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Table 1: Table of releases.

Date Phase Release name Description

20 April 2025 2 HYLON_TNF_2025_Phase2-1 Initial version

11 May 2025 2 HYLON_TNF_2025_06_Phase2-1 Initial version + Wall temperature data

30 June 2025 2 HYLON_TNF_2025_06_Phase2-1 Initial version + Wall temperature data
+ Main species + Flow velocity + NO,
at exhaust

01 September 2025 2 HYLON_TNF_2025_09_Phase2-1  All previous data + updated geometry

files

20 June 2026 3 HYLON_TNF_2026_06_Phase3-1  All previous data + Operating condi-

tions at elevated pressure

1 Update HYLON_TNF _2026_06_Phase3-1

Previous version of the TNF dataset: HYLON_TNF_2025_09_Phase2-1
The changes in the updated version HYLON_TNF_2026_06_Phase3-1are listed below:

e The operating conditions of test case flames at elevated pressure are communicated.

e Other necessary details for the calculations of the operating points at elevated pressure are
precised.



The objective is that groups who computed HYLON PHASE 2 at 1 bar can directly begin compu-
tations at 3 and 6 bar. The geometry is identical at 1 bar and at high pressures so that the mesh
generation effort is minimized. The experimental results will be communicated after summer 2026
for comparisons.

2 Abstract

This file provides documentation on the measurements conducted at Institut de Mécanique des
Fluides de Toulouse (IMFT) and King Abdullah University of Science and Technology (KXAUST)
with the HYLON burner [14, 13, 12, 8, 1, 10, 6, 7, 11, 9, 16], a dual swirl co-axial injector for
Hj /air combustion.
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Figure 1: Flame pictures of: (a) Flame A.1 (attached) and (b) Flame L.1 (lifted).

Air and H; are injected separately into coaxial tubes equipped with axial swirlers. T'wo operating
points were studied, corresponding to the flames shown in Figure 1. The flame A.1 (Figure 1.a) is
anchored to the injector lips, and the flame L.1 is lifted above the injector lips (Figure 1.b). This
document describes the burner geometry and the operating conditions for the two flames chosen for
the database of the phase 2.1 of the TNF HYLON database. The name of the folder corresponds
to the version of the data file, referenced as HYLON_TNF_YEAR _Phase2-1-UpdtX for the Update
number X made available at year YEAR. Example: HYLON_TNF_2025_Phase2-1-Updt1 for the
updatel made available in 2025.

Phase 2.1 is carried out with a slightly modified version of the HYLON burner used in the
previous TNF database, adapted for operation at elevated pressure: if you computed Phase 1,
corresponding to HYLON_TNF _2023_ | you need to reconstruct a new mesh. If you computed
Phase 2, the geometry does not need any change (even though you may want to remesh because of
the higher pressures).

Flames A.1 and L.1 correspond to the two first flame databases available for atmospheric pressure
conditions. Higher pressure data begins with this release. The experimental setup and operating
conditions are described in Section 4. The numerical domain is described in Section 5. Publications
associated to this database are synthesized in Section 8.



3 Publishing using this database

3.1 Phase 2 (atmospheric pressure

To publish using the experimental results at atmospheric pressure provided in this database, here
are the reference papers associated with it to cite:

e Major species and temperature profiles have been published in Vilespy, M., Teixeira, A., Al
Hadi, Z., Marragou, S., Guiberti, T., Magnotti, G., Selle, L., Schuller, T., and Poinsot, T.
(2025). Comparison of Large Eddy Simulation with local species , temperature and velocity
measurements in dual swirl confined hydrogen flames. Combustion and Flame, 283, 114536.
https://doi.org/10.1016/j.combustflame.2025.114536

e NO profiles have been published in Vilespy, M., Al Hadi, Z., Teixeira, A., Marragou, S.,
Guiberti, T. F., Magnotti, G., Selle, L., Schuller, T., and Poinsot, T. (2026). Joint numerical
and experimental study of NO emissions in dual swirl confined hydrogen flames. Combustion
and Flame, 291, 115077. https://doi.org/10.1016/j.combustflame.2026.115077

3.2 Phase 3 (high pressures

The experimental results have not been published yet, and therefore cannot be used for publication.
Adequate reference to be specified later.



