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Abstract

The article deals with the method of selecting in the first approximation of a wing profile for a stratospheric quasi-
satellite- a high-altitude solar-powered aircraft that has a "normal aerodynamic scheme".The peculiarities of this type
of aircraft regarding the choice of a specific wing profile with maximum values of aerodynamic quality, which is the
basis for obtaining high perfection of the future layout of the quasi-satellite, are noted. Examples of existing aircraft are
given, the wing profiles of which can be analogues in this study. During the study, the method of direct placement of
weight coefficients is used. Significant factors that influence the decision on the choice of profile are determined and
their values are established. It is indicated that the maximum profile quality for a given Re number, among other things,
has the highest weight coefficient. Instead, the maximum relative thickness, which was considered to be the determining
factor, becomes the second most important factor, given the use of modern composites as a key technological tool. Even
less important is the complexity of the technical reproduction of the profile contour. Based on the study, the geometric
and aerodynamic characteristics of the FX 76 MP-120 profile for Re numbers within 0.2... 1x10° are presented.

Keywords:quasi-satellite; profile aerodynamic quality; relative thickness profile; radius of the leading edge;
complexity of technical reproduction of the profile contour; coefficient of lift; coefficient of aerodynamic
resistance; angle of attack; coefficient of longitudinal moment of profile; aerodynamic quality plane

1. Formulation of the problem 2. Problem solving

2.1. Profile requirements the wing for the
stratospheric quasi-satellite

At the stage of preliminary design of a solar-
powered aircraft, a quasi-satellite intended for high-
altitude flights in the stratosphere, the question

The following assumptions were used when

arises of the selection of wing profiles, which can
provide a solution to the complex set of
requirements for aerodynamics and strength of the
specified type of aircraft. Among other things, in the
process of preliminary verification, you can use the
statistics of Reynolds numbers similar aircraft,
which are also typical for a quasi-satellite.

These categories of aircraft are quite specific
because they combine model aircraft of certain
classes, aircraft, super-lightweight gliders, and
similar designs for high-altitude solar-powered
aircraft. This article discusses the application of the
method of weighting coefficients to select and
determine the characteristics of the wing profile of a
quasi-satellite — a high-altitude solar-powered
aircraft.

choosing the quasi-satellite wing profile:
- the highest profile aerodynamic quality of K,.,rin
the range of numbers Re = 0,2... 1x10° at low speeds
of movement (5-30m/s);
- arelative thickness ¢ which is sufficient to satisfy
the requirement of a suitable construction height of
the wing from the location of the double shelf spar
as the main force element of the wing;
- relatively large radius of the leading edge to
reduce the likelihood of disruption at large angles of
attack (for by.=0,5m);
- relatively small complexity of
reproduction of the profile contour.

The selection of the profiles of the stratospheric

technical

quasi-satellite wings inthe first approximation, due

to its specificity and purpose, was carried out taking
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into account the practice of applying profiles in the
following types of aircraft:
- sports models of gliders and motor models of free-
flying classes, in particular classes F1A, F1B, F1C,
as well as championship sports models of radio-
controlled gliders of class F3B;
- implemented stratospheric aircraft powered by
solar panels;
- muscle-driven aircrafts;
- ultra-light manned gliders for long-term planning
in thermal or dynamic ascending flows.

Free-flying models of classes F1A, F1B, FIC
perform flights on numbers
Re=0,1...0,2x10%  for the

aerodynamic scheme has hardly changed and the

small
almost 80 years
profiles have been brought to the highest level of
perfection. Similarly, we can say about the radio-
controlled models of F3B class gliders, with the
exception of their "experience" - more than 40 years.

Attention is also given to the relatively new class
of aircraft — the muscle-driven aircrafts.

They have extremely low wing load and energy
performance: for example, the famous Gossamer
Albatross aircraft had a specific load of 2,1kg/m?
with a lifting weight of 98kg. Its energy efficiency
can be estimated to be 0.0051kW/kg, which to date
is beyond the requirements of energy armament to
any type of known aircratft.

For the sake of maximum aerodynamic quality of
plane Gossamer Albatross has been given the utmost
care to maximize aerodynamic quality profile.

In recent years, the ultra-light Archeopteryx
gliders from the Swiss company Ruppert Composite
GmbH have gained popularity. At a starting weight
of 160 kg gliders have an aerodynamic quality of
about 30 units, which indicates the perfection of the
wing and its profiles; The velocity of the dip is
estimated to be 8-9m/s, which is commensurate with
the velocities of the stratospheric quasi-satellite.

