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Abstract. This paper presents the results of a numerical study of the flow of an airplane with
a mechanized high aspect ratio wing when the wingtips blown by jets of propellers. The layout
of the aircraft with a pulling two-bladed propeller, as well as without installed propellers, is
investigated. The effect of propeller slipstream on the airplane aerodynamic characteristics and
the hinge moments of the flaps and ailerons is shown. It is shown that the external aileron is
exposed to the greatest impact of the propeller slipstream. An increase in the underpressure on
the upper surface and a strongly increasing pressure on the lower windward side of the aileron
leads to a significant increase in the hinge moment of the external aileron when blown by jets
of propeller.
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BansiHMe pa6oTbl BO3AYLUHbIX BUHTOB Ha 06TEeKaHMe U LIapHUPHbIE
MOMEHTbl MeXaHM3aL 1M 3aHeH KPOMKHM Kpbisia 60/1bLLOro yaAJIMHEHUSA
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AnHoTanusa. B nmaHHOI paboTe TpencTaBJeHbl pPe3yJbTaThl UYMCIEHHOTO MCCJIeIOBAHUS
00TEeKaHUS CaMOJIETa C MEXaHU3UPOBAHHBIM KPBIJIOM CBEPX OOJBIIOTO YIJIUHEHUS MPU 001yBe
KOHILIEBBIX CEUEHUI KpbLia CTPYSIMU BO3AYIIHBIX BUHTOB. McciaeqoBaHa KOMIIOHOBKA caMoJieTa
C TSHYIIMM JIBYXJIOMIACTHBIM BO3AYIIHBIM BMHTOM, a Takxke 0e3 YCTaHOBJICHHBIX BO3MYIIHBIX
BUHTOB. [TokazaHo BIMsIHUE 001yBa BUHTOM Ha a3pOAMHAMUYECKUE XapaKTePUCTUKU caMoJieTa
U LIAPHUPHBIE MOMEHTBI 3aKPBIJIKOB U 3JIEPOHOB.

KiioueBbie cioBa: TSHYIIMIT BO3MYIIHBIA BUHT, HIAPHUPHbIE MOMEHTBI, MeXaHU3aIlus
KpbUIa, KPbLJIO CBEPXOOJBIIOTO YAJIUHEHUS

Ccpuika mpu  murupoBanmu: IlurycoB E.A., IlaBnenko O.B., Kopaymenko A.B.,
Bunorpanos O.H., Pecran M.I. BiausHue pabGoThl BO3MyIIHBIX BMHTOB Ha OOTeKaHWE W
IIADHUPHBIE MOMEHTHI MEXaHW3aluM 3aJHeil KPOMKM KpbUia OOJBLIOTO YJIWuHEHUus //
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Introduction

Currently, the task of studying the interaction of a running propeller of an electric power plant
installed in the end section of the wing, including on the high aspect ratio wing used in the layout
of solar-powered aircraft, is urgent. To ensure the required take-off and landing characteristics of
airplanes with the high aspect ratio wing, effective take-off and landing mechanization is required.
In addition, there are increased requirements for the efficiency of control surfaces placed on the
wing, including the magnitude of the hinge moments that occur on them during deflection, since
these characteristics directly affect the power and dimensions of the servo-compensators [1, 2].

This paper presents the results of a numerical study of the flow around an airplane with the
high aspect ratio wing with running propellers and deflected the trailing edge mechanization of
the wing.

Materials and Methods

The aerodynamic layout of the airplane has the classical scheme with a high-wing (wing aspect
ratio of A = 23.4), a fuselage with a circular cross section and a single-fin tail with a stabilizer
placed on the fuselage (Fig. 1). At the ends of the rectangular wing, engine nacelles with installing
pulling two - bladed propellers with a diameter of 0.22 m are placed. The studies were also carried
out without installed propellers. The rotation speed of the propellers N = 15000 rpm. The rotation
direction of the propellers corresponds to the folding of the vortex shroud from the wingtip.
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Fig. 1. Airplane main view

