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Tablel- Detailed reaction mechanism for H2/02 [18].

No. Reaction A(mole.cm.K.s) n E (kJ/mole)

R1 H+0,=0+0H 1.04E+14 0.0 1.5286E+04

R2 O+ H2=H+ OH DUP 3.818E+12 0.0 7.948E+03

R3 O+ H2=H+ OH DUP 8.792E+14 0.0 1.917E+04

R4 H>+OH=H0 +H 0.216E+09 1.51 0.343E+04

R5 OH+OH = O+H20 3.34E+04 2.42 -1.93E+03

R6 H>+M = H+H+M 4.577E+19 -1.40 1.0438E+05
H2/2.5/ H20/12/

R7 O+0+M = OtM 6.165E+15 -0.50 0.000E+00
H2/2.5/ H20/12/

R8 O+H+M = OH+M 4.714E+18 -1.00 0.000E+00
H2/2.5/ H20/12/

R9 H>0+M = H+OH+M 6.064E+27 -3.322 1.2079E+05
H>/3.0/ H20/0.0/ N2/2.00/ 02/1.5/

R10 H20+H:0 = H+OH+H.0 1.006E+26 -2.44 1.2018E+05

R111 H+O2(+M) = HO2(+M) 4.65084E+12 0.44 0.000E+00

LOW/6.366E+20 -1.72 5.248E+02/
TROE/0.5 1E-30 1E+30/
H/2.0/ H20/14/ 02/0.78/

! Lennard-Jones energy
2 Bruke
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RI2 HO»+H = Ha+O2 2.750E+06 2.09 -1.451E+03
RI3 HO»+H = OH+OH 7.079E+13 0.00 2.950E+02
R14 HO»+O = 0,+OH 2.850E+10 1.00 -7.2393E+02
RIS HO»+OH = H:0+0> 2.890E+13 0.00 -4.970E+02
R16 HO»+HO; = H205+0, DUP 4200E+14 0.00 1.1982E+04
R17 HO»+HO; = H205+0; DUP 1.300E+11 0.00 -1.6293E+03
RIS H20>(+M) = OH+OH (+M) 2.00E+12 0.90 4.8749E+04

LOW/2.49E+24 -2.30 4.8749E+04/
TROE/0.43 1E-30 1E+30/
H20/7.5/ N2/1.5/ 02/1.2/ H202/7.7/ H2/3.7/

R19 H202+H = H20+OH 2.410E+13 0.00 3.970E+03
R20 H202+H = HO>+H> 4.820E+13 0.00 7.950E+03
R21 H20,+0 = OH+HOz 9.550E+06 2.00 3.970E+03
R22 H202+OH = HO2+H>0 DUP 1.740E+12 0.00 3.180E+02
R23 H202+OH = HO2+H,O DUP 7.590E+13 0.00 7.270E+03
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Figure 1- Geometry of the suggested micro combustor constructed with the computational grid. Single straight tube (a), single U-
shaped tube (b), dual U-shaped tubes and computational grid (c)
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Figure 2- Variations of Experimental Data [19] and numerical Data in combustion chamber wall temperature for inlet flow
rates of 2.02 g/h and 3.03 g/h
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Figure 3- Graph showing changes in the mass fraction of OH species and temperature along the central axis of the U-shaped
tube, based on the number of grid cells

A ool S1asi Com 33 JSC U ol (635 0 y970 gLl 53 od g OH &igF (oo y2r yuasS Ol i Hl0g0d ¥ S

ools M 9 @.LLS 45')'

Sl gladasin p1 (6999 Sy yudi Sl (o) 2

oy Ao slaanais ;o Lo s OH 453 so,> 1S #3595 1 (69955 b,z <o layulil s il cwend ol jo
6999 Ol <y ;i b Lo gOH 4g8 oo )2 oS maj95 odimaylid § USs el oals aid §° 135 10 VY m/s g A m/s
Pl ey r Gl Omizren (sl oo ool Las VY m/s ¥ m/s 60g,5 b,o s pwds bogo e (slo,eiils F S o Lol
PIVWIMK §V ply ool far g ol scilides (63959 0l sloce s sl (512 (Ble) <o 5 S))led S ooy
Conlazdly ol alad slos aeion e (639)9 by S SRl L Bl o plE oo ¥ SOG4 az g5 b ceul ol (52
Syl ialS 4 b e oagay (pl Cde icwl 00,5 CS > by Cewd sl Crendy G alad glos aiioy Jlade
4 oad Jaie o)l ralS plplo caslandl mals ded o Jlaw cwldl log Sae 1 cawl (695,9 Jlow 4 00l Jdie
G35 a5y By S b 8l 3, (sles & e, S |y o8ty Aol Sl 5500 el ol 2 CansVl
ol OH €55 (soy2 juS dipin Hlake «(639)9 0Lz S (I3 L <80 (g5 o0 OH &35 (02 S (slailS
Lbui C9)> e 9 (69959 UL’P FHiY .la...:}: AW J.J}: b‘)] LngJLi’b‘) ua.ﬁ) O )l L) .Iae)).o Jal L’.i‘ cde el A.JL)
Lol (5395 0Lz ey Sl abanlgay STy 4l

