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AERODYNAMICS RESEARCH AND DEVELOPMENT AT
THE ROYAL AIRCRAFT ESTABLISHMENT (RAE)
FARNBOROUGH IN THE UK

Introduction

The Royal Aircraft Establishment
(RAE), with primary locations at Farn-
borough and Bedford, is the aircraft and
aerospace research and development (R&D)
establishment of the UK Ministry of De-
fence (MoD) Procurement Executive (PE).
To support the three armed services and
the aerospace and aeroengine industries
in the UK, the establishment conducts
and coordinates research into all as-
pects of aircraft, weapons, satellites,
and aeroengines. Some aspects of radar
and avionics R&D which are exceptions
are performed at the Royal Signals and
Radar Establishment (RSRE), Malvern.

In general terms, the majority of
the UK government's basic and applied
research for aerospace systems 1is con-
ducted at RAE Farnborough, while engi-
neering development work leading to
experimental flight test and evaluation
is conducted at RAE Bedford. At Bedford
emphasis 1s placed on development and
flight test of terrain-following sys-
tems, flight control systems for future
aircraft, flight simulation for aircraft
control systems, and advanced cockpit
displays and controls. Although both
sites have suitable airfields for flying
experimental aircraft, the bulk of the
experimental flight tests are conducted
at Bedford. The remainder of this arti-
cle will discuss the organization at RAE
Farnborough with emphasis on the Aero-
dynamics Department and 1its associated
research divisions. A summary section
will compare aerodynamic R&D at UK
research establishments with the US Navy
laboratories' R&D efforts.

RAE Research Aerodynamic Research Activ-
ities

The RAE research activities are
part of the integrated MoD PE research
program, under the overall direction of
the Controller R&D Establishments, Re-
search and Nuclear (CERN), which direct-
ly relate to the research interests of

the three UK armed services. The RAE
organization within the UK MoD is shown
in Figure 1. RAE is the lead establish-
ment for fve major components of CERN's
research program, as shown below:

Major Field A--air vehicles
aerodynamics
structures and materials
Major Field B--gas turbines
Major Field C--flight systems navigation
Major Field D--space programs
Major Field M--guided and air-launched
weapons.

The breakdown of expenditure for
extramural research funding within these
major fields for RAE is shown in Fig-
ure 2. Note that aerodynamics research
is about one-third of major field A and
is about 5 percent of the total extra-
mural research budget.

Within the RAE management structure
the Aerodynamics Department, headed by
Dr. L. F. East, is under Deputy Director
(A), as shown in Figure 3, who has re-
sponsibility for leading research activ-
ities for major fields A and B. The
overall RAE management structure 1{s
provided 1in Figure 3, and the depart-
mental division research activities
under Deputy Director (A) are shown in
Figure 4.

Aerodynamics Department Research Activ-

ity

Aerodynamics research has been a
major activity at RAE since 1909, and
the Aerodynamics Department, which is
also divided between Farnborough and
Bedford, has a worldwide reputation for
advanced work in this field. The over-
all objectives of the department's re-

search are: to advance the state of
aerodynamics research, to improve air-
craft/weapons performance, to reduce

aerospace systems costs, and to enhance
flight safety. To accomplish these ob-
jectives, the Aerodynamics Department
works closely with the UK aircraft and
engine industries, other departments in
RAE, and other MoD organizations. The
department's activities 1include project
support for MoD systems projects as well
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programs. The major part of this work
is intramural, but a substantial contri-
bution is made by government-funded ex-
tramural research, monitored by the
department.

A key activity in the department's
aerodynamics research is the development
of accurate methods of computing sub-
sonic, transonic, and supersonic flows
around aircraft and weapons configura-
tions 1in ways which allow for the ef-
fects of boundary layers and wakes.
Fundamental work in this area is closely
linked to research on the design and
performance of wings, including multi-
element high-lift systems, for applica-
tion to the design of military and civil
aircraft and their associated engine,
missile, and external store 1installa-
tions.

