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he founder of TSAGI, Nikolai Zhu-

Kovsky, was a professor at the
Imperial Higher Technical School
and Moscow State University, and
had a profound knowledge of both
higher mathematics and engineer-
ing. Itis therefore not surprising that
he became the leader for those stu-
dents who were obsessed with prac-
tical aeronautics. Mr Zhukovsky's
theoretical research in the sphere of
aviation, practical experience in wind
tunnel construction (at Moscow State
University, at the Imperial Higher
Technical School and in Kutchino).
and the research carried out at these
laboratories gave rise (o Russia’s
aviation science.

In 1918 Mr Zhukovsky's students
persuaded him to propose the es-
tablishment of @ complex scientific
centre in Russia. N.P. Gorbunov,
chair of the Scientific and Technical
Department of the Supreme Council
of National Economy. supported the
initiative. On 1 december 1918 the
Central Aerohydro-dynamic Institute
(TSAGI) was offcially founded. After
Mr Zhukovsky's demise in 1921 he
was succeeded as TSAG director by
S.A Chaplygin, an outstanding sci-
enlist who specialised in mecharics.
Mr Chaplygin contributed much 1o
the shaping of the Instilute’s scien-
tific image

During the following decades the
structure of the Insfitute changed
several times to optimally it the
needs of the national economy and
successfully solve various scientific
probloms. But the high personnel
qualification and the spirt of col-
legalism remained unchanged. The
experimental base of the Insiitute
enabled pre-WWIl research of aero-
dynamics, hydro-dynarmics, fight dy-
namics and aircrat strength. Under
the leadership of A.N. Tupolev, from
1924 10 1936, scientists at TSAGI
designed such milestone aircraft as
the TB-1, the T8-3, etc

Before World War Il TSAGI
worked intensively in cooperation
with design bureaus and factories
to further the progress of aircraft
manufacturing. The 1925 completion

of the “Aircraft Strength Standard
played a great role in the develop-
ment of aviation; the document was
Iater repeatedly revised o mirror the
advance of aerospace technology.
The *Designer's Reference Book’,
published in 1937, systemised the
aerodynamic requirements for use.
by aircraft designers. The volume
was followed by the 1938 *Hydrody-
namics of Hydroplanes" (volume Il
and 1939, “Aircraft Strength” (vol-
ume Il publications. In 1943 the

w

TSAGI published a fundamental work
tiled "Designer's Guide". The results
of fundamental research were thus
introduced into everyday practice of
designers and engineers, laying the
foundation for a scientific approach
to aircraft manufacturing,

“The advent of high-speed mono-
planes in the mid- 19305 neces-
sitated expansion of the Insiitute’s
experimental base. Construction of a
new complex of experimental facili-
ties began near the Otdykh railway
station on the Moskva River in 1935,

Four years later the T-101 and
T-104 large wind tunnels vere
accomplished. They were later
supplemented by the T-106 vari-
able pressure wind tunnel, which
provided high transonic speeds.

The Stakhanovo residential district
buit lor TSAGI personnel eventually

developed into a satellte town, re-
named Zhukovsky after the founder
of the TSAGI

Several organisations separated
from the TSAGI before the war. the
Central Institute of Aviation Motor
Buiding (TsIAM) in1930, All-Russia
Insiitute of Aviation Materials (VIAM)
in 1932, Gromov Flight Research
Institute in 1941, Tupolev Design Bu
reau in 1936, Siberian Aeranautical
Research Insitute (SIbNIA) in 1946,
etc. These organizalions are now
globally recognised

During Wil TSAGI carried out
advanced research to improve fight
characterisiics of Soviel warplanes
and upgrade the existing airplane
fleet. The Institute concentrated
on practical tasks in accardance
vith the "Everything for the Victory"
wartime slogan, but fundamental
research was not ignored, and was
used afer the war in a revolutionary
breakihrough in the area of super-
sonic fight

“This field of research required the
creation of new wind tunnels and
special testbenches. Research by
TSAGI scientists was implemented in
the MIG-15, MiG-17, MiG-21, Su-78
and other fighters, and als in ant
air guided missile systems, which
were exported to foreign counties
Close cooperation between the In-
stitute and design bureaus ensured
ait victories over Korea, Northern
Vietnam and the Middle East. TSAGI
aeradynamics and strength special-
ists contributed extensively to the
developmen of all Soviet-made nu-
clear-capable aircraft, from the Tu-16
10 the Tu-160.

TsAGI also did much for the de-
velopment of Soviet rocket science.
‘The expansion of the Institute’s
experimental base in the late 19505
and 19605 was aimed at establish
ing facilies to provide hypersonic
flow velocities and simulate complex
processes such as re-entry aerody-
namic heating, shock wave propaga-
tion, etc. TSAGI introduced a series
of gas-dynamic installations and
wind tunnels to provide flow velocity
in the range of M=8...20, and also
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The Institute's energy base was
also enhanced.

Experimenting with aerodynamics
and fight dynamics for variable-
‘geometry wing aircraft opened up
anew era for TSAGI. By success-
fully solving the problems of sta-
bility, controllabilty, strength and
aeroelasicity, and substantiating
the advantages of the configura-
tion, TSAGI gave the initial impetus
o development of such multimode
aircralt as the MiG-23, Su-24 and
Tu-160.

Expariments on these and other
aircrait stmulated the development
of the Institute’s compuing base
and introduction of numencal gas
dynamics and strength computation
methods

Late in the 1960s the Institute
began work {0 develop a new gene-
ration of front-line fighters with high
thrust-to-weight ralio and manoeu-
wrability. The results of experiments
with transient aerodynamics, vith
new lifling fuselage configurations
and wing vortex control were used
in developing the MiG-29 and Su-27
aircraft, both of which demonstrated
superb manoeuvrabilty and combat
pertormance.