The choice of wing profiles for free-flying

models of classes F1A, F1B, F1C has been
The
following profiles are widely used in these classes:
NASA 6309, NASA 6509, MVA301-75, Eiffel 431,
and others. This ensures the highest possible

thoroughly discussed in the source [I].

aerodynamic quality at minimum flight speeds.
Radio-controlled models of gliders F3B class and
the selection of profiles for them are considered in
the source [2]. The following types of wing profiles
are recommended: E211, FX 63-137, B-10305b,
G-593 and others. The requirements for this class of
aircraft are slightly different from the previous ones;
however, when performing the flight duration
exercise, these profiles, when ballast is unloaded
from the glider, achieve the corresponding results,
indicating that it is desirable to include the profile
data in the statistics database.

Muscle-driven aircrafts were considered in
particular in the sources [3,4]. Their wing profiles
must meet the highest requirements, since it is
extremely difficult to fly such an aircraft, given its
low energy performance and size; the wingspan of
this aircraft can reach 30m. FX 76 MP-180 and
FX 76 MP-120 profiles are recommended [8].
Ultralight manned gliders for long-term planning
and their characteristics are given in the source [5].

For qualitative evaluation of specific profile
characteristics, profile atlases [6,7] were used as
well as the software product "Xfoil"”, which gives an
opportunity to get a rapid express analysis of the
profile by the numbers Re within the limits
Re=0,05... 1x10°. The outer contours of the selected
profiles are shown in Fig. 1a and Fig. 1b.

It should be noted that the technical data of
profiles No. 10 and No. 11 are unknown, except for
the relative thickness. The contours of these profiles
are obtained by copying from open source side view
photos; profiles No. 10 and No. 11 were analyzed to
confirm the overall trend of the selection itself and

its criteria, but were not used in comparison.
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Fig. la. Exterior contours, name and relative thickness
of wing profiles selected in the first approximation for
the stratospheric quasi-satellite

2.2. Preliminary expert assessment of profile
parameters used in comparison

Profile aerodynamic quality K, is a key parameter
of the evaluation because it contains the ratio of the
most important Cy, ¢ coefficients. and Cy pror, Which
make it possible to evaluate the future aecrodynamic
quality of Keomp.quasi-saein general. Addition, purge
materials (the main source of K.y receipt) provide
data on angles of attack corresponding to certain
Kror values and the value of another important factor
- Cyprof, Which used in calculations.

It on K,, known profile almost impossible to
influence without sophisticated hardware. As a rule,
Kyroresults are obtained in specialized organization -
the aerodynamics complex, where, on the basis of
physical experiment, the necessary databases are
compiled, which later become the reference for
developers. Accordingly, this parameter is the most
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Fig. 1b. Exterior contours, name and relative thickness of
wing profiles selected in the first approximation for the
stratospheric quasi-satellite

important, so its relative weight can be estimated at
least 0,6.

The relative thickness of the profile Tis a
parameter that, among other things, also affects the
structural and technological capabilities of the
positioning in the thickness of the wings of its main
force element - the spar. It is known that the higher
the height of the wing structure, the easier the spar
and easier to place there.

However, a set of state-of-the-art technological
tools, including the regulation of strength
characteristics in unidirectional composites, allows,
at the developer's level, to maintain the parity
between the mass, strength and dimensions of the
spar. Therefore, due to the possibility of its
correction, the weight estimate of this parameter
may be 0,2.

The radius of the spout (which is reduced to a
chord of profile 0.5m) mainly affects of flow failure
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of the on wing: with decreasing radius the
probability of flow failure on the wing increases;
also, as the radius decreases, the critical angle of
attack of the profile decreases. However, due to the
fact that the quasi-satelliteis equipped with a perfect
flight controller, which, among other things, controls
a given angle and speed limits, the probability of a
flow failure is small, at least from the point of view

complexity of the contour from 1 to 5; the higher
score corresponded to a more complex profile
outline.

In the Table 1 shows the relative weight assigned
to each parameter.

