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Dear colleagues!

On behalf of Moscow Aviation Institute (National Research University) |
would like to greet you among the participants thie International
Conference AAviati on a n dlready descomenaut i c
traditional.

Aerospace industry as one of the largest industries is not aloof from the
general changes that are occurring in the world today. Digital transformation
of the industry 4.0 makes absolutely new requirements: it is impossible to
be successful and effective, doing just evolutidneristing products and
trends.

To reflect the global evolution aims conferend@®viation and
Cosmonautiay which brings together leaders who know thduistry from
the inside, understand her needs and provide solufeméndustrywide
problems and who can build up foundations of strategic scientific and
technological development.

| am sure that thanks to our joint work we will be able not only to create
conditions for the development of aerospace industry, but also to become the
undisputed global leaders ioreation and implementation dbng-term
programs for growth of higkech production.

I wish all participants and guests of the conference an aatidefruitful
work, the integration of new ideas and solutions!

Chairman of the Organizing Committee,
MAI Vice-rectorfor scientific affairs,
Yury Ravikovich
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Loodovyd shystn g dr

1. Aviation Systems

Il dzdwdedy BBdZj HJd2j dzdV dz0O EMmlss2ydoetsmis: d&3O06dMmliste
Zedzor 0OkOCd
dbzdioO 1. ¢.
AdIR, 6. rkSCtsefméd?

A g dz! ttOB SIsT L OC dz¢ yOdzO M 9 Is ts d3, Yylstser st tej H
nOKEOSkjtedmisdSd Ekmss2ydetsmksd &GOcdmbieOd dscts MC
OOCd. 1 dv {556t OH Odeeiz” dgzy @ ftlzjlete dscg S Sdzj B Odzd W
EMlsOdeso 8102 {1 A d4 R BJL sBdzZjHjdzgjdedw d M dd&BdlOL
CtedLBds0Od dsd d o jtlsdCOd dsd s jtjddd BT dd |
Ol tesHd &ZOBISCd MOBsdY SO. vOC jROER L9 dfyq itfrak] dzB
Fojddyjddd EcdkzO O0OlOSd MlsOdsewIlsmw dzj dzd dzj 2 dz' 3
dzj dzd dzj 2 dzO% BOIJ BOId U ME OV dBsHjdzt , 9Cdzg yos h ow
FPedzO OLOSCd d Ekedsets?2 Mestesfisd IsOde OffiPO dzdivwte d d3
Ol tbHddZOBd Ui MSdrn FrOOSIjtedMmMisde o hduesisd HJO
ftciH" HEM dR tOBSISOR.

rOdzj §j tjh odzOfMm:! MmdMmisi BO EtwOodzj dzdv §tesH Sdz! dzs@
sftejHjdzdls sB dzOMiIsd, GHJ oL i3sy dels o R Adz(ILQzts 9 j «
sdflsj B3O EZftOodjddw dzf wWOMMBOLLde OdzOM! . 17 dzs
Cterdzwvn d Bfjttjddd MOBsd IO dj eoddwjil L doyd
9 BL d3tsy dzr Qo lssC sdzj B Odzd v, O OSHJ dO dr Odf dzd
cOL dzfi qd2OBJCd MOBsdy SO ftcd orntsHj o B A&ZOMISH Mizh
qu dzj v .

The influence of icing on modern airliner stability at high angles of attack
Alieva D.A.
TsAGI, Zhukovsky

The goal of the work was to determine how ginfluences on an airliner stability at high
angles of attack. For that purpose, two mathematical models of aerodynamics were developed
based on forced oscillations experimental data from -QUZB dynamic test rig. First one was
for option without icingthe second one was for option with icing on wings and on horizontal and
vertical tail. As aerodynamic forces and moments dependencies becomes nonlinear as the angle
of attack increases, mathematical models were nonlinear too and contairdimemsional
nonlinear dependency of these characteristics on the angle of attack and pitch angular velocity.
Applicability of such approach was demonstrated in previous works.

Then the second order set of pitch motion equations was solved to determine regions where
sef-oscillations may arise. Control system was not under consideration. It was shown that icing
on wings and tail influences small on the range of the angles of attack wheosciiédtions
exists and on theirs amplitudes as well. However, there are ecaisié differences in aircraft
dynamics when it enters in that region and leaves it.

ddOdzdL d Ctdelstetsdzr bktesodzj?2 tedmMStse fted + Cfy
o OBSOR MdMmisjdr kjrddyuyjMisets B Mdkzy do Oded ¥
ddzHtcj jo . 1.
[ orR, &< 9O

] HBCd&OH] ftjHmkOo dj dz0 Y tetsB dzj BO B j MY j uj ded W
ofMjin 10§08 »dL dzji dedsts clds OY X daO L (erOB)slsS d HE 4§ My
oajtlstsdzy sse. [BiMfjujdedy BjLBYOMdsMisd dy lsse
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Msotej Bj @zt Oydd. 1 JjLfOMdtshmis! fsdy lstse o LdzOucflscj‘
ZOHY 3 dzsfylsd dzj sOlsj dz' dzsets Of f OO O d MRtOdY jls O
lets rA.

fdzsy dzs2 Isjrdzedyj MSs2 MdMmlsj d3j , ¢ Cobttets? sl

dz' dszO Rl d W Odzisy § dzO o BL dssy dzlsfls! ¢ id s dsdats?
kg ¢ COkOMktsij. CkO BhdeSO, CGsSLOW o
WjttjL f§odvilsdj ctdmSe, HEHS & B lsi
CdgsL ek j OV o3y fo @ dastiisdicBy  dlsa @H Odzdzs 5 § 65 ¢ das L
fssY dzdd (shseov mdlskoydw), jhdd oL doyds of
Brlsdw. [Mme G fMEskOyd™, osLddCOshow o §sdjlsj
BzOG S v isdy 7 WOCIsma o e @ i dets Pilackd * s JfL

tGJOdZdLOHJd cCdyjfydd ftedj Bdzj Bisets twdMmC Oe f
kOCtots? dzjftedj dsdzj ss. 1 5! sz 0dzOdzdL ted MG O,

Mo tsjotej dgj dede’ § i L tOmimshipsjofiPfdgdal jjded e Mejjdedyyf O

OB sl y jwdpCdd jdsdif)'S s fted di3d dedIsj dzr des € tOMmMmd
dzj Ssltstets? CBBddzOYdd ftedL dzOC s fisfls 5w dzd v
Ctsdzdyj Milse jdzdz" 2 1 Codo Odzpdzb dzv dz® | B 1§ t5 dzn |5 Gz dzd
LIssdd B dzdets o Oy dgs M teOdzd Is! ftedJ dgazj a3 2

B3y dzj dzedv MlsteOlsjcedd Isjrdzdyi MStsets + M zOIsOydd

OCljtedzO + CMYf dZzOIOYdW yomisd fdfmisly WO L aiste lists dzy Is
stswdzd W .

1 5Ofj tOL©OBBICd, tdmsd fanLOdzdzf' fl MY dzkz C
o sj stedd tsis[ClE0 @Bty B jsiif @it 9L HEN dzsE s

ttOClsjtedL s h jj jets fnt]’tsntSdeIsfr]IsJ 5@ ja g uEHSO § Bid ts
LMy zZ2OIOydd ftod oL dsyde' » tslsC OL On dzO
o yjdzr s 9 dgOflstswh j j-1 7oltehj 23W-3 8H A ts fplsjOw sty ddz' Is ¢
WedS ydsdzOdz dz" § d MmbstekClkztedsr § Mrjd3', kMmlsOdzse dzj dg
ddz' = fdfsjd d Oaplc oY) S tez@u pj dzsfisd d L Os
EsCOLtB L Ofdsiisd Whkd ydtsdOdz dg 2 MmdMmlsjdk. 1 O2H
dzj HsMsOIsC d. I wWoOmyjlsr fJtesdL o jHjdz o MmMtlse j Isf
flsOdzH Otclstso  d-4 75 44 T 6 -RORdmu, [-26.)

Analysis and control of risk levels n the operation of helicoptersin the framework of the
system of technical maintenancend repair system on condition
Andreev D.V.
MAI, Moscow
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The report presents the problem of security helicotiead stages of the life cycle (LC) from
design to operation serial helicopters. The safety is one of the most important problems of
modern aviation. Safety largely depend on the level of reliability of the aircraft and retains its
relevance and importaa at all stages of its lifecycle.

In a complex technical system, which includes the helicopter initially (for various reasons) is
the possibility offisystem erray that can lead to disaster. This error, which in the modern
aviation community is evaluatgtirough the concept dtisko needs to be found and predicted.
Risk is the predicted measure @mount of risk in the specified foreseeable hazardous
condition (a special condition), if you may experience threat (risk) of the e#especial
situation § a situation that occurs in flight because of the impact of adverse factors or their
combinations and which reduce the safety of the flight.

Without the implementation of thBconcept of acceptable riskhe existence of modern
aviation as such is unacdeple. Therefore, the risk analysis, the ability to foresee its
consequences and to make timely and informed decisitireskey to safety.
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The aim of this work is to assess risks in relation to the analyzed sy3tetine basis of some
characteristic conibations of the functional state of the system is required to find the quantity
equivalent to determine the level of risk to the helicopter as a wihadeparticularly important
to maintain an acceptable level of security in terms of the strategyhofitat maintenance and
repair systenfion conditiom, characterized by exploitation of the systems of the helicopter to the
failure state or previously failure state.

At the design stage, the risks associated with the operation of helicopters are considiesd
basis of the theory of safety assessm@&afety assessmeiit the property of an aircraft,
describing its ability to ensure the safe completion of the flight in expected conditions of
operation during possible failures on board.

With this aim curratly for helicopters Mil71A2 and Mi38 is created with functional and
structural diagrams, specified levels of risk, at the failure of certain systems and components,
calculation of reliability and complete safety assessment of functional systems. Rulind a
corrected design flaws. All the calculations were made in accordance with the requirements of
international standards and circulars ABRF54 and APRI761,0 +29-24, AR-29.

0 dOdzdL EfmMdseod?2 1 ¢Mf z2OlOydd d btejBtse Oded?2 & (
GtczotsdstocH dzsHsMiskzf dzf | t©00O2 sdg
ptolzo j dzdzd rsddetseo [ . o .
forR, 6. [tMCo0O

I deOfmlsswh jj eotejdw o Mmowid f duLdgjdajdedjds € dzd
sjtetedlssted? Mmkh jMmlseakjls MisttOW dzj 5B R SHaf disdhis f
Is to O dzfn f-@deds@atpd s dzdzs 2 dstsB d dz! detsfylsd o IstekH dztsH sfylskzy dzr

Kjdzt 8 HOdedzts?2 t©OBBIT WodzWwdzsfp! o' Hjdzdls: d §tets(
Efdztse d w L Cif &z Ol Oydd 0o d Oy tsdadzr = fnd mlsj ds, tsfr
StbHdsHsMsE] d' | ©O2tsdy .

licor @ B8ds tojh jdedw 1 Iss?2 LOHOYd weodzwjlsfqw tsBL S
sB zOMisd HEMisOeaCd ctokLte o ItokHdsHsMiskzyd J tcO!
5B d&OMIj2 ft dzjtsBAtsHBsNisd HSMsOsSd ctkL s,
stcOdzy stelsdets?2 s jsts@lpdsdnlseo 2 i gRo dfiR] MdzOBttOL o dIlsts

I stster 3 { Ot wodw jlsmw OdzOdzdL MY jyd¥duimsdn
stej Bso Odzgd2 ¢ bkOSCdd MdMmlsj B8O dzO0 thdtsej dMmnaH
fjtcosets { O O.

tdLizdz sOIstsd3 o f tsdrdzjldipas 2y jadf)isotg 5" tevjoSds d3j dzH Oy d d
BBd&dCO Mmdmkjdr HsMsOeSd ctkzLtse o IbtokzHdsHshsE
stejBtso Oded? d bkfmdzsed2 ¢ zOIOYydd.

The analysis ofrequirements and operating conditions of aviation cargo delivery systems
(ACDS) for hard-to-reach areas
Aruvelli S.V., Dolgov O.S.
MAI, Moscow

Need of development of remote and h&rdeach areas dictates specific requirements to
cargo delivery systems. At the design phase of such systemsiécéssary to be based on
infrastructure requirements and limitations imposed by-t@réach areas. In this work the main
requirements and operating conditions of aviation cargo delivery systems were described and
analyzed.

The aim of this work was to altate and analyse the main requirements and operating
conditions of the aviation systems which are used to cargo delivery to remote areas.

The first phase of the solution is the review and the analysis of current situation in the field of
cargo delivery taemote areas, definition of the most critical areas having specifics in realization
of transport operation in the conditions of the absent or underdeveloped infrastructure.
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The second phase is the analysis of specific restrictions, operating conditidns an
requirements to such systems on the basis of initial data obtained as a result of the first stage and
imposed by terms of hattd-reach and highland areas.

The result of the work is target recommendations abargo delivery systendesign taking
into account specific requirements and operating conditions.

dolssBOdL Jtetso OdzdzOW dzOL § tedzOW M MiIsj BO ¢ tsdels to ts dzv
f sdziflc@ §sMOHC] MOz SO
1 0Odzr Sdzj 2SS dOdn .ylj.ow aB.BSIsSddz 1. | .

[ OoRrR, . [tmMCe O

ssdi30dL dtctse Gdfdpdj daR0 ¢ jsterz@Ms dzv ke Oo dzj dzedw  Iste
OHSC)] MOdsdz O fij HdZOL dZOYOj Isfw Hdzvw Ctsete] CIsd te
ttHddzOl MO0 ¢ ¢ EEedHOHIOUKIA] HosAsEE . o L) dgjdls d
OHSE 1 SdfOyE MOdsdayjsdd 2dzjSSB@Risdjdidis LLYGH @s,! o Ists
BJ dedzsmisd tojdz' jWO o3 Misdesmlsd, Stdzstetsdzdtetse Ols! o
dzilsj Ichodgidas? (tsdsh] o Rtddfmists? & Misdshls
GGcftctsaOlsJ z0 Misted di3d Is p gzte dettets fif lbs'd B dzd 3@z 0 EH(sffierd  fd
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duimSdn ©MsejddzsMlsj2 o (COLOdIYA o' Misksd®

tszBIslsr HOdzdzs?2 MdMmisj df3r @) daz® Ofgd| jdapd @zR'o dz'H
ﬁ]aJlStS’LLIZSfI]lSSC{lSJdZJ dz' = Ldzj d3 dzlstsoe o fistets j
ddd [ ¢ 9 dMmfisd LsoOddjd tBtOlsds?2 flov

w9 dzOy Offias ffABR s UsatspS j f edetdyrils. dztsf OL j o kMl
dzts 2 f zOlsYW tsted3j , sBjMmtfjudoeOsh j2 dL d3d dzj
Mo jltseots?2 st d&OLjttO® dO f§tsHdjlsOsh
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Automated laser system for monitoring and control flight trajeciory while boarding the
aircraft
Balikleyskiy F.V, Maltsev N.A, Subbotin P.V.
MAI, Moscow
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Automated lasesystem for monitoring and control flight trajectory while landing aircraft is
intended for course correction of the aircraft with exact binding coordinates aircraft to the
coordinates of the beginning of the runway. While landing the aircrew must selwehtble
complex of tasks, including analysis of the characteristics of the terrain, control altitude and
course. In some cases, when approaching the runway in a hilly area, the crew may not have time
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to respond to the rapidly approaching surface of thth gander certain conditions, caused by
uneven terrain, and because of the possible technical features altimeter readings), which leads to
emergencies.

The principle of operation of this system is based on the guidance of the laser beam on the
special sebf photosensitive elements embedded in a nasal part of aircraft, and on tracking of the
aircraft using feedback. The source of the laser beam is placed at the starting point of the runway.
The laser is placed on a precision platform, providing a changeeidirection of light beam,
directing laser light on flying aircraft and lighting certain partéigift-sensitive matrix installed
on the aircraft. This realizes process control landing of the aircraft on a particular trajectory
landing path by measurinthe angle between the optical axis of the laser beam and the
longitudinal axis of the current trajectory of the aircraft. Automatic fixing of the beam on a
moving aircraft in the zone of ligfgensitive reception matrix is provided through feedback radio
channel.

The first stage of work is to determine analytically the possible conditions of applicability of
an automated laser system and limits on its use.

The second stage is to formalize the system requirements and to develop a mathematical
simulation malel that includes the algorithm of functioning of the system: energy, frequency,
amplitude, and spatial characteristics the generated signal light with a response to the feedback,
characteristics of photosensitive reception matiith the formation of inbrmation and control
signals to adjust the flight path and for feedback.

The third stage is to design the system and then create a pilot sample and test it.
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Changes in the longitudinal balancing characteristics for the replacement of the
aeroengine of a military transport aircraft by the example of IL-76 TD-90VD
Borisova V.A
MAI, Moscow

The purpose of this vk was to study the changes in the longitudinal balancing
characteristics when replacing a power plant using the example of the military transport aircraft
IL-76. The technical report of GosNIIGA and J$CAvi ati on Compl ex named
I I yuswas sudled and analyzedabout the tests to study the longitudinal balancing
characteristics of 176VD aircraft, carried out by JS@Aviation Complex named after. S.V.
llyushind. Based on this report, asell as the materials of GosKBA obtained during the
operation of the IE76 TD-90VD aircraft (from the PS0A engine), it was concluded that when
the power plant was replaced, changes in the longitudinal balancing characteristics occurred.
Based on the materials studied, the changes in the longitudinal bglam@racteristics were
quantitatively evaluated and conclusions were drawn on the need to make appropriate changes to
the Aircraft Flight Manual (RLE).

Reason for research:

The PS90A engine weighs less, so the moments of inertia change, and as a frekelt o
stability and control characteristics.

In the sectionfilnvestigation of the changes in the longitudinal balancing characteristics with
the replacement of the power plant of the7 aircrafd (Section No. 7), the changes in the
performance of theL}76 aircraft from the BBOKP engine to the PS0A-76 engine are listed,
ie:

A after the engine was replaced, it was confirmed that there was fuel economy and improved
the basic performance of the aircraft. This means that thanks to this, airlines canthedoast
of operating costs for this type of aircraft.

A the new modification fulfills the modern international requirements for aircraft in terms of
environmental friendliness and noise in a given period of time, unlike the previous model of the
aircraft.

The result of the performed work is how different are the longitudinal balancing
characteristics of the HZ6TV-90WT aircraft from the characteristics of the78TD aircraft
incorporated in the RLE and whether these changes affect flight safety andhamess.
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Evaluation of the geometry of the distribuion of the gas flow emanating from the hole
perpendicular to the supersonic gas flow, the method of digital processing of the shadow
images
Bobrishev V.V, Burushko A.E.Bobrishev V.V.
MAI, Moscow

For the supersonic flow of the gas stream have the option of streaming it jets out of the holes
perpendicular. It is important to evaluate the geometry of the total "core" arising from the
addition of data flows. It is important to estimate theevescomponent of the interaction. To do
this, the authors considered the option of digital processing of shadow images of the
phenomenon. For decryption of 2D images it is necessary to consider scale effects images, place
framing of the necessary land amihging the images to the same quality.

The area of the image cropped photo appears in the form of digital matrix taking into account
the zoom factor. It is advisable to present the video frames to grayscale colors instead of RGB.
This simplifies their pocessing. Identify a reference image in the form of the function L=f(x,y,t
0), where L is the intensity of the image, X, y coordinates of the cell, t0 is the temporal function.
Comparing with this image of thetti image f(x,y,ti), we obtain a differentisnage.

The analysis of the N difference images allows to track the dynamics of changes of the
geometry of gas jet flow emanating from the holes to reveal the law of change of intensity
(density of gas), depending on the time flow. To determine thepaidé change in the forms of
wave of currents in the totdlepending on the speed of flow of the gas jet from the orifice and
the speed of the main flow.
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The shape of prospective alcombat simulator for the 5th generation aircraft
Vidyaykin A.A., Pravidlo M.N, Biryukov P.A, Polienko I.N.
SMEDB i VyWopowl 0

The new approach to creation of a modern air combat simulation complex, which allows to
qualitatively improving the level of flight crew training is suggested in this widnk. problems
existing now in the field of domestic simulators of air combatcansidered here.

At the present time, the problem of maintaining required level of combat readiness of the Air
Space Forces is becoming increasingly relevant. It is required to provide a balanced growth both
of the combat capabilities of aviation equiprhand the level of flight and tecieal personnel
combat training.

In existing simulators today, missile model usually replaced Ifgnaterial poind and its
motion is taken as a certain average path, and the probability of hitting is considered known in
advance and constant.

The shape of a proposed complex simulator in which detailed mathematical modeling of the
processes of missiles separation from a carrier aircraft was redlietdmakes it possible to
train flight crew to missiles application, takirinto account the features of launching concrete
missiles as well as reproducing operation of alboard electronic systems, the dynamics of the
carrier aircraft movement, the dynamics of the selected missile movement on the Aviation
Missile Release Symsms, the missiles movement in the aerodynamic influence field of the carrier
aircraft with influence for aerodya mi ¢ i nt er f esflight to the targetbasedonthes i | e 6
calculated targeting model.

The proposed shape of the air combat simulattowa to simulating various combat
situations, ranging from near maneuverable air combat and ending with attacks of distant air
targets, taking into account all the tactical and technical characteristics and usage specificity of
various airto-air missiles
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The influence of production technology on critical parameters obending and torsion
buckling modes for structurally-anisotropic panels made from composite materials
Firsanov V.V, Gawa L.M.

MAI, Moscow

The paper discusses the buckling problems of flat rectangular multiplied panel from
composite materials, the casing of which an eccentrically supported by the longitudinal
transverse stiffening set. The panel is satgd to distributed loading applied to the edges in
casing plane. Boundary conditions for the longitudinal edges are agree for plane problem and for
bending one. Boundary conditions for lateral edges are assumed to be of quite general type.

One should tak into consideration the technological factors occurring in the manufacture of
composites: residual thermal stresses arising during cooling after hardening astbgsed
tension in reinforcing fibers.

For reinforcing elements being in the complex tesisei two-plane bending and limited
torsion, the theory of thiwalled elastic robs is used without the hypothesis on the shear
deformation absence. Further development of the theory ofavdlied elastic rods related to the
contact problem for the skiand the rib with the refinement of the model of the last one reflects
the scientific novelty of the research.

The schematization of the panel as structwaitlisotropic one has been proposed as a design
model when critical forces of total bending formbuafckling were determined. For mamgaved
torsion buckling study one should use the generalized functions set.

The differentionakquations of eighth order partial derivatives are the resolving ones for the
precritical stressstrained state and for éhbuckling problem. The solution in closed form is
constructed by unitary trigonometric series for the particular case of conformable boundary
conditions on two opposite sides. We examine all possible variants of the lateral boundary edges
restrictions irrelation to the connecting plane problem and the bending one.

Computer program package in the operating system of MATLAB has been performed. Since
the solution made by exact analytical methods, the calculation time is of the minimum one, that is
of interes from the point of view of practical design using parametric analysis. The results of the
buckling analysis calculations offer the possibility for reducing and optimization of the aircraft
elements weight characteristics.
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Conceptual composite longeron design for low payload unmanned aircraft
Gaurav DhimanScherbakov V.A.
MAI, Moscow

Considering modern low payload UAVs, the structural elements of most of them have been
designed based on approximations sometimes resulting in extra strength and sometimes in lower
strength. These lowgyload UAVs can have a more effective structure in terms of weight if the
longeron is designed using the following algorithm which needs lesser resources compared to the
most common finite element method.

After the initial sizing of the aircraft wing, theext step was to do wing mass estimation and
find out the approximate weight of the winfgfter this the loads were analysed on the wing using
an analytical approach which would predict the basic loads of lift force, gravity and moment. To
predict the lod factor (n) for the longeron the type of flight tasks the UAV would go through
were analysed. After this the basic structure for the composite longeron was decided. The next
step for us was to construct the stiffness matrix of composite structure (d&RdVatrix),
where tensile, bending and torsional stiffness?éd
properties, layers orientation and the relative position of the layers in the structure. This allows us
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to calculate elasticity and shear modulugll, approximate structure modulus and also allows us
to predict composite structure behaviour.

Analysis of longeron (beam form) was performed using the application of the classical
Laminated Plate Theory (CLPT) in terms of beams [1]. This method ésl lmasobtaining of the
longeron stiffness matrix, that also called ABiatrix (see [1]), and on multiplication this matrix
to vector of external loads [N Q R]As result, we have strain distribution in the cross section of
beam.

Most of the limit valuesdr composite materials are given in terms of both stress and strain.
These values correspond with Hookeds |l aw for
composite materials can be analysed with these values. But in cases where the limits values,
egecially for highmodulus materials such as Carbon, are given in terms of strain only, the ABD
matrix method allows us to avoid the Aunneces
in the structure and helps to reduce a volume of calculatidhgasame time it allows to predict
reasonably well the behaviour of the considered beam (longeron). The results obtained by the
CLPT method with using ABBnatrix can be more accurate and are verified and validated by
finite element method (FEM). All othis made this method more practically useful for design
estimation compared with others.
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Structural -parametric analysis of alternative versions of regional aircraft
Gritsay O.Yu.
MAI, Moscow

Class of regional aircraft (with passenger capacity from 50 @opa8sengers) is usually used
by regional divisionsof major airlines, as well afor local transportation of goods and even
transportation of military units.

Three models of regional aircraft were selected for this research work, these are:

A the Canadiarmircraft Bombardier CRJ1000, which is the largest representative of the
family (the number of passengers is-HB4) and is designed for operation on highly loaded
regional routes;

A the Brazilian aircraft Embraer E19%he newest and largest (passenger cipa06-124)
representative of the Embraer family of aircraft;

A Sukhoi Superiet 100 is a Russian regional passenger aircraft (with
a passenger capacity of-388) developed by Sukhoi Civil Aircraft Company.

In this report aircraft are considered as alsimdpject, without division into components.

All three aircraft are made according to fi@assi® aerodynamic balancing scheme, with a
cylindrical fuselage and two turbojet tWmop engines under the wing.

The performance of the selected models was eoetp and the layout
of the aircraft salon, depending on the class, was analyzed. Thedistayice diagrams for
selected aircraft models and their modifications with the same fuselage diameter were
constructed and analed. According to the results the analysis it was revealed that:

A model CRJ200 (125 lines with a layout 2+2) is the most profitable
for transporting a small number of passengers (up to 50);

A CRJ700 (19.5 rows with a layout +2) is optimal for a flightip to 78 people;

A Embraer E195 (38 rows with a layout of 2+2)sithe most profitable model for
transporting up to 122 passengers;

A E190 (28 rows with a layout of 2+2) shoue operated for a flight over a distance of
more than 3,990 km, ar8uperJet100LR (19,5 rows withlayout of 2+3) more than 4,200 km;

A if you compare the SuperJet10®@ rows with a layout of 2+3)nd CRJ1000 (26 rows
with a layout of 2+2), you should choose the second model, however, the E195 (30.5 rows with a
layoutof 2+2) is the most profitabler transportingpassengers from initially selected models.
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CFD smulation of a passenger aircraft wing equipped with a triangularleading edge
extension
Gueraiche D.Popov Sp.
MAI, Moscow

The aim of this work is to evaluate possible improvements of the aerodynamic chdiesteris
of a supercritical airfoil wing typical for a passenger aircraft by means of a passive vortex
generating device of triangular planform and large relative area, installed along the leading edge
of the wing. Various configurations of such triangulareesions were considered as wingtip
devices, potentially improving the performance of classical Whitcomb winglets or completely
replacing them. CFD simulations on DRI wingbody prototype revealed the relative
advantage of these devices, both when indizily installed and in combination with a large
sweep angle raked winglet in terms of reducing the induced drag with a much lower weight
penalty, manifested mainly in a much lower wing root bending moment compared with the
classical winglets.

