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Modeling of gas flow in cutting kerf using computational fluid dynamics
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1. Introduction

Thermal cutting is one of the most important
production processes, and is widely employed in
industrial processes like welding, assembling and
riveting. Thermal cutting primarily means the use of
energy in various forms to cut virtually any shape from
iron and nonferrous materials out of sheets or large
slabs. During the thermal cutting process, a high
pressure gas is injected through nozzle along with the
heat source to assist the cutting process by providing a
mechanical force which ejects the melt and protects the
nozzle from spatter [1].

During the cutting process, the high pressure
assisting gas exiting the nozzle is usually associated
with the occurrence of a non-desirable aerodynamics
phenomena such as the presence of shock structures
(i.e., Mach disks) resulting in the deterioration of the
dynamic characteristics of the exit jet [2]. Several
studies have investigated the gas flow dynamics in the
gas-assisted thermal cutting process. The research
works consist of both numerical simulations and
experimental observations of gas flow characteristics.
The authors in [3-6] investigated the interaction of gas
flows within the cut kerf in order to study the dynamic
characteristics of the exit jet at various stand-off
distances during the laser cutting process. Cho et al. [7]
captured the gas flow as a function of the inlet pressure
and the stand-off distance using a high-speed camera
with the Schlieren method. They used images before
and after the gas injection to obtain the image intensity,
which was applied to analyze the cutting gas flow for
three different parts. They reported that the stronger
the inlet pressure and the shorter the stand-off distance,
the higher the image intensity value, and the higher the
gas flow rate, respectively. Darwish et al. investigated
the effect of inlet stagnation pressure and nozzle
geometry on the behavior of the gas flow [8]. They
modeled the jet flow through these nozzles numerically
and verified them experimentally, using Schlieren
visualization.

Most of the researches discussed above are carried
out in carried out free flow. However, the gas flow
behavior inside the cut kerf channel is different from

the free flow. Therefore, the aim of the present study
was to investigate the gas flow behavior inside the cut
kerf and develop a numerical modeling using CFD.

2. Numerical modelling

The compressible and turbulent flow flowing
through the nozzle into the cut kerf is assumed to be
three dimensional, steady-state and employs standard
k-w turbulent model. For pressure-velocity coupling, a
coupled algorithm is employed.

7.1. Governing equations

Based on the above assumptions, the governing
equations to be solved in this numerical simulation
include mass, momentum, and energy equations and
are given as follow:
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where, p is density, u and u represents velocity, p is
pressure, u and A are dynamic and bulk viscosities
respectively, I is an ldentity tensor, e is internal
(thermal) energy, x is thermal conductivity, T is
temperature, 7 is viscous stress tensor and the subscript
T is matrix transformation.

To complete the model, a suitable expression is
required for turbulent kinematic viscosity wu. For k-w
turbulent model (whose detailed transport equation can
be found in [9, 10], and is omitted here for brevity) the
turbulent Kinematic viscosity u: is calculated from
turbulent kinetic energy (k) and specific turbulence
dissipation (w) as in Equation 4.
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where, the coefficient a* is given by Equation 5.

a = a’, (a3+ﬂerfﬂk) )

1+Re, /Ry,
where, a’,=1, Re = pkluw, R=6 and «;=0.024.
7.2. Mesh generation and boundary condition

The CAD model was prepared using Solidworks
2017 then the numerical domain was modeled in
design modeler of ANSYS workbench and finally
tetrahedral mesh was generated in the numerical
domain as shown in Figure 1(a-c). The total number of
cells present in the mesh model was 1,596,084.
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Fig. 1. CFD model (a) 3D CAD model, (b) Computational
domain, (c) 3D Mesh

3. Results and discussion

The velocity and pressure fields along the symmetry
plane of the computational domain were mapped to
evaluate their validity with respect to the experimental
results. Figure 1 shows the velocity map and the
velocity distribution curve along the line passing
through the cut kerf. Figure 2 shows the pressure map
and the velocity distribution curve along the line
passing through the cut kerf.
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Fig. 2. Velocity field map and distribution curve along kerf
slot.

The flow distribution along the nozzle and kerf slot
for the tested turbulent model shows uniformity and
have good flow distribution. The pressure distribution
along the flow direction shows fluctuations, and
follows a harmonic wave pattern, and dampens as the
flow propagates further away. This is common for high
pressure flow. And each oscillation represents Mach
shock disc as reported by other researchers. The results
were validated with the images obtained from
Schlieren experiments.
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Fig. 2. Pressure field map and distribution curve along kerf
slot.

4. Conclusions

The gas flow behavior inside the cutting kerf slot
affects the cutting quality and the performance of the
gas-assisted thermal cutting process to a great extent.
Therefore studying the dynamic behavior of the flow
inside the kerf can help operators effectively determine
the optimum operating conditions. In this study,
numerical modelling was carried out to investigate the
gas flow dynamics inside the kerf slot. The turbulent
model employed in this study showed consistency with
other studies and could be validated with Schlieren
experiment results.
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