TsAGI specialists greally contribu-
ted 1o the creation of a new gen-
eration of transport and passenger
aircrait the 1196, Tu-204 and An-124.
The use of supercrlial aifoils result-
ed in improved wing aerodynarmics
and enhanced eficiency of these
aircrait, TSAGI joined efforts with the
Gromov Research Insttute and do-
sign bureaux to solve the fluter prob-
fem for the 1196 and Tu-204 aircraf,
thus ensuring their fight safety.

“The most significant project of the
past twenty years, in which all the
departments of the Institute were
involved, implied the creation of the
Buran reusable shutlle. The TPVK
vacuum test chamber, measuring
44m in diameter and 30m in length,
wias buil for testing the thermal pro-
tection system of the shuttle. TSAGH
found solutions for many problems
in the framewark of the project,
including in the fields of acoustic
strength, development of algorithms
for the automatic conrol system,
efc. The Buran performed s maiden
fight 2 fortnight before the 70th an-
niversary of TSAG

The 1994 presidential resolution
granted TSAGI the stalus of State
Scientific Centre. Symboiically, the
corresponding registration document
was logged under No. 1.

TsAGI today employs 4,000 per-
sonnel, 625 researchers including
one academician of the Russian
Academy of Sciences (RAS) are
among them, four RAS correspond-
ing members, 103 doctors of scien-
ces and 400 candidates of sciences.

“The Instiute’s scientiic contribu-
tion s indisputable, and the names
of many TSAGI specialists are em-
blazoned in the history of world
tion. Another important achievement
wias the creation of a scientifc re-
search system aimed at avoiding re-
dundant research and fund dissipa-
tion. Nowadays, the Insiitute ignores
not a single aspect of aircraft manu-
facturing. A reasonable combination
of pracical work and fundamental
research provided the foundation
thanks 0 which the Russian aviation
retains world leadership in a number
of felds, even despite the protracted
crisis of the Gefence industry.

In rocognition of TSAGs immense
contribution to the development of
aerospace science and technology
the Institute was awarded the Order
of the Red Banner of Labour (1926),
the Order of the Red Banner (1933),
the Order of Lenin (1945), the Cer-
tiicate of Honour of the Presidium of
the Supreme Council of the RSFSR
{1968) and the Order of the October
Revolution (1971). In 1998 TsAGH
was awarded the Honorary Men-
tion by the President of the Russian
Federation.
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erodynamic research of aircraft,

helicopters and other aerial
vehicles is the key sphere of the
Institute's scientifc activties. TSAGH
experts carry out fundamental theo-
retical research into complex scienti-
fic problems, study physics of flows,
shape aircralt design and develop
aerodynamic configurations for pro-
spective aircrat

Methods of subsonic, transonic
and supersonic flow calculation.
developed at TSAGI with use of the
most progressive approaches to
Solving the Navier-Siokes and Euler
equations, are widely used in practi-
cal calculations. Calculation methods
are nowadays a reliable instrument
used in aeradynamic engineering
and optimisation of all the basic
aircrat components, Their applica-
tion has significantly reduced the.
number of models and wind tunnel
tests used in designing aircraft and
rockets.

TSAGI uses ts wind tunnels in
complex physical research of flows.
on models of aircraft and aircraft
components, in studying vortex
structures, boundary layer fiows,
flow separation and shock wave
effects, and traiing vortex. TSAGI
has developed an oplical system
for pressure measurements in
steady and unsteady flows. Using
both computational and experimen-
tal methods, TsAGI cooperates

th design bureaus lo develop
aerodynamic configurations for
dierent aircraft. One such field of
research is investigation of interfer-
ence during separation of compo-
nents of "carrier-payload” systems.

Pawer plant aerodynamics is
another important field of TSAGI
research. Integration of airframe
components and air intakes is critical
10 oplimising aerodynamic configura-
tions of high-speed jet-powered ai
craft. Prospective supersonic aircrat
‘can employ complex ifing surface
configurations for preliminary fiow
deceleration at the engine intakes.
Another area of research covers.
aerotynamic design of propellers for
advanced efficient propfan engines.





[image: image6.jpg]TsAGI has at its disposal cut-
ting-edge systems for/developing|
‘asrodynamic configurations of
helicopters and tilrotors, desig:
ning aerodynamic and aero elastic
configurations of main rotor blades|
and experimenting with different
types of helicopter control co*
lumns, Test faciities equipped with
allaser system for blade deforma:
tion measurements enable wind::
tunnel testing of main rotors upito
17m in diameter, at a flow/speed
of Up 10430 km/h
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light dynamics and aircraft control

‘systoms have always been an
area of high priority for TsAGI. The
Institute has introduced advanced
fight simulators and control system
simulators for solving complex tasks
involving dynamics of manoeurable

and passenger aircralt, TSAG-de-
weloped llight simulators played a
major role in creating fight conirol
systems for the fourth-generation
Su-27 and MIG-29 fighters and for
the Buran reusable shuttle, and also
in developing advanced digial fly-by-
wie systems for nonmanoeuvrable
aircraft that ensure a high fevel of
fight safety.

Gl specialists perform analysis
of aircrait stabilty and controllabil-

1y, synthesis of control algorithms,
researoh into aircraft dynamics in the.
context of structural elasticity and
liquid-filed fuel tanks, Work is now
underway 1o develop active struc-
tural loading systems and systems.
to Improve crew and passenger
comfortfight safety and crew situ-
ational awareness.