Another stuéed herein application of the wing leading edge triangular extension is in the form
of a root extension high lift device, to be installed in the-sgpdn of the wing at the typical
engine attachment point. CFD simulation of the flow around {B¥Rmodel eqipped with this
device revealed a much more global change in the transverse flow pattern and a bias in the
distribution of circulation spanwise, but a less significant increase in the-tiftag ratio at flight
angles of attack, as compared to wingtipeasions. The installation of this device on the more
realistic passenger aircraft prototype DER, that includes engine nacelles and attachment
pylons, revealed a significant improvement in the lifting properties of the model at large angles
of attack, a increased critical angle of attack at low speeds, and a decrease of the engine nacelles
blanketing effect of the air flow at the wing root. Due to the presence of engine pylons as a heavy
bearing structure, this triangular root extension may serve amamative high lift retractable
device, significantly improving the tal@f and landing characteristics of future aircraft.

The result of this work is an innovative way for passenger aircraft designers to improve both
fuel efficiency at cruising, as wehs the takeoff and landing characteristics, using vortex
generating extensions of triangular plan form and large relative area, retrofitted along the wing
leading edge.
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The optimization algorithm Kuhn -Munkres for identifying marks with trajectories of
targets
Drozdov D{ ., Tatarsky B.G.
MAI, Moscow

In this work is considered the optimtzan algorithm KuhmaMunkres, which solves the
problem assignment for polynomial time. The problem assignment for trajectory processing of
radar information is formulated as following way: had list of markseceived for this review
and list of trajectoriesn. It is necessary correlate an existing marks with the trajectories.
Criterion of optimality is minimization total distance between marks and trajectories. A
polynomial time of the algorithm is determined by an asymptotic:

O(n3) whenn=m (for square task);

O (n*m), whenn [ (for rectangular task);
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The algorithm KuhrMunkres is a modified version wethown Hungarian algorithm, which
has a time complexit® (n?).

The solution can be divided into three stages.

The first stage ido prepare a data(the matrix of normalized distamsasix(n,m) for the
algorithm KuhnMunkres.

Every trajectory is checking to get marks in gate this track.

This is done by calculating the normalized distances corresponding statistical distance (the
distancef axalanobis). If normalized distances will be greaterthagn 3 such t framc k i s |
mark. If the trajectory is far to all marks, it is excluded from further consideration.

The second stage is applying an optimization algorithmatrix(n,m)for idertifying marks
with trajectories.

The third stage is a correct processing of the result. If an algorithm will givie tgpectory
mar k, and i distahca,snarkidouidf not moijoin yoctrajectories. In this case the mark
will create a new trajeory.

The result of this work is realizing the algorithm identification.

This algorithm can be use in modern radar system and complexes.
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Development of an unmanned aerial vehicle for vertical takeff and landing of an
airplane circuit
Zolotarev A.Yu.
MAI, Moscow

The purpose of this work was to obtain the trajectory of the verticaldffked an unmanned
aerial vehicle (UAV), as well as the calculation of its dynamic and arewdig characteristics in
connection with its uniqueness.

The prototype is the UAV of DTL. The UAV is designed according to thduckd scheme,
has a wingspan of three meters, two electric motors, whose charge lasts at least 30 minutes of
flight, the flightrange is equal to 90 km.

In this paper, a simulation was made of the transient process afffaked the transition to a
horizontal flight of an unmanned aerial vehicle. The result is the takeoff trajéctioeygraph of
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H (L), as well as the valuesf normal and tangential overloads, speed, altitude and the required
deviation of elevator rudders.

The first part presents the calculation of the basic parameters of the aircraft, aerodynamic
configuration and the choice of the type of engine. The segaridncludes calculation of flight
performance, maneuverability characteristics and calculation of the UAV flight trajectory. The
third part includes the compilation of the equations of motion of UAVs on takeoff, as well as the
compilation of a motion nel.

It was believed that the software turn by pitch (in the longitudinal plane) after the vertical
launch of the UAV is performed without roll and slifye will also assume that the anglgs ¢,
small.
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Structural and parametric analysis of first class, business class and economy class of
long-haul aircraft with large passenger capacity
Izgagina K.A.
MAI, Moscow

The goal of this work was a structuyzrametric analysis of theariability of passenger
capacity of an airplane using the example of Airbus A380, depending on the range and time of
flight, which includes the development of design recommendations for the layout of first class,
business class and economy class in eash.c

The first stage of this work was a multifaceted examination of the object of sithlyhe
const r uc tLoadDistanc® diggriame to determine the parameters and limitations of the
objective functiori passenger capacity of the Airbus A380. Btege included:

A determining the place of the topic in the structural decomposition of the aircraft;

A identification of models, the parameters of which can be varied within the composition of
each type of salon;

A study of ergonomics standards for the comfulgglacement of passengers in each cabin
class for different flight times;

A analysis of the cross section of the aircraft fuselage along the decks.

The second stage consisted in analyzing the available layouts of each salons of the Airbus
A380 from the aiines operating this airplane model. It was revealed a direct dependence on each
of the airlines in choosing the step of the seats, their width, width of the passage and the number
of places from the duration of the flight.

The third stage included the ddopment of criterias for the comfortable flight of passengers
over long distances, the analysis of airline decisions in the issue of a compromise between the
comfort of flight of passengers and the price of a ticket for a flight. It was determined the
percentage of passenger seats in each cabin class from total passenger capacity: fifsbitiass
1.5% to 3%, business classrom 11.8% to 20.7%, economic clas$rom 76.3% up to 88.4%.

There is a significant difference between the economically unchgrayadneters of economy

seats and the large variations of passenger seats in the salons of the first and business class: the
step and width of the seats in the first class cabin range betweer221¥57/m and 0,718,753

m, respectively, while in the ecomy class these numbers are-0.86 m and 0.466.48 m,
respectively.

The result of the work is the development of project recommendations on the passenger
capacity of the Airbus A380, depending on the range and time of flight, including the
determinationof the optimal flight distance (from 5000 to 7500 km) and, accordingly, the
optimal number of seats (from 480 to 525) for a comfortable stay passengers on the deck of the
aircraft.
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The prediction of path control tracking in the landing task of modern highly augmented
aircraft
Irgaleev I.Kh.
MAI, Moscow

SsSFges IS

One of the typ of the piloting tasks is the precise path control tracking. The following
missions are related to them: glide slope tracking for the landing on the runway or carrier, terrain
following, refueling (at the final stage). In all of these missions the ctedrelement dynamics
(i.e. the transfer function of aircraft + flight control system) has high pole order in the origin. The
manual control of such dynamics requires the considerable pilot lead compensation and closure
of several loops by him. In the longdinal channel such loops are the pitch and clime rate.
Except the increase of pilot workload the control of such dynamics is accompanied by decrease
of accuracy.

The improvement of flying qualities might be realized by the different ways.

The first way $ the usage of predictive display. Except the progress in avionics and wide
usage of the displays such displays demonstrate the corridor in which the aircraft has to move.
Such indication allows to a pilot to evaluate the current position in space amaggtotm from
compensatory tracking to the tracking with preview.

The second way is the usage of direct lift control (DLC) system providing the decoupling of
path and angular motions.

The third way is the integration of predictive display and directdifttiol system.

The technique for the synthesis of predictive information allowed to take into account the typical
peculiarity of highly augmented aircraft dynamicthe time delay in aircraft response. Such delay
is defined by the different filters in cool system, digital realization of flight control system
algorithms, actuator dynamics, rate limit of control surfaces deflection and some other reasons.

The efficiency of each version of the improvement was studied on the specialized simulator
with ster@scopic screen. The piloting task was the landing task where pilot had to track the glide
slope and to compensate the error signal. The results of experiments demonstrated that the both
versions of improvement provide approximately the same accuracydmgtipe tracking (case
t=0) . In case when U was not zero the wusage of
negative effect of time delay. The simultaneous usage of DLC system and predictive display
improves the accuracy (additionally).
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The advantage of implementing the standard AS9100 in organizatiomiation, space
and defense industries
Karaseva O.S.
MAI, Moscow

In the modern world is extremely important to the quality problem of the products. Its
successful solution largely depends the sbeling of any company, organization as a whole. The
higher quality increases the chances of the supiplidrte competitive struggle for markets. It is
particularly important to note that the aerospace industry such indicators of quality as reliability,
maintainability are of great importance. The content sections of the AS9100 standard draw our
attention tothe reliability and safety of products throughout the life cycle of products. In the
Russian Federation national standard GOST R EN-2000Q “"the quality management System
of organizations in aviation, space and defense industries" which is similar 1S9

Currently have an implemented and certified in accordance with the standard requirements of
the quality management system became a mandatory requirement of the world's leading
manufacturers in the aerospace industry such as Boeing, Bombardieruppiiers. After the
introduction of the standard AS9100 in the organization observed:

Joining the organization in the international database of suppliers of the aerospace sector
(OASIS);

1. Reduce costs by raising productivity;

2. Increases knowledge in the fiedf quality;
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Reducing the level of defects;

Constant modernization processes of the organization;

Development of internal communications, scheduling and allocation of material resources;
Raising the customer satisfaction through meeting their requirements

Continuous improvement of the organization's activities

through the use of modern tools of quality.

Appllcatlon of the standard leads to improved quality and is a pass to the international market.
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The analysis of possibilities of creating a multrotor platform with a hybrid power plant
Klimov 1.S., Pimenov Yu.M, Mironova M.A.
MAI, Moscow

This work focuses on the issues of creating of air drone by type of arotoltiplatform with
the use of two types of energy sources for its further transformation into torque.
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In connetion with the development of microprocessor technology, the development
accumulator battery and the widespread use of composite materials a multicopter becomes more
popular. Multicopter is a flying machine built by helicopter scheme with three or mams.rot
The simplicity of design (the absence of a swashplate, deflected control surfaces) makes it easier
to maintain [1].

But this type of air drone has its disadvantages. The flight time of these devices, on average, is
1530 minutes of medium flight acily. Multirotors are usually installed lithium polymer
batteries, which have a maximum energy density per unit volume and mass. But at present, the
technology of creating batteries of this type has reached a peak of its perfection [2].

After analyzing thevarious types of energy sources, it was decided to create an experimental
model of octocopter (a variant of a multicopter with 8 rotors) with hybridource of energy. It
was decided to use a gasoline engine to create 80% of the thrust, which enougbftaiakaft
and his subsequent flight. The torque from this motor is transmitted through a pulley on the axis,
which are mounted propellers. Brushless motors are used for maneuvering. They are powered by
a lithium polymer battery to create a 20% thrustjch are used to stabilize and maneuvers.

Thus, the efficiency of the air drone is higher by almost 30% than the closest analogues. For
example, the German development a Yeair quadcopter uses two motors for each rotor: gasoline
for the creation a basic band electric for acceleration or braking of the motor of the first type
[3]. The disadvantage of this approdchseful energy is lost during deceleration of the rotational
speed of the gasoline engine. In our development, this disadvantage is talk@tmint and we
make use of the maximum available energy of the hybrid power system.

1. Evgeny Erokhin, Andrey Kolomiets Multicopters: a new kind [Electronic resoiirce]
URL: http://uav.ru/articles/multicopters.pdf (reference date: 09.03.2017)
2. Khrustalev DA. Batteriesi Moscow: Izumrud, 2003

3. Yeair (official website) http://yeair.de
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Midget aircraft geodetic schemeanhighly specialized applications
Kolpakov A.M,, Dolgov OS.
MAI, Moscow

The aim of this work was to design methods allog to form a family of UAVs with the
following advantages:

A protection from external inflrees when faced with obstacles, namely: first, the
protection of rotors and protect the batteries and appliances on Board the UAV;

A selection of the specific load depending on the task;

A simplicity of production,

A light weight and use of composite materials.

The choice of the scheme was due to the results of research conducted in the development of
superheavy transport Mi2, made according to the scheme "triangle" connection gondolas,
where the beams form an equilateral triangle.

As you know based on work thaas conducted in 8@s Vasiliev V. V. and V. A. Bunakov
reviewed the application anisogamy designs (they survey) to create the aircraft. Their main
principle is a design consisting of spokes, where the covering iso®rnive, and all the load
take pover elements positioned between a cradseme. The history of this began with the
bomber Vickers Wellington, the spacer of the housing of the rocket PROTON. To implement the
aircraft was designed and printed on a 3D printer the housing unit scheme, ittes \slithr
coaxial rotors, which was shown the feasibility of this concept. Due to the strength behavior of
plastic and the internal structure of parts printed on a 3D printer of which was assembled the
chassis of the prototype UAV were able to achieve Hia @lesign massive efficiency at a low
level, but when switching to PCM or Construction welded aluminum tubes of mass will be
achieved much more efficiently.

To solve the problem of protection of surrounding objects and blades from a mutual contact
was pr@osed and implemented several approaches

A Classic protection of propellers, additionally moutidivaika on the power circuit of the
device (rotor).

A Mounting bars installable on the power circuit of the apparatus.

A Anisogramma shell virtually unimpeded thdpsallows through the air flow and is thus
the main circuit of the aircraft.
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The advantage of our solution is that in our case securing screws integrated into the CMP and
is just one of the functions and therefore it allows in the future to achieve iethroass
properties.

Geodetic KSS in this case makes the device more secure, because the effect of full coverage
of the device it covers most of the possible interaction scenarios with obstacles.

The results of the work performed is:

A The production of a ptotype UAV surveying scheme using additive technologies.

A To create a calculation similar to the design of the PCM.

A Developed design methodology and technology of production of aircraft of this family of
UAVs.
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One of the methods to calculate the vertical flight velocity of a supersonic airaft
Markelov V.V, Gurjanov A.V, Shukalov A.V, Zharinov I.O, Kostishin M.O.
EDBAEIl ectroavtomati kao, I TMO University,
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An option to calculate the vertical flight velocity of a supersonic aircraft by compiling the
information obtained from the neplatform inertial navigational system (BINS in Russian) and
the aerial signal system (SVS in Russian) is being studied. THmweod computing system
calculates this value to obtain more precise vertical velocity value taking into account the
individual features of the neplatform inertial navigational system and the aerial signal system.

The vertical velocity determination is bbei realized under simultaneous processing of the
barometric height parameters obtained fitie aerial signal system and the vertical acceleration
obtained from the neplatform inertial navigational syster@ne may find the vertical velocity
value by soling the third order Kalman filter system of equations with high frequency
inaccuracy compensation and delay in barometric altimeter and also measurement instability and
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slowly progressing inaccuracy of then-platform inertial navigational system accelaeters in
the vertical channel

The weight coefficients of the filter system of equations must be found fromothglatform
inertial navigational system and the aerial signal system technical specifications and the data
obtained from the flight experimen

There is another problem when calculating the vertical velocity of a supersonic aircraft. It is
excessive inaccuracy level of the barometric detector in the field of speeds which are close to the
sonic speed. So that why additional coefficients whadtetinto account the Mach number and
reduce the weight function of the barometric height in the field of the transonic speeds were
added to the system of equations.

The analysis results of the vertical velocity calculation option during the experimégital fl
were given. Those results include a comparison of the vertical velocity calculated values and the
measurement of external trajectory. Some recommendations how to realize this process-in the on
board computation system were given as well.
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Mathematical modeling of the helicopter landing on the FAR29 standards
Kruchinin M.M.
MAI, Moscow

During the work on the helicopter certification, problems often arise to increase thafftake
weight of the helicopter, witthe airframe and landing gear structure should not be changed. To
verify compliance with the existing design standards of strength, it is necessary to carry out a set
of tests and calculations. One such calculation is the determination of external lotus on
chassis and glider in the landing cases. In this case, the landing conditions are set in accordance
with the strength standards of FAR.

Existing methods of calculation, created in the 70s of the last century, do not take into account
the actual worlof shock absorbers and pneumatics and do not take into account the influence of
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frictional forces between pneumatics and the surface. Therefore, the construction of helicopter
landing mathematical model to determine the load on the landing gear anchaii$ran urgent
task.

This paper continues the author initiated the investigation of dynamic processes occurring
during landing of the helicopter with the help of mathematical modeling. It uses the chassis
previously created model of the 8, updated aarding to the results of certification tests.

To simulate the helicopter landing according to F2®Rnorms, a rigid model of the N8
helicopter airframe with the connection of the models of the front and main chassis supports was
constructed. Using theoostructed model, parametric studies of the helicopter landing dynamics
with different initial conditions were carried out. The thrust of the main rotor is considered
known and is set according to the strength standards.

In the course of the study, thelirfnce of the friction coefficient of the surface on the work
of the damping system and the magnitude of loads on the chassis are estimated.

Showing further ways of development and refinement of the developed method of calculation.
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The formation of air braking contour by installing deceleration hanging device for
fighter-bomber
Lazareva D.Z.
MAI, Moscow

The deficiency of air brakes on the 4th generation fightenber negatively affects the flight
modes, where tight speed control is required: aiming while volpique, flightatosn and
emergency pusbown.

As the object of research, a plane of normal aerodynamic configuration with a foreplane was
chosen.

As is known, brake shields are widely used on airéralflectable surfaces located on top of
the fuselage, in the tail gaor on the wingj used to increase aerodynamic resistance. There is
no brake plate on the object under research and a constructive realization of this method is
impossible. Therefore, the design of the deceleration hamigvnigei the shield, which wilbe
attached to the ventral points of the suspenisisconsidered. Deviation of such a device can be
ensured by an independent drive.

An analysis of the effectiveness of this method of braking was carried out based on the results
of full-scale experin@s in a closedype subsonic wind tunnel with an open working part. For
purging, an isolated model was used, which simulates, like an analog aircraft, the placement of
significant structural elements, namely, engine nacelle, ceatt@on and shield.

To evaluate the effectiveness of the method, the increments of drag coefficients, pitch moment
and lifting force are compared when the device deviates to angles of 60 and 90 degrees.

From the experimental data it was obtained that the drag is ensured stabyt = 17 A, aft
which a sharp decrease in the valbegins. At the same time, an insignificant lifting force is
created by the deflector deflected by 60 A, at
not affect the stability and requiresery insignificant parrying by the stabilizer.

This method of braking is very effective, since it gives good vatfieke increment of the
drag coefficient, and in addition the forces and moments that arise are very small in magnitude
and do not requirsignificant compensation, since they do not in any way affect the stability of
the aircraft.
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The system of models for the formation of the primary characteristics for attack aircraft
Levkov V.G, Skripnichenko Y.S.
GosNIIAS, Moscow

At present, the naturef military operations is actively changing and it becomes necessary to
formulate and justify the primary characteristics of the prospective aircraft of the attack aircraft.
The purpose of the work: the creation of a madethodical instrument for the Isetion and
justification of the aggregate of constructive and functional parameters of the complex,
determining its combat capabilities and most influencing its effectiveriéss. basis for
conducting research within the framework afiation combat compkes external design
technology is the analysis of modern technical and tactical solutions used in the design, as well as
the combat capabilities of the opposing side. It is also necessary to carry out predictive economic
estimates of costs for the deveatognt, production and life cycle of the product.

To achieve this goal, a set of models was developed, which includes a number of the
following elementsfrpmplex of information support for modeling; system of models for design
calculation ofaviation combat complexharacteristics; the subsystem of air defense system
operation models; a model for establishing an information contact; model of damage to the
ground target; model of overcoming and fighting with air defense means; model of simulation of
virtual space for the functioning of objects and interaction in the conditions of a single
information space; the system of grotimased models; the system of retedfor assessing the
effectiveness of aviation grouping; the system of models for estimating economic indicators.

To formulate the concept of the grouatlack aircraft, preliminary assessments of the
effectiveness of existing technical and tactical $ohs are made with the use of separate lewer
level models, after which alternative variantsagfation combat complegonceptual forms are
formed. With the help of the system of CAD models, the main technical characteristics of
alternativeaviation combatomplexesariants are formed and the possibilities of their existence
are assessed. The device makes it possible to perform parametric optimization of the aircraft
attack characteristics.

The developed software package on the basis of the muethbdich instrument has
application in practicatesearcheof the effectiveness evaluation of the combat use of the
aviation complexes of operationtlctical aviation and allows for the following: parametric
synthesis of rational forms afviation combat compiein the framework of selected technical
concepts; carrying out parametric studies with the identification of the region of unimprovable
characteristics, forecasting the economic characteristics of the complexes and their feasibility,
optimization of the ppearance for variants of technical concepts, determination of the glossy,
efficiency, cost characteristics of the complex.
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Experimental investigation of vortex structure of a finite span wing
Ledyankin M.A, Mikhaylov S.A, Kusyumov A.N, Stepanov R.P.
KNRTU, Kazan
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Investigation of tip vortices from wings and rotor blades has always been of interest to
scientific community, because understanding vortex intensity and its dynamics allows estimating
induced velocities on the aircraft components and its effect on other aircraft.

This work presents results of experimental investigation of tip vortices, trailing behind a finite
span wing. The experiments were carried out iFKT&ind tunnel at KNRTUKAI named after
A.N. Tupolev, which has free stream turbulence intensity E 0,5%, wind speeds reaching up to 50
m/s and diameter of the nozzle 2.25 m. All experiments were carried out at 28 m/s wind speed.

Experiments were performed on a rectangular wing, whichehaonstant chord c=7,8mm,
aspect ratio of 7.8, and rounded TsAGI type win
airfoil along its span, with its lower surface being flat. The wing was also painted to matt black
colour in order to mitigate the lighreflected from the PIV laser.

The velocity fields were measured using Dantec PIV system. The exposure frequency of the
laser was set to 8 Hz. An olive oil was used as for seeding the flow, because it has low inertia and
it can be well captured by a Pl¢amera. The camera was installed behind the wing,
perpendicular to the free stream velocity.

As a result, velocity fields were obtained behind the wing, which were then used to determine
the shape of vortices, trajectories of wing tip vortices for difierangles of attack. It is worth
noting, that the data analysis was carried out on instantaneous velocity fields, because of vortex
wandering due to unsteady flow.
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Improvement the maintenance programs of MRO at the stage of aircrafinodernization
using the MSG-3 methodology
Lifanov I.P, Dolgushev V.G.
MAI, Moscow

06/07/2017 at a meeting on aircraft construction in Ulyanovsk D.A. Medvedev said that work
has begun to create modernized aitchal14-300 and H96-400M. It was noted that airplanes
must win in competition.

The competitiveness of aircraft depends, inter alia, on the conditions of the maintenance,
repair and operation (MRO) system and aftgles services that affect the opemiiosts.

In connection with the use of the principle of a safe resoudtenwdesigning domestic
aircraft, the method of technical exploitation of the resource was used as the main one.

Periodicity of planned works on MRO is selected in order to minimiz rhtural
deterioration in the level of safety and reliability of the aircraft, not allowing beyond the norms of
airworthiness.

The development of the nomenclature of actions for MRO is based on the analysis of the
statistics of deviations in the operatiohaircraft systems using various techniques, including the
MSG-3 methodology.

The main task of MS@ analysis is the creation of the nomenclature of initial planned works.
The nomenclature of initial works is considered as a basis of formation of prietgriyements
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MRO for operators. However, there is a problem of adapting the initial requirements for planned
maintenance to real operating conditions and the external environment specific to the particular
airline.
The development of the MRO program incaance with the MS@ methodology will
allow:
1. to optimize the MRO aircraft regulations in terms of reducing their labor intensity and
increasing the intervals;
2. increase the intensity of the use of aircraft by reducing downtime on MRO while
maintaining tle required levels of reliability and safety.
The task of the study is to achieve the greatest efficiency of operation at the dewikiog
stage in the modernization of aviation equipment, and to determine the directions in which these
solutions should ®dsought.
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Solving the problems of designing electréampulse deicing systems for protection
composite lifting surfaces of unmanned aerial vehicles
Lobkova L.A.
MAI, M oscow

Protection from icing of unmanned aerial vehicles (UAVs) of long duration of flight is an urgent
task and has some features. The limitation on the available power excludes the use of traditional
electrothermal décing systems. Perspective systemsUdé\Vs of this type are electrimnpulse de
icing systems (examples of UAVs: General Atomics Altus, TAl Anka) and liquifliow systems
(examples of UAVs: MQL Predator, 1Al Heron).

For UAV Orion, developed at JSC Kronshtadt, an eleicijoulse deicing system (EI DIS) with
high energy efficiency was designed, for the first time in the Russian aviation industry used in the
carbon fiber structure. El DIS removes ice formations from the leading edges of the wing and tail
plane by creating impulse mechania#formations in the skin of the protected unit. Elastic
deformation is created by a force pulse, with a duration of52B(s, which arises between the
changing magnetic field of the inductors.

To ensure the correct operation of the deitig system, the task was to estimate the inductor
energy sufficient to discharge ice, while ensuring the strength of the skin. In tharprogmplex
for the strength finite element analysis of complex linear aodlinear engineering problems
AABAQUSO, the problem of the DIS impact on the flap sock was simulated.

Experimental studies of the El DIS were carried out at simulated icing staadclimate
chamber with an imitation of an oncoming flow at Central aerohydrodynamic institute. Preliminary
tests were carried out on the wing compartment equipped with an El DIS. In the course of the work,
the influence of the speed, temperature and vkter of the air flow on the efficiency of the El
DIS was studied. As a result of the research, the performance characteristics of -thieganti
system of UAVSs at various flight regimes were obtained.

The displacement amplitude, measured at the momensystem triggering using laser
triangulation sensors, correlates with the calculated valbtsned on the basis of finite element
simulation. This will further reduce the time required for designing and testing the system.
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The parameters choice bthe cargo plane carrier system using multidisciplinary
mathematical modeling
Komarov V.A, Lukyanov O.E.Klimov E.A.
Samara University, Samara

The article describes the conceptual desighrtiegie of cargo category aircrafsingdesign
paradigm fiConcurrent Desigh with simultaneous accounting of weight and aerodynamic
efficiency. As technology tools of technique are multidisciplinary high level mathematical
modeling, topology optimization gbrithms and nonlinear programming methods.

In article it is offered to use the concept of consecutive aircraft configuration synthesis "from
fuselage", having put on the first place the stage of fuselage conceptual design and mass of its
construction depaling on character, dimensions of cargo and payload mass and pressurization
size in cargo cabin. Then recovery operations of multidisciplinary optimization of geometrical
parameters of the aircraft carrier system (wing and tail), taking into account dbieect
characteristics of fuselage and the benchmark data with complex accounting of weight and
aerodynamic efficiency of the aircraft in general.