The wing is equipped with a plain flap and a two-section aerodynamically-balanced aileron
(inner (aileron 1) and outer (aileron 2) sections, Figure 2). The relative chord of the flap and
aileron is 15%. The variant of deflection of flaps and ailerons at an angle of +30° is considered.
The axis of rotation of the flap and aileron is located at 85% of the wing chord.

ailerons

flaps
Fig. 2. The layout of flaps and ailerons along the wingspan
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4 Simulation of physical processes >

Numerical studies on the airplane with and without running propellers was carried out at
Mach numbers M = 0.074 and Reynolds numbers Re = 1.78-10°, which correspond to the take-
off mode. The calculations were performed using a program based on solving the Reynolds-
averaged Navier-Stokes equations [3—5]. The calculations were performed at a load coefficient
value B = 0.5. Load coefficient B was determined by the equation (1).

P
B=—2_, (1)
9, F
where P, is a propeller thrust, ¢, is an dynamic pressure in WT, Fis a blade swept surface area.
The coefﬁc1ents of the hlnge moments of the ailerons and flaps were determined by the

equation (2):

Cp=—it @)
S-q,-b
where H is the hinge moment relative to the axis of flap (aileron) rotation, .S and b are the area
of the flap (aileron) and the chord of the flap (aileron) behind the axis of rotation, respectively,
g, is an dynamic pressure.
Results and Discussion

The effect of the propeller mounted at the wingtip on the aerodynamic characteristics of
the airplane with the deflected mechanization, depending on the angle of attack, is shown in
Fig. 3. The calculation showed that a running propeller mounted at wingtip, with deflected
mechanization, leads to a slight increase in the lift coefficient up to an angle of attack of 5°,
and at beyond stall angles slightly reduces it. The pitching moment due to propeller slipstream
practically does not change. Such a low effect of the propeller slipstream effect on the airplane
aerodynamic characteristics is due to the fact that most of the wing mechanization is outside the
area of the running propellers. Thus, only the second section of the aileron is mainly located in
the slipstream area.

%ﬁ

= No propellers

«—  With running propellers

Fig. 3. Lift and pitching moment coefficients versus angle of attack

The values of the hinge moment coefficient of the deflected mechanization by the wingspan at
different angles of attack are shown in Fig. 4. The disturbed air flow from the propeller rotating at
the wingtips leads to an increase in the hinge moment of the entire deflected wing mechanization
(flaps and ailerons) by about 1.5 times, and also increases the derivative of the hinge moment
coefficient by the angle of attack. But the aileron 2, located directly behind the propeller, is
exposed to the greatest impact of the propeller slipstream. It should be noted that a strong increase
in the hinge moment (approximately 3 times) and a sharp increase in the derivative of the hinge
moment coefficient of this aileron is observed only in the range of angles of attack from o = -5°
to a = +2°, which must be taken into account when controlling the aircraft. A similar effect, but
to a much lesser extent, the running propeller has an effect on the hinge moment of the aileron 1.
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The increase in the magnitude of the hinge moment of mechanization along the wingspan is
caused by a change in aerodynamic forces and depends on the pressure distribution at different
angles of attack.
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Fig. 4. The magnitude of the hinge moment coefficient of the deflected mechanization along wingspan:
no propellers (a); with running propellers (b)
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This is clearly seen in Fig. 5—8, which shows the pressure coefficient distribution over the
wing surface, as well as in the section of the aileron 2 at the end of the wing when the propeller
is blown at the angles of attack a = -2° and o = 15°, which correspond to the maximum and
minimum values of the aileron 2 hinge moment coefficient. At the angle of attack o = -2° due
to blowing by the propeller, an increase in underpressure is observed on the upper surface of the
aileron 2 (Fig. 5, a and Fig. 7, b), while pressure increases strongly on its lower windward side
(Fig. 6, a and Fig. 7, b). This pressure distribution increases the hinge moment of the deviated
aileron by deflecting its back down stream and contributing to its return to its base cruising
position. At the lowest value of the hinge moment of the aileron 2, the underpressure its upper
surface (Fig. 5, b and Fig. 7, b) and the pressure on its lower windward side are significantly less
(Fig. 6, b and Fig. 7, b).
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Fig. 5. The propeller slipstream effect on the pressure coefficient distribution of the wing surface with
mechanization in the top view: a = -2° (a); a = +15° (b)

The increment of the pressure coefficient when blown by the propeller slipstream in the
middle cross section of the aileron 2 is shown in Fig. 8. Such a change in pressure on the
surface of the aileron 2 is associated with a bevel of the flow and a change in the direction of
the current lines of the propeller when interacting with the incoming flow V_ with a increase
in the angle of attack (Fig. 9).