TSAGI wind tunnels are used for
experimental research of transient
aerodynamic characteristics and
evaluation of how reversible
structure deformation influ-
ences ihe agrodynamic charac-
teristics of aircrall stability and
controllabilly. Development
of mathematical aerodynamic
models, including high and su-
percriical angles of aitack, is
also paid great attention at the
Institute.

(S
CONTROL

TSAGI is upgrading ts flght
simulator for researching into fight
dynamics of prospective civiian
aircraft, and has introduced a fight
simulator for researches under the
programme to develop the prospec-
tive fith generation fighter. TSAGI
spocialists use the simulators to
exporiment with takeoff and landing
modes and manoeuvrabilty, and

to study dynamics and control-
Iabilty of unmanned aerial vehicles.





[image: image8.jpg]TSAGI has developed met-
hods for finding optimal branc-
hing insertion trajectories for
spacecraft in the context of
ontrol restrictions and phase
Variables. The Institute has.
also Introduced methods for
researching into dynamics of
safeo atmospheric separation of
‘composite space vehicles.
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‘The Insliute develops mefhods tolcontrolgiing
parachut sysiemsthallwould ensure automailc
landing within a/setlarealusing satellte[global pos
sitioning, and studlesinfiuencelof aifcraft parames
fors on operationalleficiency
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tarting from the inception of do-

imestic aviation TsAGI became
the fundamental institution enabling
systematic research inlo arrcraft
strength. The Institute’s theoretical
computational and experimental
work to analyse and systematise
fight test results, and also sum-
marise operational experience, is
being used by the Institute and other
organizations in developing standard
technical documentation for certiica-
tion of aerial vehicles. Such docu-
ments are the *Strength Standards"
for various aircraft, the "Airworth
ness Regulations” for civilairplanes
and helicopters, etc.

TsAGIis a unique centre of
national science and technology
engaged in aeroelasticiy research
with regard 1o aircraft, industral ve-
hicles and engineering structures.
In order to develop safe and reli-
able products boasting exiended
service life, TSAGI carries out fa.
tigue, durabilty and staticithermal
strenglh experiments.

10

TSAGI has accumulated vast ex-
perience in designing and manufac-
turing dynamic-scale and scale-scale
models of various objects, and has

at ts disposal the advanced met
hods for researching aeroelasticity in
subsonic, transonic, and Supersonic
wind tunnels. TSAG specialists have
developed an advanced method of
researching aircraft behaviour in
subflutter conditions. Experimen-

tal methods are supplemented by
numerical methods. TAGI scien-
tists have developed programmes
enabling operative mathomatical
stiinessiweight modeling of the
structure under investigation, accom.
panied by an adequate description of
the real object's potential behaviour.
The Insiitute has formulated algo-
fiths for calculation of the transient
‘aerodynamic forces applied to oscil-
lating liting surfaces in a wide range
of operaticnal condilions.

TsAGIs experimental facilies
permit ground resonance testing of
structures for specification of the re-
sults of calculations and wind tuninel
tests relating to acroelastictty of
the airirame and o the automatic
conirol system.

Support of structural fife is a key
problem in providing strength of
modern airplanes and helicopters,
The Institute addresses the problem
of achieving high fatigue and dura-
ity parameters through extensive
research, which comprises develop-
ment and enhancement of methods
for local stress-strain, service lie,
tatigue crack propagation rate and
residual strength analysis; develop-
ment of methods for linear elastic
fracture mechanics analysis; experi-
mental research of fatigue and crack
resistance properties for primary
construction materials, including
high-temperature tests; experimental
research of strength, fatigue and
durability of composite components
in the context of climatic effects; and
development of systems for service
lite supportfor aircrait under develop-
ment and systems for safe operation
for ageing aircraft,





[image: image10.jpg]For purposes of studying the.
structural failure pattorms for struc-
tures with cracks, TSAGI laborato-
ties are equipped with electrohyd-
raulic machines tha simulate ope-
rational structural loading ranges.

tojattain|highpayloadraiiollexcel
lentstiucturalistrengthland ceri
fication forvarious aircrafttypes!
iTheyhave|amassed|experience!
in[Calculaiioniand/experimental
fesearchiinat enableslihemtolef
ficlenty studystaliciand highitem
iperatirelsirengihloflstructires|in}
thelcontextofcimatofaciorsiito)

‘Some of the most significant
applied projects recently,carried
out by TSAGI's strength research)
laboratories implied calculation of
parameters for the forward:swept
wing configuration of the S-37 air-
craft, climatic strength substantia-
tion for large:size composite units of
the Tu-204 aircraft and analysis o
destabilzation types for fuselage ele-
ments of the 114 aircraft
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Complex of wind tunnels and gasdynamic research installations

Static and dynamic strength laboratories
Thermal strength and acoustic chambers
Propulsion and compressor testbenches

Flight simulators
Air-Pouser generaling complexes
Experimental production facilities

he complex of wind tunnels and

gasdynamic research instaliations
comprises more than 60 test facili
ties providing flight simulation at a
flow velocity of V=10mfsec, which
corresponds to Mach number M=25.
The T-101 and T-104 subsonic wind
tunnels can be used in testing large-
size models of heavy aircraft and
their components, of manoeuvrable
aircraft with various types of wea.
pons, of ullsize cruise missiles wi
operating engines. The wind tunnels
can also be used for subsonic re-
search into aerodynamics, stabilty,
controllability and fluter effects for
various aerial vehicles.

‘The T-102 and T-103 subsanic
wind tunnels are used for research
of & wide range of aircraft aerody-
namic characteristics using dynarmic-
scale models.