4 Experimental setup description

4.1 HYLON v2 geometry

For HYLON_TNF_2025 _Phase2-1 and Phase3-1, experiments were conducted with a new version
of the HYLON (HYdrogen LOw NOx) injector [14, 13, 12, 8, 1, 10, 6, 7, 11, 9, 16, 17, 18] with a
radial to axial swirling vane in the air channel and a beveled lip in an inverted conical shape for the
hydrogen injector as the one used in Magnes et al. [6, 7] and Marragou et al. [9] as illustrated in
Figure 2. Tt is a Hy/air dual swirl coaxial injector where hydrogen is injected through the central
tube and air through the annular tube. The air swirler yields a swirl number of S, = 1:2 estimated
from geometrical considerations. The inner swirl number is estimated to be S; = 0:6 with the same
considerations.

2) b) d,=18 mm

d,,= 13 mm

d;pp=10 mm

d;=
5.9 mm
Section'}z. y;=4.3 mm

pLATTRE

Air Hydrogen Air

Air Air

Hydrogen

Figure 2: Schematic (a) of the HYLON injector of HYLON_TNF_2025 _Phase2-1 and main dimen-
sions (b).

Both swirl motions are in a clockwise direction from a top point of view of the injector. The
main dimensions of the injector are given in Figure 2.b. The inner diameter of the central hydrogen
channel is d; = 6 mm and the outer diameter of the annular air channel is d. = 18 mm. The
central tube has an initial external diameter of d;.o = 10 mm and enlarges linearly in the radial
direction to d;c = 13 mm in the last Zzg = 1:5 mm upstream of the outlet of the central hydrogen
tube. The outlet of the central hydrogen tube is recessed by z; = 4:3 mm upstream of the outlet of
the annular air channel. The main dimensions of the injector are reported in Table 2. Downstream
of the injector, a square combustion chamber with a close to 360 optical access was installed. The
chamber has a length of 145 mm and a width of 78 mm. A converging nozzle from a square to a
round section was placed at the top of the combustion chamber with a contraction ratio of 0.51 to
avoid the dilution of burnt gases inside the combustion chamber with air entrained from outside
the combustor. Bulk velocity values are calculated at Section B, as defined by the dimensions
indicated in Figure 2.b, for an injection temperature fixed to T;ny = 298 K and a pressure equal to
the atmospheric value p =1 bar.



Table 2: Main dimensions of the injector.

di dieO die de Z; Zp s1 se
mm] [mm] [mm] [mm] [mm] [mm] [] []
5.9 10 13 18 4.3 1.5 51 61

4.2 Global flow properties: swirl number

It is interesting to evaluate the level of swirl using a simplified method based on the swirler geom-
etry. The methodology, the assumptions and the resulting equation for the swirl number calculation
are detailed below. Only the final expression is given here. Notations refer to Figure 3 and values
of the main dimensions of the injector are reported in Table 2
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Figure 3: (a) External channel geometry considered for the estimation of the external swirl number
Se. (b) Internal channel geometry considered for the estimation of the inner swirl number S;.

The swirl number conferred by the radial swirl vane at his outlet (Section A) is given by:

S = 122tan ( 4) (1 (dheomde)*) = (1 (dieo=d)?) (1)
The expression of the swirl number S; at the outlet of the axial swirler is:
1
Si = 5 tan( 51‘) (2)

The estimated values for the swirl numbers are reported in Table 3.



Table 3: Swirl number S; and S, at the outlet of the hydrogen and air swirlers respectively.

Si Se
06 1.2

4.3 Operating conditions at atmospheric pressure (Phase 2)

The two operating conditions for the flames of the phase 2.1 of the TNF HYLON database are
reported in Table 4. They are both in atmospheric conditions, the future operating conditions for
flames at elevated pressure will be released in an updated version of this document later. Quantities
appearing in Table 4 correspond to m; the mass flow rate in g/s, U; the bulk velocity in m/s and
Tij the temperature in K for air (J = a) and hydrogen (j = h) injection channels. The thermal
power in kW is Py, and p corresponds the operating pressure in Pa. The global equivalence ratio
is the same for Flames A.1 and L.1: ®; = 0:421. The operating point A.1, with a thermal power
of Py, = 2:513 kW, leads to a flame anchored to the Hy injector lips (Figure 1.a). The flame L.1,
with a thermal power of Py, = 5:026 kW, is V-shaped and aerodynamically stabilized above the
injector (Figure 1.b).