For the aircraft configuration optimization in nonlinear programming terms the technique
provides using of dfierent complex criterid universal convolutions, for example, the take
weightmy or fuel efficiencyb. Mathematical notation of criterion af, is the airplane existence
equation. Members of this equation are calculated using high level mathenmatidals.
Calculation of aerodynamic characteristics is made using the discrete vortex method. For
calculating of airframe structure weight was used the integral crité@amning Load Factadr
The methodology provides possibility of taking note of elas@ominations of wing on
characteristics of the aircraft. The algorithm of topological optimization on the basis of variable
density model is used for obtaining wing elastic characteristics.

The methodology shown in the example solution demonstration tasks.
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Stressstrain statement definition for soft tanks crash resistant fuel systems
Averyanov |.O, Koroleva Yu.G, Makoveckiy M.B.
Technodinamika, Moscow

Soft fuel tanks (SFT) develapent task is one of the most important tasks in the process of
helicopters crash resistant fuel systems development. SFT is made fromfaldsleematerial
with rigid chord. To satisfy strength requirements and optimize the material weight we find fibers
and develop the scheme of their weaving. That
based on mechanical calculations [1], that allow us to define stirags statements (SSS) of the
tanks material.

Almost all the load cases are based on the8hapter 29.952 requirements, that require the
fuel systems to be strength enough to resist the specified loads. According the point (a) we
should make the tanks quite strength to drop them from specified height without any leakage.
The requirements alsolalv the deviation up to 10 degrees during the tanks landing. Point (b) of
the requirements shows the acting inertial loads.

To calculate SSS of the structure we use CAE software with explicit dynamics module. The
most difficult thing is that the tanks afiéed by liquid. To calculate this task we use FSI (Fluid
Structure Interaction) algorithmis ALE (Arbitrary Lagrangian Eulerian) method. For dynamic
load case$ in case of dropping we use Von Mises Strength as failure criteria. For static load
cases & use the same model with additional damping.

Our experimental datawhen we drop the real fuel systanmshows good correlation with
calculation results. Analysis of all the calculation results shows that there are many critical places
in the structure tht were not define during the experimental tests. In most of cases, the reason is
that there is no possible to make experiment for some load cases.

Based on our research we can conclude that it is necessary to use experiment numerical
modelling to definette real stresstrain statement for soft fuel tanks of helicopter crash resistant
fuel systems.

References
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Estimation of aerodynamic characteristics of a NASA Irn1015 aerofoil with #eading
edge rotating cylinder using CFD and wind tunnel testing
Manish Kumar Panchal
MAI, Moscow

The purpose of this work was to estimate the aerodynamic characteristics of a NASA Irn1015
aerofoil with a rotating cylinder ahe leading edge of it. The main objectives of this are:
1. Increase the value of coefficient lift (CL) of the aerofoil.
2. Ilncrease the value of operational angle of a
3. Avoid or delay the separation of boundary | a
The work was carried out in two stages:
1. Using CFD tools.
2. Wind tunnel testing.
The first stages of the workas the CFD analysis of NASA Irn1015 aerofoil was done

wi thout using any rotating cylinder at itods | ea
flow over this aerofoil under no modification carried out.
Then, study the effect of flow over the aeraf | with rotating cylinder a

different rotational velo i t y ( Y) .
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The procedure was carried out at different angle of attack and effect of rotating cylinder to the
flow was analyzed.

The second stage of the work was the wind tunnel testing. In this, the test model a wooden
made NASA Irn1015 aerofoil was fabriedt A rotating cylinder was mounted on leading edge.
The gap between cylinder and aerofoil at the leading edge was reduced as much as possible to
reduce any flow reversal inside the cavity. The model was experimented in low speed, low
turbulence wind tunre The pressure taping for pressure calculation was carried out at mid
section of the model. Pressure taping were placed on the aatftgper and lower surface in
equal proportion.

The result of the work done is to provide the system, which can bikeamate and efficient
option in comparison to conventional high lift devices and devices used for delaying or avoid the
boundary layer separation and methodology of creating a similar system for any other aerofoil.
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Accuracy analysis of the norplatform inertial navigational system functionality as an
aircraft on-board computer component
Markelov V.V, Gurjanov A.V, Shukalov A.V, Zharinovl.O., Kostishin M.O.
EDBAEl ectroavtomati kao, | TMO University,

A task solution option to prognosticate the fmatform inertial navigational system accuracy
characteristics (the BINS charactgiés in Russian) with the elapsed time is being studied.

The recently implemented concept in piloted aircraft navigation proves relevance of the given
task. This new concept includes definition of thebmard navigational computer functional
capabilitieswhich are necessary for the aircraft to fly in particular air space. Particutlaely,
nonplatform inertial navigational system accuracy characteristics prognostication gives us an
opportunity to evaluate the navigational computer capability to maintiaén accuracy
characteristics during a particular period of time without applying the external means of
correction Respectively, the crew may use the analysis results to calculate the flight trajectory
and choose the procedures which are guaranteed teebeted under the current characteristics
of the orboard equipment.

The nonplatform inertial navigational system accuracy characteristics prognostidation
based on an inertial navigational system simplified model which reduces significantly the
necessy calculation resources of an-board navigational computer. In the same tthreenon
platform inertial navigational system inaccuracy error analysis is performed in several channels
on the condition that the final error of the aircraft current locatibere each channel has its
own inaccuracy error will be summed as an independent result of each chneckgldtform
inertial navigational system errofBhat can be used as a mean to analyze accuracy in a limited
period of time.

The known from documentath gyroscope and accelerometer as componentheohon
platform inertial navigational system error values as well as inaccuracy value in determination of
the inspace location can be used as the input data for the calculBti@rprognostication task
solution result is the functional dependence of the calculated radial ertbe inonplatform
inertial navigational system position determination from time

The nonplatform inertial navigational system accuracy characteristics prognostication
modelling reslts were given in a test stand and compared with the results obtained from the
flight experiments

The proposed option fahe nonplatform inertial navigational system accuracy characteristics
prognostication can be recommended as a mean of additidoahation support of the crew
when an aircraft flies the route that requires the exact keeping to the flight trajectory for example
in a mountain location or if the crew needs to calculate the exact location of the route target point
or the landing airfied.

tdOdzdL Oydw dzOo d ¢ Oy d SRBEAPCH i 56 Y
hJetsCtsWs L jdzvydesdys HOd dzgj B3OcEd
g dzzw dztsp Of fLddeyjio . .

[0R, &. [BMCoO

{Mdetso dzOW yjdz2 t6j OdzdL Oydd &Qaedfd®Yd P 6 fMdety oy dzdts:
RNPAPCH) wodzw jlsfqw o ftsdzdzj dzdj Istcj BtS9 Odzed 2 dockj 3y H 2z dzOte:
9613), O OS¢y ] MmMBdfHjdd] §dzOdzO o dzjHicj dedw dzOo (
(PBN o oftLHEZMNdtsd3 fesMisteOdeMmise j  sMmd2MEB2 AjHjEOY
e dyd¥ JRNCAPEMT d M sdz' L 2jIsMw HdY fodjlsse dO 10§ j
ftios®Riyessydtsds { IsOf On LORSHO &O ftsMOHSE dd LkEAatsH
L sdzOdz! dzets?2 dzOo d ¢ Oy d YORDME ONEDME. O tetSH te s 3O

vteiBtso Odedw ¢ OodtsdedCj o tsL H ' dittsctBINGIARUEO H dzv S E
H 5 dzy dz Metslse jIsMiseo 59 Ols stsydzsmisd, yd dzsfylsdzsfls d
9rHijteydoOdzedjd3 R OtOCIsjtedmisd¢ d o©"HOYyd ftejHiEft]
HECEdPotz8&13. | ~RtH] ftetse jHjddses OdzOdzdL O fMmEh j Ml

46

9 D59 g dzdzts d3
fstcOd dzts g MOd



ZAT J ey des fMH j dzOIs! o7 atsH, yYbts o MdzzyOj L Odj dzr

t6j OdzdL Oydd HB§sdddlsjd! dr = Wk yd?2 o Oslstsy ddzts
mdfmlsj & 1 dzjShtesddets? dJdzHdSOydd, BdEECO o' ydhd
BsHjtededL Jletso Odgdesets B ESHEHPWR] dzdv) t6j OdzdL 59 Ols z
9 tSL d3tsy dats }ted L Issds ®BitekzHEe Oded | Oo dtsded € 4
tjtstsqutSHfr]Isao

1 dMdsslstew  dz0@ o tsL diisy desfisd Oodtdzdéd MOdBsdzi Is O,

10 odzjHtejdedY MY JudWYSC Quapd desbts @y gl day dz Oy off
dzj Is dzOw sy4 dz§ O. 1 fmMewird M lsmklsmisedj dz o { sff
¢ tsdals te ts dzv LO orHjtydoOddjd3 BOLhklsO ®©lse jyosh
dzj sBRBBHdM®B Hdzdlsjdz def § fdzjlsr LOCwOddylz, o Istsd
l tfglseo jIsmMisoadd M iy HEdRZOtsHdz" di3d ftcOoddzORd o 1
My JuydW JJNRPAPCHHY sdi3d &3ts Istej Bso Odzd? ¢ Ooadtded ¢y, 6]
C fddzslsOdz dzO2dzj 6O, 1OCHdJ CO¢ L dzOdedj k¢ 9 5HMIs
dz0 9 d ¢ O tstEEisistElz H 59 Odzd v, L dzOdzd w  fRNP d da¥ e 3OS, H
L dzOdzd 4§ COHdBIsj dzj W s@MBs? MYy eBhtsp et dd o ff tSdzdzw Is!
Yytej Lo yo2rdzts? teMmMlsOdzsoRNP. f smdzi BlsCOL s MdMmisj &3

tiLkd Ot odaj Hisj ded™  dzOBNPARGHdstAdEESM @iy o ¥ d ¢
ftosf M ds?2 MNfshtss dsisd ftsdilkstse, fsorhjddj BJ
h O, Mmdzdy jdedv dzOctelzL $d dzO HdMfjbyjeméd?2 §4th
ftetsmistcOdziise j .

The implementation of the navigation specification RNP APCH in the domeist wide-
body long-haul aircraft
Siluyanova M.V, Mezentsev, S.E.
MAI, Moscow

The main purpose of the navigation based on the characteristics (specification RNP APCH) is
the implementation of the requiremenfsthe international organization of ICAO (doc 9613), as
well as compliance with the implementation plan navigation based on characteristics (PBN) in
the airspace of the Russian Federation.

A RNP specification of ARNi used for flights to the phase of tkerival, initial and
intermediate stages of the approach and missed approach using the methods of area navigation in
the terminal area VOR/DME, DME/DME.

Requirements for the avionics of the aircraft to ensure the implementation of RNP ARSN
must meet the &aracy, integrity, continuity, and control over conformance and alerting signals
in space Doc 9613. During the carredt analysis of the existing standard design SFDMS we
can conclude that in the case of replacing the satellite navigation equipmermméanphg
additional functions in the awmilot computer piloting, electronic instrument system, unit
computer systems (by installing the upgraded software) to realize the specified specification
possible. The equipment avionics SFDMS 90% of domestic ptiodu

In spite of the ability of the aircraft avionics, the long and costly phase of implementation of
the specification is the certification of the Main changes and the subsequent flight evaluation. In
connection with absence in the Russian Federationngt monitoring the observance of the
route meets the international requirements needed for long flights abroad, including flights to
Asia.

In accordance with the international rules of flight operations navigation specification RNP
APCH in addition to thavionics requirements to meet a number of requirements for pilots of the
liner, such as knowledge of the guide to the navigation features of schemes, knowledge of
navigational equipment, knowledge of systspecific RNP information, knowledge of
radiotel@hony phraseology for RNP, the ability to perform actions in an emergency after failure
of the RNP system.
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The result of the implementation of the navigation specification RNP APCH will be
increasing the capacity of flights, increase flight safety, redwaise, reduce the burden on
Supervisory staff, reduce delays in airspace.
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Optimization welded structures of supersonic aircraft taking into account structural and
technological schemes
Merkulov I.E, Endogur A.1.
MAI, Moscow

The purpose of work was the optimization of a welded compartment of the supersonic aircraft
taking into account structural and technological schemes allowing designing rationally a welded
structure of a empartment taking into account factors: thermomechanical forces, models of
materials, structural and technological schemes.

Current works of national and foreign authors have been analyz@{ ftticle has been
written [10] by results in which approacb the solution of a problem of rational design,
regarding parametrical optimization of the top panel of a compartment by criterion of mass of all
compartment has been offered.

During the further research of the proposed model, dependences betweenrtistretsistate
of a compartment and its frame are revealed. It is established that on thetséssrstate of the
loaded welded compartment considerable influence is rendered by the chosen structural and
technological scheme both on deflections, andheir distribution. Influence of the sequence of
welding on critical state of a welded compartment is revealed.

As a result, the offered approach has allowed performing structural and parametrical
optimization of the chosen welded design for a compartmoetite supersonic aircraft that has
allowed reducing the mass. Rational options of structural and technological scheme for the
welded compartment set like loading taking into account the sequence of welding have been
defined.
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Aerodynamic design of the high speedysichropter rotor system
Nikitin S.O,, Ignatkin Y[ ., Makeev P.V.
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The purpose of this work was aerodynamic design and choosing a rotor system parameters of
the high speed rotaying aircraft.

Based on the aerodynamic schemes analysis of presergeasukctive high speed rotary
wing aircrafts, an aircraft with intermeshing rotors and a propeller was chosen.

Opportunities to ensure the higpeed(up to 420 km/h) horizontal flight fuimning of this
rotor system, avoiding the flow separation and sound barrier, were considered.

Technical solutions such as variable rotation speed of the main rotor system, rotor blades with
modern aerodynamic tips, flexible rotor blade attachnterthe hub, individual blade control
system, were considered.

Based on the nonlinear vortex theory model, produced in Moscow Aviation Institute(MAI),
calculations of rotor system on hover mode and during the horizontal flight with maximum speed
V=420 km/h were maa Also flow singularities of main rotor were considered. For the set up
maximum speed the calculations as with and without individual blade control system were made.
As a result, individual blade control system with certain control law gives a signifleargase
of the flow separation zone on the retreating blades. Analyzed prospects for further use of the
individual blade control system in order to reduce the vibration level and the aerodynamic noise,
made by rotor blades.

50



tﬁd?,tsﬂ;;l:h;(lilsdtﬂtsl}WOdqu Ldzj B delstse

Vteddsd dzj dedj o - 13
litilbjdddssoditsa 0 5. 4.

t4

Cls

Q—JJ

dpvsv, 6. trBddem¢

JHdddz dL. §jtm]J dodzZ » dz2Of tcOodzj ded? fYworh jdedw
zsf Olss¢ G OLtser n dlddstgriahdey @@y d b MmMw delzlstcj dzdzj 6 5 Isj
GOLtSHCdeOd3C{’L{an§C[ e j dedatsMis j 2 L OStekzyj dede” 7 s .
dmser 2 dddsjweifm M bsytd Lwjddv sBJMfjuidd” ft
SR dZOY HOj dBss?2 dzsf OlsCd ftejHMlsOoadzw jIs dMmYf s@yd e Odad .
(1 dzj e tsteOL H J dzj dad W) fsLotsdzveEh jes dzO orf AafsHJ g
fMd uidzedvrn COdOdZO M bttt LOCttkzyj dzdesets G OL O
Btsdzr " j2 d dide hj2 IsjdistfjteOlsktgnsRazh QY L o jtfifPsyld =2dz0 iz
OMY t6j H jodBydedQe Mfpn § sksC e M) OL dzd ydes?2 Isj &Y j O
sMisOlssydss? L OCtklsCts?2 §sLotddls MmddL dls: dzj tc O o dat
zsf Ols¢d d seBiMmMfjudls! dagj sBasHdBkzY Misjqjd¢ - dzO
Ces®sC d&sf OkCd.

lted GJd@yH dzsf Ots¢  dndd tg finds@V dztize Z Bif) OH OB Ols dzO,
fteddsj doj dzed¥ ot ddesetsds L Ooadmdls s ddzlsj dzifd o detsls c
i j&BO Isjfd&z0 Mmts Mlsj desC . wlzh jMmise j dadzr | ttOfmn sy
sjifdsslsHOyd o LOodB@Rtshlsd o 5 tc jtojticdazOkzMistets2 fls ¢
dzOH § 3 dz' A H Odzdz" = 5 wOmMftejHjdjddd SstwWW¥dydjdzs
L dzj o tsteOL H j dzj dad W dzj ftsLotsdvsls BjL H Y tsdzdzd Is |
edrtejor j Ibtke’' Hdv tjhjddv tflsddgdL §ipdszid ]y C

sjrdzsdzse W R SR dzOY HJ ded W .

vydmdzj dedetsy d Sy jtedog delsOdz desj dMmMmdzj Hiseo Oced
skztes d dzr s o fistetsj dedzr B odrted or &3 stelzB O3] ]
LWV jiSIsde dg = t6d 1 dd3tse ( Hdzw 9BLHERO) s fsWWjc
St WWduydj dasOdz Isj f dztstslsHOyd dzi ydls o tsB dzOMIsd & =
1 sdzlz yJ dedz" § LCiYf jted d3j dals Odz? dets L dzOy g dzd v S WWdy
fso jtendzsmisd CORjter 1 dzgj eetsteOLHjdzjdzdw odrntej ots?
yd mdzj dzizO My Istsoe . { 0C fd B3O dz! dats § L dz0y j dzd j§ C st W
dmmdzi Hiso Odedz’ 7 toj y A0 s tsMisOa ddzts 1300

et dzseo OV  dzsf OlIsC O 1y sfnlstsisjdzdz' B odnrtejor diz3d { dz
fMtejHdzj 2 +WWiClsdodatsflss ¥ (52 dzOX H j dzd we:h jfcte] otdda datdARdC
6, 4% MtejrHdww L WWjiCldodetsfls! ®BREZOYHjddY o jtern d
st OH d yd tsdzde” n-f U3 diss jyds Go dglE j d3 t5n dzOX H j ded v .

Vortex tubes using for thethermostating of the gas of turbine engine flow part
Novikova K.S, Veretennikov S.V.
RSATU, Rybinsk

One of the most perspective direction to rise efficiency cooling systems of gas turbine is
intensification internal heat transfer on account ofdjlasn a mi ¢ char acteri stics
One more interesting that in terms of increase isothermality surface cooling blade is using effect
of temperature stratification (energy separation), allowing at the out from the diaphragming conduit
with swirlingbs gas f | Iogveater@anddowdr tehperatuiRafgueu | t s

Hilsch Effect). The rational distribution of cooling flows with different temperatures and relatively

high residual swirl allow to reduce the temperature unevenness in the height of the blade and to

provide the necesary degree of cooling for the blade tip that are most vulnerable to overheating.
When cooling the bl adteesualityoof its applicatian depends omtidbet a d

intensity of energy transfer in the form of heat or removal of heat fronwétis. Significant

differences in the value of the heat transfer coefficient depending on the mode of operation of the

vortex device and the lack of firm data on the distribution of the heat transfer coefficient along the
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lengthcamera of the energy septoa does not permit the use of vortex tubes without additional
investigation to solve optimization problems. This inhibits their use in cooling technologies.
Computationamodelingandexperimentaktudyof a turbinebladedturbinewith built-in vortex
tubes has shown that the region of the most efficient regimes(for air) by efficiency of energy
separatiorandby heattransfercoefficientsliesin theregione = 0, Hifdential prassule
"= 2é3, 3. The experi ment a fficientaoh thesisner surfaca di the h e a t
vortex tube energy separation camera correlate well with the numerical calculations. The maximum
value of the heat transfer coefficient in the investigated regimes was\/g@bls ).
The nozzle blade with integratedrtex separators has a high average cooling efficiency: at a
relative cooling airflow rate of 6.4%, the average cooling efficiency of the blade surface of the
blade is 0.13 higher than that of conventional convediiwecooling circuits.
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Wing optimization methodology small size unmanned aerial vehicle application

Parkhaev E.$Semenchikov N.V.
MAI, Moscow

Nowadays, one of the unsolved problems of aviation science is the creation of an optimal,
from aerodynamic design point of view, shape of a mini, micro unmanned aerial vehicle
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(MUAV). In general, increasing the aerodynamic efficiency &dAW significantly affects to its
flight performance and the ability to perform a particular technical task.

Due to the small size and relatively small speeds, the MUAV flight regimes take place in the
critical Reynolds numbers zone, which is greatly coogpés the modeling of flow around the
MUAV lifting surfaces. The point is that, at low Reynolds numbers the influence of the viscosity
of the flow prevails, which is the reason for the appearance of such a complex phenomenon as a
laminarturbulent transitn with the formation of a local flow separation (transitional bubble).
The size of the detachment area, as well as the position of the transition is largely determined by
the wing shape of the drones. In order to improve the aerodynamics of MUAV, agreerod
design method that takes into account all viscous effects is required, using the optimization
algorithm this would allow minimizing all losses associated with transitional bubble. At the
moment, there are few models of aerodynamic analysis thatobe this problem and they are
laborconsuming in terms of time and computational costs.

Therefore, the wing optimization numerical methodology for micro and mini unmanned aerial
vehicles application has been proposed. The essence of the method cansistaerical
optimization of the wing sections based on the results of the aerodynamic calculation of the
threedimensional model, namely, the distribution of the lift coefficient by the span of the wing.
As the aerodynamic model of thrdemensional analys, the classical method of discrete
vortices was chosen. The optimization of the set of wing airfoils was realized on the basis of
solutions obtained with the help of the viscémgscid interaction method.

Numerical optimization results by the criteriohmaximum lift to drag ratio for straight wing
planform with the Reynolds number Re = 200 000 are presented.

On the basis of the obtained results, a number of conclusions and remarks were made about
the applicability of the proposed method and its litiotzs.
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Miniaturization of airborne equipment as a technology to improve the environmental
friendliness of aviation
Perepelyuk D.S.
MAI, Moscow

Technologies associated with -board equipment for aviation (avionics) have been
developing since 1940950. Development of silicon transistors, then the creation of thin film
integrated circuits, electronic equipment is reduced, andu#e of conductive nanoscale
materials, promoted the development of the technology of integrated electronic circuits with
topological element sizes less than 100 nm.

Today we are working on the development of components for integrated modular avionics
baseél on nanoscale elements. The development of military aviation stimulates demand for
miniature airborne equipment of aircraft.

Reducing the size and weight of the basic elements of airborne equipment of &ircraft
navigation, communication, automatic comtgystemsi contribute to the improvement of
aviatiortss environmental friendliness, with the enhancement of reliability of elements and
unchanged energy efficiency.

Miniaturization of airborne equipment will ensure a reduction in the maximumoféke
weight of the aircraft, which will reduce fuel consumption. By increasing the commercial load of
each voyage, the number of flights will be reduced. The wear resistance of aerodrome coatings
will increase. Air transportation for the population will become maceessible due to
transportation of more passengers by one flight.

The implementation of the technology is envisaged in the framework of a qualitative change
in the design of aircraft, the use of new materials for nanodetectors.

In Russia, the level of thoology development is at the initial stages: the availability of basic
knowledge ensures the formation of appropriate research directions of the industry. A significant
barrier is the high cost of manufacturing equipment, as well as the labor and dofatien
process of changing the design of the aircraft.
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Design of energy conversig test rig mockup for thermostability tests of the cockpit
transparencies
Belov V.V, Dagaeva A.B.Poletaev I.A.Shinkarev D.A.
SibNIA, Novosibirsk
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Cockpit transparencyf supersonic aircraft is a higiressure element of the structure.
Together with the fuselage skinning, it is exposed to the unstationary thermal effects of increased
(up to +230AC) aBO0AGectempedat wpest.o Trage cal c
deformations and residual stresses in the structure is actingiming process, and this leads to
the task of experimenting with the definition of the carfepgsource in the bench conditions.

This task is relevant for canopy of new structural desifr&® do not yet have reliable
mathematical models and methods for estimating the durability.

Currently, the thermostability endurance tests rig of the cockpit transparency are available
only in thefiSibNIA named after S. A. Chaplygii fiRIFOrig. A numbe of shortcomings were
identified during the operation of the existing rig, such as low energy efficiency, production
intensity, etc.

ASibNIAC has been conducting studies on the establishment of a new generation of a universal
energy rig, théiRIF-119, for the canopy thermostability tests. Heating and cooling the test object
(canopy) with a parallel air flow, dividing the contours of warm and cold air is at the heart of the
rig design. A rig is similar to a wind tunnel with two closed and one venting (@pem@spheric
contours.

The purpose of this work is to test the performance capabilities, to update technical
specifications and to maturate the design offfRE—-Ilorig . T s @erformago® criteria is a
derivation of unified temperature field acroBe entire surface of the test models.

In order to achieve this goal, it was decided to develop and estalfiigh3l 6 rig mockup.

The mockup is a reduced working version of the prospective rig.

The following tasks were set out in the process:

A Design of ooling and heating systems, dgvorking side, etc.;

A Modelling of heat streams in the working side of the rig;

A Design and create a rig mockup;

A Conducting tests on the cockpit transparency mockup;

A Analysis and comparison of theoretical and experimental dat

The first two items in the task list have been completed so far. In the future it is planned to
develop construction documents and design a test mockup.
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The aerodynamical conceptual design and the structure of control system for the
unmanned gliding winged aircraft
Polishchuk M.V, Grumondz V.T, Polishchuk M.A.
MAI, Moscow
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The paper is dedicated to unmanned gliding winged aircraft (UGWA) dynamics and control
system problems. The special focus is on the wing aspect ratio influence over aircraft
performances research. The UGWA control system is desigfieel comparative study for
ballistic ranges of controlled elements of different schemes is done. The conclusions and
recomendations are represented.

The control element in this work is the UGWA. The UGWA has normal aerodynamic scheme
with opening wing modle. The wing module and tail rudders are ks¢heme. The base variant
of the UGWA is unequipped with the opening wing module. Other variants are equipped with it
ant with opening tail rudders.

The computer model of threémensional motion of the UGWA iesigned. The simulation
of the UGWA of all schemes ballistic flight is done with this model. The tail rudders in this case
are fixed in 0.

Two structures of stabilization system are suggested:

1. Overloads stabilization

2. Angular stabilization
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The main task fothe guidance system is to form control signals for the stabilization system.
The guidance system is conditionally divided on two subsystems with different tasks. The first
subsystem task is the maximum range gliding. This subsystem provides an opptotargand
the start condition set for the controlled element. The second subsystem provides the high
accuracy delivery of the payload.

The guidance in the lateral channel uses the proportional navigation law. It is based on the
locking of the line of giht rate in the zero value.
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The effect of different options of blades main rotor on the shaped tail rotor of the MI-
171 LL
Ivehin V.A.%, Nikiforov V.A.Y, Samsonov K.Y4d.
JSC AMi | Mos cow Tdidinoj Moscemregion?MAI Moscowd ,

This paper describes the effect of different rotor blades on tslea)e tail rotor of the Mi
171 LL, observed conducting flight tests. The tests were carried out on the same helicopter in the
similar atmospheric conditions.

As follows from the materials, the thrust of the rotor with BMR from composite material with
the equakngine power is more than compared production one. Consequently inductive speeds of
the rotor are more and the angles of the tail rotor are less. It can be assumed that a large induced
velocity of the rotor increases the thrust e§iaped tail rotor.
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Aviation rocket assiged take-off boosters
Sashin A.P.Vlasova S.V.
MAI, Moscow

Modern conditions of warfare show that airfields are an easy target for enemy weapons. On
this account, the problem of getting rid of runways becomes ur@ere of these solutions is
rocket launching accelerators for aircraft.