“The T-105 vertical wind tunnel is
intended for testing helicopter mo-
dels and researching into aircrafl
Spin parameters.

“The T-106, T-112 and T-128
transonic variable density wind tun-
nels are intended for testing models
of military and civilian aircraft and
associated weapons to improve
aerodynamic parameters. The
wind tunnels offer a wide range of
Mach numbers (up to M=1.05 in
the T-106 and up to M=1.7 in the
T-128) and Reynolds numbers. The
T-128 wind tunnel is fitted with a
unique system of adaptable perfo-
ration system eliminating possible
influence of test section walls on
aerodynamic parameters of models
under study. The wind tunnel also
has interchangeable test sections,
thus permitting all known types of
aerodynamics experiments and sub-

12

stantially reducing the time needed
for model replacement of models
and test preparation.

‘The T-108, T-109, T-113 and
T-114 supersonic wind tunnels
are designed for testing models of
super-sonic aircraft and missiles.
(Small-size missiles can be tested
with their motors running). The
research of aerodynamic parame-
ters, stability and controllabilty,
flutier effects, thrust reverse,
separation and propulsion sys-
tem aeradynamics is conducted
in these wind tunnels throughout
& wide range of Mach numbers
(from M=0.4 to 1=6.0).

A multimode variable nozzle
available in the T-109 wind tunnel
sufficiently extends ifs experimental
capabilies. especially when ex-
perimenting with propulsion intakes
and researching fltter effects.

“The T-116 and T-117 hypersonic
wind tunnels are designed for tes-
ting models of hyporsonic aircraf,
missiles and space vehicles al flow

velocilies up to M=20.
“The SVS-2, TPD and T-131 spe-

ialised wind turnels are designed

for testing propulsion system aerody-

namics throughout the entire airspeed

envelope, up {0 hypersonic speeds.

The VAT-3, VAT-102, VAT-103
and VAT-104 rarefled-air wind tun-
nels are designed (o suppor expert
mentation related 10 the develop-
ment of aerospace vehicles.

Some of these wind tunnels meri
an entry in the Guinness Book of
Viord Records. These include the
T-101 subsonic wind tunnel with ts
14m by 24m test section, the T-128
transonic wind tunnel with the test
section measuring 2.75m by 2.75m,
the T-116 and T-117 super- and hy-
personic wind tunnels with the test
seclions measuring 1m in ciameter
Some test facilles, such as the
SMGDU hypersonic wind tunnel with

‘magnetohydrodynamic acceleration
of flow to the velocity of 8000m/sec,
or the UGSD wind tunnel with adia-
batic compression of gas, which
provides up [0 5,000aim abs stagna-
tion pressure in the setting chamber,
have no analogues in the world.

‘The TSAGIS stuctural strength
laboratories include rooms with rein-
forced floor, and provide the equip-
ment necessary for static and service
ffe testing of full-size structures, both
assembled and as separate units, in-
cluding electrohydraulic est machines
and test rigs with 1 to 2,500t force
capaciy. The reinforced floor in the
static test room measures 3,600sq m
in area, and that in the service ffe fest
fo0m measures 86,3005 .





[image: image12.jpg]‘The complex of thermal strength
and acoustic chambers consists.

o several thermal vacuum cham-
bers, the MAK-1 test facilty with a
2x1,5x0.25 metre cell, capable of
generating up to 16248 noise, the
RK-1500a reverberation chamber.
with a 9x11x14 melre test cell, capa
ble of generating up {0/163dB noise,
and the TPVK thermal strength
vacuum chamber intended for experi:
menting with strength parameters
offul:size aerospace vehicles. This!
‘Complex permits tests on structures
inder simulated actual strength;
temperaturelandjacousticlloads

‘and climatic effects in the/entire
operationallrange of thejaircrat

The propulsion and|compres-
sor testbenches are actively used
for research of hypersonic ramjets
(HRJ), combined propulsion systems
(TJE+R, TUE+RU+LRE). fuel bur-
fing processes in subsonic and su
personic combustors (R and HRJ),
intakes and/nozzles for propulsion
systems with air-breathing engines
(ABE), gas fet arcraft control sys-
toms, and THE/ABE comprossors

The test facilties designed for
experimenting with aerial vehicle
fight dynamics and control systems
include various flight simulators and
computer systems for improving the
structure and functionaliy of digital
control systems, for real-ime vehicle
dynamics simulation, efc.

TSAGIs air-power generaling
complex suppors operation of al
types of wind tunnels and faciltates
strength testing. It consists of com-
pressor/gas holder stations designed
for generating and storing up to.
120,000 cu/m of low-pressure (up to
12atm abs) and high-pressure (up 1o,
320atm abs) compressed ai.

ITSAGIs xperimental base is of
national sigpificancelprimarily, due)
tolts inegration; fechnical parame-
ters and proven feasibilty of uselin
Gevelopingadvanced civil and mii-
iy aiicraitymissiles) ground/and!
Sealransportvehicles) engineering;
Situciures) quipmontiandfusl/power
lgensaiing systoms:
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DESIGNING

Rz e prospent ol
aerospace development rests

n an effcient conceptual design
technology, which draws upon the
Institute’s increasing scientiic and
technical experience used in search-
ing for new technical solutions. Uni-
versal methods and automation aids
(CADICAMICAE) are widely applied
as wel as special automated com-
plexes for multdisciplinary designing
of aifcrafts of various types, develo-
ped at TSAGI departments.

The results of the pluridisciplinary
optimisation are used in substantia-
ting the feasibllty of new concepts
and preparing wind tunnel and tes-
bench experiments.

