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SUMMARY

The effmet of flow curvature due to the fuselage cn the flapping motion
of a helloopter retor has bser investligated therrstiscally., This has bsen
eohieved by caloulating the changes in the flow through tuns Jiso and hence the
additional aerodynamioc moment about the flapping hinge, using a Rankine solid
to represent the actual fusolaoge. It has been found that in tho tip speed
range O to 0*6, only the highor harmonics are affected significantly end that
the changes becomc more pronounced es the length of the fuselage is increased.
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1 INTROGDUCTION

Although an the past a considerable amount of wind tunnel testing of
helicopter rotors has been performed, very little is known about how the rotor
flapping motion will be affected in flight by the presence of the fuselage.
The airflow will now be forced upwards in the front, dovmwards at the rear and
be unaffocted at the sides, This disturbed airsliream san cause the {low
through the rotor to be changed and hence alter the rotor flapping motion and
resultant vibration., Thec dogree to which the flapping will be affected will
depend upon, amongst other things, the shapc and size of the fuselage as well
ag the relative position of the fuselage to the rotor or rotors. Attention has
been conf'ined in the present investigation to the single rotor helicopter. 4
representation of the Wessex fuselage has been used, followed by calculations
on a lengthened fusclage,

In addation to distorting the main flow field, the presence of the solid
body will modify the local blade loading due to "ground effcct" phenomena, even
though +the dinterference effect is present on only a small part of the disk.
Thig effect might bo important in hovering but will beoome relatively less i
impertant with forward spesdy It has not been included in the work desoribed
in tnis note,

In order to caleulate the disturbed flow, the fuselage has been replaced
by the equivalent Renkine solid, Thesc solids, which are doscribed in Ref.d,
have the great advantaoge that the volocities perpendicular to iheir longltudinal
axis oan be cacily determined. Their shapc is olso such that the main featurcs
of the fusclage arc represented, However, like most thoorotical inviseid flow
solutions to practical problems of this type, no account is taken of the wake
produced by the body. This wako, as in tho casc of flow past a cylinder, will
have the offect of reducing the vortical veloeitices downstream of the fusclage.
For present purpeses, however, this offect will be ncglected, for it is not
expected to change the results significantly.

Tho theory used to determine the blade motion, is bascd upon that given in
Ref.2 and, as in this reference, only the first six harmonics of flapping have
bzen considered. It is valid in the rcgion whore simple aercdynamic rotor
theory can be applied,

2 THE ANALYSIS

2.1 The fusclago ns e Rankine solid

Tho determination of the flow around a threc dimensional bedy is, in
general, vory difficult. However, the problem is greatly simplifioed when the
body is a solid of revolution moving in the dircetion of the axis of rovolution,
In this case, there can be defined a Stokes' stream function, which is analogous
to the stream function of two dimensional hydrodynamie theory.

In Ref.1, it has been shown that when a source and an equal sink are
combined with a uniform strcam in the negative direction of the x-axis, see
Pig,1, the stream function corresponding to the flow pass a closed solid of
revolution of oval scction is casily detexrmined. Such a2 body is called a
Rankine solid, It is solids of this type thatl this note uses to represent the
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Tuselage of a helicopter, In TFig.2 is shown a typical Rankine solid super-
imposed on the fuselage of the Wessex, It can be seen that a very fair
approximation to the fuselage shape is obtained. Also, for comparison, Fig.Z
gives a Rankine solid corresponding to a lengthened Wessex fuselage where the
length of the body is taken to be equal to the diameter of the blades.

From Ref,1, it has been shown that the stream function for flow past a
Rankine solid is given by

o Vr2 sin® o + m(cos 62-cos 01) . (1)

-
}
13,

The dividing streemline given by ¥ = 0, generates, by rotation about
the x axis, the dividing stream surface, Thus, if the semi~length of the oval
is & and the semi-height h, see Fig.1, it oan be shown that these are related
to the strength and position of the source and sink by the squations

(62-3‘)2 = £n’ /az + n? (2)

e 2 2
b = \j_ﬂ N (| . (3)

From equation (2) can be found the distance from the origin of the source
and sink for g solid of given dimensions, These would be obtained from the
length and height of the fuselage under consideration. Having found 'a' the
source and sink strength can be caloulated from equailion (3). The details of
how these calculations oan be performed will be left until later in the note,

2¢2 The_asrodynamic moment on the blade induced by the fuselage

From equation (1) it is possible to obtein the velocities due to the
presence of the fuselage in both x and the z'!' directions, However, thesc
velooities will be the ssme in any plane which conteins the x axis. It is
only necessary, therefore, to consider a typical planc at an angle with the
vertical in order to calculate the fuselage induced aerodynamic moment on the
blades, In Fig.3, the rotor, which 1s assumed to be horlizontal, lies in the
plane APBO', It is at a height k from the ocentre of the oval representing the
fuselage. The point P is a typical point on the blade at spanwise station t
at azimuth position ¥, Thus, it ocan be seen that it is ncoessary to determine
principally the induced velooity at P in the z direction.

