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Outline

« Ballast flight.

» Research strategy and previous work.

« Effects of computational methods (URANS vs. DES).
« Effects of particle shape and orientation.

« Summary and future research.




Ballast Flight

- Ballast being displaced by Mechanical and Aerodynamic forces.
« Sufficient momentum can lead to ballast flight.

« Triggered by train speed.

 Critical velocity relates to sub-base.

* Results in structural damage and safety concerns.

Quinn et al. (2009): A full-
scale  experimental  and
modelling study of ballast
flight under high-speed trains.




Research Strategy

« Expand from previous studies on turbulent flow using CFD.

« Start with simple geometry, more towards more complex shapes.
« Expand towards the track and train segment.

« Validate results using experimental data.

Simple >  Complex
Particle geometry Cubes, - —> Realistic ballast shapes
Hemispheres. & roughness.
Computational methods URANS, LES,
DES. —>  DNS.
Context Single particles. Bed of particles,

| S train & track.
Airflow Uniform free flow. Boundary layer profile.




Previous Work

Parameterise the ballast particles.

Flow around flat surfaced and
smooth geometries.

uuuuuuuuuuuuuuuuuuuuuuu

Aerodynamics of ballast particles.

Le Pen et al. (2013) Dependence of
shape on particle size for a crushed
rock on railway ballast.

 Studies of ballast flight and HST
aerodynamics.
« Mitigation strategies.

Jing et al. (2014) Aerodynamic
Characteristics of Individual Ballast
Particle.




Computational Domain for URANS & DES

Vertical
(v-axis)

0.42m

—_—

Spanwise
(z-axis)

Perform numerical simulations of
a cube and a hemisphere referring

to experimental data.

—_—

Sidewall

Top

Sidewall

0.06 m

0.26 m

Computational efficiency vs.
accuracy.
Study effects of particle position

Streamwise
(x-axis)

f

0.66 m

and orientation.
Particle airborne.
Validate and verify results.

Inlet

Top

Outlet

0.42m

Bottom

0.26 m
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Results: Cubic particle (URANS vs DES)

URANS
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Results: Cubic particle (URANS vs DES)

URANS
* Quicker to implement.
» Resolves less turbulence.

* Energy of calculated flow
dissipates rapidly.

DES

* More efficient than Large-
Eddy Simulation model
(LES).

» Useful for complex
geometries.

* Requires refined grid.

« Longer to implement.




Results: Cubic particle (URANS vs DES)

Cube comparison between CFD and Castro results Cube comparison between CFD and Castro results
(Pressure Coefficients) (Freestream velocity)
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Mean X Velocity

| B1.8504
| 77092
72.3335
67.575

Mean X Velocity
818922

esults: Cubic particle (URANS vs DES)

URANS

DES

Mean X Velocity

87.3277
828152
78.3026
73.7901

-16.4609
209735
-25.486

-29.9986
345111
-39.0237
-43.5362

Mean X Velocity
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esults: Cubic particle at 45 degrees (DES)

Cube 45 degrees

[ =0.99253
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Mean X Velocity

87.3277
82.8152
78.3026
73.7901
69.2775
B84.765
60.2524
55.7399
51.2273
46.7148
42.2022
37.6897
331771
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19.6395
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Results: Cubic particle at 45 degrees vs. 90

degrees (DES)

Cube 45 degrees
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Cube 90 degrees
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Results: Cubic particle at 45 degrees (DES)

Cube comparison between CFD and Castro results Cube comparison between CFD and Castro results
(Pressure Coefficients) (Freestream Velocity)
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Results: Cubic particle at 45 degrees (DES)

90 degree cube

DES (k — w) model
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Results: Cubic particle above ground (DES)

Pressure

Cube comparison between numerical and experimental results
{Pressure Coefficients)
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Force Coefficient Comparison

B Cube 900.0 m léube 90 0.015 m M Cube 900.03m B Cube 450.0 m W Cube 450.03 m
Lift and drag coefficients decreases as height increases.

- & —
3 3
S 3 3
o o
0.48993 0.49029
I I 0.03382 0.03542
| |
The 45 degree case has a lower lift and drag coefficient than 90 degree case.

Cc_D C_DRMS C_L C_LRMS
Force coefficients is dependent on its orientation and position as well as the effect of
train speed.
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Results: Hemisphere with DES

Hemisphere
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Results: Hemisphere with DES

Hemisphere comparison between CFD and Tavakol results
(Freestream Velocity)

Hemisphere comparison between CFD and Tavakol results

(Freestream Velocity)
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Force Coefficient Comparison
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* Hemisphere has less lift and drag coefficient than the cube.
* Force coefficients is also dependent on the smoothness of geometry.




Summarised conclusions

DES provides better results.

Orientation, position and geometry
can determine ballast flight
occurrence.

Flow structure is dependent on
geometry.

Force coefficients are greater on flat
faced geometries than curved
geometries.




Future work

«  Work towards more complex
problems using CFD.

« Resolve additional turbulence using
LES.

« Generate scaled models of particles
for Wind Tunnel testing.
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