Continuous development
of aerospace technology
enables the Institute to
improve the operational pa-
rameters of passenger and
cargo aircraf from genera-
tion 1o generation. Along
with enhancing afficiency of
traditional aircraft designs,
structures, pover plants and
systems, TsAGI researches
new ways to further airoraft
technology, including development of
nontivial aircraft designs that might
biing about a breakinrough in air-
craft design.

“The Inslitute has conducted a
research of the flying wing concept
for a passenger aircraft, proving that
the concept could reduce opera-
tional costs by the value simila to
that resutting from the past 40 years
of achievemnts in development of
standard long-hau airiners. TSAGI
is now developing key technologies
for demonstiating feasibilty of the
flying wing concept and other novel
solutions.

The Institute researches possiole.
ways 10 develop rotorcraf, aiming

1o sufficiontly increase their speed,
payload capacily and efficiency,
wihile simulianeously ennancing ma-
nosuvrabilty, stabilty, controllabilty,
satety and reliabilty. Prospeciive
developments in this field include en-
hancement of main rotor, anfitorque
fotor and fuselage aerodynamics,

a gas-jet conlrol system, and pro-
jects to introduce titing engines and
wings.





[image: image14.jpg]Prospective manoeuvrable aircraft
willfeature low signatue, supersonic
cruise and super manoeuvrabily.

For implementation of these.
parameters, TSAGI is conducting
‘comprehensive research of non-
trivial aerodynamic configurations,
including experiments on large-size
models.

One of the Insttute's primary fines
of reseach s testing low signature
methods wilh the use of advanced
technological solutions. The Insti-
tute bases its calculation methods
on the principles of physical and
‘geometric optics, and experiments
with large-scale models.

Researching the prospects of
‘aerospace technology development
also includes the search and evalu-
ation of new technical solutions that
might be used in creation of next
generation aircraft

‘TsAGI conducts advanced re-
‘search of so-called *hot* hypersonic
aircrat, which are subjected 1o inten-
sive aeroheating in flight.

Ground tests, bolstered by joint
fight experiments with the Gromoy
Flight Research Institute, lay the.
foundation for prospective develop-
ment of hypersonic aircraft
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TGl stttz ok g o
sition in the realm of high velocity
flow theory, with their achievements
recognised in a number of principal
fields such as analytical research

of supersonic and hypersonic flows.
over bodies, study of flow separation
phenomena, laminar-turbulent tran-
sition, ransient flows, research of
heat transfer and methods of thermal
protection, and nonequilibrium fiows
of rarefied, reacting, and radialing
gases,

“The logic and outlook of modem
aeraspace science development
determine the direction of basic and
exploratory research. The achieve-
ments of TSAGI specialists in the.
development of methods for com.
putational aerodynamics, viscous
and inviscid flow analysis, boun-
dary layer investigations, aeroop-
tics, et aerodynamics and atmo-
spheric flight ecology have eamed
them worlgwide recognition.

TsAGI performs a wide range
of research in fluid and gas mec-
hanics. Phenomenal progress has
been achieved in the development
of numerical methods and calcula-
tion programs for ideal and viscous
flows over aerodynamic profiles
‘and bodies of revolution, in a wide
range of velocites, for the internal
flows and boundary layer param
eters. Also, TSAGI has developed
the mathematical models for flows
over aerial vehicles, flows in air
intakes and nozzles, and jet out-
flows.

The Institute also performs envi-
fonmental researc for the purpose
of minimizing jet aircratt and rocket
engine exhaust and reducing their
influence on the atmosphere, TSAGH
has conducted considerable funda:
mental studies of plasma formation
in hypersonic fight enviranments,
and of the influznce of gas ionisation
influence on the thermodynamic and
aerodynamic flow parameters.

This advanced research in a wide
range of disciplines became possible
hanks to the highy qualiied scien-
tifc personnel and unique test facl-
ties that successfully suppiement
theoretical research and expand the
researchers’ oplions.

TSAGIS test facilfes include hy-
personic wind tunnels, specia instal-
lations and measuremen systems
wih operation principles based on
novel physical concepls enabling
simulation of fight environments
al speeds faling within the Mach
number range of 0.2 0 20, and also
in high vacuurm and nonequiibrium
heal transer environments. The
wind tunnels are used for investi-
galing aerodynamic parameters of
hypersonic aircraft n flow transition
conditions, and in studying the influ-
ence of tomperaure and jet effects
on the aircrait structure:





[image: image16.jpg]Development of most Russian
ballistic missiles, launch vehicies.
‘and re-entry vehicles is largely.
thanks to corresponding testing at
TsAGI. Considerable scientific ex-
pertise of the Institute s evident in
the significant work to investigate
heat transfer, thermal protection and
aerodynamics of the Buran reusable
shuttle, and also in the research of
launch and separation flows for the
Energia-Buran space system.
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5AGI has been developing hycro-

dynamics as a science ever since
the Insiitute’s foundation. In 1930
the Insiitute opened a waler channel
for testing hyroplanes such as the
Soviet Air Force MBR-2 and Be-6 mo-
dels. Rapid post-WWIl progress in jel-
propelied aviation, accomparied by
a revolutionary increase in airspeeds
and flight ranges, resulted in gradual
loss of nterest in hydroaviation, and
by the early 19705 the USSR stopped
production of flying boats

The interest in amphibious ve-
hicles was rekindled in the early
1980, affer the development of the
A-40 heavy jet-powerad flying boat
at Beriev Design Bureau. The modsl
was compatible to land-based air-
craft in terms of fiigt performance.
In the process of developing this
aircrait TSAG! hydrodynamics

ecialists faced a number of new
I particular, they de-
veloped a variable floor planing
theory and introduced an algorithm
for calculating the motion on water
under irregular sea disturbance. A
complex of theoretical and exper-
mental tasks resulted in the deve-
loprent of 2 hydroplane configu-
ration that made use of physical
phenomena not earler employed
in take-off and landing moces. The
dravbacks of previous configura-
tions were eliminaed

“The resuls of the TSAGIs re-
search were implemented in the
Be-200 mullircle amphibious aircraft
which enjoys high demand the world
over.

