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FACTOR ANALYSIS OF COAXIAL ROTORS
AERODYNAMICS IN HOVER

Vadim N, Evokov

Hamov Helicopler SBcientific & Technalogy Company

An aerodynamic design method for coaxial rotors ogperating at
axial Flighlt regimes wag developed in Kamov Helicopter Soilentific
& Technoalagy Company on the basis of a disc vortex theorvy.

The method consists i the following.

A rotating rotor is  presented as & disk with uniformly
distributed radial veoltices with radius—~variable circuylation.The
atrflow passes theough the disc and the blade vortices are
aligned with streamlines., The streamliines form a spirval surface for
a genetral casze of a vatrlabkle piteh. Thg generating line of this
surtace {airstream shape) is cambered to Lthe rotor axes. Vortices
spatial position is considered to be fixed (Fig.1). IFf necessary
coordinates of vorbtices can be refinasd (non—1inear theory) using
Loiown relabtionships.
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Thus the voartex struclures of upper and  lower rotors are

patterned. The induced velocities in  the rotor plane and  alwung
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optional sectltion of the airflow are Laken as the sum of Lhe
induced velocity peoper uys and  additional Uya of a neighbouring
raotor. It is assumed that free blade vortices move wilth & speed
which 1s mean along the diec and variable alonyg the airflow axis.

Blade section airflow is assumed to bye two—dimensional
(hypothesig of flat sections). In determining induced velopcities
the airflow is regarded as ideal (Re= oo ), ,non—coapressible (M=0),
and the function CyCod-as Iinear.

When a blade element lifil/drag are detarmined, viscusity and
compresshility of the alrflow are takern inlbo ac c ount, as well as
non—linearily CyCed taken From  the profile wind—tunnel tewl
results Cy, CxafCo, M,Red. Within the scope of the adopted model,
the formulas to detecuine nean ioduced velocity genetrated by  the
rotor vortes structure in an arbitrary point  in space ('K*, Yo Z*I

take  the following fores:
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Here, Y = is the distance of the wake cross section from the
totor roteational plane related to the totor radius.
The function ﬁcC;) takes into account the change in a jel
radius along the height of a vorbex column and the function G(;)
— Lhe change in the vortices velocity. These functions define  the
rotor vorter structuwre and can be trefined during the calculations.
Wittty accouwnt for inductive velocity a blade section angle  of
atltack o is found (Fig.3), which is necessary Lo define 1ift and
deag coeftficients, Then, by way of nuwuoericail integration we get
the total coefficients of
thrust CT and torgue mK'
Coaxital rotors characteris-

tice within the ilinear model

Vw+u
are  detersined by way of sel- ye
ving a system of linear integro- v
Y&
—differential eguations.
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The solublon of this system of sguations amounts to sclving

zat of lingat algebralc eguations.
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The mathematical progeramme developsd  for IEBEM PCAXT coamnpubters

Lef

allow Lo defineg Lhe characteristics of o Coaxial rolur sund alsmu of
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a single rolor by separating goaxial robors al a  Ffaicly
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dirstance. 1L spsures Lhe spediftied difisrence in Lorgus ooegiils wf

the upper and lowse rotors M~ M lucunat.
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computations are the first approzimations because there exists . a
number of factors which are not accounted for in the mathematical
model.

To take into account this condition, the coefficients #«, Amkp’

un are introduced into CT,mK and L

CT=CT* * mxﬂmK+Apr; n0=nD$ nn :
Theat (CTR)Q/Z
ﬂu='ﬁa:““*- X un.

Here Apr —-is an additianal value of a profile component
of torgue moment coefficient, arising when the aerodynamic profile
operates on a rotating blade. To determine Amkp special rig tests
were conducted using rotor aodels. Flat blades of speeific

profiles were installed at an angle such that rotor thrust was

2ero and simultaneously the torqgue maoment mz was measured.,

=1 . . . AN : .
Ther pro""I“a Cxpo wasrsubtraLted fram ity where cxpo is
profile drag cosfficient received for the given profile in  wind

; 1

a1, Am . = — - .
tunnel The difference mkp M pro Was added to
the calculated value: mK=mK+Apr « fhe experiment has reveal ed

that Apr is practically constant within the operating range of
tip Mach nuebers.
The 2 value is usually rtelated to the so-called thrust tip

losses., He can assume atter Prandil:

Then the influence of the rest‘neglected factors (due ©to lead
non—uniformity along the blade length and threse—dimensional nature
af the flow over the blade! is concentrated in nn.

By way aof comparing computational results and experimental data
we get Rn as a discrepancy between the computation and
experiment.

Far a single rotar the nn values are taken under the following
conditions. Vortex drift velocities dependant on the function

6 =1= e

4 1+§?2
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and the wake shape (wake radius) - on the continuwily eguation
Rc: /1/G - (Fig. 43.
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Fig. 4.
A large amount of expeticnectal data has  besn processed asiog

tirie method.  Comparing  the  compubted
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figuration and mods of operation:
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By way of i1llustraltion Fig.5,46 show

valwes  of

for thy specified rolbor coun-

Ltie plotted dependencies of

nnﬂf(CT/ o) for different valuesi Ay —~blade geometric twists; okR-

—blade tip speed.
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It is assumed f0r a coaxial rotor that tip losses values # and

nn will be the same for coaxial
the wake shape is taken as an

purpose a multiplier A is introduced into the function

upper rotor?

whereas the boundary wake line

—X
=1~ N AN

84 1+;*2

identification

.—* —
y = A *y

of the lower

rotot's as for a single rotor, and

equidistant to the wake boundary of the upper rotor.

For the investigation the experimental data obtained

tunnel testing performed in TsAGI for a coaxial rotor model
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uwsed. Fig.? presents two  experimental curves nonfCCT/Oﬁ for
coaxial rotor and for the equivalent single rotor (as to the rotor
solidity o= ﬂc). In this case the single rator mathematical wmodel
was (denbtified for xn with the experimental dependency of a single

rotor. Then with the known function nnSfCCT/ o 3, such  values of

Am f(CT/ © ) were selected so as Lhe design  values of n, af
ceaxial rolors becamsa close Lo the exparimental ones (Fig.7).
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Fig. 7.

This function s ol absolube since 1§ correspondg to & specitic
experinental rotor conflguration. Whal is more Loportant is that
the developad mathematical model of a coaxial rotar basically
adeguabtely reflects the fact (which is well bknown from flight tes-
ting!? lLihat the figque of mecrit of & coaxial roloue is  deastically

migher as compared with & wingle rolar.

Similarly the resuils of other model tests were handled.

A5 a resull extensive stabistical materials were received for #
and ALWhen uged foe calocdlating aerudyviasic characteristics of the

rotoure Lthese materials iaprove the avthenlblicity of Lhe resulis.
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