The subject areas of such airplanes with rocket accelerators developed actively in the 1960s in
parallel with the widespread popularization of missiles. In the USSR, the P.l. Gstiyubesign
bureau (KB) was engaged in the problem. The fighters of this KlEG and Sukhoii were
used. Similar projects were developed in Western countries undee name 6éZer o Lel
LaunchMat Landing (ZELMAL) O.

The study analyzes the advantages ckbators, which are important from the point of view
of profitability, disguise, and marketability. Such an aircraft has the ability to take enemy air
defense by surprise, it is unnecessary to spend large amounts of money and human resources on
defensemaintenance, repair and maintenance in a suitable condition of runways.

In the civil sphere, this type of aircraft launch can be used intoenehch areas of the north,
mountains, jungles. This manner of start has obvious advantages/esaral TakeOff and
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Landing aircraft in terms of econoniythere is no starting engine. That is why we have a positive
impact on the fuel consumption.

The analysis of scientific research shows that aircraft with rocket boosters edfictemtly
used on aircraft caers and air capable ships, due to laclpparation of a runway for takaf.
Aircraft can start like cruise missiles fundamentally being hidden in mines inside ship.

The possibility of this launching way used on the special type of vessels (tan&brsakers,
merchant ships) for taking off cargo or life saving planes achieves maximum economy, prompt
deployment of the complex, reduction of launch areas on the deck of the vessel.

Confirmation of the research hypothesis is a conclusion that in thermaodderway this type
of launch will become much more profitable and reliable.
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The system of mathematical models for detenining the rational composition of a group
of aircraft combat complexes
Skripnichenko Y.S.Ovchinnikov D.I, Ermolaeva E.A.
GosNIIAS, Moscow

The system of mathematical models émtermining the rational composition of a group of
aviation combat complexes allows to determine changes in the qualitative and quantitative
composition of the park, which must be implemented to ensure the implementation of the tasks in
a given time interal. The system is designed to obtain preliminary numerical estimates of the
processes of development of aviation technology and has found application in use at the stage of
external design of prospective aviation combat complex and assessing their appilepel of
effectiveness.The aim is to assess the impact of the predictable conflict situations on the
feasibility of the aircraftdéds production progr
definition of the composition required of the group to cengate for the deficiency of functional
properties in the conduct of hostilities in these conflicts. The main controls in the developed
system are the rates of serial production and effeeof the aviation combat complex grouping.

The input data for thenodel system necessary for the simulation #re:characteristics of
conflicts of different intensity levels; existing quantitative and qualitative composition of the
groups at the beginning of the planning period; nomenclature and characteristicatiohavi
combat complexes and aviation ordnance considered in the composition of the groups;
predictable amounts of resources, the costs of mass production operation aruff vaite
aviation products; characteristics of the capabilities of aviation indestigrprises and the
resources needed to ensure the compensation of production capacity shortages.

As one of the main elements of the instrument is a system of models for assessing the
effectiveness of aviation combat complexes grompich is determined byhe number aviation
combat complex of each typimat can performsome of the requiredmount of tasks; the
distribution of tasks between aviation combat complex, including turnover; Estimation of the
resources necessary for carrying out operations andomaprehensive assessment of the
effectiveness of a given groups in the conditions of the conflict situation. This system of models at
the output generates complex and partial indicators of the effectiveness of the grouping for a
discrete statement of theypte-park” problem.

When solving the problem in a dynamic formulation, a macro model of a higher level is used to
determine the rational composition of group of the aviation combat complexes in the forecasting
period under consideration. Currently it hagesal implementations with the application of the
following most suitable algorithms, which allow reduce the time for computational operations:
directional search; genetic algorithm; simulation method for annealing. The device is implemented
using parallecomputing technologies using multiprocessor systems.
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Comparative analysis of counteraction methods and means to unmanned aerial vehicle

Podstrigaev A.S Slobodyan M.G.
BSTY, Bryansk
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Unmanned aerial vehicle (UAV) are popular in criminal area because of high availability. For
this reason efficaciousness of exist methods of counteraction to UAV are compare in this article.
Also the most effective of all is emphasize. Tégal bearings of the case are not considered.

A comparison of various means that implement the following methods of counteracting to
UAV is made. Methods of electronic countermeasure, neutralization using cannon net, laser
weapon, fixing of location UAVand location ground control station (GCS) pilot with alert a law
enforcement are analyzed.

The comparison of the listed methods and consideration each means of counteracting are
realized against the following parametérmaximum detection and defeat rangmkout angle,
homing method, weapetarget time and continuous work time, number of system operator,
arrangement weight, kind of UAV, etc.

Merits and demerits of the counteraction methods are identified resulting from comparison.

Method of neutralizébn using cannon net has a small defeat range (nothing more than 100 of
meters). Cannon net fitted out with parachute which make possible to maintain integrity of UAV
for identification | awbreaker using UAM®Hs sys
of the UAV-based means (drones shooting cannon net) is demerit of the method.

The counteraction means based on method of locating UAV and ground control station pilot
make possible averting of breaking the law. Some systems are able to determorgimiehicle
against the background of reflection from the underlying surface. A small detection range is
demerit of the method. It is equal to some hundreds of meters.

Radiation in invisible spectrum is the merit of the laser weapon. Thereby laser maeans
high covertness. Laser weapon destroy of UAV in turns expending a time in targeting. Therefore,
it will make some problems when quite a number of drones would have a part in breaking the
law.

The method of electronic countermeasure has the longeges of detection and defeat.
Simultaneous suppression of few UAV without expending a time in targeting is the merit of the
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method. But a preliminary analysis of UAV operating frequencies is required. Another problem
is a providing of electromagnetic coatjbility with other radio electronic means.
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Development of the project of light STOL aircraft
Smagin A.A, Dolgov O.S.
MAI, Moscow

The analysis of the lighaviation market and the infrastructure of the airfield network of the
Russian Federation showed that there is a need for light f@efgine airplanes with the ability
to make short takeoffs and landin@ich qualities make it possible to use aircraft\arious
purposes without reference to a good aerodrome: flight training, aerial tourism, aerial
photography, monitoring and patrolling of the terrain with undeveloped airfield infrastructure
(nature reserves and reserves, oil and gas pipelines, laggtryoandagricultural associations,
etc), local air transportation to the needs of the national economy, escorting and supplying
expeditions to hartb-reach areas and a number of others.
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In July 2016, the development of a feagat multipurpose shartakeoff and landing aircraft
was startedAs of 01.09.2017, the total volume of research and development on this subject
amounted to 350 mamours, some strength and layout calculations were performed and the main
lines were identifiedlt should be not@ that the development was carried out with the active use
of CAD, including CAEtechnologiesOptimization methods and statistical analysis of aircraft of
similar purpose were also used.

The aircraft is distinguished by its high processability due tplsirxternal contours and the
shape of the bearing surfaces in the plan, which allows to save considerably on the cost of
production of the airframéAt a high level is the safety of flights, which was achieved through
the use of higispeed parachute systgBPS), which provides rescue of the whole aircraft with
crew and passengers, fire extinguishing systems and the principle of programmable deformation.
The machine is equipped with modern equipment, avionics and engine, which, despite its
simplified desig, makes it reliable and competitive.

As a result, we got a fufledged 4seat aircraft, which in terms of cargo capacity, capacity,
takeoff weight and range is at the level of the Ceski2/182, PZE104 Wilga, and by HPH is
comparable with ultralighaircraft and can make a stable controlled flighspeeds close to the
stall speed of their competitor§o achieve high performance at low flight speeds allows the
application of a set of design and engineering solutions in terms of layout and aeragdyhami
conclusion, it should be noted that it is an airplane with a low flight speed, capable of operating
remotely from the airfield network, may prove indispensable in solving a number of specific
problems for which small aircraft are involved.
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The laser evaluation system of air cushion specifics when landing a plane
Malcev N.A, Subbotin P.V.
MAI, Moscow

The measurement of the air environment specifics near aircraft allows us to predict its
behavior and take the necessary actions to avoid adverse events. An aircushion might be formed
under the planewhent 6 s fl ying extra | ow, and the crew qu
Meanwhi l e, thereds a sharp dependence of the ai
where it operates. When flying through underlying surface obstacles ydubmpsepared for
the lift force change.

The measurements are made according to refraction of a laser beam in an inhomogeneous air
environment, as is known, the beam in inhomogeneous layers will deflect towards a more
denseenvironmenthe aircraft emits daser beam towards underlying surface into the area of
possible air cushion formation. Reflected from the underlying surface the signal is received by a
positionsensitive photo detector that registers the direction of the reflected signal arrival. The
signal level reflected from different surfaces must be determifibés paper presents the
reflection coefficient data of various surfaces, which allows us to pick the worst case scenario
and calculate the radiation energy characteristics. The refracties oependence on the air
pressure is used to determine the deflection angle of the laser beam. The dependence is linear and
can be presented in a table.

As an example, this paper calculates the pressure distribution for ti@ Akane in a specific
flight route right before the crash in Irkutsk that occurred on the 26th of December 2013. The
plane was set to land at night in poor visibility conditions at a minimum height over the forest.
After passing the forest, the plane bounced off the ground on thierteof military warehouses.
According to one of the versions of what had happénttee air cushion was formed when the
plane was flying over the forest at extremely low altitude. When the forest ended, the air cushion
was no longer active and the plammashed.
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The modetmethodical instrument for justification the appearance of a helicopter
combat complex for performing attack tasks
Suslov P.SSkripnichenko Y.S
GosNIIAS, Moscow
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Most of today's military conflicts are solved by using ground forces and aviation, in particular
impact rotorcraft combat congles. The main task of attack rotorcraft combat complex is to
support ground forces, suppression of artillery and air defense of the enemy, destruction of
armored vehicles, as well as strong points and strong structures. At present, there is a need to
devdop existing helicopter technology, as well as the creation of new rotorcraft combat complex,
which exceed the analogues of previoesrge r at i ons by t hecocsrtiogt eri on o

The aim of the work was the creation and implementation of methodsidtfying the
helicopter's primary characteristics for carrying out assigned tasks, taking into account the choice
of rational weapons, as well as measures to increase combat survivability. It was necessary to
develop a modeethodological instrument fgustifying the appearance of attack helicopter for
accomplishing the tasks of supporting ground forces. As a criterion of effectiveness, the cost of
performing the operation was accepted. To achieve this goal, the-mett@dical instrument
was created,htat is built on a block principle and includes models of design calculation for the
formation of alternative variants of the primary characteristics of the rotorcraft combat complex,

a system of models for assessing the combat effectiveness of the fotwwonhat complex,

models for estimating economic indicators. Models of projecting calculation allow to form
alternative variants of rotorcraft combat complex characteristics. At the output, the main tactical
and technical characteristics are obtainedctvhivith all the possible limitations considered, fall

into the area of possible existence of the rotorcraft combat complexes primary characteristics.
The system of the rotorcraft combat complex effectiveness assessment models allows to calculate
the individual combat effectiveness indicators and includes the polygon efficiency model. Also in
the complex of models for assessing, the effectiveness of the model is the assessment of combat
survivability. The system of models for assessing the effectivenetiseafotorcraft combat
complex, together with models of design calculation, is used to form alternative rotorcraft
combat complexes, taking into account rational measures to improve combat survivability. The
model for estimating the cost of creating therotaft combat complex allows us to estimate the
value of the rotorcraft combat complex produced. It consists of two parts: the calculation of the
cost of the development and design of helicopters and the calculation of the cost of mass
production of theatorcraft combat complex.

The efficiency of the generated alternative variants was evaluated according to the
fefficiency-cosb criterion and approbation of the obtained results. During the research, rational
characteristics of the rotorcraft combat compleere obtained, which is able to effectively
perform the tasks assigned to it.
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Determination of the optimum characteristics of the electric power plant of the aircraft
with the use of superconductors
Shchugorev V.Q.Tyushin A.V.
MAI, Moscow

Currently in the aviation industry, especially General aviation, there has been a growing
tendency to reduce the level of noise and reducing emissions. The forewaiseaind emissions
levels leads to the necessity of siteration of electric propulsion systems and engines te non
traditional sources of energy. This area is developing rapidly and successfully implemented on
Airbus EFan, and such concepts transport aircraft like the Airbuibrast.

During the preliminarysurvey cryogenic motors type was selected to be the object of the
study, as one of the most promising in this area. This type of motor can achieve the required ratio
of power and weight with the use of superconductors working at the temperature about 70K.
Maintenance of these conditions requires the involvement of an appropriate cooling system
(cryocooler). Parameters of cryocoolers should be considered together with parameters of the
engine. The purpose of the study was to determine the optimal raticveredficiency of all
components of the power plant.

In the course of work on the collected data basis was reviewed for engines: dependence of
efficiency on temperature, the power density on tempezdbr cryocooleii of a powenieight,
efficiency of thepower and efficiency of temperature.

The result of this survey is determining the optimum ratio for the overall system efficiency
(engine and cooling) and its mass. The research demonstrated a method for determining the
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correlation characteristics of theperconducting motor and its cooling system, which can be
used to achieve optimal performance in aircraft design.
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Active Flap of the Helicopter Main Rotor Bladewith Electromechanical Actuation
Esaulov S.Y,f yasnikovf .l., Filenkov .V, llyin L.R.
Mil Moscow Helicopter PlantTomilino

The present study provides a survey and taftlenalysis of the Active Flight Control
systems, more precisely, Higher Harmonic Control (HHC) and Individual Blade Control (IBC).
Also, this repa is considering research results achieved as an output ofthe work doneand its
implementation by the Mil Moscow Helicopter Plant.

The main distinction between HHC concept and IBC concept is the flight controls
arrangement. According to the HHC concept flight control actuation is placed below the
swashplate upon theonrotating elements the helicopter structure. The IBC concept, vice versa,
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presumes that servo drivers are over the swashplate, i.e. on the rotating components such as a
rotor hub and rotoblades. The principle drawback of the HHC is some fixed control frequencies
limitation depending on the number of the main rotor blades. Despite that HHC presently
demonstrates-b6 dB of the noise and up to 90% of the vibration decrease, the IBC cascept
considered more prospective due to its removing HHC shortcomings and allowing practical
implementation of the swashplateless helicopter design.

In 2009 Mil Moscow Helicopter Plant started working on active control of the main rotor.
Based on the studsults the concept of an active control of the main rotor bladetrailing edge
flap was defined (IBC). The M8 helicopter main rotor mathematical model was a great help to
the research of the influence of the polyharmonic signal introduced intmahre robr blade
cyclic pitch control with different harmonics, amplitudes and phases. On the basis of the received
results technical specification for the active flaps electromechanical actuators (EMA) was
worked out. After having produced a test sample of EMéndh running was undertaken and
showed that proposed EMA design could be used in active control systems of the main rotor.

For the time being Mil Moscow Helicopter Plant is continuing active flap control systems
study and after having got the results snpiing to get the following output:

A to considerably decrease vibration and noise level produced by the main rotor blades;

A inthe long term perspective it is possible to get rid of the swashplate, conventional linkage
with hydraulic servos which would dease parasite drag, produced by the main rotor hub,
weight, price as well as aerodynamic performance improvement.
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Design features of transport aircraft with electric and hybrid powerplant
Shchugorev V.Q.Bishoy Mousa
MAI, Moscow

The transition to electric propulsion in airplanes is the most likely scerfar the
development of the aviation industry in the long term, allowing to radically reduce engine noise
and emissions. The development of technologies make it possible to create a light aircraft with
electric motors. Major companies in the aviatiorrkeacreates concepts for electric aircraft.

Considered two main cases: A hybrid scheme with the propulsion motors supplied by energy
from a gas turbine and battery; Alectric aircraft supplied by energy only from the battery. The
objective of the studys to identify the main problems arising in the design of both transport
aircraft cases.

In the course of solving the tasks conducted the following studies:
holding a study of the world's scientific and technological potential in this field
identify keyconcepts in the architecture of the power plant and aircraft systems,
determining the conditions of feasibility of creating hybrid andttric aircraft
holding the weight decomposition on the most important systems
identify the altitude and speedathcteristics of the electric motor,
research basing and infrastructure of airports for aircraft of this type.

The result is a list of the problems whose solution is required for optimal design of hybrid and
electric airplanes. The possible ways of theluson have been identified. Objectives for future
research have been formulated.

o Joo o To T o
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Experimental Investigation of Air-kerosene Heator
Zhao Hong Liang Huaixi
BISTT, Beijing, China

In order to meet the needs of a small hot air tunnel, we developed an air kerosene heater with
a gas flow rate of 5kg / s, a total gas temperature of 1900 ~ 2000K and an export speed of Ma =
3. Heater consists of igniter, injector, combustion chamber, nozagasition. Ignition using
gasliquid double swirl nozzle, the wall of the air membrane cooling, the rated flow of about
200g / s, mixing ratio 17, room pressure 2.9MPa, the use of industrial ignition device ignition.
The injector consists of 12 géquid nozzles (gago-dc swirling) and the corresponding mixing
chamber, with a nominal mixing ratio of 13. Combustion chamber for the sandwichomated
equal section of the combustion chamber, air wall diameter of 300mm, aspect ratio of 1.25: 1.
The nozzlds a curved surface of the Laval nozzle with a throat diameter of about 70 mm and a
nozzle exit Mach number of 3.0. The test results show that the discharge of the electric discharge
device to the downstream of the rear step can greatly improve thelitgliafihe igniter (close
to 100%). In the appropriate adjustment of valve timing and oil and gas parameters, the heater
reliable start and stable combustion, the total gas temperature of about 1950K. In the cooling
water flow rate of 4kg / s conditionshe heater accumulated about 1500s, the combustion
chamber and nozzle wall wall without ablation phenomenon.
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Development of a softare for the analysis of highspeed aircraft with jet engines on
solid, liquid and gas fuels
Averkov 1.S?, Raznoschikow.V.*? Yanovskiy L.S*?
'CIAM, Moscow;?IPCP RAS, Chernogolowek

To solve the problems associated with the preliminary formation of the shape of the aircraft
and the choice of the power plant and fuel, the present study solves the problem of optimizing the
aircrafti power plant’ fuel system using a predeterminedafduels.

To simulate the process in the aircraft and power plant used the previously developed software
complex based on engineering approaches, which allows to organize a cycle of computational
and theoretical and optimization studies in the aircyaftesn. The software package provides the
ability to analyze a wide range of power plants and aircraft, including subsonic and supersonic.
Particular attention is paid to the development of a hierarchical OOP system, in accordance with
which models of varias power plants are implemented, including rocket engines and a whole
class of aibreathing engines.

In accordance with the principles of OOP, models of individual elements of power plants are
developed. To perform resourteensive optimization calcui@ans on highperformance
systems, the software implemented multithreading. The problem of parallelization is solved
within Fortran 2003 using OpenMP technology @nkbaro (ie without side effects) subroutines.

The report gives examples of solving spedifioblems in the optimization formulation.

As examples, the problems of determining the optimum areas of the air intake device and the
critical section of the nozzle for a ramjet engine are considered, as well as comparing aircraft
constructed on differe fuels by the criterion of the range of flight.

It is shown that the volumetric and mass heat of combustion of fuels is not a sufficient energy
criterion for the choice of fuel. It was concluded that it is necessary to develop a more general
fuel criteion and use more reasonable approaches to the choice of fuels for different classes of
aircraft.

The research work is carried out with the financial support of the state represented by the RNF
under the agreement No.-13-30012 of 08.07.2015.

O dzOdzd L HIg j2OdRY yj MSdR Mots2Mmlse ftesHEZCIstse fMetstcOdzd
fieW dslssyde 7 HodcOlsj dzj 2
¢SCBdtetsp fdzf ddd sefe’ jo ¢. |.
[orR, 6. [tMCoO0O

rdzv .OfmMudsO s tedsHddzOBd yjsipOdZ v 4@k il &z i d'sH 2
HodGOljdzj?2 ftjHdOcOjlkmMy dMftsd L s Ols? ftescteOdB
Fortran M tOBtsydds ddzlsj oW j 2 i tsdMicrogotcExeeln s @ Odgfndiztzisds j ez
sftse j dedes s ftosctcOBR , § s5COL Odz  dpsHLdgED iU IPE o
Mo s2 Mmise ftesHEZzCIstse e steOdzd Vs o §lZ@H tstsd] dizdte jdzm 3 o HeW
Ho G Olsj dzj 2t OCAYst®EEIgEYdz' = HoadEOlsjdzj2. vEOLOd
OdzO dzts ¢ d ydz' a3 fABTRACCEBRO i3 te6o j HY 2O o jtedW dC Oydv
tj L zdz Isda@sd®c @d3dQ
10 ftod d3j o] -f t-@BE 5t detyr o Ho d G Olsj dzj 2 Bt H,
sjtedssHddzOBd Ui MSdi ROwOClkjtedmisdsSd fsHES st f
tsfddeodr 7 StRfsLdyd2. Isdkzyjd LOsdhnddshlsd
Hickedr Gidse de nkz YO G stets® dzd o s dzv  Mdzz yoOw tslsH j
stsf dzdo ©, IsO¢ d Hdzv MdzEyow HydcOddd §jteodyds A

71



fted ©OLddydksd Ssi¥¥dyudidsi dJLijk¢aceamnkes | dav.
e OW d ufij T atsdf) QEQGC s § ed Misd €

Analysis of the thermodynamic properties of the solid fuels combustioproducts in
direct-flow rocket engines
Akbirov R.M., Gnesin E.M, Vorobyov A.G.
MAI, Moscow

The article proposes the d@eption of the software module implemented in the Fortran, with
the working interface presented in the Microsoft Excel for calculating the thermodynamic
properties of the solid fuels combustion products in difleet rocket engines. The features of
the pogram and module for calculating the thermodynamic properties of combustion products
are shown on examples of liquid and solid fuel rocket engines, as well asfldinecocket
engines. The article shows the advantages of the new program in front tofgesisftware
(ASTRA, CEA). The results of calculations of the new software and the results obtained using
other similar programs are compared.

The program calculates theombustion products basic thermodynamic characteristics of
widespread fuel compositis for directflow rocket engines. The results of calculations of the
new software and the results obtained using other similar programs are compared. Dependences
of specific impulse, temperature and other basic parameters of solid fuel combustion peasducts
well as for subsequent combustion of primary combustion products in outboard air with different
oxidizer excess ratio are obtained. The article also presents the results of calculations, the graph
for characteristics comparing.
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Effect of the rotary clearance between the GTD on the resource
Androsovich L.V.
MAI, Moscow

The operation process of the gas turbingiee is related to the change in the clearance in the
flowing part to the resource. As a rule, this change manifests itself in the form of increasing
clearance as the service life increases. In the 4th and subsequent generations of gas turbine
engines, orthe ends of the blade of the blade there are overlays, and on the body there are
mounted supraratory insertthe gap is reduced, and the effectiveness of the blade machines is to
be realized.

Due to the use of higtemperature soldering in vacuum fureag labyrinth pairs can be
reliably fixed on the ends of the feathers of the blades and the supragram inserts.

The use of metal fibers as a raw material for the production of such materials ensures that they
retain the necessary strength and erosion aesistwith porosity to 885% due to the formation
of a large number of strong contacts between individual fibers during sintering.

In GTE, during operation, it is necessary to avoid touching the blades with the turbine casing
under the condition of highteperatures of the gas flow leading to deformation of the casing, as
well as the effect of significant centrifugal forces experienced by the working vanes and causing
them to stretch. One of the ways of realizing this task is to install sealing elemehésemyine
body, one of the mandatory properties of which is their high abrasion, which reduces the wear of
the end part of the blade.

In carrying out the bearer and acceptance test of the engine, as well as at the initial stage of its
operation, it is pasble to quickly pass through the stage of winding the ends of the feathers of
the blades on the supragenerator inserts, and during the process of aging, the probability of
microcracks is significantly reduced. In the flowing part of the engine, the Uabyinth seal
pairs allows the engine resource to be increased several times.
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Numerical and experimental investigation of own forms and frequencies of hollow wide
chord fan blades promising engine
Anokhin D.V, Elizarov DA.
PJSC AKuznetsovo, Samar a

The main event in the design of GTE blades to ensure an acceptable level of variable voltage
is the frequency detuning in the design phase from resonance in the frequency natagoof
of the rotor. It solves the problem of own forms and the natural frequencies of (NOF) of the
blades. Due to the complexity of the structural design of this type of rotor blades of the fan as a
hollow wide-chord blade (PSL) with a corrugated filléo conduct modal analysis applies the
finite element method (FE).

According to the Norms of the strength of the definition of the ECI prototypes of the blades is
carried out experimentally. The data obtained in the experiment, can be used for \@rifiati
the FE models used for the refinement of methods of conducting the design calculations.

In this work, we have created the FE model and performed a modal analysis PSL fan 9 to
determine their own forms and frequencies of oscillation of the blade.

In the experimental study by holographic interferometry was tested in 3 randomly selected
from a batch of blades. The test blades each time was conducted as part of the trough and back.

The maximum discrepancy of calculated and experimental frequencies dete@eand 1
forms (to 12.7% and 11.5%, respectively). For the rest NOF the results deviate less than 10%.

The discrepancy between the calculated and experimental frequencies is due to technological
deviations of manufacturing interlocking parts of thepsta, error fixing, influencing the
conditions of fixation in the experiments.

Mode shapes, obtained experimentally coincide with the calculated one.
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Electric Orbit Raising and Orbit Control Propulsion Subsystem
Aturgasheva K.Y,.Kochev Y.V, Pats A.A, Simanov R.S.Merkuryev D.V.
ISS, Zheleznogorsk; MAI, Moscow

The Electric @bit Raising and Orbit Control Propulsion Subsystem (further referred to as
Subsystem) is designed for execution of orbit raising and orbit control manoeuvers of heavy GSO
spacecraft. The Subsystem is comprised of the following: Xenon Tank, Xenon FedX Ryt
Orbit Raising Control Unit, Power Processing Unit (PPU).

Basic Performances:

A Thrust: 0.29 N;

A Thrust specific impulse: at least 17500 m/s;

A Maximum power consumption: no greater than 10.0 kW.

Ground experimental testing at subsystem level includefotiowing procedures:

1. Standalone electrical tests;

2. Firing tests, such as

A Electric emission level test (at NIl PME MAI location),

A Firing test of the Subsystem (at ISS location).

These activities are part of the Sparecrat!| op me
El ectric Orbit Rai sing and Orbit Control Pr o]
02.G25.31.0196 between ISS aMihistry of Education and Science of the Russian Federation,
signed on April, 27, 2016 in the frame of Decree 218 of theeBomwent of the Russian
Federation.

Under the Subsystem development and ground experimental testing program, MAI is tasked
with developing an electrical simulator for the Orbit Raising Control Unit that will allow ISS to
perform standalone electrical testhis simulator imitates the Orbit Raising Control Unit start
and shubff transients, voltage and discharge current ripple, andreguency discharge current
variations.

NPC AMKAO is developing a soft/ hardware OCS
supply to the PPU, TM parameter collection and handling, as well as control of the Subsystem by
means of nominal eboard equipment.