‘TSAGI's hydrodynamics specia-
lists routinely issue recommenda-
tions for safe ditching of passenger
aircrait. Institute personnel have
conducted 2 comprehensive study of
hydro- and aerodynamics of various
wing-in-ground vehicles, hovercrafts
and hydrolols.

One of TSAGI's important re-
search fields is undenwater motion of
high-speed objects under developed
cavitation. A series of the-orelical
and experimental efiorts in this field
has eventuated in ths theory of va-
tied cavitation.

The experimental base for hydro-
dynamic investigations comprises a
waler channel, high-specd water test-
bench, impulse water channel ang
water airdrome on the Moskovskoye
More waler reservoir.

TSAGI began active aeroacoustic
experiments in the late 19505 due
10 the necessity of reducing noise
produced by passenger aircraft
Increasing jet thrust and intensified
air traffic resulted in intolerable envi-
ronmental noise levels. Furthermore,
noise causes discomiort 1o pas-
sengers and aircrew. High acoustic
loags affect aircraft strength and
interfere with normal operation of on
board equipment




[image: image18.jpg]‘The problem of noise reduction
for existing and prospective aircrat
gave birth (0 a separate branch of
aerospace science — aeroacoustics,
whichis closely related t0 aero-
dynamics, strength research and.
acoustics:

iniits aircraft noise reduction
offorts TsAGI researches he fol-
lowing three majorfields: observ-
ing permissible environment noise:
levels; introducing noise control in
fight deck and passenger/cabins;
reducing structural acoustic load!
Aeroacouslics|covers theoretical
‘and experimental studieslon aircraft
noise generationjand radiation; e
elopmentlof acoustic loadreduic’
tion|metfiods andlimprovements|in
siructural acousticlinsulation/and
Soundlabsorption

A series of efforts implemented
by TsAG jointly,with design bureaux
and research insitutes enabled ob-
servance of the ICAO environmental
noise standards for the following air-
craft the Tu-134, Tu-154, 1186, 1176,
1162, Tu-204 and [1:96:300, TSAGT's
recommendations were used i
designing the Buran orbiter, whose
fight Corroborated|tojtheprecision of
acoustic load]computations carried
outlby theInstitute
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ne of the most important areas of

ine information technologies ap.
pliance at TsAGI s the procurement
of fundamental and applied, compu-
taticnal and experimental researches
in arodynamics, aeroelasics,
strength and flight control systems
for aircrafts of various types i.. stale
ang passenger aviation, helicopters,
missiles, airspace aircrafts

Due to i, the conditions are cres.
ted for the realization of multic
ciolinary studies by the interacting
between the specialists and the soft
hardware complexes.

“The well known computational
systems as well as the systems,
developed by TsAGI specialists in
principle aeronautics directions, are
widely used in studies.

‘The complexity of the researches,
being carried aut at TSAGI, is pro-
cured due to integration of specia-
lists working places into uniform
computer network, which comprises
Various types computers-worksta:
tions, clustered computer systerns,
multi-user high performance compu-
ters and multipurpose servers.

A branch host management sys-
tem of experimental researches and
ifs resulls hancling has been created
at TSAGI. It s realized by application
of modern architecture of industrial
computer systems, providing contin-
ous data handling and data accu-
mulation accordingly 10 all the con-
stituents of the experimental studies,
being carried out a1 TSAGL

Currently, the results of aerody-
namic tests, carried out at TSAGI
‘experimental installations, are for-
matied automatically info electroric
atiases of aifcraft aerodynamic chara-
cleristics. These atlases may be
used by the researchers and design-
ers in a direct access mode. When
composing the atlases, the prelimi-
nary handing and verification of the
experiment data are being carried
out. The similar developments are
Under way on bench investigations
concerning the aircratt stabilty, and
controllabity, the strengths, as wel
as the aeroelasticity characteristics

“The preparation for the aerody-
namic experiment s also automated
Itinciudes the dratt, the design and
the manufacturing of the experimen-
tal models.

The aerodynamic models, the
drained modes, the gravimetric
models are made for pressure distr-
bution measuring. The dynamically
similar models are made o high al-
pha characteristics investigation. The
elastoplastically similar models are
made for flutter & buffing investiga-
tion. The specific models are made
for scientiic and methodological in-
vestigations.

Super computers




[image: image20.jpg]‘The modern CAD/CAM aids, com
prising the design and technology
data archiving systems and the de-
velopment procedure management
systems are applied when designing
the aerodynamic models structure,
the technological preparation of their
manufacturing and when the NG unit
based manufacturing of them.

The|NC units are integrated into a
local technological network al TSAGI
Processing control programs are in-
cluded into the total model file:

T,
Aerodynaiz
P

Automalion of check measuring of
‘manufactured models holds a spo-
ifc place. There is a park of plate.
measuring facillties with various test
section dimensions and various ac-
curacy degrees for tha.

Automation of computation and
‘experimental researches being car-
d out at TSAGI constitutes one
of the stages within the lfscycle of
development and production of the
aeronautical equipment.