Table 1

A summary table of the weight estimates of the profile

selection parameters for the quasi-satellite wing

of reliability the operation controller. The
Therefore, there is a significant adjustment lever relative
for this parameter, which allows it to be given a No. Parameter name weight of
relative weight of about 0,1. the
With regard to the complexity of the technical : parameter
reproduction of the profile contour, the following 1 Profile aerodynamic 0,6
can be stated: the profiles presented are quality Kpror
asymmetrical, mostly concave-convex. 2 The relative thicknessc 0.2
Accordingly, it will be more or less difficult to 3 Front edge.radlus 0.1
. The complexity of the
make a concave, lower part of the profile. Because it 4 technical ucti
. . . . echnical reproduction 0,1
1s.51m11ar in gll profiles, the difference in plgyback of the profile outline
will only be in the accuracy of playback using the
same technology, and therefore the weight estimate The profiles data selected in the first
of this parameter is 0,1. At the same time, all approximation is presented in Table 2.
claimed profiles were respectively evaluated for the
Table 2
Comparative table of significant profile parameters for wings the stratospheric quasi-satellite
No.profile 1 2 3 4 5 6 7 8 9
2 2 i
Profile name relative
= ;O> ;U> 8 8 S m o t weight of
< 5 5 v o < e X the
Parameters i = = & A i *© < parameter
S 4
Profile
aerodynamic 192.6 173,5 1773 1487 133.,6 130 146 152 132 0,6
quality Kprofmax.
Therelative | 1 p 15 1 128 | 120 | 139 | 137 | 1501 | 189 | 169 | 02
thickness ¢% ’ ’ ’ ’ ’ ’ ’ )
Front edge
radius (a chord 7 7,5 6,5 9 7,25 9 4.5 4,5 8 0,1
of profile 0.5m)
The technical
ofdifficulty 4 3 3 1 1 5 2 2 2 0,1
playback
(score)

Estimates were calculated using the direct
placement method. It is known that the sum of all
weights must be equal [9,10]:

{L=1 ki = 1: (1)

where ki — weighting coefficients of the i-th
parameter.

A separate estimate
obtained as follows:

Oi.p. = ki X B

of the i-th parameter was

)

where B,, — dimensionless numerical value of the
i-th parameter.

v.p. >
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The input data for calculating parameter
estimates for specific profiles are presented in
Table 2.

The total rating of a particular profile was
obtained as follows:

20ip = 0;1 +0;, +0;53 +0;4  (3)

Table 3 shows the results of calculating the total
estimates of significantparameters for the selected
profiles.

Table3
Evaluation results and rating of selected profiles for the stratospheric
quasi-satellit ewing
No.profile 1 2 3 4 5 6 7 8 9
Profile ;3 E t
Q Q —
name = E E o) ) 3 o2 o S
< & 5 0 5 < & 3 <
P = o - £ v = - %
arameters = — —_ N A -
[\ w
(=} ~
Total score | 119,06 107,55 109,89 92,8 83,705 82,1 91,45 95,98 |83,58
Rating the 1 3 2 5 7 9 6 4 8
profile
The rating, or ordinal priority, in the choice of a Fig. 2 shows the dependence of the lift

wing profile indicates that relatively "thick" profiles,
such as E1098, have a significantly lower overall
rating that is equal to a given Og99s=95,98.
However, relatively thin profiles of the DAE series
received higher marks, in particular, Op.g.;1;=109,89.

This can be explained by the high value of profile
aerodynamic quality for E1098, which is equal to
Kprofmaxe109s=152  compared to the profile
aerodynamic quality for DAE-11, which is equal to
Kprofmwc.DAE—I]: 1 09,89

2.3. General characteristics of the selected
profile FX-76-MP-120

Geometric data:

— The maximum relative thickness, (% of b,) —
12,1;

— Location of maximum thickness, (% of profile
spout)—-33,9;

— The maximum relative concavity, of the midline,
(% of ba) — 7,6;

— Location max. midline concavities, (% of profile
spout)— 46,7.

Aerodynamic data (for number Re=0,5x10%):

— Attack angle max. profile aerodynamic quality,
deg.— 3,75;

— Maximum
Kprop=145-150;
— Maximum lift coefficient of profile (Cy)~=1,65;

aerodynamic  profile  quality,

— Minimum  aerodynamic  drag  coefficient
(Cx)=0,007;
— The minimum coefficient of longitudinal

moment,C,,=~0,012.

coefficient profile FX-76-MP-120, depending on the
angle of attack (C, =f{a)).

The nature of the curves reflecting this
dependence shows that within the limits of future
(predicted) angles of attack from -6° to +10° there
are no sharp fractures (peaks) that would indicate an
unexpected occurrence of stall phenomena in flight.
The transition to critical angles of attack is also
smooth.