The development of the Electric Orbit Raising and Orbit Control Propulsion Subsystem,
combined with existing launch vehislewill allow for delivery of the heavy spacecraft to the
GSO, which will increase their economic viability.
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Analysis for the variation of electromagnetic environment with the accrued operating
time of stationary plasma thrusters
Baranov S.\A, Vazhenin N.A., Plokhikh A.P?, Popov G.A., Kochev Yu.V?, Ermoshkin
Yu.M.2, Pervukhin A.V?
MAI, Moscow;2SS, Zheleznogorsk

The work presented was aimed at tlevelopment of grounds of predictive analysis for the
variation in the electromagnetic environment with the accrued operating time of stationary
plasma thrusters (SPT). The necessity in making such studies is related to the fact that the SPT
operation isaccompanied by self emission in the raffequency range that can represent
interference fopatckeralianfSIC)dEa@ftlspace communi

We analyzed and generalized methodically the available methods used to define
characteristicof self emission from electric propulsion thrusters in the r@iguency range
under ground conditions. Description is presented for the updated measuring complex developed
by RIAME MAI for a longterm monitoring of characteristics of selfnission fromstationary
plasma thrusters of SPI0D0 and SPTL40 types in the radifrequency range.

The frequency distribution of electric field intensity in the rafiemuency range for the
vertical and horizontal polarizations of the received emission was corsideréhe primary
emission characteristic.

For the quantitative analysis of the electromagnetic environment variation dynamics, we
studied the influence of the accrued operating time on the characteristics of thruster emission in
the radiefrequency rangesing the thruster model of SHRO type with the power of 45 kW.

It is shown that with the increase in the accrued operating time the emission from the new
thruster (100 hours) within the frequency range €26GHz grows, and more than doubles
within the frequency range ofd GHz at the accrued operating time of 4700 hours.

The studies described verified necessity in monitoring the level of self emission from SPT at
every stage of its lifetime.

Results presented in this paper were obtained with thygosufrom the Ministry of Education
and Science of the Russian Federation within the frames of the Agreement dated 27.04.2016 No.
02.G25.31.0196.
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Approximate calculation of an adjustable ramjet engine
Baurzhanuly I.
MAI, Baikonur

The main stages of calculating the mathematical model of an adjustable ramjet (ARJ) are
considered, and schemes for regulating the operating modes of the ARJ are presented.

Particular attention is paid to:

A the chice d flight mo5d ld s 1@30kmy¥ andl det2rfnination of design
characteristics for a mathematical model of the first level (the heat capacity of the working fluid
remains constant during the calculation, the flow in the air intake and nozzle aadigeti
isolated). Also, the ARJ schemes for the given modes were constructed;

A selection of the type of intake and nozzle for providing selected flight modes, construction
of regulating schemes for these devices.

The ways of solving the problems of the lafkARJ static thrust due to the inclusion of the
engine in the combined propulsion system (CPS), consisting of two stages: a turbofan engine and
a ARJ, are outlined.
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The analysis vibration conditions of system of the coupled pipelines with damping
support
Bezborodov S.A.
PC AKuznetsovfi, Samara University, S

Reduction vibrating stress loading of pipelines is the importantrfactwiding reliability of
the engine. The purpose of the given work is increase of fatigue durability of pipelines at the
expense of the location choice of the damping support and damping element characteristics. The
system from two pipelines ofthesige. 22 1. 1 mm connected among t hems
from MR material was investigated.

For calculated definition of deformations in pipelines the harmonic analysis is carried out. It is
consists of following stages:

A Creation of finit element model of ggmn by various types of elements: Pipel6; Pipel6
and Pipel8; Solid185;

A Definition of the MR material parameters (stiffness and energy dissipation coefficient) are
calculated by experimental dependences;

A Definition of the nipple support parameters (rigididg moving and rigidity on turn, finit
element Combin14);

A Definition of the constant damping factor of the system. The amplitude of fluctuations of
one pipeline in a control point was measured for this purpose experimeatélle cal cul at i o
way such constardamping factor waselect at which experimental and calculated amplitudes
coincide;

A Definition of the frequency range and loadings.

The dynamic experiment was carried out at vibration stand with passage on the resothance an
measuring of deformations about nipple support of pipelines. Tests were carried out under the
first form at vibration stand acceleration 40 m/s2 in a range of frequencies from 150 to 200 Hz.
Measuring of amplitudes of fluctuations was carried out byesysif contactless measurement of
displacements and deformations ARAMIS.

The mi ni mum divergence bet ween c% latcowrd at i on a
frequencies of pipelines coupled system (the model constructed by finit elements Pipel6 and
Pipel8). The ergence is from 21 to 49 % at the maximum amplitudes of fluctuations, at the
maximum amplitudes of deformationgrom 27 to 70 %.
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Modeling of gasdynamic flow in a channelstationary plasma engine
Belousova T.R.Platonov I.M, Hartov S.A.
MAI, Moscow
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To date, the correction of orbits and the orientation of space vehicles, as a rule, are carried out
with the help of electric propulsisystems. Electric propulsion engines are engines in which the
acceleration of the working fluid is carried out by the forces of the electromagnetic field. The
tractive effort in such engines is small, but under conditions of low gravity, a significaeasec
in the exhaust velocity allows a significant gain in the final mass of the spacecraft. The most
developed and studied engine of this type is a stationary plasma engine, which has been
successfully operated for more than 40 years. It should be nua¢dhe development and
exploration of new engines based on an accelerator with closed electron drift is complicated by a
number of factors. Often the parameters of the engine are difficult to estimate, because this
requires completely simulating the erarimental conditions in which a stationary plasma engine
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operates. Namely, the vacuum conditions, the achievement of which requires considerable time
and use of bulky and expensive equipment.

One way to overcome the emerging difficulties is to apply mattieahamodeling that
facilitates our task. Thus, it is possible to reconstruct the functioning of the engine in vacuum
conditions in the thredimensional approximation. It should be noted that the processes
occurring in the engine chamber are mainly oh@ee¢dimensional nature. However, the most
popular mathematical models describing individual processes, such as molecular gas flow, ion
sputtering from the chamber surface, etc., aredimtensional, which does not allow to correctly
estimate the influencef the geometric features of the engine, as well as the organization of
supply of a working fluid to the discharge chamber for workers characteristics of the apparatus.

The paper considers a mathematical model of fluid and gas flow, which is used tatealcu
the supply of a working fluid to the engine channel SIRD, with the subsequent exhaust in the
surrounding space. Neutral gas was concidered as the working fluid. The solution of the problem
was obtained using the software complex ANSYS. Particularportant was the obtaining of
the parameters of the flow of neutral particles.

This approach allows us to calculate the flow of fluid with the change of any parameter of the
engine. As a result of threBmensional modeling, we obtain more accurate \wlok flow
characteristics.
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Test planning and construction of regression dependences of a screw centrifugal pump
Belyaeva N.V.
MAI, Moscow

The purpose of this work was to develop a methodology for planning tests based on regression
analysis. Optimal planning redes the cost and timing of testing of liquid rocket engine (LPRE)
units, including turbepump units (TNA).

To test plans meet the following requirements:

1. Optimality i the minimum number of tests sufficient to construct a reliable regression
dependence;

2. Orthogonalityi independence of regression coefficients among themselves;

3. Rootability i equality of variances of the output parameter at points equidistant from the
center of the factor space;

4. Compositioni the possibility of constructing a regression modedegree d + 1 from the
results of tests for constructing a model of degree d.

The purpose of the tests of screw centrifugal pumps is to determine their energy
characteristics: the dependences of efficier}g‘y, (head(l ) and pump powern(,) on input

factors: volumetric flow rate of the working fluigt(and shaft speedj.

Based on the experimental data and theoretical analysis, the type of regression models was
determined and a full factor exjreent (FPE) plan was constructed that meets all of the above
requirements. The tests were carried outeh wr wi th the subsequent co
dependenci es o¥W)atfiged shaftedtations]. f | ow

After the experiments, the staprocessing of the test results wasf@ened:

A verification of experiments on reproducibility and stationarity;

A calculation of regression coefficients and their validation;

A check the adequacy of the regression model.

The presented methodology of plannthg tests and processing their results allows to predict
the parameters of the LRE aggregates (in particular, TNA) at an early stage of engine
development, as well as to reduce the volume of its development.
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The number of engines optimization of a distributes power plantfor adjusted thrust
Bobrik A.A.*? Tkachenko A.Y., Kuzmichev V.S, Manuilov V.A2
!Samara UniversityJ SC f Ku zSarmaras o v 0 ,

The development and implementation of distributed power plants (DPP) instead of traditional
schemes power plants for aircraft with various special purposes is one of the promising tasks of
modern aircraft building and a possible alternative to theldpment of turbojet engines with an
extremely high degree of bypass ratio. The prospects for using the DPP are determined by the
improvement of the mass characteristics of the power plant, and also by the increase in
aerodynamic efficiency of the gliddue to the reduction of external resistance.

Currently, several DPP configurations are being developed: a distributed power plant based on
a set of autonomous smaikzed gas turbine engines (MGTD) located along the wings; DPP with
a distributed propulsofthe drive of several fans from a common power generator, etc.); DPP
with distributed exhaust; DPP hybrid type (the set of the above schemes).

For the DPP configuration based on MGTD, the question of the optimal number of engines is
of considerable impaoaihce from the point of view of efficiency, provided that the specified total
thrust is ensured, and accordingly their dimensionality.

With a decrease of the engine dimension, its specific mass theoretically decreases linearly (in
proportion to the decrease diameter). However, in practice, there is a certain threshold of
dimension, in the transition for which the specific mass of the engine with a further decrease in
its size begins to grow, which is due to the inability to proportionally scale somesesygiems
and drives.

Thus, the task of this study is to determine the optimum number of DPP engines for a given
thrust, taking into account the effect of small size on efficiency -gafirsimilar modes),
external resistance of the power plant and trenishéd purpose of the aircraft.

In CAET the ASTRA system, a mathematical model of the DPP was developed, which makes
it possible to estimate the effect of the number of engines on the total mass of the power plant
and fuel needed to ensure a given randégift.

Based on the results of the calculations, a graphic and analytical analysis of the number
engines effect on the fuel and mass efficiency of the aircraft was carried out. For the total thrust
equal to 10 kH, the optimum number of engines corresptm6.
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Analysis of the influence of the compress@s additional axial stage on the altitude
airspeed performance of smalkize turbojet engines
Borovikov D.A, lonovA.V., Seliverstov S.0.Yakovlev A A.
MAI, Moscow

The purpose of this work was to compare the altiaidgpeed performance of smalzed
turbojet engines with a singl#age centrifugal ahtwo-stage axiatentrifugal compressors, as
well as an analysis of the advantages of a ssiadld turbojet engine with a twgiage centrifugal
compressor in comparison with a singtage centrifugal compressor.

The work was carried out in one stage arcluded the following tasks:

A Synthesis of mathematical models of srsitled turbojet engines with a singitage
centrifugal compressor and a tstage centrifugal compressor.

A Calculation of the altitudairspeed performance sialtsized turbojet enges.

A Analysis of the altitudairspeed performance of smalke turbojet engines.

As a result of the work, altitudgirspeed performance of smalked turbojet engines with a
singlestage centrifugal and twstage axiatentrifugal compressors were olotad. The analysis
of the obtained results allows to draw a conclusion about the advisability of usirgjaiyeo
axialcentrifugal compressors for designing snsitled turbojet engines, while we can expeet 10
15% improvement in the main engine charactiessfthrust, specific fuel consumption) in the
entire range of airspeeds and altitudes.
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Main challenges of using gas turbine aeroderivativeis marine propulsion systems and
their solution
Burov M.N.
UEC-Saturn, Rybinsk
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At an early stage of marine gagbine engineering, two engine concepts were tested. An
industrial gas turbine was used in the first case. In the second concept a light aviatishigas
engine oran aero derivative was applied. The low parameters of industrial gas turbine
thermodynamic cycle, including the compound cycle, were the reason of theirtisteort
application on transport vehicles. Aeroderivatives were used on hydrofoils and hoveighaft, h
speed transport vessels. Due to relatively high level of fuel consumption these engines remained
only on a few types of fast feryessels and combat ships of different classes, aircraft carriers
including. The first marine gatsirbine unit was created the USSR as a derivative of aviation
turboprop engine.

The complexity of conversion processes and significant differences atiogeconditions of
marine and aviation engines made the process complicated so the engine developers arrived at the
decison that marine gaturbine engines should be developed individually. As a result, the
dedicated base of marine g@asbine engineering was createdNikolayev. It is now considered
that these dificulties were solely of organizational and subjective reatis the foreign aero engine
companies successfully design and manufacture the aero derivatives for marine application.

With the collapse of the Soviet Union, the necessity arose to create its own marine engines
base. In 1992, by the decision of governnie c ommi tt ee, OJSC O6Rybinsk
Mot or buildingdé was selected as the-tubmg compan
engines in the Russian Federation. Based on the experience of Rybinsk designers in creation of
unique military engineshe core of advanced aviation engine was taken as a basis for marine
engine development.
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The greatest challenge the designers faced during conversion of aviation engine core into the
marine one was the requirement to ensure operability in the marinereneint The fact is that
modern corrosion resistant refractory materials are far below by their strength properties than
aviation materials. This resulted in necessity to develop a new high pressure turbine with a more
efficient cooling system. The first Rsian marine gasirbine engine M75RU was created and
successfully tested in 2006. Now we have a family of marine and industrial gas turbines rated at
4 to 10MW created as aeroderivatives.
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Analysis of regenerative cooling ofiquid rocket engine byexpanded cycle on the fuel
cryogenic components
Vasilevskiy D.O, Belyakov V.A, Vorobiev A.G.
MAI, Moscow

Calculations show that application of the combined diagram of cooling allows to provide on
the one hand reliability of cooling of walls odbmbustion chambeon the other hand, to provide
power balance of LPRE with a possililit of necessaryegulationof theengine.
Calculation regenerative cooling calculation as a result of which receive distribution of
temperatures of a wall from gas and from liquid and temperature of the liquid along length of the
combustion chamber andnazzle. After the analysis of this calculation it is possible to draw the
conclusion about reliability of cooling of the engine that allows us in a case exceeding of
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admissible melting temperatures of material or boiling of cooling liquid to make thepaippeo
amendments to construction of a flowing part of a shirt of cooling, or by regtacf a
component to receive uniform heat removal along wallsoofibustion chambend to achieve
heatup of liquid below critical temperature.

Calculation of paramets of a gas path, firewall, path of cooling is carried is iterative (a heat
flux in a wall of > having heated an internal wall>having heated the cooler heating of an
external wall) for sequentially the located camera sections.

The program on coolgs of the combustion chamber and coordination of rocket engine
byexpandedcycle is developed. In the program heat physical dependences of change of
properties of components of fuel (specific heat capacity, heat conduction coefficient, coefficient
of dynamc viscosity, density, the complex of heatphysical properties characterizing refrigerating
capacity of the cooler) on pressure and temperature are used. Different options of submission of
oxidizer and fuel in a cooling jacket @fombustion chambeare conglered: one or two
components.

Following the results of calculations of several options the byexpandedtbggerspective
cycle with combined cooling where fuel and oxidizer is used in separate circuits of a shirt of
cooling was revealed. Heating up aneing gasified, components of missile fuel serve for the
drive of separate turbines oxidizer turbopump and fuel turbopump. It is shown that the offered
cycle can be effective for the engines byexpanded cycle of accelerating units of small pull (to 4 t.
s)when there is a shortage of fuel for coolinggombustion chamber

Calculations show that application of the combined diagram of cooling allows to provide on
the one hand reliability of cooling of walls obmbustion chambgeon the other side, to provide
power balance of LPRE with a possibility of necessary regulation of the engine.
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The maneuvering system o& spacecraft with a laser power plant intended for fight
against space debris
Avdeev A.V1, Vladenkov.V.%, vakin S.V?® Metelnikov A.Al
MAI, Moscow;B ST U /i V GHEORLIBEr Systems LLC, St. Petersburg

A great attention is being paid now to a possibility of using laser power plant (LPP) for
cleaning terrestrial space from pieces of space debris (SD) which in some cases pose a threat to
spacecrafts (SC). Typical warlg range of LPP is about 100 km. But the cleaning of terrestrial
space is required in a wide range of heights. For example, the maximum density of SD is
recorded in orbits with altitudes 400..1500 kB8p, spacecraft (SC) with LPP should have
maneuver sysm for implementation of cleaning orbit prografihe purpose of the work is to
determine the requirements for tim@neuver systemf SC with LPP.

The work shows the main tasks, which should be decided by the system of SC with LPP,
when using in the prograrof complex clearance of terrestrial space from SD. Then, were
identified characteristic maneuvers of SC with LPP and spepdgequired for their
implementation:gpz102 m/s for flight between coplanar orbitp,#128 m/s for change orbit
inclination,q&75 m/s for orbit correction for 5 years.

The characteristic operating time of spacecraft with laser is about 5 years. pogjtased to
use the electric propulsion systems (EPS) in maneuver system. The mass of spacecraft was
calculated equal to 5 tons. It is proposed to use the maneuvering system based on the electrojet
engine, which r ec eiboadnucapowveripltt.h from the on

The working medium mass was calculated for each maneuvers. The ID300 by Keldysh Center
requires the minimum working medium mass for maneuver23,8 kg for flight between
coplanar orbitsm=29,9 kg for change orbit inclinatiom=17,5 kg obit correction for 5 years.

The results will be used to develop a system for maneuvering of SC with LPP and a complex
program for cleaning terrestrial space.
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Parametric analysis of the thermal state of the combustion chamber of a lethrust liquid
propellant rocket engine operating in steadystate pulsed mode of operation
Vorobieva S.S.Vorobiev A.G.
MAI, Moscow

When designing lovthrust liquid propellant rocket engines, one of the main issues is ensuring
the operability of the engine, taking into account the high thermal forces from the combustion
products to the chamber wall. To welthis prblem, it is required to parametric analysis of the
thermal state depending on thergmeters of the engine. For this purpose, the developed
mathematical model is used, which allows to predict the thermal state of the combustion chamber
wall depending on the main parameters of the thruster: the type of fuel and oxidizer, the location of
the mixing elements, the parameters of the film cooling, the engiemting mode and other
characteristics.

The physical picture of the processes taking pladhenLRE, especially at the start and stop
mode of the engine, is considered for the DMT MAIO engine, 200 N thrust, working on the
components nitrogen tetroxide and asymmetric dimethylhydrazine.

Parametric study of the thermal state of the wall of #rahkustion chamber allowed choosing
the optimum flow rate for the film cooling, the mixing ratio of the fuel components, the working
pressure, and thepattern of the mixing elements taking into account the impulse operating
conditions of the engine. It is svn that in order to increase the efficiency of the thruster, an
intelligent control system of engine can be used, that allows change the engine parameters for some
condition in order to obtain a high specific impulse on the one hand, and, on the ofthetohan
ensure a guaranteed availability of the thermal state of the combustion chamber wall.
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Analysis of the effect of the gaslischarge chamber shape on the operation of a radio
frequency ion thruster with a wide range of thrust variation
Akhmetzhanov R.V..Gordeev S.\/.Kanev S.V, Nigmatzyanov V.V.Khartov S.A.
MAI, Moscow

For a low orbit spacecraft there is a need in counteracting the aerodynamic drag of the upper
layers of the atmosphere. Electric propulsiomusters may be used for solving this problem. But
the drag depends significantly on the solar activity, and in addition there are daily and seasonal
drag fluctuations. Thus, a low orbit spacecraft needs thrusters with the ability of regulating thrust
in a sufficiently wide range. At the RIAME MAI, a multimode raditequency ion thruster is
being developed. Thrust control in such thrusters can be provided by changing the mass flow
rate, the current amplitude in the inductor and the potential of the firgivpogrid of the ion
extraction system. One of the factors influencing the efficiency of the thruster isd&sdaarge
chamber shape. It affects the recombination of ions on the walls, as well as the configuration of
the magnetic field inside the chamb@&he effect of the shape of the gfischarge chamber of a
radiofrequency ion thruster on its specific parameters in a wide range of thrust regulation is
analyzed. For analysis, the chamber mathematical model was implemented in the COMSOL
Multiphysics 52 software package. lonization efficiency for -gischarge chambers of different
shapes was compared. Mass flow rate was varied from 0.13 mg/s to 0.53 mg/s. An amplitude
value of current in the inductor varied from 3 A to 10 A.

The works have been fuli@d within the frames of implementation of the Federal Targeted
ProgramfiResearch and Development in the priority fields of #tgence and technology sector
growth in Russia for 20:202® (Agreement No14.577.21.0248. Thenique identifier ofvork
(project) RFMEFI57717X024R
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Increase of mass perfection of power elements of the propulsion system due to
introduction of additive technologies
Siluyanova M.V, Dzgoev T.R.
MAI, Moscow

The housing parts of aircraft engines have a very complex geometric shape, making the
manufacture of solid samples by casting or machining impossible or extremely costly. As a
consequence, parts have to be made from several components, which avelttedeogether. It
is welding seams, as a rule, are a weak link due to the disruption of the homogeneity of the
structure of the material or oxidation during welding.

Additive production is not limited to the geometric complexity of the parts produced
virtually any form can be performed without the need for subsequent assembly or welding.

The strength of the structure is increased due to the absence of welds. Accordingly, in the
manufacture of body parts manufactured on a 3D printer, the strength & grogver elements
will increase by 510%.

One of the main tasks in aviation and rocket construction is to reduce the weight of the power
plant. From the beginning of 2010, the technology of forming ttieensional objects began to
develop intensively, rtdoy removing material (turning, milling, EDM) or changing the shape of
the workpiece (forging, stamping, pressing), but by gradually increasing (adding) the material.

In 2015, work was carried out to optimize the power element of the power plant of new
generation spacecraft, according to which it was revealed that the transition from the classical
method of manufacturing parts to the use of 3D printing significantly reduces the production
time, and also helps to reduce the weight of the part to 35%.

The ue of additive technologies in aircraft building allows solving complex technological
problems. Existing machining technologies have a number of technological limitations.
However, eneto-end digital design and production used to produce metal productsamithlex
internal structures and cavities allows them to be effectively overcome.

The development of additive technologies in the field of aircraft and rocket construction
contributes to solving a number of issues that could not previously be solvedhesitigssical
method of manufacturing parts.
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Numerical and Experimental Studies of Reynolds Number and RoteBtator Clocking
Effect on Performance of a Highloaded Two-stage Compressor with 3.7 Total Pressure Ratio
Druzhinin Ya.M, Mileshin V.., Kozhemyako P.G.Semenkin V.G.
CIAM, Moscow
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This work presents the results of experimental and numerical investigations of Re number effect
on gasdynamic characteristics of a hifaded twestage compress (HPG2), simulating the first
two stages of the HPC for an advancediee.

The experimental studyf HPG2 i s carri ed @ testfaalitywhemhobanghng AMO6 s
the Reynolds number by decreasing pressure at the inlet from 1 bartar @2d banging the
clocking position ofrotor andstator rows at optimal points of performances at two rotational
speeds .7 and 0.88)Clocking of stator rows was also investigated at another two rotational
speeds(.8 and 1.00)

Tests of HPE compressor shothat a stepwise decrease of the inlesguee from 1.0 to 0.7,
0.4, 0.2bar (a decrease in Re number frdmM85000 to 2940Q0leads to a smooth decrease in
maximum compressor efficiency by 1% and a shift of compressor characteristics towards lower air
flow rates (by 2%). The ¢eulated values of Re effect on the compressor characteristics for the 3D
flow model without reference to the lamirarbulent boundary layer conversion point are much
higher than the experimental values for efficiency and flow, aed4% for max. efficiency, and
3% for air flow.

The experimental studies of compressors for pregayptengines show that unsteady processes
play a key role in compressor efficiency and stability.

One way to control unsteady flow in compressors is clacliffect[1-4]. Recently clocking
effect of stators and rotors has been investigated in details using th@ HiREStage compressor
(total pressure rati8.7)in H = 0;M = 0 condtions. The effect of Reynolds number on compressor
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characteristics is stuelil in this work for the HPQ compressor with account of the rotor and stator
clocking effect. Tests of HRZ compressor show that a decrease in the inlet pressure and changes
in Re number result in a more severe total clocking effect and is 0.9% indksfieiency under
atmospheric conditions at the inlet and % 5vith a dicrease in the inlet pressure from atmospheric
pressure down to Of2ar.
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On the concepts of thruster application for orbit control and orbit raising
Ermoshkin Y.M, Yakimov E.N.
ISS, Zheleznogorsk

We are witnessing a noticeable growth in the use of electric propulsion thrusters for spacecraft
of various applications.[1] Speaking of Geostationary satellites, two main challenges need to be
addressed iterms of the electric propulsion subsystem (EPS): orbit raising from Transfer orbit
to GSO, and orbit control during spacecratft lifetime. The first requires maximum possible thrust
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in order to minimize the duration of the manoeuver, while the latter @illseconomical
operation while limiting thrust and power consumpti®here are two possible solutions: a) to

use thrusters with two modes of operation, i.e. maximum thrust mode for orbit raising, and
limited thrust mode at all other times; and b) usegiheded augmented thrusters for orbit raising,

and economical thrusters with limited thrust for other operations. Of particular concern,
obviously, is the matter of choosing the more advantageous solution in terms of cumulative mass
of a fueled EPS. The flowing comparison is made for an Exprd€¥00 based spacecraft. To
illustrate the pros and cons of both solutions, we have chosen thé&®RDthruster at 4.5 kW,

290 mN thrust.[2] In the first scenario, this same type thruster is used for orbit car@r&\y,

180 mN mode. In the second scenario, a {mgpulse KM-75 thruster with 95 mN thrust at 2.3

kW. The overall impulse for orbit raising and control presents as a ratio of 0.6 to 1. Based on our
evaluation, under such conditions the mass in the sesmerthrio (with designated thrusters for
orbit raising and control) will be approximately 160 kg less than the mass in the first scenario.
Such advantage is achieved by use of lighter, more efficient, orbit control thrusters. The scenario
where single thrsters are used is rendered inefficient by greater thruster mass, sufficiently
greater xenon supply, and an additional xenon storage tank.

Thus, it is recommended to use the concept of designated orbit raising and orbit control
thrusters for the design oégstationary satellites with orbit raising capability.
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Numerical study of the effect of circumferential grooves on HPC last stage performance
Zhdanov V.V, Mileshin V.I.
CIAM, Moscow

High pressure ratios in advanced axial coespors lead to a decrease in height of the flow
path and, consequently, a decreased blade heigh
be reduced relatively to the blade chord length or height by the same relative value as in first
stages. Maover, HPC operation in transient conditions can cause an increase in tip clearances,
so that clearances in last stages can exceed normal values. This may affect the operating range
and characteristics of the compressor as a whole. Circumferential graging treatments can
be used to compensate for negative effects associated with an increase in tip clearances.

The test unit used in this work is a@@M stagé the largescale (Im) model of the HPC last
stage designed for studies of flow specifics imabgtages with a big huto-tip ratio equal to
0.925. It consists of 3 blade rows: inlet guide vanes, which provide the same flow swirling as in
an actual compressor, a rotor and a tandem stator. ThHéVDstage has the following design
parameteranass a flow 15.4kg/s;tip speed264 m/s;total pressure ratid.24.

