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Introduction
Low observability requirements for aircraft subject to incident electromagnetic radiation are a low
back-scatter for near-axial incident illumination. The target should also have a low return over a
broad angular region. Low-observables are characterised by low specular reflection, and thus,
greater contribution of creeping and travelling waves to the Radar Cross-Section (RCS).

Presently, there is lack of results and analysis for EM scattering by low-observable (LO) combat
aircraft configurations in literature. Studies have been carried out for the VFY218 conceptual
aircraft [1] but this aircraft cannot be classified as a LO configuration with relatively high returns
for nose-on illumination (for example, an RCS of around 15 dBsm for HH polarization at 100
MHz). Similar attempts have been made to analyse the scattering by the F117 stealth fighter using
the Fast Multipole Method (FMM) [2] in the VHF band. In the present study, the EM scattering
and hence the RCS of a LO aircraft configuration is analyzed using a characteristic based finite
volume time domain (FVTD) technique [3, 4]. The LO aircraft is the B2 "Advanced Technology
Bomber" (ATB) [7] for which the surface geometry is modelled from information in literature and
then the volume is discretized in a multi-block framework. The FVTD methodology is based on
the Essentially Non-Oscillatory (ENO) technique from CFD and exploits the hyperbolicity of the
Maxwell's equations (in total field form) to adapt CFD techniques to the CEM framework. The
scattering from the aircraft in VHF and higher frequency bands for both horizontal and vertical
polarization are computed and analyzed. Results are also presented for a LO test case, the metallic
ogive, which constitutes a benchmark target accepted by the Electromagnetic Code Consortium

(EMCC) [6].
The body of the aircraft has been assumed to be a perfect electric conductor (PEC). The

geometrical features, like the blended wing-body, absence of protrusions, etc are observed to
contribute to its low-observability but variations are seen for the RCS patterns between nose-on

and broadside illuminations irrespective of the frequency or polarization.

Governing Equations and Numerical Formulation
The Maxwell's equations, in conservative form, can be expressed as [3, 4]
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where. u is the conservative variable, f, g and 4 are the fluxes and s is the source term.
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E and H are the electric and magnetic field intensity vectors respectively while D and B are the
corresponding flux density vectors, J is the impressed current density and € and p are the
permittivity and permeability of the medium of propagation respectively,
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The scattered formulation is used to solve for the fields and the semi-discrete equatiop, for
propagation in free space can be written as
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M is the total number of cell faces, which in the present case, is six for hexahedral cells. Vi
volume of the ith cell. The numerical flux function F(u*) is constructed using a seconq
ENO-Roe scheme [5]. Time evolution is through a two-stage TVD Runge-Kutta procedure, Thy
the algorithm is spatially and temporally second order accurate. Standard surface bounda y
conditions (zero total tangential electric field) are applied on the PEC surface and characteristic
based boundary conditions are applied at the far-field boundary.
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Figure (1) shows the metallic ogive, a LO benchmark target of the Electromagnetic Code
Consortium (EMCC) [6]. It has a half angle of 22.62 degrees, a half-length of 5 inches anq a
maximum thickness of 1 inch and discretized using an O-H topology in a single block. Results
obtained using the FVTD algorithm, as the variation of monostatic RCS with angle of incidenc,
are presented in figure (5), for a frequency of 1.18 GHz (vertical polarization), corresponding to 5,
electric size of 21 and good agreement can be seen with experimental results.

Aircraft Surface Geometry and Gtid Generation

The basic dimensions of the B2 ATB are 20.9 m length, 5.1 m height and 52.43 m wingspan (7.
However, accurate geometrical details of each part of the aircraft are not available due to its
military sensitivity, A three view diagram in literature [7] was the basis of constructing the surface
grid. Average dimensions of the cells were 0.9 mm in the longitudinal direction and 1.7 mm in the
spanwise direction at the surface. The airfoil section chosen for the construction of the wings was
E180, based on what is used in a radio-controlled model of this aircraft [8]. A clean configuration
was chosen and control surfaces were included with the main body. The engine intake wag
assumed to be blocked and the surface perfectly conducting, Figure (2) shows the rendered surface
of the aircraft.

The surface grid was generated by splitting the aircraft into twenty five blocks. Each surface block
was a piecewise bilinear surface, formed by linear interpolation between boundary curves. These
curves were formed as piecewise linear curves with sufficient resolution with point clustering near
high curvature regions. Higher order interpolation was used to cluster grid cells near the body. The
resulting volume grid was composed of fifty two blocks and approximately 1.5 million cells.

Results

Computations are carried out at electric sizes of 545.8, 327.48 and 54.58, corresponding to the
frequencies of 500 MHz, 300 MHz and 50 MHz for the actual full-sized aircraft, for both
horizontal and vertical polarization. Analysis for the F-117 using the FMM has also concentrated
in a similar frequency range (50MHz, 100MHz and 215.38 MHz for the full-scale aircraft) [2].

Figures (3) and (4) show the surface currents on the surface of the body for vertical polarization, at
nose-on and broadside incidences at 300 Mhz. It is observed that for nose-on incidence, the
leading edge of the wings and the engine intakes are the major contributors to the back-scatter.
However, for broadside incidence, the fuselage acts the major contributor. Figure (6) and (7)
compares the bistatic RCS variation for nose-on and broadside incidences at 300 MHz for VV and
HH polarizations respectively. The EM scattering for the LO configuration is being analyzed at
different incidence angles to find the angle corresponding to maximum back-scatter, as was found
for the F117 as 68 degrees for HH polarization and between 70-105 degrees for VV polarization in

the frequency bands considered [2]. Computations are also planned at higher frequencies with 2
finer grid. :
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Flgure 1: Rendered surface of ogive Figure 2: Rendered sarface of B2

Figure 3: Surface currents at nose-on incidence  Figure 4: Sutface currents at broadside incidence
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