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Tablel- C30 micro gas turbine datasheet

Parameter Value Unit
Turbine inlet temperature 1173 K
Chamber outlet pressure 333747 pa
Pressure Ratio 3.45 -
Exhaust Mass flow 0.31 Kg/s
Electric efficiency 0.26 -
Speed 96000 rpm
Net Power output 30 kw
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Figure 1- a) Isometric View of C30 MicroTurbine Engine without Fuel Injectors; b) C30 Combustor Cross Section View with
Air/Fuel Flow Indicated; c) Injector Arrangement
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Figure 3- premixed injector Figure 2- Combustion chamber geometry
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Table2- Solver and solution Schemes used for combustion study

Parameter Schemes Used
Solver Solver Segregated RANS
Pressure-Based
Steady
Space 3D

Turbulence model

k — ¢ Realizable

Species Model

Species Transport

NO«

Thermal NOy
Prompt NO,

Solution method

Converge scheme: Coupled

Pressure: Linear

Fuel

CH,

Oxidizer

79%N,121%0,
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Table3-Boundary conditions

Parameter (Unit) Value
Fuel mass flow (kg/s) 0.0053
The temperature of the fuel-air mixture 870
from the injector inlet (K)

Air mass flow (kg/s) 0.31
Outlet pressure (KPa) 333
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Figure 4-Mesh of combustion chamber
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Table 4- Comparison results between experiment and numerical data

Parameter Experimental data Numerical data
Toutave (K) 1173 1270.4
Outlet NOx at 15% oxygen (ppm) <9 6.95
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Table 5- Gas fuels with different compositions

case CHy4 (%) CO; (%) LHV (MJ/kg) Density (kg/m3) Mole mass (kg/mol)
1 100 0 50.02 0.716 16.05
2 90 10 45.01 0.84 18.85
3 80 20 40.01 0.96 21.6
4 70 30 35.01 1.1 24.4
5 60 40 30.01 1.22 27.2
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Figure 8- Temperature contour in the combustor
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Figure 9- Temperature distribution in the axial direction of the chamber

abixo 5970 Gy Lod @y jei -4 ST

AN



VEY Sl (Js) o)lads ceoaan Jlo (Gl sl g Cogu siogh - sole 4y ,u8

Ol 05 g0 oamlive PPN o yp ESgus Siglie (lizl b abiize Jobo jo NOX oun¥T f5e (V2) S5 50
Lo ialdl g lumt o JolS b el ¥ ppm iSTas Glast 08 55 IS0 g Les (09 o5 cde 4y ol ;0 NOX oaiy V]
S oo gy RelS (Bl slse 5255 L esilegeds sal @ 99)9 b e 5 93 (o0 Ty o3k GRl8 NOX lies
BLF Pkl Sebior 625 ol NOX JSis sla STy 5l a9 9 00l sadgs slos ol el (Sl slon (32,5
(g 0 aliee gloas 10 L COy g ool 31 Lol walss (g5lw 38, g4l o NOX g iolS Eely SLSI (slgn
S NOX ssi hol e o sadsh slos Cpmr il Gl 2815 L ysn o5 s & S S 35
Slyml alhass (o 1) NOX cdale (Sl ¢ iSTos (V)) USG .cdly salgs ials NOX e aoes )0 wib oo ials
Ol LNOX cdale oS wins oo lid ools slei a5 5,5 samlice (lgi oo a0 oo HLis COy alitre slocas cod
chale (Sl 5 Sl ol oo Glidl aoyo Frow v 5l o g 0 COp g &S K il oo JalS CO, s
WS o lay ymalS e /e« YA ppm g /-« 0F ppm Zlalé 4 A/ ppm g VYV ppm I o5 4 NOX

05 oo odalive a5 jghilen aas o ylid 1) CO, calises lacams Cov 9,5 ;0 CO oan¥T ol (VY) S
gz onl 51 CO so¥T ials oS o law alS dhise >g,5 10 CO son¥T e gm0 CO2 Canns iol38 L
CO; o 9 00 05 CHy o 5l (g5lovacss 5l s s 50 g ool plol g ol coym (20 50 (lwdnd a5 cul
Al 5o g 0dd alwlS CO LSCis slo iaSTy 51 Q) Jgao b co g )0 CHy cond 2alS L.l 00,5 oy o33l
S o o el CO sa¥T (l5ne

