (2 0geil B sl |y (st 55 5 s
s ol aliiome 45 (6l alads ooyge5] bl oles

ay



S e ¢ Sl Sgeze ielozx AU Golo o Sl S

slml oY (SGop o l..JLc aleds o a9l 4l jo (anb 35 5l eolatul Ll iy a5 calay mbs )
3979 3l 2 oad sbml st Olz UK a4l ol Olgioe a5 el Yl S (655 50 e o Led g 09 o0
abaiome 3550 Coo 4 aled 5 4l (nl Gl 5o (e Cedls L e alaie 4y (6355 SlsR e ;3 0l 2
IVE] ool o5l sud,y slag]ygm 5l Tsn 09,9 51 (3L 45 00,5 & >

axl 0 aled g canl ools i 1) &l (olwsliT Al S5 g ojlusl ( amds 515 4 COp (0458 a5 ol Laseine
L ommb 515 5l oolaial bayl i jo aygill b jo Y (69, o oad JoSCiad galed .ol ouls Loo 2l >0 g cady 4y5il
5 lie a5 agl 4ol ol sles wil pasuie aziliz 5 3pdise Chendl (g bslde 4 anSIsd 25 53938l
Er g b el I (Sl g b 2alS Cogm (e, b el daize adgl anl ) Glal a5 5 S
laales a5 Wlos,S o Lal 4S5 sl 4y akises wldllae ol (3ol aliims adsl aml 45 (S gslusls)) b asTs
D5 (68 Bad a6 1S sty S g sloaled b dglie 15 5 0peSTes S b odd 53, S ges bglie
ool 5l @ 5l Sl a5 ead 58,5 alrise agilh Al ool Gidu ,0 Alad 45 595 e o comizmen [VAINF]
3 g 4 ol o0 00l 5Lt 5 el 0 0Ll Sl 5 a3AE Slilllae o a5l el sl aml gl b 5l oo
WS (o i alad s (AT 4>l SuaBse g odd o3 TS puizmed 5 S oYk alad (L2STy 4nl €O, oy 38l
52 Led jgilS g el o ool (6 5 I5iSy (slod 58 o gus boglite 4 90uSTisd ()5 (99391 L aSl ogdleay [Y)]
B3 o Hlis ) (65 Sal b Ol s o b 58 B ras Ll d 4y Cod dadaa )l adaie o

Temperature ('C)

L 3 E

0o 00 N 400 0o o0 700 800

Oy Mg P | 1) Opmasing Pust [ )

- wf
=} 1 -
| 3 ~n | 1% e
E » E , |
1 (5 * =t > it
t — ol - -
“lk 3 A-“ A A 4
o « 0 =% X X 0
Ll ] ol
Dy ey Pt |8 | Opwaturg Pk [V )
. Y v v v M - T ' '
] 4 x
¢
1= . ] =
- " - - { *» 4 -
“lk A A | 'S ' - “e A - | 4
. b ™ w 0 1 " " ta 0
) X el
Qpeating Pavd {1 ] Opwating Pove | V)
wp T T | &) LT vy '
2 .
- {
1= e | =5 .
204 . - - e | 1} >
0 | J. P W ] - A | A A

li " T WO i 4
0 L3 10 ‘0 »0 0 N 1m0 o »no0
¥ o) ¥

Figure 4- Temperature distribution of combustor secondary zone at operating points of Table 1
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Figure 5- Temperature profile at different sections of the combustor secondary zone in different experimental test conditions
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Figure 6- Combustor’s NOx emission in different experimental test conditions
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Figure 7- Combustor’s CO emission in different experimental test conditions
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Figure 8- Combustor average outlet temperature in different experimental test conditions
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Figure 9- Combustion efficiency in different experimental test conditions
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In this research, complementing previous studies that have focused on flame structure and pollutant levels,
the combustion of biogas, composed of methane and carbon dioxide, in a micro gas turbine combustor is
experimentally investigated. The influence of the presence of carbon dioxide and variations in its ratio in the
fuel mixture on the performance parameters of the combustor and its produced pollutants is examined. The
study is conducted at two different thermal powers and constant equivalence ratio for two biogases and
compared with natural gas combustion. The results indicate that the carbon dioxide ratio in the fuel
significantly affects the turbulent combustion flame structure and performance parameters. Increasing the
carbon dioxide ratio in the fuel reduces the combustion rate, causing combustion delay and flame temperature
reduction. According to the obtained results, although the addition of carbon dioxide leads to a decrease in the
amount of NOx emissions, however, the produced CO in the combustor increases, resulting in an outlet
temperature drop and consequently a decrease in the combustor efficiency. Based on these results, it is
evident that the utilization of such fuels in combustion systems with swirl burners is feasible. However,
measures need to be implemented to mitigate carbon monoxide emissions.

Keywords: Biogas, Microturbine combustion chamber, Carbon dioxide/natural gas ratio, pollution,
Combustion performance
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