Strength
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Do nd manutacturing
acrodynamic-scale models is

an important line of the Instite’s
activiy. Models measure several
canlimelres 10 3.5 m in dimensions.
TSAGI also builds arge-size morels,
measuring over 10m in dimensions.
and special models for radar cross-
section measurements.

TSAGI designs and buids aero
dynamic sirain-gauge balances fo
‘measure load on models, and other
instruments for a wide range of aero-
dynamic experiments.

For purposes of developing aero-
dynarmic models, TSAG! has iniro-
duced a unigue automated system
for model design, construction and
attestation. The system permits uii-
lization of inpul data prepared with
he use of all known CAD assls.
Collactive projects ar supporied
through project data management
(PDM) assets and a common design
and technology databas. Viorksta-
tions of designers and enginers are
interconnected by local networks

within divisions, and hooked up
o the TSAGI network, which also
includes local networks for distribu:
ted network control (DNC) of nu-
merically controlled machine 1ools
and measuring machines.

‘The TsAGI production facilfies
operate numerically controlled -
ling machines capable of proces-
sing blanks measuring up 10 7m,

Spark erosion machines are used
for manufacturing strain-gauge ba-
lances of all dimensions, toolholders
and other products requiring preci-
sion pracessing of hardened steel
blanks,

‘The production faciltes also
operate turning machines, boring
machines, vertical turming lathes
(including large-size models), pre-
cision driling machines, and also
machines for shat, hole and surface
grinding and for sharpening of all
types of tools. Auxilary equipment
includes large-size lumaces and
tanks for thermal realment, presses
and forging hammers, hard-facing
machines, a galvanic section for ap-
plication of all ypes of chemical and
slectiochemical coaling, and a spray
paint booth,

TsAGI operates a fleet of coordi-
nate measuring tools and associated
software for comparing materials
under investigation with the original
surface mathematical modsl.

‘The test support squipment in-
cludes machinory for all types of me-
chanical sample tests, non-destruc-
tive testing instruments {radiographic
examination, ulirasonic and magne
tic flaw inspection, and luminescent,
capillary and motallographic inspec-
tion assefs).

|
|
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it of mnovatefacics,
conforming (o the world stan-
dards, has been created at TSAGI
in order o saisly the increasing
demands of moder experiment. The
“IVK M2-POTOK” hardware and soft-
ware complex of a new generation,
based on VMEA/X1 international
standard, is one of them. This
complex provides the experiment
management. It includes a muliple
module set for high precision (up
10.0.02%) measurement of aerody-
namic loads, folal and staic pres-
sur, model position angle, pres-
sure felds (up {0 1024 points) etc.
The cerified Gomplex is success-
fully implemented in large:-sized
industrial tunnels (1-102, T-103,
7104, T-106, T-128).The complex
is manufactured at th piot plant of
Academy of science of Russia.
The sirain gauge system has
been croated for unit sirain mea-
suring. The syslem provides gau-
ging checking, processing and

are implemented al TsAG! and at
a number of aerospace industry
enterprises.

More than 300 multipurpose
‘multicomponent strain gauge
balances have been created

wel known ol film method and of
a correlation analysis one, which is
used within the Particle Image Velo-
cimetry method. Due 1o this fact, the
non-expendable oilfim method is i
possible lo be realized as well as the |
surface flow patter can be recon
structed through the small particles
shift

TSAG has an accreditation on
behalf of Federal Technical Regula-
tion and Metrology Agency. Due
o/t TsaGl is enilled to verity and
calbrate 63 kinds of measuring fa- |
cilties, to perform the certiication
testing of measurement facilfies in
order o include them into the State

al TSAGI. They are to be used in
‘aerodynamic tunnels of continuous

and discrete operation. The strain
gauge balances are able to function
within a wide range of measured

loads (1-000Kg), providing a high
degres of accuracy (0.1-0.05%),

including the high deceleration fom-
perature measuring (up to 2000° K).

Chart, to certfy the test equipment |
and the metering methods. A unique
standard uni of air flow velocity in

0.1-60 misec range has been cre-

ated to be applied at aerodynamic

research laboratories as well as at

regional metrology test centers.

prediction of structure steain state
The maximal number of connected
sensors is equal 10 2048.The mea-
surement rror i equal 10 0.25%. A
family of tensometic equipment has
been developed in order 10 investi-
gale the dynarmic and static-dynarmic
processes of ATWID series with the
frequency band up to 60 KHz and
with the precision class of 0.2-0.5%
The equipment and the systems

are registered in the State Chart of
measurement aids. These facilies

Specic methods have been de-
veloped for the high speed proces-

measuring (0.05-0,005sec). Op-
fical physical systems of measure-
ment and visualization, based on
fluorescent adapler, are widely used
for contactiess measuring of pres-
sure fields and temperatures. The
up-to-date videogrammetric systoms,
used at T5AGI are aimed af model
geomeric parameters measuring
and at stran fields lracing.

An innovative Partile Image Sur-
face Flow Visualizaion method is
boing developed at TSAGI currently.
“This method is a combination of a
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igh scienific and technical po-

tential of TsAGI specialists, as
well 25 a unique experimental base,
allowed the Insttute to become an
equal partner in intemational scien-
tilc cooperation. Defegations from
various countries, which have visited
the insiitute, were able to estimate
at their true worth the high quality
and the level of fundamental and ap-
plied researches performed by the
Russian Federalion State scientiic
center.

Presently, TSAGI successiully
cooperates with over 50 leading
foreign aerospace companies and
scientifc centers in America, Europe
2nd Asia, including Such partners as
Boeing, Lockheed Martin, General
Electric, Embraer, EADS, CNES,
Airbus, Snecra, Dassaul Aviation,
BAE Systems, Alenia Aeronaulica,
Agusta Westland, Thales, KARI,
HAL, ADA and the world leaing sci-
entfic research centers NASA, ONE-
RA, DLR, NLR, CIRA, CAE, CARDC,
NAL and KIST.