The dependence of the coefficient C, on the
coefficient of profile resistance shows (Fig. 3),
within acceptable values for flight values of C,, the
coefficient Cx changes slightly, which also
guarantees high aerodynamic quality within the
applicable angles of attack.

Fig. 4 shows the dependence of the coefficient
Cy, depending on the angle of attack. The figure
shows that within the angles of attack from about -6°
to +6°, the coefficient C, does not grow sharply, but
retains relative uniformity in its values, namely from
0,008 to 0,015.

Fig. 5 shows the dependence of the aerodynamic
quality of Kyor from angle of attack. The nature of
the curves for the represented numbers Re shows
that they are similar in configuration; therefore, in
this range K, FX-76-MP-120, Kcomp. the future
layout of the entire quasi-satellite will be predicted
and will change smoothly. The difference for the
two curves presented will only lie in the absolute
values of K,
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The longitudinal moment coefficient and its

m——— dependence on the angle of attack for the
f 7 i FX-76-MP-120 profile are presented in Fig. 6. It can
;é T be noted that C,, values are stable for most projected
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0’ P a corresponding margin of the coefficient of
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Fig. 7. Outline view of the FX-76-MP-120 profile contour
and the locations of the maximum thickness and
maximum concavity points of the midline

3. Conclusions

In view of the analysis and expert assessments of
profiles No. 1-9, the most suitable for this sample of
the stratospheric quasi-satellite can be called profile
No. 1, namely the profile Wortmann
FX-76-MP-120.

It was originally intended for use in muscular-
powered aircraft (MP-manned power), in which the
maximum aerodynamic quality of the wing as a
whole and the profile quality of the wing in
particular play a crucial role.
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CrarTss mpuCBSYEHAa METOOULI BHOOPY KPHJIOBOrOo MpoQimo Uis CTpaToCcEpHOro KBa3iCymyTHHKA —
BUCOTHOTO JIITaKka Ha COHSYHHUX OaTapesx, 0 Mae «HOpPMaJbHY aepoOAMHAMIYHY CXeMy» Ha eTali HepIIoro
HaOMKeHHS. BpaxoBaHO 0COOIMBOCTI JaHOTO THITY JIITAJFHOTO arapaTy B YacTHHI T000pY KOHKPETHOTO, 3
MaKCHUMaJbHUMHU 3HAUYCHHIMH aepoJAWHAMIYHOI SKOCTI Mpodilto Kpuia, sIKk OCHOBH BHCOKOi JTOCKOHAJOCTI
BCHOTO MalOyTHHOTO KOMIOHYBaHHs. [lomaHi mpukianu momo iCHYIOYHX JTAIBHUX amnapartiB, mpodimi
KpWjia SIKHX MOXYTh CIY)KATH aHAJIOTAaMH B JaHOMY AOCIIKCHHI. Y TPOIIECi MTOCHIHKEHHS 3aCTOCOBAHO
METOJ TPSMOi PO3CTAHOBKH BaroBux KoediuieHTiB. Bu3HaueHo 3HaumMi (akTopw, sKi BIUIMBAlOTh Ha
pilleHHs moa0 BHOOPY MPOQII0 Ta BCTAHOBICHO iX BEMMYMHH. 3a3HAYCHO, IO MaKCMMalbHa MpoginbHa
SIKICTB JUIS TaHOTO uucna PeltHombaca, 3 mocepen iHIoro, Mae HaiOiIbpIni BaroBuit koedimieHT. Haromicts
MaKCHMajlbHa BiJHOCHA TOBIIMHA, SKa BBaKaJach BH3HAYAJIBHUM (AKTOPOM, 32 YMOBH 3aCTOCYBAHHS
Cy4acHUX KOMIO3UIIMHMX MaTepiaiiB K KIIOYOBOTO TEXHOJIOTIYHOTO iHCTPYMEHTY, CTa€ APYTHM 3a Baror
(hakropom. llle meHmTy Bary Mae pakTop CKJIaTHOCTI TEXHIYHOTO BiATBOPEHHS KOHTYpPY npodinro. Ha ocHoBi
MIPOBEICHOTO TOCIHTIKEHHS MPUBOASATHCS TEOMETPUIHI Ta aepoauHAMITHI XapakTepucTuku npodimo FX 76
MP-120 mns uncen Peitnonbaca B Mexax 0,5...1x10°.

