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1 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 (KAUST)
with the HYLON burner [10, 9, 8, 4, 1, 6, 2, 3, 7, 5, 11], a dual swirl co-axial injector for H2/air
combustion.

a) b)

Figure 1: Flame pictures of: (a) Flame A.1 (attached) and (b) Flame L.1 (lifted).

Air and H2 are injected separately into coaxial tubes equipped with axial swirlers. Two operating
points were studied, corresponding to the flames shown in Figure 1. The flame A.1 (Figure 1.a) is
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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 MONTH Phase2-1 for data made
available at year YEAR and month MONTH. Example: HYLON TNF 2025 04 Phase2-1 for data
made available in April 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.

Flames A.1 and L.1 correspond to the two first flame databases which will be available for
atmospheric pressure conditions. Higher pressure data will come next in 2025 and will be added in
the next versions of the document. The experimental setup and operating conditions are described
in the Section 2. The numerical domain is described in Section 3. Publications associated to this
database are synthesized in Section 5.

2 Experimental setup description

2.1 HYLON v2 geometry

For HYLON TNF 2025 Phase2-1, experiments were conducted with a new version of the HYLON
(HYdrogen LOw NOx) injector [10, 9, 8, 4, 1, 6, 2, 3, 7, 5, 11] 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. [2, 3] and Marragou et al. [5] as illustrated in Figure 2. It is a H2/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 Se = 1.2 estimated from geometrical
considerations. The inner swirl number is estimated to be Si = 0.6 with the same considerations.

Air Air

Hydrogen

a) b)

Air Air

de = 18 mm

die = 13 mm

di = 
5.9 mm

die0 = 10 mm

yi = 4.3 mm
y0 = 1.5 mm

Section B

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
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main dimensions of the injector are given in Figure 2.b. The inner diameter of the central hydrogen
channel is di = 6 mm and the outer diameter of the annular air channel is de = 18 mm. The
central tube has an initial external diameter of die0 = 10 mm and enlarges linearly in the radial
direction to die = 13 mm in the last z0 = 1.5 mm upstream of the outlet of the central hydrogen
tube. The outlet of the central hydrogen tube is recessed by zi = 4.3 mm upstream of the outlet of
the annular air channel. The main dimensions of the injector are reported in Table 1. 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 TIN = 298 K and a pressure equal to
the atmospheric value p = 1 bar.

Table 1: Main dimensions of the injector.

di die0 die de zi z0 αsi αse

[mm] [mm] [mm] [mm] [mm] [mm] [◦] [◦]
5.9 10 13 18 4.3 1.5 51 61

2.2 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 1

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

Se = 1/2 tan (αse)
(
1− (die0/de)

4
)
/
(
1− (die0/de)

2
)

(1)

The expression of the swirl number Si at the outlet of the axial swirler is:

Si =
1

2
tan (αsi) (2)

The estimated values for the swirl numbers are reported in Table 2.

Table 2: Swirl number Si and Se at the outlet of the hydrogen and air swirlers respectively.

Si Se

0.6 1.2

2.3 Operating conditions

The two operating conditions for the flames of the phase 2.1 of the TNF HYLON database
are reported in Table 3. They are both in atmospheric conditions, the future operating condi-
tions for flames at elevated pressure will be released in an updated version of this document later
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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 Si.

(HYLON TNF 2025 ** Phase2-1). Quantities appearing in Table 3 correspond to ṁj the mass

flow rate in g/s, U j
b the bulk velocity in m/s and T j

i the temperature in K for air (j = a) and hydro-
gen (j = h) injection channels. The thermal power in kW is Pth and p corresponds the operating
pressure in Pa. The global equivalence ratio is the same for Flames A.1 and L.1: Φg = 0.421. The
operating point A.1, with a thermal power of Pth = 2.513 kW, leads to a flame anchored to the H2

injector lips (Figure 1.a). The flame L.1, with a thermal power of Pth = 5.026 kW, is V-shaped
and aerodynamically stabilized above the injector (Figure 1.b).

Table 3: Operating conditions for flames A.1 and L.1.

Case ṁa ṁh Ua
b Uh

b T a
i Th

i Pth Φg p
[g/s] [g/s] [m/s] [m/s] [K] [K] [kW] [Pa]

A.1 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
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2.4 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 4 and 8):

• 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.

2.5 Plane of comparison

All measurements will be given in the axial plane y = 0 mm of the setup shown in Figure 4 by
the red solid line.

(5)

(5)

(6)(6)

Figure 4: Definition of the comparison plane (x, z) (red solid line).

This plane of comparison must be carefully verified before validation of numerical results using
experimental data.
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2.6 Experimental database

Phase 2 of the TNF HYLON database will contain a full set of quantitative experimental mea-
surements conducted under reactive conditions. It includes profiles at different heights of flow
velocity, molar fractions of all the main species (N2, O2, H2, and H2O), flow temperature, and
molar fractions of OH and NO. Additionally, the database will include temperatures of the solid
components of the combustion chamber at various locations.

Flow:
Velocity field

Molar fraction profiles of OH and NO
Molar fraction profiles of H2, O2, N2 and H2O

Temperature profiles

Walls:
Temperature

Figure 5: Illustration of the contain of the future database.
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3 Numerical domain

3.1 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 6.

Figure 6: 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.

3.2 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 7.
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a) b)

Figure 7: 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.

3.3 Fluid and solid domains

Figure 8 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.

(1)

(2)

(3)

(4)

(6)

(5)

(5)

(7)

Figure 8: (a) Fluid and (b) solid domains of the numerical setup.
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4 Content of the folder

The name of the folder corresponds to the version of the data file, referenced as HYLON TNF YEAR MONTH Phase2-
1, for data made available at year YEAR and month MONTH. Example: HYLON TNF 2025 04 Phase2-
1 for data made available in April 2025. As for the HYLON Phase 1, the folder ”HYLON TNF 2025
04 Phase2-1” is organized as follow:

• Geometry Fluid HYLON TNF 2025 Phase2.igs → CAD file of the fluid domain

• Geometry Solid HYLON TNF 2025 Phase2.igs → CAD file of the solid domain

• HYLON TNF 2025 04 Phase2-1 PDF.pdf → Describing PDF file

’

5 Published work on HYLON burner

The HYLON injector technology was patented in collaboration with Safran Helicopter Engine
(SHE) [10, 9].

The impact of the internal swirl level Si and the recess distance zi on flame stabilization has
been investigated in Marragou et al. [8] for CH4/H2/air flames and in Marragou et al. [4] for H2/air
flames.

The transition between lifted to anchored flame has been studied with a model described in Mar-
ragou et al. [4]. Improvement of this model and comparisons between predictions and measurements
were carried out in Marragou et al. [6]

Flame stabilization and NOx emissions are further investigated in Magnes et al. [2] for high-
temperature of air injection. The interplay between unburnt H2 and NOx emissions are studied in
Magnes et al. [3].

Some of the data presented in the previous phase of the TNF HYLON database were compared
to numerical flow simulations in Aniello et al. [1]. Simulations have been recently carried out for
analysis of NOx formation mechanisms by Vilespy et al. [11].

Mixing in cold flow conditions is experimentally investigated in Marragou et al. [7]. First in-
vestigations of the flame stabilization and pollutant emissions have been recently carried out by
Marragou et al. [5] at elevated pressure in a configuration similar to the one for the phase 2 of the
TNF HYLON database.
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