Experimental Aerodynamics Research Fa-
cilities

A consistent feature of the depart-
ment's contribution to progress in aero-
dynamics 1is the emphasis placed on the
validation of theoretical and computa-
tional methods by correlation with care-
fully planned and executed experimental
programs. The Aerodynamics Department
is well equipped with experimental and
computational facilities. In addition
to using a large number of special-pur-
pose minicomputers, the department has
access to the RAE CRAY-1S system which
was 1installed and made operational in
June 1984. Due to the heavy demand of a
large number of computational aerody-
namic research projects, over 60 percent
of the RAE CRAY-1S CPU utilization is
taken up by the Aerodynamics Department.

The principal experimental facili-
ties for aerodynamics research and de-
velopment are the wind tunnels located
at Farnborough and Bedford which cover
the entire flight regime from low-~speed,
for takeoff and landing, to high super-
sonic speeds for high-performance jet
aircraft and guided weapons. These wind
tunnels provide the major national fa-
cilities for UK MoD aerodynamics R&D and
provide a significant contribution to
the UK's and Western Furope's industrial
aerodynamics research efforts. A chart

Deputy Director (A)

[T DESIGN METHODS

LOW SPEED AERODYNAMICS
E NAMICS HIGH SPEED AERODYNAMICS
WEAPONS AERCDYNAMICS
L. FLUID MECHANICS

[ AAWORTHINESS
HELICOPTERS

TRUCT <
MATEAIALS § STRUCTURES ——— §m38732‘.t :E$::&tss
NON-STRUCTURAL MATERIA S
| ANALYSIS AND ASSESSMENT

TURBOMACHINERY & INSTALLATION

PERFOAMANCE § CONTAOLS
PROPULSION COMBUSTION § POWERPLANT NO'SE

MATERIALS & ENGINEERING RESEARCH

[— ELECTRICAL SYSTEMS & COMPONENTS

MECHANCAL ENGINEERING
NAVAL ENGINEERING MACHINERY SYSTEMS & FLUID POWER
WEST DRAYTON & COBMAM MARINE GAS TURBINES

PETROLEUM CHEMISTRY & TECHND.OGY

MANAGEMENTMENT SUPPORT UNIT
LIBRARY SERVICES
UNIVERSITY LISISON ACTIVITIES

Figure 4. Research Activity under Deputy
Director (A).

which summarizes the capabilities of the
wind tunnels at Farnborough and Bedford
is provided in Figure 5.

Experimental flight test and evalu-
ation 1s equally important to support an
aerodynamics research program, and this
is achieved by maintaining at RAE Farn-
borough and Bedford a fleet of aircraft,
both fixed-wing and helicopter, with
each of them specifically adapted to
RDT&E project test flying. As shown in
Figure 3, all experimental flying falls
directly under the RAE Commanding Offi-
cer, with an experimental flying depart-
ment located at both Farnborough and
Bedford to support each establishment's
individual flight test requirements.

Aerodynamics Department Organization

The Aerodynamics Department is cur-
rently staffed with some 120 scientists,
engineers, technicians, and support
staff. The department is divided into
five divisions as shown below.

AEl--Design Methods
AE2--Low~Speed Aerodynamics
AE3--High-Speed Aerodynamics
AE4--Weapon System Aerodynamics
AES5--Basic Aerodynamics

------
.

‘v v

S SR

LR AT v,

.« s e s =
NN

hWAADOEY)