KirouoBi ciioBa: kBazicynmyTHUK, aepoAMHaMiuHa SIKiCTh Mpodiito, BIIHOCHA TOBLIMHA Mpo(iiro, paaiyc
TepeaHhOI KPOMKH, CKIAIHICTh TEXHIYHOTO BIITBOPEHHS KOHTYpPY MPodifo, KOedIIlieHT MiIHOMHOI CHIIH,
KOeQIli€HT aepoJUHAMIYHOTO OMOpY, KYyT arakd, KOeQImieHT TO3J0BXKHBOTO MOMEHTY MpOdilio,
aepoJMHaMivHa SIKICTb JliTaka
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Crathbs MOCBSIIEHA METOAMKE BBIOOpa MpodiIsd Kpblia A cTpaToc(hepHOro KBa3UCITyTHHKA — BBICOTHOTO
camoJieTa Ha COJHEYHBIX OaTapesix, KOTOPBIH MMEeT «HOPMAaJbHYIO a3pOJUHAMHUYECKYIO CXEMy» Ha 3Tare
MEPBOTO TPUONIMKCHHS. YUTEHbI OCOOCHHOCTH JaHHOTO THWIIA JICTATEILHOTO arapara B 4YacTH OTOOpa
KOHKPETHOTO, C MaKCUMaJIbHBIMHI 3HAYCHUSAMHU a3POJMHAMUYECKOTO KauecTBa MPo(uis Kpblia, KaK OCHOBBI
BBICOKOTO COBEpIICHCTBA Bcell Oynymeil KOMIOHOBKU. [IpencTaBleHbl MPUMEPHl OTHOCHTENBHO
CYIIECTBYIOIIUX JICTATSILHBIX AIMapaToB, MPOQUIH KpPblia KOTOPBHIX MOTYT CIIYXKHTh aHAJIOTaMH B JaHHOM
WCCIIeIOBaHNM. B  Tmporecce WCClIeNOBaHHWS TMPUMEHEH METOJl TpPSIMON  pPacCTaHOBKH  BECOBBIX
ko3 dumumenToB. OmnpenencHpl 3HAYMMBIC (AKTOPHI, BIUAIONIAC HA pEIICHHE O BBIOOpe MpodwiIsd u
YCTAHOBJICHO MX BEIMYUHBI. YKa3aHO, YTO MaKCHMallbHOe TpoQuiIbHOE KayecTBO Ui JAHHOTO 4YHCcIa
Pelinonpaca, MOMHUMO  MPOYEro, WMEET HauOONbIIUN BeCOBOW KOA(pQUIMEHT. 3aTo0 MaKCHMAaJHa
OTHOCHTEJBbHAS TOJIIMHA, KOTOpas CYHATANACh OMNpeAesomuM (aKTOpOM, TPH YCIOBHH MPHUMEHEHUS
COBPEMCHHBIX KOMITOSUIITUOHHBIX MaTCPHUAJIOB KaK KIIFOUCBOT'O TEXHOJIOTHYCCKOI0O MHCTPYMEHTA, CTAHOBUTCA
BTOPBIM 1O Becy (hakTopoM. Eme MeHbIINil Bec nMeeT (akTop CIOKHOCTH TEXHUUECKOTO BOCTIPOM3BEACHUS
KoHTypa mpodunsi. Ha ocHOBe MPOBENEHHOTO WCCIEIOBAHUS NPUBOAITCA TE€OMETPUYECKHE U
a’poaMHaAMHUYecKue XapaeTpucTukel mpodmias FX 76 MP-120 mns umcen Petinonbaca B mpemenax 0,5 ...
1x10°.

KiroueBble ciioBa: KBA3HUCIYTHHUK, a’3pOJMHAMUYECKOE NPO(PHUIBLHOE Ka4eCTBO, OTHOCHTEIbHAsS
TOJNIIMHA TPOQHIL, pamuyc MNepeiHEH KPOMKH, CIO0KHOCTh TEXHHYECKOTO BOCIIPOM3BEIACHHUS
KOHTypa mpodwmisi, KodQOUIMEHT TOABEMHOW CHIIBI, KO3()PHUIHEHT a’poaANHAMHYECKOTO
CONPOTHUBIICHHS, YTOJI aTaku, KO3(P(UIMEHT MPOJOIFHOr0 MOMEHTa PO(UIIs, a3pOINHAMUIECKOE
Ka4eCcTBO CaMoJIeTa
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