/. SANKHYAS
T SUTRAS

STUDY

SIMULATION OF ELECTRON BEAM PHYSICAL
VAPOURDEPOSITION USING DIRECT SIMULATION
MONTE CARLO METHOD

A gas turbine engine is commonly used in
aircrafts and for electricity generation.
Turbine  blades are made  from
high-strength  materials, which  can
withstand extreme temperature (up to
1500°C) and pressure conditions (up to 40
bars). Thermal barrier coatings (TBCs) are
applied to improve thermal performance of
blades. Electron Beam Physical Vapour
Deposition (EBPVD) is widely used for
deposition of TBC due to greater strain
tolerance and Dbetter thermal shock
performance.

TBC deposition in EBPVD process involves
evacuating the chamber to a base pressure
of 0.001 Pa; see Figure 1. The ingots, with
diameter ~5 cm and made up of the coating
material, are placed at the bottom of the
chamber. The substrate is heated to desired
temperature of 1273 K using the electron
beam heaters. Oxygen is introduced in the
chamber until the chamber pressure
reaches 013 Pa. Coating material is
evaporated from the ingots and deposits on
the substrate. The process is repeated until
a desired level of coating is achieved.

Under the given operating conditions, the
Knudsen number, defined as ratio of mean
free path and characteristic length scale,
varies from 0.08 at room temperature to 122
at 4570 K (boiling temperature of coating
material, i.e. yittria-stabilized zirconia). This
indicates that except for the narrow region

close to the sublimation zone, the flow inside
the vapour plume inside the reactor follows free
molecular regime.

Due to high Knudsen number and large
temperature gradients, we carry out fluid flow
simulations via our in-house direct simulation
Monte Carlo (DSMC) code. DSMC is a molecular
simulation method which solves Boltzmann’s
equation. SankhyaSutra DSMC solver allows for
multiple collision models for gas interaction
and various boundary conditions
(inflow,outflow, pressure and wall). Optimized
for parallel execution, the solver can be used for
internal and external flows with any geometric
shapes and multicomponent  gaseous
mixtures.
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Figure 1: Schematic of EBPVD process;
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To illustrate the capabilities  of The gas molecules colliding with the airfoil

SankhyaSutra’s DSMC solver  for surface get deposited with certain
simulation of EBPVD process, we consider probability. This creates a relatively low
line of sight region around the airfoil; see pressure region around the airfoil; hence
Figure 2 for schematic. The airfoil of chord the gas flow is directed towards the airfoil.
length 0.2 mm is maintained at 1273K, As the surface is maintained at 1273K, the
while the gas inlet temperature at the temperature gradient is developed close
bottom is 2500°C. The walls of the to the airfoil, as depicted in Fig. 2. The
chamber are considered to be adiabatic. deposited material on the surface leads
The inlet velocity of the gas is taken as 50 to slight variation in the height of the
m/s. deposition as shown in Fig. 3. The arrows

are pointed normal to the surface and the
length and color of the arrows show the
deposition height. Both the plots show the
microscopic variations in the simulation
quantities can be captured well with
SankhyaSuytra DSMC solver.

Figure 2: Temperature variation Figure 3: Deposition Height on Airfoil

About SankhyaSutra Labs

SankhyaSutra Labs provides high-fidelity multiphysics and aerodynamics simulation software
that leverages highly efficient computational methods, complemented by an optimally architec-
ted High Performance Cluster (HPC) to achieve reliable simulation. Our tools find applications
primarily in aerospace and defence, automotive, semiconductor manufacturing, and process
industries during many phases of the product lifecycle including design, operation, and mainte-
nance. The technology also enables fundamental insights into physical phenomena including

fluid dynamics, heat transfer, chemical reactions and particle dynamics. Digital twins developed
using SankhyaSutra’s technology are key enablers of Industry 4.0. Incubated in 2015, SankhyaSu-
tra Labs has its R&D centre in Bangalore with target customers across the globe. The name
SankhyasSutra literally translates to ‘numerical algorithms’ in Sanskrit. SankhyaSutra Labs is a
subsidiary of Jio Platforms Limited, which is a subsidiary of Reliance Industries Ltd.
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