It can be shown that the velooities at a point (x, z') in the plane
x O z' are given by

L

[fa %

1 3y
Y % T 3%7 P U (&)



Thus at the point P the induced velocity in the z direction cen be shown to be

Tz b° g cos @ 1 ;
o= boalces i o
' : {[(X —e)? 4 2)2 [(x+a) + ::'2]372-] (5)

In order to caleculate the asercdynamic moment, it is necessary to express v, in
terms of the rotor coordinates t and Y. Hence,

v 2
7 (64K = bzk[ g S7E T TS TS : 5/2}‘
k“+ t°+ 2"+ 2 at coaV ] [X°+ t“+ a"= 2 at cos V]

creees (6)

From rcference 2, it can be shown that this induced velocity increeses the
aerodynamic moment on the blade by

B
AL = o Zo ORY 15 s(s in ¥) a (7)
= % p e 2 af +H 8 3
o)
where
S =~ 1"R . (8)

For convenience this increment of acrodynamic moment is written in the form

AM
. VNI (9)
Tosonar ~ 17T
where
B v? 32 ds
I, = f S (10)
0
B '
- vz
12=fﬁ=i-sdspsm\if. (11)
0



From equations (G), (10) and (41) it can be shown that

M
it

P,(y) - 7, (¥ +7) (12)

=
1

(6 + Fy(¥+x) (13)

where

2 -
1 t t | 4. 1 H
7, (+) &LJL[M%<“ﬁ %@V+%x£ﬁLﬁ§i¢3_¢£_>

2 a' cos ¢-+fa'§ + k'2

+ 4 a'2 003 ZQer'2+ a'cos w(a'2+k‘%L_
k'2+ a'2 sin2¢ 2 2
\/a‘ +k'"+1 + 2a' cos ¥

-a' oos ¥ fk'" + a'%] }

ceness  (14)

2,42 ¢ . o ' 2 2 R
2 2 12 |2 L] 2 | L Y
k' +a' "sin ¥ A 142 a' ocosy +a‘2+k‘2
vesses (15)
and

k! =1':/R

i at

S

'b!

5

Using a typical value of k' bascd on the ratios of height of Weasex rotor
above the fuselage to rotor radius, and toking a' = 1, i.e. the semi-
distance between the sources equal to the rotor radius, the two components

of I1 and 12 are plotted, against ¥ in Fige.d., It can be seen that the

funotion I1 iz the main contribution to AM and has maxamum and minimum values

when the blade lies in the direction of motion of the helicopter, This is as
one would expect from physical oonsiderations, the maximum occurring in the
fore position when the flow 1s forced upwards by the presence of the fuse-
lage and the minimum occurring in the aft position as the flow theoretioally
bends downwards following the curve of the bhody.,
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Fig.5 inves!igates thesc maximum and minimum valucs more closely and it
con be seen that the ratio of the semi-fuselage length to ihe rotor radius is
important. From the graph, I1 is a maximum when £' = ¢&/R is just less than

unity and falls awey rapidly on either side. This feature is again not
unexpected,

2.3 The effeoct on rotor flapping

In Ref.2, tho equations commeoting the coefficients of rotor flapping
are given when no fuselnge effect is present. Tho flapping of the rotor is
assumed to be expressed in the form

N

AN
= - i y iy
B 8, 2L,(an cosny +b sinn ¥) (17)
=4
when N harmonios are considered.
The equations which arc obtained from equating the serodynamio moment and

the inertia moment about the flapping hinge, reduce to a set of simultaneous
linear equations for the flapping ococeffioients By B.» and bn. The introduction

of the fuselage effect inoreases the acrodynamic moment so that the moment
equation can be written in the form

L . (18)
where MnF = aorodynamic moment with no fuselnge presont
MIN = inertia moment
AM = additional acrodynamic moment duc to the fusclago effcet

Now the additionel aerodynamioc moment AM given by cquations (9) - (15),
can bo written in the form

00
. S E? 2{: A o0os n T o+ B sin n ¥) (19)
% pac Q%R n=1
where
2%
Ay = -j; f I, + 1) cos Jy @ (§=0,1,20000) (20)
o]
2%
BJ = «:; f(I1 + 12) sin ¥ @y (J=1,2,30004) (21)
o

_7..«



and where the functions I, and I_ ere given by equations (12) to (15). 1In
this way, a cet of linear simultdneous equations can be ostablished which are
similar to those of Ref,2, It will be noticed from equation (18) that the
only charge occurs on the right hand sides of the ncw equations, which will
now have the appropriate term of equations (19) to (21), instead of zero value
vhich applies when tho fuselage effect is not present.

