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Figure 1- Schematic of test stand of combustion laboratory of Amirkabir University of Technology
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Figure 2- (A) Combustion Chamber (B) Fuel Injector of Combustion Laboratory Testbed of Amirkabir University of Technology
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Figure 3- Temperature measurement points by thermocouples (a) inside the combustion chamber and (b) at the combustor
outlet (adapted from [23] with permission)
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Table 1- Experimental test points conditions of the combustion chamber with different fuel compositions

AW | ot o e |COP0C0L 90 [ Ovtil |y | iy | Adihac Fime
(Nm¥/hr.) (NL/min.) NG | CO | H, | CO, Ratio (-) Power (kW) | (MJ/kg) @ o=
Natural Gas 65 16 100 0 0 0 0.17 9.7 45.7 2232
Syngas A
(without Hy) 50 40 30 30 0 40 0.17 9.7 11.1 2106
Syngas B 50 46 20 | 40 | 10| 30 0.17 9.7 10.9 2154
(Lean H,)
Syngas C
(Lean H,) 50 42 20 50 | 10 20 0.17 9.7 12.8 2213
Syngas D
(Medium H,) 50 42.5 20 40 | 20 20 0.17 9.7 13.9 2212
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Figure 4- Temperature distribution resulting from the combustion of the fuel mixtures introduced in Table 1
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Figure 5- The amount of NOx emissions resulting from the combustion of the fuel mixtures introduced in Table 1
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Figure 6- The amount of CO emissions resulting from the combustion of the fuel mixtures introduced in Table 1
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Table 2- The average temperature of the exhaust gas resulting from the combustion of the fuel mixtures introduced in Table 1

Fuel Mixture Average outlet temperature (°C)
Natural Gas 333.8
Syngas A (Without H,) 402.4
Syngas B (Lean H,) 440.6
Syngas C (Lean H,) 447.6
Syngas D (Medium H,) 423.6

boee (25,5 (slos Galidl cnl aad oo i 3y alaioma U5, 5o 1) calizee Jelse 13l o5 @ ¥ Jgaz nolis
56 g o5 alad ety b CO @isS jpiam Loty aliioms oLyl b alads adonsdS 5 ol gla STy 156 s 4
23U 0y e el it €O 00iiS 33, § CO e a5 A (6550 515 10 epmizman Cons] CO2 00iiS 53, AigS >
Ao 0 ol g o5 Dyl (gilwolil F4 g oS 3.8, Sl AWl Ll oles cdl gl sl sl b gl
Lglin aglin ;5 35 e Ly 38l gy cslos M 5l il b g bsline 3 Ho aisf 2 | o0 &5
L g bgle (25 (slod S8l s 1, 00iiS 38, otals Bl 5 (St o FaiS 55, 3B e 55 C 5 B (g
5 bglia 5o dliions s, 51 B slo STy (8,5 Aol oy omimad andls ity 005 55, e L B
90 Hal s 2alS L 9 B (g3 515 boloue L analie )0 55 D (g5

2z 0 010 I ayginsSen o8kes 2 stz BB ST 3ol aaima ) 2g5 S Lulph b auS by
LYL e &)l a4z o (b ol b o walsd iy 53 (s (295 Ol el i el alaase (g5 sl
095 G318 Cmy99,5en 3ySbes Sl Crgo 5 Wl ool (ry g8 S0y 4 ol (San (29,5 50 Lod SISy el e
ol o DV ¥l ag oo iy 5 (M) dolas oS 05500 (o)) s o b 3ol aliiono (255 50 oo by (5150
b Tairintet 9 s> 9,> S5 ol Judgypm ;0 lawgio lade o jlade aicing od 5 4 Texitaverage § Texitmaximum «Jolas
ol alidis 2 (5335 o

Texit maximum Texit average
PF =" averas M)

Texit.average air.inlet

Yy



Sl Mo wcloz 1l Golo « guic >

LS“O‘B"S"J'& S I JJYLJ 65i” w}«a 9 oals QLm) it '.,05.‘» 6L&>.‘091;L¢ LS‘)J ‘) 5i” w]«o )JOLG.A Y J&«J
Lng)Lf)‘ OQLM‘L)JDO}J <A 5§” u.g‘].o 6@Mb )IS/ )‘ oolawl L: oW é‘]“" FUEYE9N 5>5)> L dLm) J.Jj).lw
Sl o sl ond 5155 50 [VE] acs caddllas o a5 sy, il ootz BB il 31 Jlade ol Cilisee (g pin
L8, el [FA 5 AT Bl lade LD g A it il sl iy 4 oSl oo e (nfeS g (n e (s
5 STy oldl Lol 4 b aS o cpas )b Sleren it slacsguw byl oles a5e5 LS 55 68l o o
A5 ool realS alaass 5l g5 sled mje (316G 00 S alad sl) 5 o)) > &Lty

Natural Gas

Syngas A

Syngas B

Syngas C

Syngas D

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Pattern Factor [-]

Figure 7- The temperature profile pattern factor of the exhaust gas resulting from the combustion of the fuel mixtures introduced in
Table 1
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In this study, an experimental investigation was conducted on a microturbine combustion chamber to advance
the research on practical applications of synthetic gas as an alternative fuel. The study examines the impact of
synthetic gas fuel composition (CH4, CO, Hz, and CO2) on the microturbine combustion chamber’s performance
parameters, including temperature distribution, average outlet temperature, and emissions, and compares these
results with those from natural gas combustion. The experimental results demonstrate that employing different
fuel combinations with varying H2/CO ratios and diluent ratios leads to alterations in flame shape, position, and
temperature, consequently affecting combustor performance parameters. The utilization of synthetic gas
containing H> results in a reduction of approximately 50% in NOx and 90% in CO emissions compared to
natural gas. However, it also yields slower reaction rates and the formation of a broader flame in the combustion
chamber's secondary zone, thereby increasing the average temperature by about 100 degree Celsius and the
pattern factor up to 0.07 at the exit. Notably, augmenting the H2/CO ratio in synthetic gas mixtures significantly
enhances the performance parameters of the combustor by accelerating reaction rates.

Keywords: Combustion chamber, Synthetic gas, Temperature distribution, Emission, Performance parameters
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