Table 4: Operating conditions for flames A.1 and L.1.

Case m, m;, ug Ulf” Te  Th P, o, p
[g/s] [g/s]  [m/s] [m/s] [K] [K] [kW] [Pa
A1l 1.7054 0.02094 11.8 9.3 298 298 2,513 0.421 101325
L.1 3.4108  0.0419 23.7 18.6 298 298 5.026 0.421 101325

4.4 Operating conditions at elevated pressure (Phase 3)

The four operating conditions for the flames of the phase 3.1 of the TNF HYLON database
are reported in Table 5. They are both at elevated pressure with the exact same geometry of
the previous v2 version. Quantities appearing in Table 5 correspond to m; the mass flow rate
in g/s, Ug the bulk velocity in m/s and Tij the temperature in K for air (j = a) and hydrogen
(Jj = h) injection channels. The thermal power in kW is Py, and p corresponds the operating
pressure in Pa in absolute value. The global equivalence ratio is the same for Flames A.3, 1.3, A.6
and L.6: &, = 0:33. The operating point A.3, with a thermal power of Py, = 7:539 kW, leads
to a flame anchored to the Hy injector lips (Figure 4.a). The flame L.3, with twice the thermal
power of the flame A.3, Py, = 15:077 kW, is V-shaped and aerodynamically stabilized above the
injector (Figure 4.b). At higer pressure (p = 6 bar), the flowrates of flames A.6 and L.6 are twice
the flowrates of the flames A.3 and L.3, respectively. Flame A.6 is anchored to the injector lips
(Figure 4.c), as flame A.3, and flame L.6 is lifted (Figure 4.d), as flame L.3.



Figure 4: Flame pictures of: (a) Flame A.3 (attached), (b) Flame L.3 (lifted), (¢) Flame A.6

(attached), and (b) Flame L.6 (lifted).

Table 5: Operating conditions for flames A.3, 1.3, A.6 and L.6.

Case m, my, ug Ulf‘ T Tih P o, p
[g/s] lg/s] [m/s] [m/s] [K] [K] [kW] [Pal
A3 6.6209 0.06282 15.1 8.8 298 298 7.539 0.325 303975
L.3 13.2418 0.12564 30.1 177 298 298 15.077 0.325 303975
A6 13.2418 0.12564 15.1 8.8 298 298  15.077 0.325 607950
L6 26.4837 0.25129 30.1 17.7 298 298 30.1560 0.325 607950

The temperature field at the wall is unknown for these operating conditions. For the teams
which don’t use simulate directly heat transfers in the solid domains, we advise to use the boundary
conditions at atmospheric pressure.

4.5 Material of the burner parts

Certain groups may want to perform a coupled simulation of the flow and the temperature in the
combustor walls. To do this, the materials of each part of the burner are listed below for thermal

simulation of the solid body of the burner (see notations in blue in Figures 5 and 9):

e Burner body (1): Stainless steel 304L.



Hydrogen injector and both swirlers (2): Stainless steel 304L.
Combustion chamber backplane (3): Stainless steel 304L.
Combustion chamber pillars (4): Stainless steel 304L.
Combustion chamber windows 1 (5): Stainless steel 304L.
Combustion chamber windows 2 (6): Quartz JSG1 grade.

Combustion chamber convergent (7): Stainless steel 304L.



4.6 Plane of comparison

All measurements will be given in the axial plane y = 0 mm of the setup shown in Figure 5 by
the red solid line. This plane of comparison must be carefully verified before validation of numerical
results using experimental data.
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Figure 5: Definition of the comparison plane (X;z) (red solid line).