¥ XXX

Cod




2y g o'g 1B M i v

R N S AT RN AR \ {0z FA M o Nt ol o A g% 24 Vi) 4,
. [}
%
+
»
’ Tunnel Type Speed Range Maximum Main Use Locatfon >
: Power N\,
11dfe x Bifc Subsonic~unpressurised| Up to 122 /s 3.6 MW | V/STOL research and weapons. F “
f))(t x 9ft (1)} Subsonic~unpressurised| Up to 91 m/s 1.1 MW | Civil & Military alrcraft, weapons and B s
X research.
Sa x 4.2m Subsonle~pressurised Up to 110 m/s 12,6 MW | High quality tests on Civil and Military F .
! airerafr for landing and take-off and -
! researche. .
; -
|24ft Subsouin-open jet Up to 52 m/s 1.5 MW | Notse, rotors and propellers. Full-scale F -
Anecholr tests on radar. ;
18ttt x 6ft Subsonin/Trausonic—- M=0 to 1.25 15 Md | Civil & Military projerts, research on swept ¥ |
! pressurised wings. ! "
Aft x 8ft (1) | Subsonic/Supersonic- M=Q.15 to 0.9 60 MW | High quality tests on Civil and Military B
pressurised and 1.4 to 2.5 projects and research. .
.
It x 4ft High Supersonin- M=2.5-5.0 66 MW | Weapons R&D; 8 -
pressurised
NoleS: (1) Models easily intecchangeable with the ARA 9ft x 8ft Transonic Tunnel.
(2) In addition there are several small hypersonic facilities that cover the speed range M»7 to 20. :
L
Figure 5. The main wind tunnels at RAE.
A summary of each division's tech- Low-Speed Aerodynamics Division .
nical efforts and research emphasis is .
3 This division is concerned with ap- -
provided below. .
plied aerodynamic research and develop- .
ment related to helicopter airframes, .
Deetgn Methods Division fixed-wing aircraft, and weapons at low X
subsonic speeds, with particular empha- .
This division is concerned with the P ’ P P N
sis on the influence of Reynolds number. .
study of the aerodynamic characteristics .
The work includes experimental programs .
and flight behavior of combat aircraft .
on the problems of weapons, helicopters,
from subsonic to supersonic speeds and
combat aircraft, transport aircraft (in-
acts as a focal point within the depart-
R cluding propeller-driven types), and
ment for the investigation of new design .
components thereof. The division 1is .
concepts and the application of new de- )
responsible for the management and en-
sign methods. In addition to steady hancement of the 5-m low-speed tunnel
aerodynamic characteristics, the divi- P

and for the remaining low-speed tunnels
at Farnborough. The division also car-
ries out extensive repayment work in
these facilities,

sion 1is responsible for the study of
aircraft dynamic behavior using free-
flight models and special measuring rigs
in wind tunnels, and the investigation
of time-dependent aerodynamic phenomena
affecting aircraft control. The division
is responsible for the B8-ftxb6-ft and This division is located principal-
2-ftx1%-ft transonic wind tunnels at ly at Bedford and 1is concerned with
Farnborough, applied aerodynamics related to the

High-Speed Aerodynamics Division




performance of weapons and aircraft in
subsonic, transonic, and supersonic
flight and with improved methods of
prediction and design. The principal
areas of work are weapon and aircraft
intakes and transonic/supersonic viscous
flows over wings. The division 1is re~
sponsible for the 3-ftx4-ft-high super-
sonic, the 8-ftx8-ft subsonic/superson-
ic, the 13-ftx9-ft low-speed wind tun-
nels and for the Central Computing Fa-
cilities at RAE Bedford. The Division
Superintendent is also the Deputy Chief
Superintendent of RAE Bedford.

Weapon System Aerodynamics Division

This division 1is concerned with
providing the aerodynamic knowledge and
computational tools required to assess
and enhance the performance of aircraft/
weapon systems, giving particular atten-
tion to the overall layout of combat
aircraft, the carriage .nd release of
air-to-air and ground-attack weapons on
both fixed-wing aircraft and helicop-
ters, the free flight of weapons (par-
ticularly guided weapons), and unmanned
aircraft (UMA). The division 1is respon-
sible for the study of the interactions
between configurition changes intended
to reduce radar cross-section and aero-
dynamic performance, and for hypersonic
and low-density aerodynamics related to
re-entry problems. In addition, the di-
vision coordinates project support and
assessment within the Aerodynamics De-
partment. The division 1s responsible
for the hypersonic facilities at RAE
Farnborough.