oy



s Lople (saems sl

Temperature K] oh.Mass Fraction

(@)
(AN
Contouriof the temperature, Inlet velocity 4 m/s Contour of the mass fraction of OH species, Inlet velocity 4 m/s
FM/s 559,9 < g gl oo HgiilS Fm/s 59,9 <y 5l OH 4565 032 S Hels
Temperature K] oh.Mass Fraction
= | = —a
P I I IR S & & &
(b)
(<)
Contour of the temperature, Inlet velocity 11 m/s Contour of the mass fraction of OH species, Inlet velocity 11 m/s

Y m/s 6999 <&y 5l oo HauilS Y m/s 6999 &€ yw 51 OH &igS 032y Hguils

Figure 4- distribution contours of the mass fraction of OH species and temperature for the inlet velocities of 4 m/s (a) and 11 m/s
(b) for a straight tube, equivalence ratio of 1 and thermal conductivity coefficient 6.7 W/m-K
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Figure 5- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the straight tube at
different Inlet velocities, equivalence ratio of 1 and thermal conductivity coefficient 6.7 W/m-K
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Figure 6- Distribution contours of the mass fraction of OH species and temperature for the inlet velocities of 4 m/s (a) and 11 m/s
(b) for the U-shaped tube, equivalence ratio of 1 and thermal conductivity of 6.7 W/m-K
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Figure 7- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the U-shaped tube at
different Inlet velocitys, equivalence ratio of 1 and thermal conductivity coefficient 6.7 W/m-K
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Figure 9- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the dual U-shaped tube
at different inlet flows, equivalence ratio of 1 and thermal conductivity coefficient 6.7 W/m-K
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Figure 11- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the straight tube at
different equivalence ratios, Inlet velocity 8 m/s and thermal conductivity coefficient 6.7 W/m-K
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Figure 12- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the U-shaped tube at
different equivalence ratios, Inlet velocity 8 m/s and thermal conductivity coefficient 6.7 W/m-K
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Figure 13- Distribution of the mass fraction of OH species (a) and temperature (b) along the central lines of the dual U-shaped tubes at
different equivalence ratios, inlet flow Inlet velocity 8 m/s and thermal conductivity coefficient 6.7 W/m-K
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Figure 14- Distribution of the mass fraction of OH species (a) and temperature (b) along the central line of the straight tube at
different thermal conductivity coefficients, Inlet velocity 8 m/s and equivalence ratio 1
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Figure 18- The effect of variations in inlet flow, equivalence ratio, and thermal conductivity coefficient on the distance of the
flame front from the micro-combustor entrance; equivalence ratio 1 and thermal conductivity coefficient 6.7 W/m.K (a), inlet
velocity 8 m/s and thermal conductivity coefficient 6.7 W/m.K (b), inlet velocity 8 m/s and equivalence ratio 1 (c)
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Figure 19- The effect of variations in inlet flow, equivalence ratio, and heat conduction coefficient on flame stretch;
equivalence ratio 1 and thermal conductivity coefficient 6.7 W/m.K (a), inlet velocity 8 m/s and thermal
conductivity coefficient 6.7 W/m.K (b), inlet velocity 8 m/s and equivalence ratio 1 (c)
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Figure 20- Effect of variations in inlet flow, equivalence ratio, and thermal conductivity coefficient on total
thermal efficiency; equivalence ratio 1 and thermal conductivity coefficient 6.7 W/m.K (a), inlet velocity 8 m/s and
thermal conductivity coefficient 6.7 W/m.K (b), inlet velocity 8 m/s and equivalence ratio 1 (c)
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Enhancing the flammability limit in micro-combustors can be effectively achieved through the implementation of modular
structures, facilitating their application across varying power outputs. This study examines the performance of different
geometries, including a single straight tube, a single U-shaped tube, and a modular double U-shaped tube configuration. The
effects of inlet flow velocity, equivalence ratio, and thermal conductivity coefficient on the combustion characteristics of a
hydrogen-air premixed mixture are investigated. The results demonstrate that the use of single U-shaped tubes and modular
double U-shaped tube configurations increases the flammability limit for inlet velocities by 27% and 54%, respectively,
compared to single straight tubes. Additionally, the modular structure reduces flame stretch and the flame front distance from
the inlet, enhancing flame stability. A comparison of geometries reveals that the single U-shaped tube achieves the highest
total thermal efficiency, whereas the single straight tube exhibits the lowest. Furthermore, for the straight tube, single U-shaped
tube, and dual U-shaped tubes the highest total thermal efficiency is observed at an equivalence ratio of 0.8, beyond which
efficiency decreases. Analysis of the thermal conductivity coefficient indicates that increasing this parameter enhances total
thermal efficiency across all geometries, with the highest efficiency achieved using steel with a thermal conductivity coefficient
of 12.63 W/m-K.
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