4.7 Experimental database

Phase 2 of the TNF HYLON database contains a full set of quantitative experimental measure-
ments conducted under reactive conditions. It includes profiles at different heights of flow velocity,
molar fractions of all the main species (N3, Oz, Hy, and H,0), flow temperature, molar fractions of
OH and NO, and NO, concentrations at the exhaust, as schematically illustrated in Figure 6. Ad-
ditionally, the database includes temperatures of the solid components of the combustion chamber
at various locations.

Exhaust:
NO, concentrations

Flow:
Velocity field
Walls: Molar fraction profiles of OH and NO
Temperature

Molar fraction profiles of H,, O,, N, and H,O
Temperature profiles

Figure 6: Illustration of the content of the future database.
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5 Numerical domain

5.1 CAD

The burner is specially designed to allow precise adjustment of the final experimental assembly.
An illustration of the full burner CAD is given in Figure 7.

Figure 7: Illustration of the full CAD of the burner setup.

Small modifications and cleaning have been made on the CAD geometry for computational con-
straints: screws and holes for experiment devices (microphones, thermocouples) have been removed.
Some corners have been rounded to avoid meshing issues.

5.2 Geometry validation

To ensure that the CAD data used for CFD matches exactly the experimental one, the geometry
of the 3D printed injector has been verified by X-Ray tomography. The CAD files generated before
the experiment as built and X-Ray’d have been slightly adjusted to match exactly the injector
geometry so that no uncertainty is expected on the geometry. The X-Ray tomography validations
have been carried out on the full 3D volume of the air and hydrogen injection block. An illustration
of comparison of the X-Ray imaging with the CAD in the plane of symmetry is provided in Figure 8.
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Figure 8: Injector CAD (blue contour) validation by comparison with X-Ray imaging of the exper-
imental part in the plane of symmetry. (a) Full injector cut view. (b) Hydrogen injector cut view.

5.3 Fluid and solid domains

Figure 9 shows the (a) fluid and (b) solid domains available in the database. The fluid domain
includes both air and hydrogen swirlers. The solid domain has been provided to allow Conjugate
Heat Transfer for teams interested. The solid domain includes the hydrogen swirler, the injector
tubes and injector lips, the windows, the corners of the chamber and the convergent at the outlet.

a)  OQutlet b)
Convergent
)
Chamber
)
Corners
(5) Wind
indows
H, swirler ©
(5)
Air swirler Backplane
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Figure 9: (a) Fluid and (b) solid domains of the numerical setup.
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6 Experimental data

6.1 Major species and temperature by Raman scattering

Figure 10 shows the combined Raman and dual LIF instrument used in this work for simultaneous
measurements of OH and NO radicals provided by LIF measurements along with temperature and
major species provided by the Raman measurements.
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Figure 10: Schematic of the experimental setup of the combined Raman and dual LIF system.

The Raman spectroscopy system used in this study was first described in Tang et al. [15]. Three
Nd:YAG laser beams are combined and subsequently directed through a triple-leg pulse stretcher,
which extends the pulse duration to approximately 500 ns while delivering a total energy output
of 0.85 J. The temporally stretched laser pulses are focused into the measurement region using a
spherical lens with a focal length of 750 mm. The lasers enter and exit the combustion chamber
through one of 8-pairs of 4 mm diameter holes drilled into the sidewalls of the stainless steel chamber.
A pair of large-aperture (6-inch diameter) achromatic lenses (f#2 and f#4) relays the Raman signal
to the entrance of the 2-stages optical shutter. The focused Raman signal passes through an optical
chopper, and a stationary slit that reduces the exposure time to 330 s. The signal is then collimated
by a Sigma 135 mm focal length f/1.8 camera lens, and goes through an electro-optical shutter
consisting of 2-cross polarizers, and a Pockels cell, that limits the exposure time to 2 s centered
around the exposure time of the camera. The integration of this electro-optical shutter with the
mechanical shutter provides a precise effective exposure time of approximately 980 ns and yields a
contrast ratio of roughly 350 within the central 2 mm probe volume region, effectively eliminating
interference from flame chemiluminescence in the hydrogen flames under investigation. A dichroic
mirror, separates the Raman signal from the Rayleigh signal and surface scattering, and a bandpass
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filter (FF01-632/148-50) rejects light outside the wavelength range of interest. The gated Raman
signal is then dispersed on volume phase holographic transmission grating with 900 lines/mm from
Wasatch Photonics and a Nikon 105 mm prime lens focuses it on a EMCCD camera operated in
low-noise mode. The Raman signal is hardware-binned by 12 pixels along the spatial direction,
corresponding to a super-pixel resolution of 102 m. In the spectral direction the signal is
hardware binned in Raman channels to maximize signal-to-noise ratio.