Basie dercdunamics Division

Th: s division 1is concerned with
obtaining a fundamental understanding of
fluid mechanics phenomena which influ-
ence the aerodynamic design of aircraft
and weapons, and with devising means of
calculating, and thus predicting, the
resultant flow fields. The strategy
adopted includes the calculation of flow
fields at transonic and supersonic
speeds, the study of boundary layers,
wakes, and separated flows with the
emphasis on application to practical

three-dimensional shapes. The work is
predominantly theoretical with some ex-
perimental support, and relies heavily
on the use of large-scale computers in
the "supercomputer' class.,

CFD Research in the Basic Aerodynamics
Division

The Basic Aerodynamics Division,
currently headed by Mr. Steve Fiddes, is
divided into four sections. Two of these
sections are involved with developing
methods for calculating the character-
istics of complex flows about general
aerodynamic shapes, including complex
configurations. A third section focuses
on viscous-inviscid interactions and
develops calculation methods for bound-
ary layers, wakes, and separated flows.
The fourth section, concerned with vis-
cous flows, develops advanced techniques
for solving the Navier-Stokes equations
as well as fast-solution algorithms for
solving the Euler equations (see ESN
40-9:326-327 [1986] for a discussion of
this work).

Summarx

Two factors stand out when com-
paring UK MoD research establishments
with US Navy laboratories. First, with
the exception of the Naval Research
Laboratory (NRL), where considerable
in-house, unique, or basic research is
conducted, the UK MoD research estab-
lishments, such as RAE Farnborough,
conduct considerably more {Intramural
(in-house) basic and applied research
than do most US Navy laboratories and
development centers. As an example of
this, RAE Farnborough's aerodynamics
research encompasses a broad spectrum of
theoretical, applied, and experimental
research activities similar to what 1is
done at the Naval Air Development Cen-
ter, Warminster, Pennsylvania, the Naval
Air Test Cunter, Patuxent River, Mary-
land, and Naval Weapons Center, China
Lake, California, as well as at various
NASA and DARPA research sites.

Our US Navy laboratories (with the
exception of  NRL) and development
centers are more involved with ad-
vanced development (6.3) and full-scale
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engineering development efforts (6.4) in
support of OPNAV/SYSCOM directed pro-
jects. In the UK, when basic or applied
research efforts transition into a spe-
cific project, the project development
effort is usually taken on by industry,
and the government establishment on.iy
monitors the development effort, but
does not necessarily manage it or con-
trol it unless so directed by the UK
MoD.

This leads into the second differ~
ence between UK MoD research establish~
wents and US Navy and other DoD service
laboratories. The UK research labora-
tories are organized to conduct research
across a variety of scientific disci-
plines in support of all the armed
forces under UK MoD direction and con-
trol. This means that the Aerodynamics
Department of RAE Farnborough and Bed-
ford has aerodynamics research and de-
velopment responsibility for not only
the Royval Air Force, but the Royal Navy
air arm and the Army's land-based
airborne assault forces as well as some
aspects of c¢ivil aviation and the UK
space program. Thus the UK MoD scien-
tific and technical cadre of expertise
in aerodynamics research is concentrated
within the Aerodynamics Department at
RAE Farnborough and Bedford. Converse-
ly, within the US DoD, one would have to
visit over 10 service laboratories and

development centers as well as DARPA and
NASA facilities to ascertain the breadth
and scope of US government directed
aerodynamic research in th= US.

This then allows the drawing of
some general comparisons between aero-
dynamics research in the UK MoD research
establishments and US government labo-
ratories. First, the UK research estab-
lishments have fewer assigned personrel,
in total, engaged in aerodynamics re-
search and development than in the US,
but the UK effort is concentrated in one
or two locations, so economies of scale
and efficlencies are generated that may
not occur in the US with aerodynamics
researchers located at a variety of
government laboratories. The UK aero-
dynamics research is focused and prior-
itized to work on specific UK MoD pro-
grams that are of highest government
interest; hence a broad scope of re-
search activity across all aerodynamic
fields of interest may not be possible.
The aerodynamic research efforts at RAE
Farnborough, however, have 1long been
recognized by US aircraft R&D and in-
dustry personnel as first rate, and
close collaboration between US and UK
government aerodynamics research person-
nel has been on-going for many years.
This close collaboration should certain-
ly continue in the future.
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