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Figure 1: Designed torch igniter under study along with spark plug and sensors
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Figure 2 — Schematic of the feed system including: (A) tank, (B) regulator, (C) check Valve, (SN) sonic nozzle, (PV) pneumatic valve, (E)
pressure sensor, (F) thermocouple, (S) spark plug, and (G) data acquisition unit (A/D + PLC + HMI).
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Figure 3- Functional timing sequence of the torch igniter.
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Figure 4- An example of flame-image processing using the developed image processing algorithm.
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Table 1- Specifications of fuel and oxidizer flow rates and pressures for the case studying the effect of total mass flow rate.

Test No. ¢ e {2 25 o] o]
T14 1.02 3.26 0.66 2.59 7.6 13.1
T 20 091 2.68 0.5 2.18 5.7 11
T 25 097 1.67 0.33 1.35 3.75 6.8
T 30 091 0.73 0.14 0.59 1.55 3
T 41 1.01 2.83 0.57 2.26 6.55 11.4
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Figure 5- Processed flame images of the flame at an equivalence ratio of 1 and varying total mass flow rates.
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Figure 6- Variation of flame length with total mass flow rateat ¢ = 1
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Figure 7- Variation of the saturation-region length with total mass flow rate at equivalence ratio of 1.
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Table 2- Specifications of fuel and oxidizer flow rates and pressures for the equivalence-ratio study.

mt mFu mOx PFu POx

Test No. ¢ lg/s] lg/s] lg/s] [bar] [bar]
T3 3.63 1.78 0.85 0.93 9.7 4.7
T4 2.47 2.21 0.85 1.37 9.7 6.9
T11 1.89 2.04 0.66 1.39 7.5 7
T18 1.48 1.84 0.5 1.35 5.7 6.8
T 26 0.75 2.07 0.33 1.74 3.75 8.8
T 33 0.3 1.94 0.14 1.8 1.55 9.1
T 38 2.16 1.83 0.64 1.19 7.35 6
T 39 1.6 2.16 0.62 1.54 7.1 7.8
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Figure 8- Processed flame images at a total mass flow rate of 2 g/s with varying equivalence ratios.

iz 5o lpd o g anili 1 0 Y S g0y (20 5 alnd i 510y polar —A S

Hoged jlas jabylen .l oo oy A USKS 0 a8l p o ST S o> (00 50 6)lep S b alels Job ol s
&b sloolaal L L oo gl (o3l A UK o ol Bl Gioli8l aoyo VYo aleds Job lade sl (adrine A S
sl RZ=0.975 lgﬁ‘ﬁlb:}d‘}yso.\.i} talqd‘\”d_?)e Sladozaiz

500

S
U1
(e}

S
(e}
(e}

w
w1
o

w
o
o

Flame Length [mm]

O Exp.Data

Fitted Curve

0 1 2 3 4
@[]
Figure 9- Variation of flame length with equivalence ratio at total mass flow rate of 2 g/s.
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Figure 10- Variation of the saturation-region length with equivalence ratio at a total mass flow rate of 2 g/s.
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This paper investigates how the total mass flow rate and equivalence ratio affect flame length and
combustion characteristics in a methane—oxygen torch igniter. By developing an image-processing
algorithm, the flame region and the light-saturation zone are identified, and their lengths are
measured. Experiments are performed under two scenarios: (i) fixed equivalence ratio with varying
mass flow rate, and (ii) fixed mass flow rate with varying equivalence ratio. Results show that, at a
constant equivalence ratio, increasing the mass flow rate leads to a logarithmic increase in both
flame length and saturation-zone length. Furthermore, at a fixed mass flow rate, increasing the
equivalence ratio increases flame length and saturation-zone length by up to 130% and 250%,
respectively. The ratio of saturation-zone length to total flame length remains nearly constant ~0.7,
highlighting the important role of this region in combustion and active-radical production. Overall,
flame length is more sensitive to the equivalence ratio than to the mass flow rate. These findings can
inform torch-igniter design optimization and improve the performance of methane-fueled
combustion systems.

Keywords: Igniter, Torch, Enhanced Spark, Flame Length, Methane-Oxygen.
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