TSAGI coninues cooperation with
its waditional CIS partners.
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Over the past 15 years TsAGI
has realized about 450 contracts.
and grants with foreign companies
and scientific research centers at
the field of aviation and aerospace
researches, connected with wind
tunnel tests of different aircraft
elements models and full-scale
objects, evaluation of different pro-
Jects, software development, cal-
culations, design and engineering
development projects, design and
manufacture of simulators, test figs
and parts thereo.

Since 1995 TSAGI has been
participating in the projecis of Inter-
national Science and Technology
Center (ISTC) subsidized by the US,
Eurapean Union and Japan. During
this period the Institute has accom-
plished and i stil working on the
projects of wake vartex laminariza-
tion, aircratt ecological propertes,
development of passenger aircrall
Hying wing concept, etc.
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[image: image24.jpg]TsAGI sees a prospective line of
International cooperation|in partne:
1ing in the Framework Programmes
of [European Union | connectad with
newaircratt development fight
safety improvement, environmental
‘damage reduction {TsAGIlis/going 10|
significantly increase its contribution)
inlo Europeaniresearchiprogrammes|
s the partner(ofjthe 7th|-Plwithin
1200722012 as well as inithelprojets:
Iike/SESAR|funded|by|European
Union

[Taking|intolconsideration TSAG|
active rolelin/infernationallasrospace.
ibrojectsyinelinsiuiejhas|been’aps
ibointedjasithelnational contactipoint
atihelfisldloffasronautics aimedai
Cooperationtwith E ropean|Uijon:

[NOWadays TSAGI acively paricid

jpatesatiineljoint RlissianiChinese)
(cooperation programmelinjcivilavia:
fjon techiques:

Thelinsitiielsfalrequiarparicr
pantlefiheinlergafionallerospace
Shiows\suchlasansIAShow
(France i Famborougnlintemational
|(GreatiBrtam MUAY(Germany) A
how(Chinal(Ghina)¥Aerolindial(In%
) lernatnaliAbrospace|Salon
[MAKS (RUSSE) [eic fas el as spos
Gializod extibiiions\lconfersncsstand
Symposia

{TsAGl takes|special prdejp|pro*
foundinternational scientific contacts|
wih thelleading forelgn research)
Conters /After;altwenty yearlbreak
e TSAGIONERA scieniicliechinis
callseminarihasiresioiedis operat
fionSTnelinstittesiposiionstand|
authority inlaerospacelsgentiic
investgations/andldevelopmentinas
[medsitatiacve forsdierisiiand
Spedialisie o [inanycounties
IANAGallierriational/scenticiechns
calforumsiwhich/ajsloianized by,
TSAGIStehlas EUCASS Contelencel
heldlundrithelacqsloflEuropeans
(Commissionfand|insaionaeaions
fiCHechnicalTsymposiamEAviation
flechnologies of iHEXXlceniiyy
{ASTEC)are|ies[poptlariinscens
{iC astonauticallsociety:
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A growing interest in environ-
mentally friendly renewable energy
sources has simulated research of
wind-powered electicity generators.
TsAG has conlinued aerodynamic
and strengih research of propelier
and vertical axis wind turbines. The
Insiitute has al its isposal a com-
plex of methods and programmes

TeAGluas s v st o OO ERAN
comprehensive model and .

sample testing aimed at finding ap-
timal shapes of all types of ground
vehicles. ralling stock, underground
trains and hovercrats. The Instiute
also researches into wind stress

on tal buldings, bridges and large
casings, and seeks environmen-
taly optimal variants of urban deve-
opment.

for calculating parameters of wind-
powered electricity generators,

TSAGI has developed a complex
of experimental strength and service
lite calculations for structures of
bridges and tal buidings subjected
to intensive wind stress. Joint work
by Inslitute specialists and desig
ners enables determination of the
optimal material capacity and stabi
lity of structures. Introduction of the
Instiute’s research resuls is exem-
plfied by the Poklonnaya Gora Vic-
tory Monument in Moscow and the
bridges over the Belaya, the Ob and
the Moskva

The Institute's vast experience in
developing specialised measuring
instruments has enabled TSAGI
specialists to develop a range of
strain dynamometers and thermal

and carres out correspanding
model wing-tunnelling tests. The
TSAGI has used the lest resulls in
certfcating the £50-0020 wind-
powered generator for protracted

converters.

‘Specially for the national oil and
gas indusiry TsAGI has developed
residual life assessment methods for
trunk pipelines, and also methods for
evaluating fatigue 2nd durabilly of
gas pipeline welded joints.

operation.

2%

A wealh of expirience has been

imulated by T5AGI in the arca
of creating the strain measuring de-
vices and systems wih the error rate
20.05% for automation of technical
processes under the complicated
conditions of commercial operating.
Mobile platform balance has been
develaped to weight and to deter-
mine the centering of large-sized
engineering structures. A standard
torsion forque measuring spanner
with the error rate up {0 0.25% has.
been created and certiied.





[image: image26.jpg]TSAGIis a recognised leader in
aerodynamic design of fans and
compressors of varied construction
and dimensions. Employment of
calculation methods and iiization
of unique testbenches, advanced
Compuing hardware and develo-
ped/sets of mathematic models
guaraniee the creationof highly ef
ficient fans with/optimal configura: |
tion in termsof dmensions, weight, |
powier consumpionand/acousiic
requirements:
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