Temperature and major species concentrations are derived from Raman spectroscopy measure-
ments using the hybrid matrix inversion method detailed in Fuest et al. [2]. Measurements con-
ducted in non-reactive air and Np/Hy mixtures and a series of premixed Hy/Nj/air flat flames
stabilized over a McKenna burner with equivalence ratios ranging from 0.9 to 1.8, provide the
needed flatfield correction and calibration coefficients. The temperature dependence is obtained
from theoretical spectra presented in Geyer [3]. The measurements are within 60 K of the pre-
dicted temperature, and within 0.01 in mole fractions. The standard deviations, indicative of the
single shot precision, depend on the signal-to-noise ratio and therefore degrade under flame condi-
tions. In ambient temperature air, we observed standard deviations of 4.6 K for the temperature
T, 0.0014 for O, and 0.019 for Ny, corresponding to 1.5%, 0.9%, and 0.25% of the mean values,
respectively. At stoichiometry, the temperature standard deviation increases to 77 K (4.53% of the
mean), and the N, and H,O standard deviations reach 0.011 (1.47% of the mean) and 0.01 (4.55%
of the mean), respectively. The standard deviation of the Hy mole fraction measurements is 0.0023
(2.33% of the mean), and 0.0057 (5.98% of the mean) for the premixed flame at = 1:8. That
the higher standard deviation compared to previously reported Raman measurements is due to the
unavailability of Rayleigh scattering.

Measurements in non-reactive mixtures (air and N /Hj) and in a series of hydrogen-air flames
stabilized over a McKenna burner, with equivalence ratios ranging from 0.9 to 1.8, provided the
needed calibration coefficients with < 3% uncertainty of the predicted molar fractions in comparison
to the simulated quantities.

6.2 Flow velocity by Particle Image Velocimetry (PIV)

The mean axial and radial velocity profiles, as well as the corresponding RMS values, are available
for the heights z = 2, 7, 12, 22, and 32 mm, as for main and minor species profiles. The PIV set-
up is shown in Fig. 11.a. A dual cavity Nd:YAG laser (BigSkyLaser, CFR200) providing around
180 mJ/pulse/cavity at 532 nm with a pulse duration of 8 ns is used. The laser passes through a
Lavision laser sheet generator KL-SO-302, creating a thick laser sheet around 1.0 mm. A 2560 2160
pixels dual frame sCMOS camera (LaVision, Imager sCMOS CLHS) is used to record images,
equipped with a Nikon AF-S VR Micro-Nikkor 105 mm {/2.8G IF-ED equipped with a bandpass
filter centered around 532 nm ( 10 nm). Flow is seeded in both the air and the hydrogen lines
(Fig. 11.b). A portion of the flow passes through the seeder, where he is seeded with particles,
and then mixed with the by-passed stream before entering the burner. Titanium dioxide (TiO2)
particles of Sauter mean diameter D3, = 200 nm are used for seeding. Each session of measurements
allows to obtain approximately 200 images (10 Hz), and the sessions are repeated for the same point
until convergence is achieved. A converged mean velocity profile is the average of minimum 1000
instantaneous images, where statistical convergence of both mean and RMS values are verified. The
data of measured profiles of axial and radial velocities are published until a radius of 30 mm.

Two datasets were acquired for two different configurations of the combustion chamber. In a
baseline configuration, the chamber is composed of four quartz windows (Fig 12.a). For technical
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Figure 11: (a) Schematic of the PIV experimental setup and (b) Schematic of the seeding setup.

reasons, a configuration with two facing stainless steel windows with holes is used for simultaneous
Raman and LIF measurements (configuration illustrated in Fig. 12.b).

