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UNSTEADY ARRODYNAKICS OF HELICOPTER ROTORS:
MATHRMATICAT, MODELS.

B.Kritsky, B.Loktev, M.Nlshi, V.Slmonenko
(Joukoveky Hilitary Alr FPorce Akademy)

The interaction of rotor blades and vortex sheeis coming from
the front blades supposes the calculation of the nonlineariiy in
the helicopter aerodynamic problems.Thils Influence Iincreases when
the rotors work near the ground or when the hellcopier descents
with positive angles of Incidence. The extenslve flow-separation
zone ofien realizes on reireating blades.

A a matter of fact, In all these cases the calculation of a
real form of a vortex jet, the nonlinearity of the processes can
significantly increase the precision of the lefiniution oI the
rotor aerodynamic characteristics.

¥or purposes of modeling 1f some rotor operatlion regimes a set
of nonliinear unsteady mathematical models of helicopter roiors
aerodynamics is proposed. A4 method of descrete vortices 1s put into
a basis of the models as well recommended In alrplanes aercdynamic
Tresearch practlicing.

The mathematical formulation of nonlinear problems 1s
consldered on the example of- rotor operation on the perfect
Incompressible fluld filow. The form of blades and rotor movement
character has no limitations.

The flow 1s unvoriex everywhere outside the rotor blades 51
and thelr wake o« , 1.e. the Llaplace equation 1s 1irue Ior
disturbant velocitles potential & (x,vy,=z,t):
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1f suppose w ~ is a velocity of 1ift airfoil points movement
supported elther by forward movement or by roiatlion, as well as
flapping movement and deformatlon, s0 the boundary condition of
no-penetration 1s executed In these points:

9P~ W " > n o= o0; (x,y,20eS,, <2

n is an external normal to the surface Si in the examined
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point here.
Pressure continuation and velocity normal component conditions
are observed at the transition through the vortex wake surface o:

P=P,_; CV - 7> = (9 - 7

=P _; L (xyy,20e di‘(3)

Here, Indexes '-' and '+' are applied to the differeni sides
of the surface LI The Chaplygin-Joukovsky hypothesls of veloclty
finishing on thogse blades' edges which the voriex surfaces o1 flow
from 18 executed: '

P=P, ; CIBO_= WP Cx,y,2del , <4
The disturbances reduce at the endless distance from the rotor
and 1its wake, 80

tim VP = 0, R= v§§:;§:;§Tﬁ 5>
B + w
Biades and thelr wake are changed by the continuved vortex
layer which, In 1is turn, 1s changed by the descrete vorices system
modeling the blades and the wake. Contlnuous process of aill
parameters' change in time 1s changed by staged one with a step a:.
The solution of ©rotor's aerodynamlcal characteristics’
definition problem 1s to find the blades' modelling voriices'
intenslty. The vortices Intensities must satisfy no-penetration
conditions In control polnts (£ig.2) and loop circuiaion consiancy
condition. These relations Ior unseparated flow arcund blades will
be follows:
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Here, kL - rotor blades' nueber;
N — number of areas located on the blade's radius;
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rn — mumber of areas located along the blade's chord;
r - number of calculation stiep;
a.— known analitical relations defined by 1ift system
geometry and chosen break of the blade into plots {11l.
Relatlons Hip"fr include following four groups of values:
- geomeirical parameters of 1ift system elements;
- cinematical parameters of movement;
- Tree vortex sheet form;
- prehistory of movement.

The unknown vortices Intensitles are defined from solutlon of
the system(6). After their definition the velocity flelds are
calculated In points of free vortices ends w (v,z), and the
coordinates for the next calculation step are dellned:

(’x,y,z)r_u = <.’>v:,3.z,z.>r + W (x,y,.2> Ar, v

Next, the calculation repeats uniil the explores values become
steady values or the transitlve process ends. Using intensitles of
summary vortices Irom the solution of the gystem (6) 1the
aerodynamical loads modellng rotor blades [2] are defined with use
of Cauchy-Lagrange Integral.

A problem of calculation of aerodynamical characteristics at a
movement on the alr above the free orlented boundary surface 1s
interesting for helicopter rotors. The rotor and boundary surface
mitual orleniatlion 1s characterized by titwo parameters: distance
Ifrom extreme rotor point to the reflecting surface »; slope angle
ol the rotor surface to the reflecting surface plane y (Iig.3). At
the execution of the problem, the separation surface presence
results In itwo extra conditlons:

1.The cinematical condition of co-operative flows. It performs
the equality of velocliy normal components from different sldes of
the separatlon surface:

% L2 iy L. =
an—wan v

2.The dynamical condition of equality of pressures Irom
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different sides of the separation surface:

P, =Py,

In addition to the rotor vortex system, & voriex cuis system
with the same Intensitles reflected relatlvely the surface O, X, Z,
1s examined.

For substantlation of recelved resulis reliability, thelir
comparison with the resulis of wind twmel and natural experiment
was Implemented[3]. Fig.4 performs comparison of calculation and
experimental results for normal force secilons coefficient C;’" for
the four - blade main rotor acting at the wash Iflow Tegime

= Y -
Cu—ﬁ—0,2539

The comparison of calcilation and test resulis along the rotor
inductive veloclties flow is performed on fig.5. In thils case, the
results are gotten for sections locating below the rotor at
distances of 0.33R and 0.66r. On Ii1g.6, the  comparison of the
hellcopter HI1-8 rotor thrust coeffliclents values recelved Irom
calculatlon and flight testl4] accounting the influence oI the
ground 1s shown. To note, the mathemstiical non-linear unsteady
model of the rotor provides with rellable resulits for a set of the
aerodynamical characteristics.

Due to the examined model, the wide range of 1Totor
aerodynamics preblems was explored.The 1rotor summary and
distributed aerodynamic load were received, as well as vortex
siructures after the rotor, veloclty Iields around the rotor which
allow to analize the particularities of its flow.For example, fig.
T performs the confliguration of two vortex spins coming from blade
ends of the 5-blade rotor and £i1g.8 shows the velocity Iield on the
plane after the rotor in a distance of 5 radluses. Fig.9 shows the
dependence oI sectlon normal force coefficlents cy' Trom the
agimuth poslilon angle vy for some blade sectlions of 4-blade
rotor.

The model of a single maln rotor was developed for the case of
combination of rotors ( coaxial, tandem, main and tail),as well as
of combination of rotors and 11ft surfaces.

Particularly, the model of aerocdynamics of a converted
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aircraft with pivotable rotors was examined. Flg.10 shows the rotor
in aliliance with the 11ft surface-wing which can be Ilown wlth flow
separatlion or without it In dependence on the combination action
regime.

The rotor 1s oriented relatively the 11ft surface free and 1is
position 1s characterized by the angle o, - A point the rotor turns
around 1s selected Iree, 1oo.

The vortex wake after the plvotable rotor significantly
Influences on the converted alrcrafti's aerodynamic characteristics.
Fig.11 shows the vortex structure after the alrcraft at the
alrplane regime recleved by calculatlon, and fig.12 performs the
results of modeling showing Influence of the roior angle &, and a
place of the horlsintal tall location on 1is aerodynamical
characteristics. For the examined 11ft system from the point of
view of the 1lilest change of the normal force €y 20 and the pltch
moment m coefflicients, the locatlon of the horizonial tall

z 20
above the wing 1s more improved.
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