The purpose of the circumferential grooves is recovery the stall margin, pressure ratio and
maximum level of efficiency, which have decreased due to an increase in the tip clearance. Two
values of the tip clearance are studied: a)rird i design value of the tip clearance, and b)
0.8mmi increased value of the tip clearance. Dimensions and distances between the grooves are
chosen in view of their subsequent manufacturing. Various confignsatif casing treatments
with different number of grooves located in the area of the leading edge or over the entire rotor
chord are numerically studied in this work. This choice can be explained by the fact that vortex
caused by leakages in the tip clem®is located in the area of the leading edge, and its intensity
considerably increases with an increase in the tip clearance. Grooves located directly in the area
of the leading edge split the main vortex into a number of small vortices and decrease its
intensity, but similar grooves located near the trailing edge have a negligible effect on flow.
Nevertheless, the casing treatment in the configuration with 6 grooves located over the entire
blade chord results in max. increase in efficiency.
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Transient processes in discharge circuit of stationary plasma thruster type of SPT40D
Merkurev D.V, Kim V.P,, Zelenova E.V,.Kalyazin V.G.
MAI, Moscow

The goal of this work is to represent transient processes investigation in stationary plasma
thruster discharge (type of SABO) in ignition mometh nhominal modeswitchingoff moment.

This data are used in order to design theatmih models for an electrical imitator of orbital
correction and injection block.

The transient processes research of the-BRID operating is realized by the power
processing unit (PPU). The oscilloscope measurements in the discharge voltage rage of (280
315)V are provided in the moment of SRAOD ignition and operating conditions reach. Also
the heat condition of the thruster is taken into consideration; the follothirep modes
distinguish:

A fcolddthrusteri after three hours of neoperating;

A medium heat thrustérafter one hour of operating;

A fhotdthrusteri after three hours of operating (the stable heat mode).

The obtained data are used for analysis of-$#0D discharge parameter oscillations and the
influence on other SRT40D electrical circuits. In addition there are be analyzed the influence of
the transient processes in SPA0D discharge circuit on oioard electric power supply system.

This work was undéaken in research institute of applied mechanics and electrodynamics
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Development and research ofranspiration cooling of bladesfor high-temperature gas
turbines
Zemlyanaya V.A, Vikulin A.V.
MAI, Moscow

The existing and sufficiently developed to date systems of convéittiveooling of blades
and vanes have practically exhausted their potential at the turbine inlet gesatme 1800
1900 K. Currently, a transpiration (or penetrating)lz@psystem of blades remains promising
for hightemperature gas turbines. In deon engineering at various hesitessed service
conditions, including in penetrating cooling systems, aingitorous materials have found
application. However the pecesses of flow and heat exchange in porous environments have
specific features and are insufficiently studied.

In the work researches of four models of blades with the transpiratidmg®ystemwere
carried out. The studied models have various internal diameters, various numbers of holes and
various porosity of the material, which is sintered stainless steel fibers. Thermal tests of these
models were carried out by the cafetric method in théquid metal thermostat, and hydraulic
tests were carried out by the method of hot purges.

Analysis of the results of the experiments showed that the change in air temperature over the
cross section of the tube is determined by the number ohel& moreuniform distribution of
air temperature is observed with the increase in the number of channels. Uniform distribution of
air temperature over the cros<tien and increase in the heaixchange surface of the models
leads to an increase in the relatiméensity of heat emission. In the development of-kassed
parts with the transpiration cooling system it is expedient to form structures with a large number
of longitudinal channels. Herewith the area of channel flow sections should decrease from the
periphery to the center.

96



The main advantage of the penetrating cooling method of the blades dEhigkrature gas
turbines is the reduction of the coolant flow rate due to the more developed contact heat
exchange surface. In addition, there is a sigaificeffect of reducing the heat flow at the cooler
injection into the boundary layer.

The application of transpiration cooling will raise the maximum permissible turbine inlet gas
temperature up to 2200 K, and consequently increase the service lifeiabitityebf the entire
gas turbine engine or gas turbine plant. Tlhtained thermahydraulic characteristics for
previously not studied designs can be used in the databank eéXvbainge and massansfer
software, which will educe the laboriousnessich development time of the turbine with the
transpiratiorcooled blades.
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Increasing the effidency of the GTE by using an adaptive cooling air supply system
Zolotukhin A.A, Siluyanova M.V.
MAI, Moscow

The development and modernization of modern engine designs is one of the most important
factors inthe development of modern gas turbine construction. To date, modern engines of the
5th generation have high requirements for reliability, efficiency, etc.
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For the efficient operation of modern gas turbine engines, it is necessary to increase the main
paraneters of the engine, one of which is the gas temperature in front of the turbine. The increase
of this parameter is a complicated engineering problem. To this day, the materials used in the hot
part of the turbine operate at temperatures above their maxiralues. In solving this problem,
the cooling system helps them.

For the cooling system, one of the most important parameters is the total air flow. The value
of this parameter affects the efficiency of the engine as a whole.

In the engine under considémm, turbine cooling takes place in all modes of its operation.

Air supply is carried out in two directions: it passes through the external circuit of the engine,
passing through the columns, is directed to the cooling system of th@rdsaure turbineLPT)

and through the secondary zone of the combustion chamber, the air from which passes through
the air heat exchanger and is sent to the valve apparatus, which regulates the supply of cooling air
into a highpressure turbine (HPT). Adjustment thus haly éhpositions, it is fully open and
completely closed, the latter is used for minimum engine operation, in all others the system uses
the full flow rate. In this regard, when working on regimes that are not setdmgherature

loaded, but at the same tim@rk with complete cooling, there is an excessive expenditure of air
going for cooling.

As a result of the work on modernization of the cooling system section where the valve
apparatus is installed, a cooling air supply system was developed that alloegulate the
amount of cooling air supply at all engine operating modes. This allows you to keep the air in the
system and put it into operation, thereby increasing the efficiency of the engine and reducing fuel
consumption. Similarly, the regulation dfet air supply for cooling will inevitably lead to an
increase in the temperature of the rotor of the turbine, which will reduce the radial clearance in
the turbine and reduce the losses during operation.

dtcOQodzdlsj dz! dzf 2 0OdzOdzdL o ddi-cisteze J dzf D yde®) Ists OL gzislS Gls
teOMmMyd stse
1 sdzslskzr 2@ ddz2y deso © [ . .
forR, 6. [tMCo0O

CJ kteso jdz dBdtesots? Ctsds®kRdSd {Ists sHdd
Emdzse dj o Cshses? W dzw jlsfyw 1 CtsdatsdBd W
EOdz dz' B, ddai sted3Oydesdedzr & d otej d3j dadz 1) .
j Mlstetsjdedj o YOMmlsdesfisd, EZORsHdIsMY o yv
tojBksls SCEmRBSBEOKROY 6Btztdz Ho d ¢ Olsj dzd o
OHW S ydL dzj dedese 5 GQALS-EzZP T ddsOdftie g IL O9 @ fipls
dLHj d&zdY O ftesydetsfyls: , Ol tetsHddzOB] Y MSd],
d fMtjHmlse .
gL ¢ ts defis ity B Gsls atatp? o ftojHi wodwjdgg 2 ¢ Mmtsoe
H Qo dzj dzd v (uvlr) GOL Bkt ddzdztse s Ho G Ols
Jdicets tOMABSHO oBLHEARO Hd&Y SR dEOyHJddY M
bktsj GOLO o cttedzi uwdjsdetfp BT BOWOH dsS.
d yOwtsftesyd » &GOjtedOdss YOMisdydss tjh O s
Mdeso dzr &8 %d tihjddids {2 fsedid MsOd
sh d&zOY H j dad W .
2 OBl B @Bt i) disjsd@dtze o ju 1 3 ( OB )t dzt
Tt eitdigjlbtedd). vdmdzj dzdatsj BsH | dzdtetse O
j MEset § tots¢ ERXdddztSe. 5 of SRy ARG EMIBED 1436 | Is ©
btesjdz" Hej ®wOMYY bd j BdZOMd Mhtlstsydas?
LOC ¥ yOzOf! dzdh+ o SCtsdduyjfmlsej wyjjS o
Bdzdz + dzj i3j dZlstse, O oltsOw YEWHSCO 19 dBddz | OHOYC
fostcjBdtsets SsdzdyujMmlso® wyjjs ©OMYY sds? d&sHj dzd (e
fistslse jlsMisoso Oczts B' tojLizd SOOB HEY dBsHjdd M o f

g
o
©
&2
&co

. @ o
RO/

> S
g o
[

g oo To
TH I —OC @G- “9_‘\\0‘305!'\!—0&
g_g_,;_* 11
N el S
&I 23
7]

okl JJW_Q[?{’Q—-

g8 B @

F-rQBII I TR
", 8 0Ta

&

o

Gehne ITI0H
]
&
(o]
=)
7
B“— [rE=

B8 g.v-=903
.nﬁig

&
qu—@'m

98



[dzw sBj dR oMy sdzr o sB &ZOMis j 2 dMfsd Lo O
Emasedv. stedlsduj MCdn ©hdesS of Wod dgts dzj BT dets.

15 tjLbd OSOd ©OMYY SO, &SH | ®d, HE Mzdz® 5 Gdz
fOLO®R) sc® dzj fjorhOdd bjBljds] LSEDYN M| H
ftod HMIsOo dzj dedes 3 dL sBt6OY jdzdd dLsdzdded?2 Yo jten dzs
odHMS, Ykt &O dddsjtejmkzsh jd dOh zyOomkEj G tge Ow

oststeOW (dzj sBRtSHIBS 99 jfisd ddasj ceo Odz, ylstss' v+ d
1 sistetsd o Isjtf dztso lz® Hd O¢ s O3Bz, 3" dzOB dz¥ H Oj d3,
lsj B3y jeOlsizte (ded%j 900Au) Ek wBjdR dBsHjdi2 f6
i fMdzd ©OMM&BOIstcdo Ols* CodzB o B drdis H j tedz Mtcpmsdavzy  Is
SR dZOY HOj BBs Bz EyOMmlsCk BEHJjI dedy 4, udidd k2 fitwe
MCstesfsd, obktttOw &sHjd d&ijl ykls! Btdjj §d&os
oatsLHEZRO.

R L MtcOo dzd Isj dz' dzse s OdzOdzdL O HalzD SEESH J dzjod ts dzB y
Oy Is dtsHjdzd Bty dats fetseo jMmisd M Bjde M dd3 ¢ tsdzd ud
COyjmso® MmjlsSd dzj Ctodilsd ydats. Clsts HOY I oftsL dstsy
BEHjdZij2. 1655 & HOM dzj2hj2 w©OB®Gl] M o' E@Qdzsd sd
fmMils¢d.

Comparative analysis of the influence of grid quality of 3Bmodels
on the results of calculations
Zolotukhina D.A, Siluyanova M.V.
MAI, Moscow

In the 21st century, the level of the wordonomy is one of the main indicators of the
standard of living, the main condition of which is the saving of resources (material, intellectual,
information and time). Modern industry, and engine building in particular, is in a rigid
framework of economyTests of the product require huge material costs, so the engines of the
new generation at all stages of the life cycle directly depend on the -@&&h8ology. In
particular, product calculations for strength, aerodynamic, thermal, etc. play an impdgant ro
saving money.

One of the design requirements for a modernpigissure turbine is to provide the necessary
air flow for cooling the nozzle apparatus of the turbine engine, at a gas temperature in the throat
of the nozzle apparatus close to 2000 KeTuse of the latest techniques in the creation heat
resistant materials partially solve the problem of burnout nozzle blocks. The main solution to this
problem was the improvement of the cooling system design.

In this paper, we examined two 3D modelsta# flow part of the SB (absolutely identical in
geometry). Numerical simulation was carried out using the commercial software complex
CFX14.5. With the help of the ICEM CFD 14.5 package,-timensional areas of the flow part
of the highpressure turbine eve built. The difference between the calculated areas consisted
only in the number of cells in the models. The first model had about 10 million elements, and the
second one was about 19 million. The task was to determine the smallest required number of
cdls in the computational model in which the quality of the calculation results would correspond
to the results for the model with a high degree of resolution of the elements.

For both calculation areas, the same boundary conditions were used. No ariticahere
identified.

Based on the calculation results, the models were investigated using the Y+ parameter, where
the parameter values did not exceed the required value for the SST turbulence model. In the
presented image of the surface contour surfagknes, from the shelf side, it is evident that in
the region of interest, the first model has larger Y+ values than the second one (it is necessary to
enter an interval so that Y+ does not exceed 2.5).

Having constructed a thermal diagram, we observe ttie rage of temperatures (below
9 0 G)An both models is approximately the same in area. But if we consider specific zones, then
in the second model the average temperature over the cooled section will be lower than the first.
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Also, with the superposin of the velocity vector, the second model has a slightly smoother
distribution of the air curtain.

From the comparative analysis of the two models, one can draw a conclusion. The initial
calculation of the model can be carried out with fewer cells, sorcéhe whole, the influence of
the quality of the grid is not critical. This makes it possible to process more models. But in the
future work with the chosen model, it is necessary to improve the quality of the grid.
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Study of thermophysical and kinetic characteristics of energyntensive components of
promising aviation fuels
Yanovsky L.S', Molokanov A.Al, llina M.A%, Varlamova N.E
Kazakov A.I1%, Dubihin V.VZ2,, Stashkiv M.S.
'CIAM, ?IPCP RAS, Moscow

S
4

Aircrafts are characterized by rigid overalhss restrictions, therefore for increase of flight
range it is expedient to use combustible with increased volumetric calorific value. The present
work is devoted to the study of the properties ofrgpéntensive components of advanced
aviation fuels.

The experimental manometric installation included the thermostat, the pressure regulation
system, the test chamber, which makes it possible to determine a pressure of test sample in the
range of 840 atmat temperatures of-B00%4. The following energyntensive samples were
studied: pentalane (M13), birer(M18), CPbinor-s (M20). Investigation of of the samples was
carried out by measuring the equilibrium pressure during their isochoric heating. Investigation of
the kinetics &thermal destruction was carried out by a manometric method.
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The vapor pressures of the test samples were determined in the temperature rai§e@.00
At each pressure measurement, the test chamber was held at a given temperature for 2 hours, the
pressire did not change, i.e. the reaction of thermal decomposition with evolution of gases was
not observed. It is shown that the saturated vapor pressures of the samples under #iady o
temperature range 18D 0 G dre subject to the Clapeyr@iazius law.

The kinetics of the thermal degradation of the investigated samples was studied at
temperatures420-4 5 Q.Alt is established that the rate of gas evolution in the thermal
decomposition reaction of the latter proceeds according radical chain unbrandrsebraldr
reactions mechanism.

In the study, enthalpies and entropies of evaporation, boiling points and critical temperatures,
pre-exponential factors and activation energies of the Arrhenius equation were determined for the
test samples under.
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Experimental research of radiofrequency ion thruster with a wide range of thrust
regulation
Kashirin D.A.
MAI, Moscow

Currently, a large number of small satellites, intended to solve various problems in low orbits,
are being deeloped and created in the world. One of the main problems of operating the small
satellites is a relatively short period of active existence of the satellite due to braking in the
residual atmosphere. It is necessary to equip the small satellite withsagtopulsion system to
compensate the aerodynamic braking. Such system can be created on the basisoufelow
radiofrequency ion thruster (RIT), an experimental sample of which was developed and created
at the RIAME MAI.

The concentration of partideof the residual atmosphere in low orbits, on which the value of
aerodynamic braking depends, can vary by more than an order, depending on the solar and
geomagnetic activity. Thus, the range of thrust regulation for tBethifuster installed on the
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GOCE satellite was from 1 mN to 20 mN. Therefore, when designing a propulsion system, it
should be possible to regulate the thrust within a wide range.

The report is devoted to the experimental research of RIT with a wide range of thrust
regulation. The repopresents the main results of these research. The possibility of regulation
the thrust of the RIT in a wide range was experimentally confirmed. For the experimental sample
of low-power RIT this range was from 0.5 mN to 12.5 mN.
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Diagnosis of damage and assessment of operational health of workers turbine blades of
aircraft engines
Kiselev F.D.
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Central Scientific Research Institute Air Force Defense, Schelkovo

The most important part of the research aimed at establishing the causes of the destruction of
parts of aircraft in operation is the diagnosis of damage using-ptetaical methods of analysis
of the structure of fracture, structure and composition ofrtheerial, flaw detection control, the
characterization of mechanical properties, analysis of the strength and vitality of the parts.

The report describes methods and results of studies on the diagnosis of the destruction of the
working turbine blades of airaft engines, established the reasons of destruction of the turbine
blades, and the factors contributing to the destruction, the peculiarities of operational damage are
often different from the bench, the critical zone some modifications to the turlsidesb the
results of the systematization of the relationship types of loading, failure mechanisms and types
of fractures of the operational turbine blades of GTE.

Domestic engine builders clearly insufficient experimental data on the characteristiciof cy
crack resistance and, in particular, the rate of growth of fatigue cracks irebissant alloys on
a Nickel basis. Virtually no kinetic diagrams of fatigue fracture in relation to the working
conditions of the material in critical areas of the bldnecessary for assessing the fatigue
durability of the blades. This applies to both equiaxed polycrystalline alloys, and alloys,
directional crystallization, including singl@ystal performance.

The report presents the results of experimental stunfiesyclic crack resistance of the
material of blade$ alloysVZHL12v (equiaxed crystallization) and ZHS26, ZHS32 (directional
solidification and single crystal version). Characterization of resistance of the material of the
blade fatigue failure with theonstruction of the kinetic diagrams (dependence of crack growth
rate against stress intensity factor) was <car
samples on a shaker (vibration frequency of the samples wad2dMz) and the scheme of
pulsating tension with a frequency of 50 Hz. The values of the coefficient of cycle asymmetry in
both cases was 0,15 and 0,35.

The report presents methodological aspects and results of diagnostics of damage and
assessment of operational efficiency of turbibades of aircraft engines, developed
recommendations for the control of material structure and characteristics of protective coatings
on the blades to assess operating damage, the given actions implemented to prevent fatigue
failure of the blades in opefan, improve the operational reliability and service life of some
maodifications of the working turbine blades of aircraft engines aircraft state aviation.

My jteddd desOdz dz" § JL Bjtej dzedv d wydmdzj dadzg’ 2
o MsC syYyoOmMissisde » disdzdz’ » HoedeE Olsj dzw
stolzg dzts,e 5B ROteW der H3j ) Odas®@ &z o 1 . 1 .
[orR, 6. [tMCoO0O

leso jHjdd dLdBjtejddy bjfhsedLsesd d Isjtods] Ot
ddzdzsds Ho C OB | dgsh dzERIE' ¢ H i 116C Idsts "olzslfipdsR ¥ H s 3
OB l) dzO ©OL dzdudz T Ofgjyy GO j oot ZOKEE. o ©OL OB
1/¢C [JorR Hode®EBwd vRe d Hodd Oilshjolzvf Ify Rftser h j dad
Bsh dzsfls: ¥ 15620 Cll of fsddjdd M §sbsh! s ©Od |
BsHjd ¥. [shlsdcdzsts ZHsodjlsestdlsj d desj M dzOm
sj By j Ok, ylst {6 dHfddy s & oodddity dehsy] Is dzts 2
floscdzsL dioso Oded™ Isjf o sets MehissY ddy o M sYOF
fsOHdd ftesjClsdtetse Oded W .

10 thdsej (e jHjddas?2 Mmjtedd wudmdzj deder = €OMyJ
©OL Bj edzsfisd o' ©OB 5ls O dzts dz'ter] 1€ ss@Fdiz Ol d § O ditido toEfisy 1
CoyjMmlse) ®EOLjtedOd®O HEY dLGilstso-tef ted W j it 8 M & ety
I YRF®OdEBd) j StdsdujmMitscts f sySd Lt dd™ Isjted
CodhistekSydd JyRrRp. J[ftojHjdjds tofosjsisf dzHderdjc Ousq miag Q
16 d 14KRrf, ftd SElGE' T oL BEY4ss § todE) dzg dzd § MY

103



Jtoj HAzsY j d20 o 5L Bisy detsfls ¢ Zdzjdg hjdzdw Isjd3f jcOlsizter
sflbdujmMis? Mdmkjdk , COC &Odetdj | dOcEKjlset 1 dj
fojterdesiis: St sdw Hdv Gdso Ysisdd v kil sl jidet ' \ jiz
Metetsfh Isjf dzO. Vo jdzduj ded § filsjfddd yjtedesiss foj
oL iBsy dats, wOftddi3jte, EMIHdtess Odzedj 3 dozd ctwOW dlsdL
ttOMmyj ls0O bmmnjgm@mim fteso jtedls! kOCEZY tjCtsdj dhnOyd
s &3 j teOlslztel 69 HEl @B Hissfteddzvssets Hdw  + d3d g sd
dL @ tslstse dzj wnlzmdlsizldedfr]q’Isdzi L solowfls. 95dz0ij@dgijls § S5COLC
sj &Y jtcOlskzte®  di3d i ddsparseEdzomdz] CE@B s @G ylkd 400 s,

flzh jMlse j dedats. v j 3 j OO EMEtewsh jes 1 djClstesH O
du 0 keojddyjddw kjfdsstcts folstsCO dO kMSttwsh d2

dqu O fworhjdedw Mlsjfjded UJtcdeBL sdf,tsmugd Mdzj datizr 2 v @
ftosH j dsdzmistedtetso Odz o 5L Bsy detsMyls LOMR) sdetsets  kzdzj dz' b
1 dzj CbtesHO ftod dzOdej Mjdedd dz@ jcets fso jthdesils: ¢t

Experimental measurements and numerical calculation of temperatures in high
frequency ion thrusters
Kruglov K.1., Abgaryan V.K, Akhmetzhanov R.V.Balashov V.V.
MAI, Moscow

Temperatures in the radfeequency ion thrusters RI with thepower of up to 1 kW and
RIT-16 with the power of up to 3 kW were measured by infrared imager and thermal couples
during the thruster operation in different power modesnperature calculations for the thrusters
RIT-8, RIT-16 and RIT49M with the increasegp o we r of 15620 kW being d
RIAME MAI were made using the numerical thermal model developed earlier. Satisfactory
agreement of the calculated and measured temperature values was achieved that stipulating
possibility for the application of compti@nal model to predict thermal state of rafliequency
ion thrusters (RIT) at the design stage.

Based on a series of numerical calculations for temperatures in RIT of different sizes, the
recommendations are elaborated on the use of titanium alloy4vds a material for the
production of emissive electrode of the RIT -extraction system that is the most critical
element of RIT structure from the point of view of thermomechanical deformation. Maximum
permissible operation conditions are defined for thmeisters RIT16 and RIT4 9 [ at whi ch
application of the alloy V14 is possible.

A possibility is proposed to reduce temperature of the emissive electrode of-thdration
system as of the most heated element of RIT by covering its surface wadtiagcwith the
purpose to raise its emissivity factdg, and thus to increase the heat release by radiation. For
example, it is possible to increase the emissivity factor of the emissive electrode surface by
oxidizing or graphitizing the surface. Avaiiidity of the temperature calculation model allowed
verifying such recommendation. Temperature calculations were made fdr6Rfér which we
used(}=0.95 instead oft:=0.3 that had been assumed for the emissive electrode made of Mo.
According to calcidt i on s, the emissive electrode temperat
rather essential. At that, temperature of the a
the growth of heat flow onto the accelerating electrode from the emissive caesbeof the
increase in the emissivity factor of the latter. Thus, numerical calculation has demonstrated a
possibility for the noticeable reduction of the emissive electrode temperature in the case of its
surface covering with a coating characterizedhigy emissivity factor.
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Calculation of own possibilities and forms of exchange of blades of a direftow diffuser
using MSC.PatranNastran
Kuznetsova T.S Kazakbaeva A.Y.Rybakova M.R.
Moscow Polytech, Moscow

Modern gas turbine engines are widely used in various fields of technology and, above all, in
high-speed aviation. One of the most important units of gas turbine engines of various types is a
directing device with agymmetrically mounted guide vanes designed to create a twist of air
entering the working blades of the compressor stages in order to reduce the relative velocities and
to obtain the angles of the gas flow on the profile of the working blade.

In this work,the authors attempted to study the frequencies and forms of natural oscillations
of the blades of the directing apparatus of the3AIF aircraft engine compressor in order to
develop proposals aimed at improving the reliabilty and improving the perfoeman
characteristics of the engine diffuser. The geometry of the blade was constructed in the Patran /
Nastran preprocessor, using the finite element method in displacements, implemented in three
dimensional settings in the Ansis software package.

The reseath was carried out in two stages. At the first stage, the frequencies of the
oscillations of the blade (Modal analis) were found using the sol 103 solution when setting the
boundary condition in the form of a seal. At the second stage of the work, thes$eaf
oscillations of the diffuser blade under the influence of pressure from the oncoming gas flow
were studied.

On the basis of these studies, a Campbell diagram was constructed, the analysis of which
makes it possible to more appropriately approaehdibsign of diffusers of gas turbine engines
and the choice of materials for their manufacture.
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The method of gtimizing the design parametersof the combined propulsion system of
the spacecraftduring the passage of Van Allens belts
Kurguzov A.V.
MAI, Moscow

In recent years, there has been a tendency to carrp@wperation of orbit raising to GSO
using electric propulsion systems. Compared with chemical propulsion systems, electric
propulsion systems more effectively use the mass of the working fluid, which increases the mass
of the payload on the target orbiHowever, the thrust of electric propulsion systems can only
provide a small acceleration, which leads to a considerable time for maneuvering and is not
always acceptable.

In the process of transition to GSO, being outside the protective magnetic fiblel Baith,
the spacecraft is exposed to cosmic radiation. The impact of radiation during a long transition
leads to the accumulation of radiation damage in the elements of the spacecraft, which shortens
the life of the spacecraft and forces the construaifanreserve, reducing the mass of the output
payload.

Most noticeable is the effect of radiation on solar batteries, which degrade quite rapidly under
the influence of intense fluxes of charged particles of radiation belts. The ability of solar panels
to generate the electrical power needed to powebaard systems is noticeably reduced from
exposure to radiation during the transition to GSO by electric propulsion systems. We have to
apply a set of protective measures: to protect the silicon layer @itk gbsdoing radiation, to
increase the area ablar cells to compensate for degradation, to replace silicon batteries by
arsenide gallium, whose degradation is much smaller, but their cost is high.
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The structure of the Earth's magnetosphere determines theneri®f belts with an increased
level of radiation, the soalled Van Allen belts. Reducing the residence time of a space vehicle
in these areas can reduce the effect of radiation, reduce the mass of elements of the spacecraft
and increase the mass of theput payload.

Reducing the residence time of a space vehicle in a zone with an increased level of radiation
can be done by using a combined propulsion system with engines of various types.

