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1.INTRODUCTION

One major problem faced by engineers devel-
oping jet engines is adhering to stringent air-
craft noise regulations. Engines need to be de-
signed to minimise as much noise as possible. To
solve such a problem, one cannot find the opti-
mum conditions with pen and paper, and instead
must produce computer simulations. Current
techniques used in these problems can perform
poorly for waves of rapidly varying amplitude
(how loud the sound waves are). My research
aims to find the optimum schemes while min-
imising the computational cost and preserving
the correct amplitude for aerodynamically gener-
ated noise. This will involve a numerical tech-
nique called finite differences, which is used for
solving partial differential equations modelling
the flow of the sound waves.

4. RELEVANT BACKGROUND

Any complex wave number x can be written as
k = |k|el"!). The more we vary 6, the more wave
frequencies are permitted. Hence in order to ex-
tend the previous error metric, I proposed a few
like the following:
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The finite ditfferences schemes applied mathe-
maticians often gravitate towards are called Max-
imal Order schemes, which are the best schemes for
a very general problem. I aimed to amend these
schemes slightly so that they preform better for
aero-acoustics problems specifically. The spatial
scheme I amended was called C13 and the tem-
poral scheme called RK4. The schemes are deter-
mined by coefficients a; for C13 and 4 for RK4.
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The two quantities One considers when determin- Figure 1: imaginary x This graph analyses the case which minimises cost
ing the best scheme is the wave numbe.r (k) and for a particular fixed error when & is purely imag-
the CFL number (o). The wave number is respon- inary. For a signal with the following maximums

sible for the amplitude of the wave, and when % and &, we can derive the following equations for
this is complex, it allows for the amplitude of the 2 computational cost and error.

wave to vary correctly. The CFL number deter-

Cost is 0.23983 at 0.01 error |
Cost is 0.81194 at 0.001 error
Cost is 2.3973 at 0.0001 error
Cost is 6.787 at 0.00001 error | _

29

mines the number of points we sample on the ° 1
wave, the more points, the more cost. A signal ,| 1-4 ¢ = Nop 52
is a collection of waves of varying amplitude, fre-
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quency and speed. We begin with the simplest .
wave problem, the Advection Equation. 16 e — 1 max (R, o) — e_i’“\
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We then analyse how well real and complex « per-

form for this for a signal of varying maximum 0

values x and o&.

s lo derive such equations, we combined spatial
and temporal schemes as aimed. These were Dis-
persion Relation Spatial discretisation (DRP) fol-

0 05 1 5 > 25 3 lowed by a time stepping Runge Katta scheme
Il (RK4) [1].
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I investigated varying one in the spatial and Figure 2: Optimal Values for 6y = T and 6, = ?jf One of the final parts of my project was extend-
one in the temporal, and plotted how the error ing the optimisation of the temporal part of my
changed for a fixed || = m, 0 = mand 0, = 7. | scheme, by transitioning from RK4 to RK8, which
Multiple variations of these parameters were in- —— involved optimising over 2 temporal coefficients
vestigated. instead of 1. Hence the 3 values of interest became
a1, I'7 and I's. With this extension, I always con-

05 : 15 2 25 3 sidered a more complex error metric, given by:
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This investigation allows engineers to more easily
«10® tailor their schemes to the problem at hand whilst

0.165 ° *  remaining within their computational cost thresh-
0.16 * | = - ———= 2 old. One example of a PDE [2] would be:

0.155

0.17

N
I

0

0.15

0.355 0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395
aq

CONTACT INFORMATION
Email EdwardHolloway2001@gmail.com

OVERVIEW

This isjust a flavour at the more basic parts of my research, and the work completed will be continued by

LinkedIn linkedin.com/in/edward-
holloway2001

the MASDOC research group, led by Ed Brambley. Finite difference optimisation remains of continued
importance as new mathematical applications rely on tailored computational software.




