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Choice of a numerical solver

Design stage (conceptual/ preliminary/ detailed)

Fidelity (asymptotic PO, GTD, PTD / full wave
MOM, FDTD, FVTD)

Band requirement (VHF ......S......K,Ku)
CPU time (min. ..... days)

Frequency / Time Domain

Broadband/ single frequency
Geometric complexity

Material modeling

Validation status

Commercial / in-house



Maxwell Equation (differential form)

Maxwell's curl Equations with losses:
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Finite Volume Time Domain solver

* Full wave in time domain

 No assumptions

* Deals with complex geometries
 Structured/ unstructured

« Material (dielectric/ lossy/ dispersive)

» Validations

 In-house code for many defence applications



Motivation

Circa 1990: Well developed finite volume based capability
for solving unsteady Euler equations of fluid dynamics....

|ldea to borrow expertise to solve Maxwell’s equations in
conservative form for EM scattering from aerospace
configurations and predict Radar Cross Section (RCS) -
Finite Volume Time Domain (FVTD)
schemes....Vijayashankar et al. (1990).

An “exact” technique able to deal with complex geometries,
broadband signals and varying material properties.

The major disadvantage is terms of CPU time because of
fine mesh required (points per wavelength).



Maxwell Equation in Conservative form

3D Maxwell’'s Equations in Conservative form:
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Numerical Formulation

. Maxwell's Equations (Operator form)
L(u)=s
. Decomposition of Total Field
L' +u’)=s"+5s'
Lw')=s"+5§"
S"=-L(u')+s



Finite Volume Framework

« conservative form (scattered formulation) can be written as
S S S S S l
u, +f(u’), +g(u’), +h(u’) =s" +8S
where
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* integrating over an arbitrary control volume,
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Finite Volume Framework ....contd

application of divergence theorem gives,

aqudV

P {[F(us)+F(ui)]°ﬁdS = JCs +s' —u)dV

« 3D domain divided into hexahedral cells (structured mesh)

 (Cell centred / vertex formulation

discretized form for jt cell,
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Higher order characteristic based technique

Runge Kutta time stepping



Boundary conditions, methodology

On Perfectly Conducting (PEC) surface:

« Total tangential electric field, nxE=0.

« Total normal magnetic field, n-B=0.

Far-field boundaries:

« Characteristic boundary conditions (zero scattered field) etc.

In time:

» Time domain computations for sinusoidal steady state.

» Complex field in frequency domain from time history of
solution using Fourier Transform.

»RCS requires computing scattered field at far-field.
Obtained by calculating electric vector potential in the farfield
based on complex currents on surface enclosing scatterer.



Numerical schemes

Differ by how numerical flux f, . is evaluated at cell

face and by how time integration is performed

»Upwind (Characteristic based) Schemes:
Flux Splitting Schemes, Riemann/Godunov Solvers
> Central Difference based Schemes:

Lax-Wendroff Scheme, Jameson’s scheme

»Space and Time discretization combined:
Lax Wendroff Scheme (Taylor series in time)
»Space and Time seperated:

Set of ODE’s obtained after space discretization
March in time with Runge-Kutta method



Validation

Metallic sphere:
* Volume grid O-O Topology, Single Block (50%x45x%20 cells)
* Frequency for analysis = 0.09 GHz ( Electric Size = 1.4660 )

Volume grid discretization (O-O Topology)



Bistatic RCS (dB)

Validation ....contd
Metallic Sphere:

PEC Sphere at 0.09 GHz, E-Plane
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Validation
Metallic Ogive: (EMCC benchmark)

Surface grid Rendered ogive



Validation

Metallic ogive:
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(Surface currents on the ogive at 90 degrees incidence)

Ogive Volume Grid Cross-Section

Ogive — volume grid and surface currents



Validation ....contd
Metallic Ogive:

Monostatic RCS (dBsm)
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RCS (dBsm)
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RCS (dBsm)

230 8GHz, Horizontal-Polarization
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RCS of some military aircrafts

Aircraft RCS RCS RCS

[dBsm] [m?] [ft2]

F-15 Eagle 26 405 4,358

F-4 Phantom I 20 100 1,076

B-52 Stratofortress 20 99.5 1,071

Su-27 12 15 161.4

B-1A 10 10 107.6

F-16 Fighting Falcon 7 5 53.82

B-1B Lancer 0.09 1.02 10.98

F-18E/F Super Hornet 0 1 10.76

BGM-109 Tomahawk -13 0.05 0.538

SR-71 Blackbird -18.5 0.014 0.15

F-22 Raptor -22 0.0065 0.07

F-117 Nighthawk -25 0.003 0.03

B-2 Spirit -40 0.0001 0.01
Boeing Bird of Prey -70 0.0000001 0.000008
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Clean aircraft configurations
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VFY218 in literature
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VFY218 at 100 MHz, Rockwell model, N=9,747 VFY218 at 3 GHz, Rockwell model, N=2,032,518
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Clean aircraft configurations

Rendered Image of Surface
Grid






Clean aircraft configuration

Bistatic RCS (dBsm)
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The unstructured approach - almond
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RCS dBSM
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RCS dBSM

10 ! ; T T T ' T T
~ HH —
P Y AU SN SV SUNUUNUIN Y SRS SR S VY ——

HH Cicero -
VVCxcero

J!A&Mo

| —

20 ; ; 1 i i
-180 -160 -140 -120 -100 -80 -60 -40 -20 0
Azimuth

Computed Mconostatic RCS for Cone-sphere with gap
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Normalized RCS (dB)
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Metallic sphere coated with lossy dielectric
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EM wave propagation — complex media

 EM wave propagation in linearly dispersive media (Debye,
Lorentz dielectric....)

 Models water, ice, tissues, muscle, RAM

 Application in EM interrogation of tissues like microwave
iImaging for breast cancer detection, effects of radiation
exposure etc.

* Auxiliary Differential Equations solved for updating
polarization vector in Ampere’s law for M-pole Debye (water
based) medium.



Pulsed wave propagation — linearly dispersive media
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Single pole (water) and five pole (muscle) Debye dielectric, Journal
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Applications

» Helicopters
« KFX
« LCA, UCAV, AMCA