The paper considers a method for determining the optimal dpaigmeters of a combined
propulsion system for the conditions mentioned above.
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Application of method for experiment-calculation assessment of impact of gasrbine
engine blades instrumentation on their vibrationbehavior
LysenkoA.A.
PJSCAUEC-Saturr, Rybinsk
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This paper presents application of method for assessment of blades geometry deviations
impact on their vibration behavior [1] by the example of low pressure turbine blades reworked
for instrumentation with strain gauges and wires glued to them. Degree of instrumentation impact
on vibration behavior is assessed using the change of natural frequencies of instrumented blade
(for the most critical mode shapes) versus initial geometry blade.

Preliminarily, calculation of blades was done using finite element method, their mode shapes
and natural frequencies were determined and also Campbell diagrams were plotted to determine
possible resonances of the most critical mode shapes.

Then experimentaanalysis of these blades natural frequencies was performed. Set of turbine
blades was tested using impact excitation method. Blades natural frequencies were determined
via audio signals arising at blades vibration, which were recorded using micropHades B
frequencies determined at pitest were identified with calculated mode shapes.

After that initial blades were reworked for instrumentation, and strain gauges were glued to
them. Instrumented blades were tested using-f@sgmethod similar to itial blades.

Then maximum relative change of frequencémax (%) of initial blades and reworked
blades was determinegfmax (%) for turbine blades used for this method tval®w 3% for all
analyzed mode shapes. Frequencies of the majority of instrumented blades remained within
initial blades frequency range.

Individual analysis was performed for those blades, the frequency of which for any mode
shape after strain gauge gluing was out of initial blades frequency range. The analysis
demonstrated that resonance margins for those blades were sufficient andcionfiemed
during straingauging- new resonances were not detected. Thus, presence of instrumentation on
turbine blades did not result in change of resonance frequencies, i.e. it did not affect the results of
their straingauging.

Concluding part of thegper contains some recommendations for other method applications.
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Research of characteristics of the higlfrequency ion thruster in the presence of an
additional external constant magnetic field in area of HF discharge
Melnikov A.V., Khartov S.A.
MAI, Moscow

The purpose of this work was the research of a possibility of improvement of energy
characteristics of the higinequency ion thruster (RIT type), by superimposing external magnetic
field in to the area of higfrequency discharge. For this purpose, fa dboratory model of RIT
with a diameter of beam of 100 mm, the magnetic system settable on the outside of the inductor and
including a magnetic conductor and four windings was designed and made.

Experimental researches were conducted in four stagedir3thetage was check of compliance
of level of characteristics of RIT before and after changes made in a construction. As a result, was
established that the level of the extractable current of ion beam, in the installation of additional
elements of a cotrsiction, is preserved. The second stage of the research was the registration of the
characteristics of the thruster in the case of absence of an external magnetic field. The dependences
of the power supplied to the inductor on the consumption of the mgnkiedium for the beam
current from 50 to 300 mA, the character of which corresponds to the data of other authors, were
obtained. Research of the characteristics of the RIT in the presence of an external magnetic field in
area of a higHrequency (HF) didearge acted as the third stage. At certain operating conditions of
the thruster, a positive influence have been identifiad increase extractable ion current of beam.

And the fourth stage of the research was a comparison of the characteristics af thehelcase
of presence and absence of an external magnetic field in area of the HF discharge.

The revealed regularities of the influence of an external constant magnetic field, a specific
configuration, on the parameters of the laboratory model of ifteflrequency ion thruster is the
result of the work performed. These data made it possible to determine the operating conditions of
the thruster and the amperage in the coils of the magnetic system, in which the largest increment of
the extractable curréof the ion beam takes place.

vojlHlS ] dz-deOy | e dpdzd W CsMBd Ui MS IR L OHO
dboHjjorOOEdE ulflsjd ISR @ .. 1 .
vy clirﬁllrlweOLJtedz" fige RO [fsds"j @68 6.6 ;

Tor, . [BMCoO

EOd d j SthmidujmSd) fteddsj dzj dedw czOL jtetse  (
duimMCtets Befstd M SCodsL jdkd R stsdls d HIE
Y dedw ) tdagjtecdj AN, slsHdidlsy oz ikditefighy; ¢ WLOIDE 5 Is ts 2
so Odzd W dic4Piz dz' B@arj fllste sds *YIAUEL,05 . { 1 jEBRBH]C
OCIdzg §j d dOH iy dz' §j dissyddSd dL dzkzyd ddw eor Mt
ddds L dOdeBtdjj bMfjhdr 7 fklsj2 tjhjddy B8]
Sotoj d3j dzdgts ftejHj dz des BOdzs? t®©OMEGiHdBshsd
dj obdiseotet WksdsO (J[IlA). ddaspy’ &
{1An wodvwjlmw EkMstOd)ddj Kt©OHJY(JSsddsd
dzdd | dzpe®EEunNBIEr L @z yj dzdw d@zOL j 6O.
zOB stcOlstste d d 14 uu 1 oluffylsdidgswed dfdpfmdzi HEz8 Isfpw
Edz Mde § lsoj tedz®lsjtdr datz® £ ozs® g ls Coodd dasds saaBio |tk
s Odr@dsd Nd s Y Isdy] i CHy omwdisssdEs, dis dida,
BOdj st € OUj fiflsel0 161y dzlz i siyfistdjciogdsdn ™ o § g e j  d dst
o d ndzdlsj dz dets dsY i d etz s ) O ls @ @5 o wlcHOdzdR) o7t B Hsdavdz
J ©OhPP 4dgcon. 1 tejyddBi fOmMmde dzs? BsHEEY ydd H
109



f sk yydeg P d&fzd Mo [y fdejdectfd Qo255 5 dtish defsmisd 1
sflsdujMEsE MOy Misorjod dzj 21 j § s zjddzediy ddgiLigicld@
oL By dzts fhklsjdg fmorhjddw {djtwedd @OCOYSd ddd
(ejtoj dsdesets, 1 dzjtecdd dzj MStsde Cdn dzOL j tetso .

dzj zdv fdCsot? &S dgsHjsden !

l 5L d¢3tsy detsyls Zf 0o
HC s ftosH | BBsdzMistcdtetso Odz® o ted 1 d
w

& MStsd SR ftstew

pO! oo Oded™ St WW dydJ dalsO  dz0 y G ndptOtlsy datf © s oz iRs@ ds
WigCsiisd L dzz@y ddgw . J ) lssi igdsfek § dzdzOw M dzj Cydw  jHddzlise
o daiflzdr My dLAkzyjddY fsLotdvjl §sdzyOl! tHJds:
fetewHCOy BB Mistsi NBPedd y §sdzsh’ cjdzj cOydd doL jt
toj L 5dzOIs 5 6 5 d3.

vOCdd BBLOLHR, &OL jdezhisipl @) distydg,dzv H sHEMS O h g o
9 0tedOydd Jjet {djtecildyujmMSdn hdd tefstlidsnls o g @0 nn Ot
sBiMfjudeOjl kddejthmOd dtshmls! dOL jteds? fdhlsj dr |
CemMBduiMEdr LOHOY d oL Bty dasmis) db@lsdeds? ¢ @] de’ te
BHdses, OS¢ d dimitd $do fteddtsy dd? .

The solid-state lasers with WFR for space problem solving
Avdeev A.V1, lvakin S.V?3 Metelnikov A.Al, Pogoda A.P>*
BSTU £ VOE Nudsét Bystems LLC, St. PetersbultdAl, Moscow

Actual space applications of lasers (lidars, locators, cleaning terrestrial space, etc.) require
radiation sources with energy from 1 to 100 J, pulse duratiarl,fs, frequecy 16100 Hz
and beam quality R8 1, 1. . 1, 5. So, c omp act -brightndss radiationa b | e s o
are needed.

One of the ways of providing required impulse energy and radiation divergence is using wave
front reversal (WFR). The key advantage of WFR is absence decreasing nagiatlity with
increasing energy radiation characteristics.

In the | aboratory BSTU AVOENMEKHO named after
state WFR lasers based on quantrons with activeY NG laser crystals are studying. A high
optical quality M = 1.5 is achieved at an energy in a pulse train 1.25 J and pulse duration of
240 microseconds (instead 4600 microseconds in a freenning mode). In the passive- Q
switched mode, a pulse train with an energy of 2.55 J with a peak power of 17.6 MW and an
optical quality of M <1.3 was demonstrated. Further energy increase of the laser pulse is
possible by increasing the pump energy or coherent adding of few lasers.

The ability to control of peak power and pulse energy control within several orders of
magnitue is demonstrated in the-§itching mode by varying the initial gate transmission
coefficient while maintaining high brightness of the radiation. The natural selection of the
longitudinal mode in the radiation pulse makes it possible to obtain singlespulth a
bandwidth of the order of 350 MHz instead of width of the lasing band with a linear resonator 30
GHz.

So, energy and spectral characteristics of the laser with WFR can vary in wide range. This
provides the versatility of the laser system for @eviange of actual space problems and the
ability to quickly change the generation parameters for one or several applications.
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High-efficiency completely steady piston aircraft engine fueled with turboshaft aircraft
engine fuel
Miller ¢ .{ .
SUAI, Saint Petersburg

Piston aircraft engine must meet a large number of requirerfantssiation and military
equipment.

In addition, novel piston aircraft engines are presented with a number of basic requirements:
efficiency improvement, increase of power per liter, reduction of toxicity of exhaust gases, and
reduction of specific weigh

There are a number of requirements that modern piston aircraft engines cannot meet:

1. Multi-fuel capability, i.e. the ability of efficient work on available l@stane fuels of a wide
fractional composition.

2. The resource of some aircraft engines doegreted 102000 hours.

3. Steadiness of the piston aircraft engine. In the power range from 5 to 100 hp piston aircraft
engines with a number of cylinders up to 4 are usually used, and even the fiafliioder engine
is not completely dynamically steady.

The proposed piston aircraft engine comprehensively solves this problem by means of a new,
advanced organization of the working process and the use of a symmetricaltearpdwer
mechanism.

The proposed working process is carried out at the optimal péteesnwhich include the
compression ratio of 113 and the quantitativgualitative power regulation with the increase of
excess air coefficient at partial loadd¥ 2 . 5

An additional advantage of the proposed piston aircraft engine isfonllitapality and the
ability to operate without detonation on lawtane fuels at a high compression ratio df1131
including Ai 80 gasoline and aircraft fuel TS (GOST 10227786).

In comparison with traditional gasoline engines with a compression ratio of & Sower per
liter of the proposed engine is 20% higher, while the specific fuel consumption is lower: at the
maximum power by 1215%, at the nominal power by 226%, at idling mode by 330%.
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The proposed technical solutions have been tested experimewotalla number of
experimental engines (patent ~ 2008478, 2117790,
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Development of additive technadgies that use filamentary materials

Navetkin M.A, llyinskaya, O.1.
MAI, Moscow
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The technology of additive manufacturing (AMAdditive Manufacturing), which appeared
in 8C-ies of the last century, gained idmevelopment. At this stage, they may compete with
traditional technologies in smadtale production of complex products and rapid prototyping.

The majority of AMmachines is based on the selective sintering of metallic powder laser or
electron beam. Ais method is one of the easiest and allows you to create metal products of
various shapes. But the main disadvantage of this technology are the metal powders.

Manufacturer of metal powders is a time consuming processhnology gas, vacuum and
centrifugal atomization complex and, most importantly, not established domestic manufacturing.
The acquisition of domestic enterprises AM machinery overseas firms may lead to disastrous
consequences manufacturers of AMmachines are often made and powder to mbshese
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machines. When you try to use powders from other manufacturers, there is no guarantee the
preservation of the quality of manufactured products.

The wholesale price of powder materials in the foreign market is approximately as follows:
pure titaniumi G 2 3100/kg; TE6AI-4V i G 2 0400mg/kg, alloyCeCrit 150/ kg; alloy
T 0 7-90/kg; Inconel 625 U 75/ kg (EXW, i .e. without VAT, cu
Russian consumers they cost at least twice, usually three times more expeng/é¢hétthis a
minimum order limit from 10 to 50 kg.

It is therefore necessary in the domestic manufacturing to develop the AM technologies using
filamentary materials metal bars and wire. The production of such materials is massive, all
products are staaddized and price per kilogram by one to two orders of magnitude lower than
metal powders. Currently, there are only 2 companies, engaged in the manufacture of AM
machines that use filamentary materials, but these machines are extremely low precision.

In work the analysis of existing additive technologies, their shortcomings are revealed. The
proposed method of creating a layered productshpatéed by using the inductor metal wire.
Calculated parameters of the inductor and power consumption. The pgssitiiinding layers
between the various types of welding.
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The reasons for the destruction of the ceramic composite ciags under vibration load
contact
Nikolaev I.A.%, Lyakhovetskiy M.A%, Torskaya E.\?, Kornev Yu.V?
'MAI, 2lPMech RAS*IPM RAS, Moscow

Using developers coatings engines and power plants it is asdowiditethe need to improve
performance characteristics, life and reliability of the construction elements working in
extremeconditions. The use of various types of ceramidinga makes it possible to increase wear
resistance, corrosion resistance, lesistance and other properties of working surfaCes of the
promising methods for the formation of ceramic composite coatings is the microarc oxidation
(MDO) method, which is used for aluminum, titanium, magnesium, zirconium and other alloys
with afigaeo effect.

On the other hand, the application of new materials and integrated feedback operational factors
dictate the need to study the limit load for which thetesyfi me/toatihg will perform the
desired function, and causes the destruction of yete®1.0ne of the most common factors in
reducing the life of the elements of the DLA is mechanical vizerefore, the aim of this study
was to investigate the causes of the destruction of composite ceramic coatings produced by MAO in
heatresistant alunmum alloyAK4-1, under the vibrational contact load.

The samples wused for testing of the aluminum alloy wheels -AK4
1 30 mmdiameterand5 mmthick coating and withouMAO. The tests were cded out on a
model 1401 friction machine developed at the MAlplemented in sliding motioh reciprocating
sliding in the rang® = 10- 200 microns, the mmal load in the conta@00F, = H, f = frequency
displacementsf 20 Hz, the number = 1¢ cycles.

On the basis of the solution of the contact problem foidsodith coatings, the stresses in the
coating are determined, the relationship between the amplitude @dlinesstresses and the nature
of the destruction of the coatings is &fithed.Since an increase in the reciprocal slip amplitude at
a fixed bad was ecompanied by a transition to a more severe fracture regime, it was suggested
that the fracture criterion leading to the appearance of cracks in the coatingriptitede values
of the stresses, since the thermal effects at the existingsvaluthe friction coefficient are
negligible.To verify this assumption, it was necessary to determine the mechanical characteristics
of a relatively rigid ceramic coating and to calculate the stresses, in particular, their amplitudes for
different valus of the applied load.
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Heat transfer and methods of intensification in aviation and grounebased systems
Lopatin AA., Nikolaeva D.V.
KNITU-KAI, Kazan

Along with issues of energy efficiency and compliance with stringent operating conditions
for aviation and land transport, the issues of ensuring the necessary temperature regimes of such
devices, whih are continuously connected with the operation of cooling systems, are not lost.

The purpose of this work was a joint examination of the thermal and hydraulic characteristics
of heat transfer processes in air currents with natural convection in thegcpacesses of en
board radio electronic equipment.

In the course of the work, an experimental stand was assembled,

consisting of a heater simulator; working area; the casing, partially, or completely descending
to the working area, which made it podsilto further intensify the oncoming air flow. In the
course of the experiment, three working areas were investigated: with smooth, well and split fins.
In experiments, the heating power, the height of the casing over the working area, and also the
angle & mutual opening of the split ribs alternated. After processing the data obtained during the
work of the stand, the Nuselt and Raleigh similarity numbers of the processes were found, the
heat transfer coefficients were obtained, and the regime of gaswimsvdetermined. In the
future, the most optimal mode for the height of the casing lift and the angle of opening of the ribs
was determined, and a criterial formula for generalizing these processes was obtained. Later,
visualization and modeling of theseopesses in the LOGOS and Ansys software complex was
made: creation of a calculation area, a grid model, a description of the process, the initial
conditions and software calculation. The results obtained in these programs are correlated with
the experimeratl data.

The conducted studies show the efficiency and possible use of split ribs in cooling systems of
electronic equipment of aviation system components and their advantage in comparison with
smooth and lunar ribs, both in the field of thermal hydrauéed in the field of massize,
technological and operational characteristics. Thus, the goal of the research was fulfilled. The
further direction of work is the generalization of the received data in conditions of the forced
convection.
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Control of a thrust vector of the service spacecraft in case of a space debris object
removal from the GEO area
Obukhov V.A, Pokryshkin A.l, Svotina V.V.
MAI, Moscow

For the GEO region cleaning from space debris obje@©}She contact less method based
on the ion beam influence on SDO can be succsesfuly used. The service spacecraft (SSC)
equipped with electrical propulsion unit (EPU) and ion injector (ll) is needed for this method
realization. Il creates an ion beam nateting with SDO to apply momentum to SDO for inserting
it into a safe orbit [1, 2, 3].

The problem of SSC control and its stability was studied in [1, 2]. The study was made by
numerical modeling for the dynamics of motion of a cluster consisting obbjerts: SSC and
SDO. The described in [1, 2] algorithm of the motion control used information about the relative
SSCGSDO distance projections in the orbital coordinate system. Conditions were defined under
which the SSC control by the proposed algorittould be stable.

In this paper, in development of the results received earlier, questions of control of a
longitudinal component of the EPU thrust vector for the purpose of extension of the ranges of the
SDO and SSC parameters for which the process of ®Bving will be steady are considered.
Control algorithms of a longitudinal component
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layout, taking into account different values of admissible turning angles of the thrusters in two
planes, are offered’he diagram allows to control values of projections of a thrust vector in side
and in longitudinal directions under control the sign of the moment created by the thrusters
relative to the SSC longitudinal axis that allows to lower requirements to the &SEaton
system.
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Eval uation of the influence of aluminum al/|
treat ment on the anodeds el ec-édlummhwrhe mi cal ct
electrochemical generator
Okorokova N.S.Pushkin K.V, Sevruk S.D.Farmakovskaya A.A.
MAI, Moscow

The development of the electroplanes sphere (gliders and multicopters) and the services
provided by them gives many tasks for the developers. It includes degtidgime power plants
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(PP) for these devices with the required energetic, economic and other characteristics. As a
highly effective, environmentally friendly power plant, it is possible to use a PP based on an air
aluminum chemical current source (AA CCS).

AA CCS consists of an aluminum anode acting as a fuel, and a gas diffusion cathode (GDC),
through which oxygen is supplied from the air. The efficiency of the AA CCS is largely
determined by the characteristics of the anode.

In this work, in order to id&ify the most effective anode material, the polarization and
corrosion characteristics of Ah alloys samples manufactured by different technologies and,
accordingly, having different compositions and structures, were studied. The investigations were
caried out in alkaline solutions (8M NaOH with the addition of 0.015M3\#; and 4M NaOH
supplemented with 0.06M NanQ;) at a temperature of 333 K.

In the experiments, it was found that the alloy with a nonuniform structure shows better
characteristic fronpolarization point of view. However, for all the examined samples, which
were manufactured by similar technologies, the difference in data is small, and is determined
mainly by the composition of the alloy, in particular, by the quantity of indium.

From @rrosion point of view, all the samples shows a positive differentiation effect.
Statistically, the difference between alloys manufactured by different technologies is not
significant, and the quantity of indium is significantly affects on corrosion onith w
concentrations greater than 0.6 mass%.
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Modeling the operation of a largescale turbojet stand with a rotating propeller
Pavlik S.V, Kazhan E.V. Lysenkov A.V.
TsAGI, Zhukovsky

One of the main tasks okdigning modern engines is to improve fuel efficiency. One of the
mean is to increase the degree of the-¢wouit power plant. To simulate the operation of a
largescale twacircuit engine in 1997, an experimental test facility was created in TsAGlhwhic
allows a research in various modes of direct and reverse thrust, direct and obliqgue blowing.
Based on the accumulated experimental experience and the development of CFD technology, the
validation and verification of the numerical methodology for calouathe aerodynamic
characteristics of turbojet engines became possible.

In this paper is investigated a model of turbojet with a lagde of twecircuit (scale 1: 4) at
different speeds of the incoming flow and the number of revolutions, taking inturgcthe
direct and oblique blowing. In the CFD simulation there are basic elements of the design: an
eightbladed front and tebladed rear propeller, a nacelle, a spinner, an annular entrance to the
inner channel. To simulate the operation of the imterircuit, a mass flow rate boundary
condition is set.

The calculations are carried out using the RoS solver (Certificate of state registration of the
computer program ~ 2016619700 of August 26,
carried out in a stionary mode on a structured hexogonal grid. The system of Reynolds
equations closed by the SST turbulence model is solved. During the calculation, both the
distributed (pressure on the surfaces) and the integral (thrust, torque, efficiency) of thepropell
are calculated.

As a result of comparing the calculations with the experimental data, it was found that the
mass flow rate through the aircraft engine inlet, the recovery ratio of the total pressure, and the
compression ratio of the fan are simulatethwequired accuracy (~ 1%).

The presented results were obtained within the framework of the state contract of the Ministry
of I ndustry and Trade of t he Russi an Feder i
performance of the research wdiRevelopment of @aechnique for calculating the aerodynamic
characteristics of the intake device and the fan of high thrust turbojet engines simulating their
gasdynamic interaction and its application for optimizing the inlet of the aircraft emgine
RAircraft engine Inl&-20 code number within the framework of the state program of the Russian
FederatiorfiDevelopment of aviation th industry for 2062825 years.
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The effect of dynamic behavior change of constructive elements on the longitudinal
acoustic instability of SPRE thrusting
Petrova E.N.Salnikov A.F, Kashina I.A.
PNRPU, Perm

There is a need for integrated approach to solve the dynamic oscillation problem to predict
working efficiency of solidpropellant rocket engine (SPRE) constructions during their
development.

The main task, which is solving in this paper, is geometric sirngukaccount and physical
mechanical characteristics of sefidopellant rocket engine constructive elements. In addition,
with an account of unsteady gdgnamic processes in the combustion chamber. To analyze the
change of dynamic interaction coefficiesftoscillation processes in SPRE combustion chamber
and its constructive elements, the algorithm was developed.

In this paper, there is the comparison of modelling process results (discrete mass models,
models with distributed constants and models withtdir i but ed constants of
setfi) with dynamic interaction coefficient of S

A identified the occurrence possibility of instability in SPRE thrusting, durimgleling
process of discrete mass model algorithm;

A data, obtaied in odeling process of algorithm with distributed constants, did not identify
the deviation from normal SPRE thrusting;

A algorithm results of model with distributed
instability absence during the whole periof SPRE thrusting.

The estimation of dynamic interaction conditions of constructive elements with the first
l ongitudinal mode of gas oscillation in combus
Design Bur e au -SfodkoCompary.r Surveysatie rstiown that the pressure
oscillation amplitude in combustion chamber increases on-thee@onds.

The change inaccuracy of pressure level in combustion chamber is 15%, amplifddgas
oscillation frequency 2%, which are enough for initial enginméey calculations.

{ OL©OBGICd o GBdOMISd HjlbSROYdEdd & Heodc Ok, dj 2
NAHS R COfjd o Efjksedwn &BiSttctOs dlsOy
Aotsdzso? wl fukdddz o. 4.
BRmMA {01, CisfpthSaPcdwe, ¢. sbd o

=t

vittejIsdyud MC s 1 WsiBisthsizseoddstiglgd HJj IstsdzOyd sdzdz’ - Ho d @
fdsdei eMCdd3 cOBBISO®R OCOHj BIS G ddsm@at XX . ajiCq jldd]H
Rd&zMIsdlszlstsds rddB3dyi Mets2 W¥drdsd dds. 1.1 - o j By dztse C
t$d1) ©OL©LOBSIOd BEBAMZOYJ stk dnjdasj 2 (rRr 1) d daj
HilbtsdzOydtsdedegr = HodGEOIjdzi?2 (1rr) HdA CtttejSydd st
CLOBBEse HEs Mbljd CdhscOBBss. uwtsodjMisds M 1 ¢
CdfdzstetsHdz 2 111, YSCOLOohd2 BEHJj dd dig ded f dsff 2¢O dg tezC

120



MetsteOdef”w 32 OIs
[ Ooatejdzls! jo O wu(d
o &3 Misdets 13
dmindzi Hise @dzd 3 N dats
[ 3]. [MlsOy sMw wsis
BJCteseteOo dlsOydd
rdv +Issets o 20

[2]. 1 BRdBs s, OCYj, o
defm¢ scets IISHJdZJdZCfW t simmd2Mm¢ 2
¢ Cdzj oG sABON e, 9 ttOiRS On ftetsd €
dmyr lsOodg Ho O 8 EPIzEBG HFREE F 91T
Cr s’ &3 asftesy 5 I, Co¢ {5
dzj o j Misd3tsflsd .

G. dzO I su e tsH d dzfig@ool$ sy d3d y
Odzsoh dC s s ¢ wg dzwW dzts fip ! AL Ul
(0] j dbed d twH bkdzdo j tefe

&5
B
{

wﬁ'm

1
Flame Investigatior , CFl) 1 s
FPyomlse so Odzd Od3j te
1of ctess ¢Cdjtec(

t 5]
I 1 ey jteddidlsi dfdiHtse O

1) [ 4, .
51 GEEE G| oC @fnjdss

BICtesctcOa dlsOydd. LYJ dO 1 Ofj HYtjHoOtdlsj dz dats
dd stedzOyde 5 MfsmMsBOodl WdsmMOydd ¢Ofdd o Bl VY
HOo dzj dzd v , fs MOHdvd ftesyd MMO ctstejddwy ¢ Off dzd
(Jskf j 6Oktj, MOY i cBLOLcoOd] ( . H.)

[dlsj cOk©O:

lyid Hseady ¢c. osftetsmiz B { dzgj tecj Isdud MS ¢

/1 rzma s@:wmaquﬂaqamzmwrmy

2. . ANtetsdztse, | g. ¢SCMijdeseo, [lHogHIPpER]O [ I
ﬁ‘anIIJdk(@dyJ dzr J q’fr]frjdngtsa Odzd w flsj dzHns9 ™ A SBteOL Yyt
HJlSBdZOI{CfTde@CQSﬁ f@@stga@dzdw// I stej dzedj d-168.L " ®, 201
3.isMMd2MSd?2 ©OCjlbdr 2 HibskOydtsdd 2 HodcOk,
L Ristetsdede 2 6 Mzte vouww, sk dzd C s Odzts 1 %i- dzsvws
opk/3776698

4. CCMy jteddsd dzls ¢ Otejotse/ / L dzj C Istetsdzds’j F dad juff iy cd
Mo jIsO 5 oo t@BBOBdEZOLZ Jiphdzj Hiso Oded?2 o + Mt j te
Ctsfdg MSdr Sl dzj S MOA, http://knts.tsniimash.ru

5.t smfmd2mMedy SCtmMBsdzOelsr Efstetswis f BrainTea® dz0 [ s d
si zetEz@Czts 1 7 htipAbrabteainty/, tc ts ) fi) L2k deftsj dizGrplsidetiistyHsy s/ .

R&D in detonation engines and droplet combustion in microgravity experiment
Frolov S.M?, Pichugin S.B"
ICP RAS, MoscowWRSC fiEnergi ao, Korol ev

Theoretical basis on detonation engines was laid by Yan Zeldovich, a USSRhaiadén
early 40th of XX century [1].