However, since the configuration of Fig. 12.a, preferred for PIV measurements, is not compatible
with Raman measurements, a second configuration was measured, with two quartz windows, and
two stainless steel windows each containing eight holes to allow the laser sheet to pass through
(Fig. 12.b), as in the Raman/LIF measurements. The objective is to quantify the effect of the holes
on the flame and for validation. The comparison between conditions of Fig. 12.a and 12.b shows
no difference for flame A and for flame L up to z = 12mm. Beyond this height, for flame L, the

@ (®)

Figure 12: Different configurations for PIV: (a) 4 quartz, (b) 2 quartz, 2 stainless steel with 8 holes
on each stainless steel windows.
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Figure 13: Comparison of PIV measurements for configurations with quartz windows and metallic
windows with holes for mean axial velocity in Flame A.

Central Recirculation Zone (CRZ) is a bit more open in case Fig. 12.a, and the jets are shifted
slightly outward compared to configuration of Fig. 12.b.
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Figure 14: Comparison of PIV measurements for configurations with quartz windows and metallic
windows with holes for mean axial velocity in Flame L.

Comparison of the axial velocity profiles between the two configurations are presented in Figs. 13
and 14 for mean values in flames A1 and L1, respectively. The comparisons show very similar results
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for both flames and both flames. Very small differences are detected in the position of the peaks of
velocity are detected for both flames, with a small shift to the external side for the configuration
with quartz windows. Slightly lower velocities are also observed in the Central Recirculation Zone
(CRZ) for the configuration with quartz windows. These differences are however considered as
small and negligible.

6.3 Wall temperatures by Laser Induced Phosphorescence (LIP)

Temperature data on the inner wall of the combustion chamber are provided alongside the CAD
files. These can serve as thermal boundary conditions for groups not performing coupled simu-
lations with wall heat transfers. Windows and backplane temperatures were measured using a
Laser-Induced Phosphorescence (LIP) system (Fig. 15.a), following the method of Guiberti [4].
Measurement surfaces were painted with phosphorescent Mgz:sFGeOs:Mn powder. A Nd:YAG
laser (Litron Nano S 30-60) emitting 30 mJ pulses at 1064 nm and 50 Hz was used. After two fre-
quency doublings, a 266 nm beam with 6 mJ maximum energy was produced; 4 mJ per pulse was
used in tests. The beam was directed via two Thorlabs NB1-K04 mirrors and focused using a 1-inch
plano-convex ¥ = 750 mm lens (Thorlabs LA4716-532). Emitted phosphorescence was collected
and focused onto a PMT using two 2-inch plano-convex ¥ = 500 mm lenses (Thorlabs LA1380-A),
and the wavelength of interest is filtered with a 450 nm longpass filter (Thorlabs FEL0450) and
660 10 nm bandpass filter (Thorlabs FB660-10). Detection used a Hamamatsu PMT H11526-20-
NN (gain: 0.38 V) and a Tektronix DP0O4104B oscilloscope (2.5 MHz sampling, 2 s per point).
Temperatures were derived from phosphorescence decay times, calibrated from 300-1000 K using
a painted type K thermocouple and an air heater. Results represent averages over 100 laser shots,
with uncertainty estimated from post-processing variability.

a) b)
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laser sheet ¢ NB1-K04 i
1064 | 532 266 Phosphor paint
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PMT Hamamatsu  NB1-K04

H11526-20-NN S
L : Phosporesence window
\ PI-Cx 500 mm lenses signal

Oscilloscope Tektronix DPO4104B Thorlabs LA1380-A Measurement

Bandpass opt. filt. 660 + 10 nm  Longpass opt. filt. 450 nm locations
Thorlabs FB660-10 Thorlabs FEL0450

Radial location

Figure 15: (a) Schematic of the LIP experimental setup. (b) Illustration of measurement locations
of the wall temperature of the combustion chamber.

A schematic illustration of the measurement locations is shown in Fig. 15.b. Wall temperature
measurements are taken at the inner side of the walls of the combustion chamber. Data are taken
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