The integrais of equations (20) and (21) are very difficult to determine
analytically so in the cascs oconsidered the integrations were performed
numeracally,

2¢4  The psloulatin of thc Rankine solid parameters

Before the computation of the effect of a fuselage on the flapping
motion 'of its rotors can be performed, it 1s necessary to caloculate the
parameters a' and b' from the fuselage dimensions. Three paramcters corrcspond
to the position and strength of the sink and source which determine the shaps
of the Rankine sclid which will be used to represent the fusclage, Thus 1f it
is assumcd that the £ ond h in equations (2) and (3) can be considered known,
the next step is to determine a and b, Thus from eguation (16) the non=
dimensional forms a' and b' can be calculated. In goneral, it is e difficult
problen to solve equation (2) for a in terms of £ and h analytioally. However,
by considering the dependent variable to be (h/€)2 and the independent variable

to be (a/&)2 cquation (2) reduces to a cubic, Thus the solutions are given by

(11/46)2 = - -15 <—%>2 (1 + 2 cos 5) (22)

5 = e | _gzu,:.@,g_gzﬂi*} (25)

¥ (a/2
(w/e)* = 3 (a/2)% (2 cosh 6-1) (24)
6 = = cosh 1 [21 L —(a2/82)2]4 1} (25)
(a/e)



These solutionu are plotted in Figs.bA and B where for a given value of

(h/c) ‘the corresponding value of (a/&) can be sviftly found. The value of
b and hence b' can then be obtained from cquations (3) and {16),

3 DISCUSSION OF RESULTS

Results of the theoory ere given in Figs.7 to 18 vhere the variation of
the flapping coefficients with tip speed ratio 1s shown. Three cases have
been considered viz. no fuselage present, the Wessex fuselage represented by
the equivalont Rankine solid ond a solid with the same height as the Wessex
but with the some length as the rotor diameter.

Generally, the results show no major departures from the behaviour of
an isolated rotor, When the solids representing the fuselages are introduced,
the lower harmonic flapping coefficients are not affected. The influence of
the shorter fuselage is first folt in the bj/a0 term, sce Fig.12, but the

changes are only very slight. Larser cffects appear in the 5th and 6th
hormonics, soc Figse15 to 18, From these figures it can be seen that the
flapping is decreased by the introduction of ihe fuselage and in somo cases
the sign is reversed. In the case of the larger fuuelage Figs.15, 17 and 18
show that o maximum negative valuc is obtained for a./a s aé/a , 6/3 when

the tip specd ratlio 1lies betwecn 0" 35 and 05, Indeed it can be secen that at
4 = 06 the numerical voluc of the coefficient ( 5/ ) is less than its value

&t}l—O'}o

For the sbove cases only one value of k has been used. The solected
valuc corresponds to a rotor 2 ft sbove the Wossex fuselage,

i CONCLUSTONS

4.1 A theory has beoen developed to determine the effect of the curved flow
field duc to the prescnce of a hellicopter fusclage on the harmonics of tho
flopping of .the rotor,

hal It has beon ghown that the lower harmonics of the rotor flapping aro not
affected ocither by the presence of a fuselage of the Wessex typec or by o long
fuselage of thc same length as the rotor diamoter,

443, Tho fuselage affccts the higher harmonics of flapping but not to any
magjor oxtent., Both fuselages considercd decreased the values for the fifth
and sixth harmonic terms and sometimes the sign was reversed. In the case
evaluated, the terms a /a , @ /a and b5/a_ had maximum negative values when
the long fuselage wos éon31dered For thefe maximum values, the tip speed
ratio was in the renge 035 to 0+5h.
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FIG. I. THE FLOW PAST A RANKINE SOLID.
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FIG 2. THE COMPARISON BETWEEN RANKINE SOLIDS AND THE WESSEX FUSELAGE.
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FIG. 3. DIAGRAM SHOWING THE COORDINATE SYSTEMS.



FIG. 4. VARIATION OF T,& I, WITH 4.



FIG. 5. VARIATION OF I, WITH £/ AT ¥-180°
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