At Russian Academy of Scien®&N. Semenov Institute of Chemical Physics, RAS (CHPH)
succeed in developmemif pulse detonation engines (PDE) and rotating detonation engines
(RDE) for orbital maneuvering with profsion ranged within dozens of grams to hundreds of
kil os. They, in alliance wi {AMKIBur AeyozodeslL
successfully tested engine, which has shown in the ground tests specific imRi€eseconds
at 32 atmospheres of press in combustion chamber. Also at Russian Academy of Science
Lavrentyev Institute oHydrodynamics, Siberian Branch of the Russian Academy of Sciences
(LIH), in alliance withV. P. Glushko NPO Energomash (NPO Energomash, Ltd.) and supported
by Advanced Reearch Fund, have successfully tested two detonation sustainer engines in project
named Al frito. So ground tests show high effi
they can operate in microgravity and weightlessness in space.

To clarify that, joint US Russianspace experiment, nam&bol Flames Investigation (CFl,
or, in Russian, Zarevo), was launched in 2017 on board of ISS. Principal was Central
Engineering Research Institufes N1 | Mash (ATs NI I Mashad) . Particiop
andUS universities University of California at San Diego (UCSD), University of South Carolina
(USC). On the Russian side S.P. Korolev Rocket and Space Corporation Energia (RSC Energia)
and CHPH participated in the investigation.
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Process of combustion of diefs of heavy hydrocarbon fuels in microgravity was
investigated. The investigation gave new knowledge on how combustion processes can be
improved for future PDERDES, and, besides, how to protect ISS against flames on its board.

The results of CFl areilitin progress, and at present, it is clear that important knowledge is
received on how to fix the drop in chamber when pressure raises, on which stages are in droplet
combustion, what are their characteristics, etc.
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Modeling the cooling of a space nuclear power plant with spherical fuel elements
Romashova M.Q Platonov |.M.
MAI, Moscow

The standard fel element in a nuclear installation is an assembly of rods. However, a more
interesting form of the fuel element is the sphere. In connection with the nonconventional
geometry, difficulties arise with the organization of heat exchange between the eoalathie
fuel surface. In this study, we considered a design that is coaxially located cylinders, between
which are ball fuel elements. The gas coolant enters the dispensing manifold, flows around the
fuel elements, and then exits the collection manifolie @im of the work was to determine the
temperature fields in the annular fuel assembly with spherical fuel elements in a space nuclear
power plant, as well as to search for heat and mass transfer intensification options. The latter
depends on many factotthe area ofhe fuel surface, the geometric parameters of the reservoir,
the properties of the coolant, and the organization of its movement.

Using numerical simulation, it was possible to estimate the distribution of temperature,
velocity, and presserfields, and also to determine the effect of the location of fuel elements on
heat transfer. Validation of calculations was carried out by known experiments, while
comparison of the results of numerical simulation and experiment showed sufficient accuracy

At mathematical modeling various variants of the organization of flow of fuel elements by a
stream of gas were considered. As shown by the calculations performed, the choice of the correct
relationship between the geometric parameters of the fuel elemetttheir location in the core,
and the intensification of heat and mass transfer makes it possible to ensure a high energy
efficiency of the nuclear power plant.

1. Dzyubenko B/., Myakochin AS., Segal MD., Smirnov L.P.fiModeling of heat and mass
trarsfer in a fuel assembly with spherical fuel elements for longitudinally transverse gas flow in a
space nuclear power planfThermal processes in engineering. 2011. TZ number 1-8p. 2

2. Chetvertkova /., Rizvanov RG., Mironov AV., Sharafiev RG. fiVerification of the
finite element model of the shelhdtube heat exchanger FGBOU HPE fUfa State Oil
TechnicalUniversityo, Ufa. P.452-465
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Computational investigation of Reynolds number effect on theirfst highly loaded stage
of high pressure compressor
Semenkin V.G.Mileshin V..
CIAM, Moscow

na e Fow

The paper presents the results of the computational investigation of Reynolds number effect
on the first stage of higpressure compressor-88. Simulations of 3D vicious flow in the
passages of the stage were conducted using ANSYS CFX SOLVER MANAGER. Two cases
were considered the first one is fully turbulent 3D RANS simulations with the Menter SST
turbulence model anché second is 3D RANS simulations modeling the transition effects that
take place on the airfoils of axial compressor using Menter SST turbulence model coupled with
2 - Reytransition model by Langtry and Menter.

The considered rotor speeds were 100% afd, 96e modeling of Reynolds number decrease
was provided by setting the chosen values of total pressure on the inlet boundary condition, so
the obtained results correspond to Pin=0g/Pih=0,29, Pin=0,21R. The rotorstator interface
was setageotbetiiem that is Non Reflecting Mixin
model was included in to the simulations to rise the values of maximum efficiency and pressure
ratio that are ~2 % and ~4% lower than the experimental data respectively. udgingptel the
mentioned characteristics were significantly improved so that the deviation from experiment
became ~0.8% for efficiency and ~2% for pressure ratio. But for the other hand the
characteristics shift towards higher values of the correctedoair (Gecor) comparing with the
experiment the deviation B% and comparing with the integral performances of fully turbulent
case the value of deviation is ~4%.
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Wave drag in supersonic flow over rhombic relief surfaces
Sidhu J.S.SVolkov V.A., Semenov V.V.
MAI, Moscow

Within the framework of linear theory, the stationary flow problem is solved exacthein
case of uniform free stream flow over infinite thidienensional relief surfaces, given as the sum
of plane sinusoidal waves. It is proved that within the framework of linear theory that there are
regimes, called critical, by which the stationary sapeic flow field over the studied relief
surfaces could not be determined due to division by zero.

It is shown that if the supersonic freestream velocity is parallel to any of the two axes of
symmetry of the studied rhombic reliefs, then there is only aiteal value of its rhombus
angle, which depends on the freestream fl owbs
velocity any critical values of rhombus angles of the studied rhombic reliefs are absent always.

Comparison with available experimal data that was obtained during tests of the rhombic
reliefs on the higtprecision differential installation, shows that at Mach number of 2.5, the
theoretically predicted critical rhombus angle differs 10% from the rhombus angle, by which the
first local maximum is observed on the measured disqret®t dependence of wave resistances
of the rhombic reliefs from their rhombus angles. Some implications of the difference between
the experimentally tested and theoretically studied rhombic reliefs areirexhlan particular,
the presence of the second maximum in the experiments and its absence in the linear theory.

Keywords: rhombic relief, thredimensional supersonic flow, linear theory, critical angle,
wave drag, experimental dependence.
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Experimental study of Radio-frequency cathodeneutralizer
Smirnova O.V, SmirnovP.E, Suvorov M.O, Khartov S.A.
MAI, Moscow

High specific impulse and little madlew rate of ion thrusters(IT) makes it the more popular
choice as a propulsion system in spacecrafts. Rgaaigsions show efficiency of such devices
in a tasksof orbit correction and also exploration of Solar system. Besides, there are many
developing ideas of creating spacecraft with IT for wider spectrum of missions. However, IT
need to have a longer litgcle, because of small thrust (about several mN).

Usually, failure of such devices takes place because of destruction of lon Optics, or because of
failure of electron source. IT needs electron sources as a main cathode (for plasma producing),
and as a chbdeneutraliser (for neutralising of spacecraft and ion beam potential). Hollow
cathodes are most used cathodes for lon propulsion applications, bedausgas consumption
and high electron current density.

Using lanthanum hexaboride or tungsten wB%O impregnation as a material for electron
emission insert, makes hollow cathodes require strict sustenance of operational parameters. For
example, insert interaction with a litle amount of active gases leads to polluting of its surface
and lowering of gtracting current up to 0. This make®ore requirements for gas purity and
hollow cathode handling before it occurs in the space. Besides, cathode insert must be heated up
to 0,60,8 of its melting temperature by external heater for effective work, thids|¢o
evaporation of insert material (life cycle reduction), addition power loss and prolonged cathode
starting procedure.

Listed above hollow cathode problems had led to idea of creatiragiofrequency plasma
cathode. High frequency inductively coagldischarge is used to create and sustain plasma in
such devices. The plasma volume acts as electron emitter. Quasineutrality in RF cathode
achieved by consequential ionisation and recombination on inner electrode prokreshkiss.
work construction of uch device, and also results of its experimental study are presented.
Cathode achieved high performance, over 1,8 A at 120W RF power consumption and 6 sccm of
Xe gas. Besides, efficiency evaluation of such device is presented.
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Dynamic strain gauging measuring method of axialdrce applied to thrust and radial
bearing
Khramin R.V, Sobul A.V, Lebedev M.V, Slobodskoy D.A.
PJSC S8HEGrnd6, Rybinsk

The key factor determining the selection @faking standard type during the phase of gas
turbine engine design and development is the forces (axial and radial) and thermal loads applied
to the engine. These values are directly connected to operability and life of bearings-and gas
turbine engine.

Axial force measurement is a mandatory requirement for bearing design protection during
bench tests. Earlier, the special technological supports with dynamometric rings were installed
for axial force measurement. As a result, the redundant supports arevtzlagas certification
tests are performed with standard supports.

The new method allows to measure the axial force without significant changes of Type
design, with a slight rework of bearing outer race and support for the purpose of instrumentation
routing.

The proposed method is the dynamic strain gauging of bearing outer race. Slots for strain
gauge installation are made on bearing outer races.

To check the correctness of axial force measurement by dynamic strain gauging, the
measurement étyhddd awistilctadymamometric rings wa
one of the engines. Based on results of the performed tests, the high reproducibility of values was
obtained which confirms the correctness and working efficiency of dynamic strain gauging
method.

The results obtained allow to measure the axial force applied to the front support bearing
using the engine standard support. The strain gauges are installed on the bearing outer race;
therefore, not only axial force but also other processes goingengine are measured.
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Influence of the turbulators profile on the intensification of heat exchange in the ducts.
Myakochin A.S, Surovezhko A.S.
MAI, Moscow

Actuality of the task of reducing the mass and dimensions and economic characteristics of
heat exchangers requires consideration of ways to increase their thermal efficiency.

Objective of this work is to reveal the influence of the geometric paessnof marmade
turbulators in order to achieve the optimal intensification of hecttange in the ducts of various
heat exchangers.

The first stage of the work is the consideration of the mechanism of intensification of heat
exchange in the ducts by means of maade turblization of the wall layer of the flow. The
review and comparison of the available empirical dependences from the point of view of the
influence of the turbulizer shape on the ratios of heat transfer coefficients and hydraulic
resistance coefficients isvgn, a graphical comparison of the dependences of the influence of
various forms of protrusions on the intensification of heat transfer is given. Based on the results
of the comparison, it is concluded that with an increase in the ratio of the radiwvatuce of
the turbulators to the diameter of the duct from 0.1 to 0.36, the heat exchange intensification is
reduced by 85%, and the hydraulic resistance by-2d%. In this case, the most optimal
increase in the heat transfer coefficient and a sligitease in hydraulic losses are achieved.

The second stage of the work is to identify the effectiveness of the application of heat
exchange intensification by the example of comparing the mass and size characteristics of two
heat exchangers, when the cdimi of equality of thermal capacities, coolant flow rates and
pressure loss for their pumping is fulfilled. The first heat exchanger is made without use of
artificial flow turbulators (smootichannel), and the second is calculated using dependencies for
ducts with ring rolls.

According to the results of the work, it is revealed that the rational use of heat exchange
intensification allows to increase the efficiency of the heat exchanger, that is, to reduce its weight
and size characteristics by 41.5% atsbdo reduce the cost.
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Determination of the relationship between pressure and image intensity in a gas stream
Abashev V.M, Bodryshev V.V, Tarasenko O.S.
MAI, Moscow

When designing structures that flow around a supersonic gas stream, it is extremely important
to present a complete picture of the distribution of the main parameters of the gas flow (pressure,
density, etc.) along the path under investigatidme Weltknown shadow method gives a two
dimensional image, from which one can only qualitatively trace the flow pattern of the gas
stream. A technigue based on digital processing of shadow images is proposed, which makes it
possible to quantify the pressum all places of the gas flow from the experimental pressure
valuesat thefdiscret® points and the image intensity of the photograph.

The problem falls into two parts:

1. Processing of images of the image of a gas stream, with detection of theulignand
image sizes, and also ways of its framing. In this case, the coordinates x, y of the image points, as
well as the brightness (color intensity) L become disdregey: and L (x;, ;).

2. Development of a methodology for the correlation betwthe intensity of the image and
the experimental data, which, from measuring the pressure ddid@et® points, makes it
possible to obtain an intgolation curve. Using this curve, convert the array xy with the given
intensity valuego an array xy with the given pressure valaes construct the presstrhange
curve in the path under investigation.

The pr g theimetto the combustichamber is practically linearly interrelated with
the intensity of the flow. On the basis of the above analysis of the experimental data, the
relationship between the pressure and the image intensity in the gas stream was established using
the developednethod.
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Prospective onboard current sources of a new generation for launch spaceship vehicles

Zhuk A.Z}, Tumanov B.E, Udaltsov V.G
'0IVT RAS, Moscow;?NPK AAItEn®, Elektrougli

Sw N

1

The purpose of this work is to estimate the state of lithium current sources (CS) for carrier
rockets (CR) and upper stages (US).

Along with traditional siWerzinc and nickecadmium batteries, primary lithiwthionyl-
chloride (LTC) and fluorocarbelithium (FCL) elements, as well as lithiyion cell (LIC), have
begun to be used in space technology.

1. The main requirement for CS, used in CR, in additioreliability and ease of use, is a high
specific power. It is connected to the fact that the duration of wotkeo€R is minutes, and the
load currents are hundreds of Amperes.
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Lithium-thionyl-chloride batteries developed by the comp@&yion-HIT6 (Novodcherkassk),
have specific power from 20 to 100 W/kg (pulse to 1000) and specific energy consumption from
250 to 150 WAh/ kg r eisnpeedf using thé YTC washte use iofr thet e
10EU4P82 battery for the CRIDnepi safety system, and the 9BR-4 battery was used for the
fiShtild andfiVolnad CR telemetry systems.

Lithium-ion batteries 8Lion developed by NRItEno (Electrougli) have specific power from
200 to 850 W/kg (pulse to 2500) and specific energgscompt i on from 100 t
respetively.

LIC batteries 8Lion have found practical application (more than 30 keshén the control and
telemetry systems of the CAProtonMo, CR fiDnepo, US fiBriz-KMo, CR fiRokotKo and
fAngara. If necessary, charge and discharge dffebi@s can be pretted directly on board.

2. Upper stages (US) are most demanding of the mass of all the service systems installed on
them.

At present, the US of the DM series (R8Energia), the USfiFregab and the USiFregat
SBO (S.A.Lavochkin NPO) are powered by lithidtmionyl chloride batteries of the type 9ER14...
produced byiOrion- HITd and have experience of more than 40 launches.

NPK RAItEno produces a standard range of power supplies based on fluorodigthon
elements of its own design. The batteries of t6& Beries have a specific energy capacity from
250 to 350 WAh/ kg, they have a receptivity of
seltdischarge is no more than 1% per year. At present, FCL batteries are used at i8S of
Mo andfiBriz-KMo.

Conclusions. Having estimated the advantages and disadvantages of systems, it is worth
noting that home industry produces a range of modern lithium CS that can replace traditional
batteries on virtually all means of launching spacecraft.
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The new possibilities of solar rocket engines with higkemperature latent heat thermal
energy storage substances
Finogenov S.L.Kolomentsev A.l.
MAI, Moscow

Cost decrease of a payload delivery into kéglergy orbits, such a geostationary earth orbit
(GEOQ), is an actual problem of modern astronautics. Use of solar energy, as accessible external
resource, in thermal rocket engines, allows to raise an enthalpy of a propellant considerably and
706100% increasing of s p e-orlitdl transpadrtatipnu(MI®©® in o f me an
comparison with conventional liquid propulsion, that provides am#asencrement of payload
weight at the final orbit.

The purpose of the present paper is justification of availability of use oftéigperature
phasechange thermal storage substanses (TSS), based on phase tranfitisios
solidificationd, in solarr oc k e t engines ( S RSYrbetwh & rhmafl c omntcerna g &
system (CATS) for carrying out the higimergy flight missions. Use of refractory beryllium
oxide, as the TSS, as enough powmensive and possessing the required thephgsical
propertes is offered. For simplification of CATS building the afterburning of heated hydrogen by
fluorine or oxygen is expedient to reduce the required power consumption of the thermal storage
as well as the sizes of the mirror solar concentrator. It is showrathiasertion time to GEO
from 20 to 60 days the optimum values of components mass flows ratio changes, and smaller
flight time corresponds to afterburning with higher oxidizer mass fraction.

Comparative flight characteristics of the SRE for the consideredizers are resulted; the
intervals of their primary use are shown. As the principal optimized parameters, the mirror
concentrator accuracy parameter and the correlation between power consumption of the thermal
storage and the mirror area have beersehoThe conducted optimization of the parameters of
the SRE, as a part of the space vehicle, with use of the developed mathematical multilevel model,
allowed to choose expedient values of the absorber thermal power for various flight time,
providing paylad weight maximum value. Optimization was conducted by the Gaeidsl
method with mutual iterative recalculation.

The carried out analysis showed the availability of use of the SRE with beryllium oxide, as the
TSS, at hydrogen afterburning by the coesadl oxidizers, in comparison with alternative SRE
and other types of perspective MIOT at comparable or smaller flight time.
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Design features of the mixing head of the liquid rocket engaof the first stage
Frolov A.A.
MAI, Moscow

The mixing head is designed to inject fuel components into the fire chamber of the chamber
and initially to mix them with each other.

It consists of a flange with an equalizing grid and aemiXhe mixer consists of a mixer
body, middle and inner bottoms, main and protruding nozzles.

The mixer is a brazedelded construction, with the inner inner bottom, nozzles and pins
being connected to the respective mating parts by soldering with silder, and the collector
and bottom are medium with the body welded.

The mixing head has two cavities:

A Afuel cavity formed by the middle and inner bottoms and the body of the mixer;

A A gas cavity formed by a flange with an equalizing grid and a middterhot

The fuel cavity is intended for supplying fuel to the injectors and cooling the inner bottom. To
improve the cooling at the end of the cylindrical part of the inner bottom, there are tangential
holes that form the first belt of the curtain of the cham

The gas cavity is intended for supplying the oxidizing gas to the injectors. In this cavity, to
ensure the uniformity of the distribution of oxidizing gas through the nozzles, an alignment grid
is installed.

The main nozzles are tagbmponent, jetertrifugal jets.
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Oxidizing gas enters the nozzle through the jet and then through the central channel of the
body into the chambers, and the fuel through the tangential bores of the bushing.

The body of the central main nozzle is flush with the middle bottorensure that the
component is drained from the gas cavity between the starts.

The protruding nozzles are also twomponent jetentrifugal jets. Oxidizing gas enters the
chamber through the central channel of the body, which has a jet at the inketelathdough the
liquid path, consisting of radial holes, finned section and a screw swirl.

The flange has a collector for supplying liquid oxygen to the cooling path of the swing
assembly.

On the cylindrical part of the inner bottom and on the middlebofrom the side of the gas
duct there is a coating of galvanic nickel.
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Analysis of hydraulic characteristics of snaishaped exhaust duct with axiaradial
obliquely cut diffuser
Khasanov S.M.Levitova O.N.
UEC-Saturn, Rybinsk

In this article itds described the possibility
axial overall size for marine engines. Hgdlic characteristics of snahaped exhaust duct has
been defined by using Ansys CFX program, simulation of flow in tdne®nsion model has
been performed by using the turbulence model S$Twith making of not structured tetragonal
rated operating conditions.
Conducted studies have allowed to determine the combine influence of the major geometric
parameters on the hydraulic characteristics of developedstregkd exhaust duct.
The study aalyzed the possible errors introduced in model and experiment which provided
the acceptable calculated and experimental hydraulic characteristics of exhaust duct in operating
range.

134



[ iboHffE®c dsL Jteso Oded ™ o' M sYOMsslsds? dREzhlss?
Bsdzj j 451
AOwOY C ddz R{o.GdAse | .1 .
TorR, ©. &MCeORA tsle, . ljwiMmojls

1 Offlsswh Ow  ¢f jlssHdCOe fiojHdOL dOYj 20 Hdv fkse
tOBtsyjets fosyinMno (fesyPinige ] dsEPEHE P or CTORI tc
otsLBlyHjdde fJjtedsHduimMédn O¢EMdui MSdr OolstsS ¢

¢l jbbsHdCO0e f(ombetsjdd dd BOL)] Isjtstdd Osltt S5

' T BOBCHeMCHR MezEyo2dr & sy Mhse

CC) O EbBscstetso O.
JilbsHdCOe iOdJLEjl BYyjdtkz LOsdmddshisd ¢t ¥
ZOBI Ui MS 2 Mmdmisjdr (CORjter MesteOdkdw) s C
fsdz L 59 Odzdw TMiIsOdzH Otelsdzr = o dzj " dad d 3§ zdz2 fpdze" A
(0]
(0]
e

7]

&
@

5
&

&
1

>

oGy s dOEdr & fdc wOdss HOSUJS s §kd Hoyd?2

nmoo T

Mfd ctdL sdzOdemdz 2 kLSt tsdtshdz 2 hkd cstej dzdw é
d ©OL©LOBSISS | ¢fibtsudSde dMmytd L e Odzd ! fi
sHWhdj © f0Cjls ftescteORZ } [ 111 ¢f jitOe):

—~

sYj &€ d Wwdstfed sigf j SsteO® fd ¢ &zOdzO;

sYj ¢ d OoltsCttetsj dzv ydtsdedzts2 W EdzC ydd Mmdc dzOczO;
tjCktemMdodes? Mot Wdd beOydd Mdddz0dzO;
or Hjdzjdzdw tEdBOsNh j2 Wdd Steso Oczdetse s fd & dz® zO
1 BjtlsO) ;

syjdeSd § dztslsdetsmisd twOMY toj Hj dzj dzatfey dedz] & sV Haeiy fi) lkzd
G dzO dzO;

dstejlsduimsdy fodsyjddy c¢BjlssHdede ojtdidy
M jtodd3j dzZlsOcdz! dzr = S OBt MEtstOdedw .

The technique for predicting the highfrequency instability of combustion in a liquid-
propellant engine thrust more than 4KN
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g

3
DL @ =2 FTR20 @I

~—

This fiMethodology is intended for assessing the margin of stability of the working process
(combustion process) in LRE chambers and gas gemer&d "hard" excitation of periodic
acoustic selbscillations.

The fitechniqué is based on the theory of selécillatory dynamical systems and ene
dimensional Markov random processes using the apparatus of the 4RikekKolmogorov
equation.

Thefimethodology realizes the dependence of the damping coefficient of the dynamic system
(combustion chamber) under investigation on the amplitude of pressure fluctuations without the
use of standard external impulse disturbances and is applicable in the sanélgsationary
signals of pressure pulsation sensors identified in the @iassnant narrovband combustion
noise (RNCN).

When developing th&Methodology, the following standard algorithms were used (included
in the software package of the softwa@IPNPPiMeran):

A estimates of the amplitude spectrum of the signal;

A estimates of the autocorrelation function of the signal;

A recursive bangbass signal filtering;

A the selection of the envelope of the filtered signal (using the Hilbert transform);

A estimatesf the probability distribution density of the envelope and instantaneous signal
values;

The theoretical positions of thémethodology are verified on the signals of model
experimental combustion chambers.
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Analysis of mathematical modeling results of subsonic flow inleakageat subsonic profiles
Sha M, Agulnik A.l ., Yakovlev A.A.
MAI, Moscow

Aerodynamic characteristics bfade machines can betermined with high accuracy
by experimental studies eafiodels inwind tunnels. However, the cost sifich experiments juite
high and, iraddition this method ofesearch does not allow fidtale optimization odll
geometric parameters. this connection, numerical modeling becoming increasingly
important.Studies inthe numerical simulation dhe flow ofa subsonic flow over the NACA012
profile were carried out otwo grids that were created tine Ansys ICEM program. lthe process
of mathematical simulation dfie subsonic flow over the NAGB012profile, aseries ofata was
obtained and aomparison was made with the experiment.

A comparison is made between the results obtained for various turbulence models with the
results of experimental purges and with the numerical experiments of other authors. The models of
turbulence Spalalimaras, k3; k-[1-sst TransitionSST were used. Asresult ofthe numerical
calculation, values were obtained which the graphs dhe dependence tfie coefficient Cya
onthe angles ohttack were plotted for different Reynoldesmbers and turbulence moddtsall
calculation modes, good qualitative coincidence tfe result ibserved, while the difference
in the results irhe region othe leading edge dhe profile may belue tothe influence othe
geomety of the computational gridThe numerical studghowed that the selected calculation grids
and the turbulence model canused taanalyze the flow osubsonic flow over the wing and blade
profiles.

In all calculation modes, a good qualitative coincidence of the result is observed, while the
differencein the results in the region of the leading edge of the profile may be due to the influence
of the geometry of the computational grid.

The numerical study has shown that the selected calculation grids andbtiiertce model can
be used to analyze theW of a subsonic flow onto the wing and blade profiles
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Development of stationary plasma thruster of the SPL00 standard size for the final
injection of unmanned spacecraft
Kim V.P., Merkuriev DV., Shilov Ye.A, Zakharchenko V.S.
MAI, Moscow

The aim of the described work was to develop stationary plasma thruster (SPT) of the SPT
100 standard size with the increased thrustiiess than twice as much comparing to the series
production thruster. Urgency of this problem is stipulated by trends in the evolution of space
branch, by the growth of mass of getisihary communication satellites, in particular. Increase
for the spacecfa(SC) mass during a relatively short time period can be provided in Russia by
saving the propellant mass at the stage of SC injection into the geostationary orbit through the
implementation of SC final injection by SPT.

The problem of SC final injectowas f or the first time solve
¢f 50 and AExpress ¢f 60. -plductionthhustars SPIOC ¢ thes e , t
AFakel 0 Experiential Design Bur €l@0ythrusesnd, us e d
power 1.3%W) allowed final SC injection during a rather long time periods (of aboutl2
months), that not always meeting the requirements of producers and operators of communication
satellites.

Development of the modified model of SRT0 thruster with the thrust o660 mN at least
and power of about 3 kW should allow substantial decrease in the duration for final injection.

The paper presents results of development of a new thruster modificatiehOSWT for
solving the problems of the SC final injection.

The descbed work was fulfiled at the Research Institute of AppliegécManics and
Electrodynamics of the Moscow Aviation Institute (National Research University) with the
support from the Ministry of Education and Science of the Russian Federation within the frame
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of the Agreement on granting a subsidy to MAI N4.577.21.0231. The unique identifier of the
projecti RFMEFI57716X0231.
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Development of a power supply for a microwave generator
Alekhina V.A.
MAI, Moscow

At present, the use of microwave generators finds great applicatiordustiy, scientific
research and everyday life. These devices are used in many devices in various fields of science
and technology, such as: radiolocation, communications, food industry, military equipment,
nuclear energy, etc. [1].

Wide application of mi@wave generators determines the urgency of their development and
improvement.

The possible way to improve the power supplies of the magnetron is to build these devices in
a circuit with a transformerless input. The construction of a power supply unis iwdly allows
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