Numerical studies of the aerodynamic characteristics of the wing have shown that with
the gap height of # = 0.02b reduces its lift along the entire wingspan and increasing the gap
to A = 0.03b gives closer results to the full-scale wing (Fig. 2). The strongest differences are
observed in the area of the root section of the slat. Thus, when modelling the stream flowing
through the gap between the wing main part and the slat, a simple geometric similarity is
not enough. The general view of the flow around the full-scale wing and its separation area
is shown in Fig. 3.
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Fig. 7. The pressure coefficient distribution in the middle section of the aileron 2: no propeller (a);
with running propeller (b)

a) AC —wr Byg
p = p

-2.5

0.00 0.25 0.50 0.75 1.00 —

0.0 0.25 0.50 O,TSM. 0 ;

25

Fig. 8. Increment of the pressure coefficient in the middle section of the aileron 2: no propeller (a);
with running propeller (b)
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Fig. 9. The current lines behind the propeller: a = -2° (a); a = +15° (b)

Conclusion

The numerical study of the effect of running propellers on the flow and hinge moments
of trailing edge mechanization of the high aspect ratio wing showed that the external aileron
located directly behind the propeller is exposed to the greatest slipstream effect. A strong
increase in the hinge moment and a sharp increase in the derivative of the hinge moment
coefficient of the external aileron are observed only in a certain range of angles of attack
from -5° to 2°, which must be taken into account when controlling the aircraft. An increase
in the underpressure on the upper surface and a strongly increasing pressure on the lower
windward side of the aileron leads to a significant increase in the hinge moment of the outer
aileron when blown by an air propeller, when the aerodynamic forces that deflect it back
along the flow increase.

299



4St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 1.1

REFERENCES

1. Andreev G.T., Ershov A.A., Pavlenko O.V., Complex approach to reducing the jointed moments
of aircraft control facilities Avtomatizaciya I sovremennye tehnologii, 72 (5) (2018) 227-231.

2. Andreev G.T., Glushenko G.N., Kutukhina N.V., Pavlenko O.V., Influence of acrodynamic balance
on hinge moments of aircraft control stick Polyot, 6 (2013) 18-26.

3. Alesin V.S., Gubsky V.V., Pavlenko O.V., Fuselage and duct interference effect on maximum
thrust of the air pushing propeller-duct thruster Aerospace MAI Journal, 27 (1) (2020) 7—18. https://
doi.org/10.34759/vst-2020-1-7-18.

4. Vinogradov O.N., Kornushenko A.V., Pavlenko O.V., Petrov A.V., Pigusov E.A., Trinh T.N.,
Specifics of propeller and super-high aspect ratio wing interference in non-uniform flow Aerospace
MAI Journal, 28 (2) (2021) 7—19. https://doi.org/10.34759 /vst-2021-2-7-19.

THE AUTHORS

PIGUSOYV Evgeny A. VINOGRADOY Oleg N.
pigusoff@gmail.com oleg.vinogradov@tsagi.ru
ORCID: 0000-0003-4639-0238 ORCID: 0000-0002-4012-621X
PAVLENKO Olga V. RESLAN Mostafa G.
olga.v.pavlenko@yandex.ru reslan.mostafa97@gmail.com
ORCID: 0000-0002-0415-6761 ORCID: 0000-0001-9143-6202

KORNUSHENKO Alexander V.
avkornushenko@yandex.ru
ORCID: 0000-0002-6644-606X

Received 28.10.2022. Approved after reviewing 08.11.2022. Accepted 09.11.2022.

© peter the Great St. Petersburg Polytechnic University, 2023

300