20 20
: s 100% CH. |
16 90%CH.+10%COs 18 [ =®—NOx (max)
L 16 k
80%CH+20%C0: 14 3 =@—NOx (avg)
g 12 [ 70%CH4+30%CO: g 12 :
(=) o
~— 60%CH.+40%CO: ~
< 1 0 B
5 S
S st S st
6 L
4t 4 F
/—\-A, 2 [
0 Lo : —_— 0 = )
-0/10  -0/05 000 005 010  0/15 0 10203040
X(m) CO, percentage (%)
Figure 10- NOx concentration under different CO; percentage Figure 11- The maximum and average concentration of NOx
in fuels along the chamber produced under different percentages of CO2 in the fuel
30 S g 30 CO, Glisen gloas jo coi NOX cdadé -V i o (god i NOX cdilé il g piSTos o mo—1Y S0
abaxo Job g y0 CO,p alieo sloouo yo

AY



9zl o (S04 A (Sl S )le

7 1 Cco

CO (ppm)

0 10 20 30 40
CO, percentage (%)

Figure 12- CO concentration under different percentages of CO; in fuel
g 30 CO2 Glieo slavuo s caxi CO cdalé —\Y JsCi

b ol o 00ls ylis Cdgus ;0 COp g 2l381 b NOX 00T g (9,5 slod (uSibe &lyeis (VYY) USG5 50
@425 b5 (e 3 NOX 5:She (liae 5 wiS (o0 b 05 (29,5 Glod (Sl C3 5 13 COL o 0138

w3l CHy oo o)

s Bpan CEgw a5 Sloj 40 098 e cdaline a5 jeblen il oo yialS 48 5 O jge sl ralS

e il ot LSK2s CO2 wo,of el Bran Cigw 45 Sloj 1o uimed «enl ¥ ppm Lo i NOX l5ee f2STa

20 w9 S

NOx 500 g Lo

NOX out,ave (ppm)

O, Slos  wilg co aS o)l syl malS Lo ol Ll cil walgs ol osllas IS 4y NOX

—8—Nox —@— Temperature
T T T T T T T T T 1290

1 1260

1 1230

1 1200

1 1170

Tout,ave (k)

1 1140

1 1110

L r——= L 1080
-5 5 15 25 35 45

CO, percentage (%)

Figure 13- Average outlet temperature and NOx pollutant with increasing mass fraction of CO;

CO;z (02 pusS Gl BIENOX 00l ¥T 5 (2955 slod (aSilao oyl5me 1Y S

AY



VEY Sl (Js) o)lads ceoaan Jlo (Gl sl g Cogu siogh - sole 4y ,u8

[Yo] 5 [Y¥] ezl b cogm 50 COp s l381 L NOX (e (2alS b abasl) o oads plowil (gjluards gl

5 08 o0 odalive gzl (I b giloands 5l ol oael caws 4 NOX clalé ol auslin (F) Jouz o ol LSS

Sl o) e S o SINOX Lacil b alaly o 1) b (Gialel 5 go0e Slslns Goyb 5l (Fatensi a2ye 0l

e dwsid aSil 4 a4z g5 b asdllas cpl 5o el LSy (5 sl el coslisiul 590 (Bl sl Joe g b5 S

wlie gzlpe & Cod Jo (Sazm 9 Slwbre anja il oolinul glal> 1o 95 (ASTy 51 g 009 wslite )50 & osliiul

ol (L8 S8l bt (2STy &S Sl S g Syl (8] Gliee 288 NOX (e palS clde ol oS
LY0] 0,35 o 1 pitemn

[YOXF] &b =g,5 50 NOX cdalé duslic ¢ Jeus

Table 6- Comparison of NOx concentration at the outlet with references [24,25]

CO, percentage (%) NOx (ppm) NOx (ppm) [24] NOx (ppm) [25]
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English Abstract

3D simulation and study of biogas combustion in C30 microturbine annular
combustion chamber
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In this study, the combustion performance of C30 microturbine combustion chamber with biogas fuel with
different mass fractions of CO, has been analyzed and investigated. By assuming the periodic geometry and
the two-stage reaction of fuel and oxidizer, the computational cost was reduced. To simulate the flow inside
the chamber, three-dimensional Navier-Stokes equations and the k-¢ turbulence model have been used to
model the effects of turbulence. The flow inside the combustion chamber with different fuel components was
analyzed with the eddy dissipation combustion model. To validate the solution and compare the results with
the fabricated sample, pure CHy was used as fuel. In this study, it is found that in the case of constant mass
flow rate of the fuel, increasing the share of CO, in the fuel with different mass fractions, due to the decrease
in the calorific value created, causes a decrease in the production temperature, and it is also found that the use
of biogas as a premix causes a decrease in NOx becomes desirable. According to the obtained results, it is
suggested that the amount of CO, in the fuel is at most 10%, because the temperature has decreased by only
38 K and the NOx concentration in the product is 1.4 ppm.

Keywords: Microturbine, combustion chamber, biogas, premixed combustion, pollutant.

AF





