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Te Introduction

At the time of the initiation of the present tests little or
no research had been done in this country on helicopter models, other
than on single rotors at the R.A.F. A programme of research on a twin
rotor helicopter was therefore suggested to be carried out at the N,P.L,

The main feature of the research was to be the investigation
of mutual interference; the front rotor to be fixed in position relative
to the body whilst the rear one could be varied in height as well as in
distance from the front one. The angle of the axis of the rear rotor
could also be varied in a fore and aft direction.

The present report gives the results of the experiments
described in A.R.C.’l9,8291 after the effect of flapping hinge offset has
been taken into account using the method given in report 4. R.C. 20,5612,

2.1 Description of model and measuring equipment

The tests on a model of a twin~rotor helicopter were made in
one of the 9' x 7' wind tunnels at the N.P.L.; a photograph of the model
viewed from the rear is showm in Fig.1.

The rotors were driven by two sguirrel-cage induction motors,
coupled together in tandem and each capable of developing about 3 h.p.
The motors were ed from a variable frequency set and the motor speed
was controlled by varying the frequercy of the supply current. Fig,2
shows the arrangement for driving the rotors through bevel gears.
Rotational speed was measured by means of a Maxwell Bridge circuit
operated by a contact breaker driven by the main motor shaft, The bridge
circuit was calibrated by timing a flashing lamp also operated by a
contact from the motor shaft via a 50:1 worm reduction gear.

The rotors were driven in opposite directions at three~{ifths
of the motor speed and provision was made in the coupling of the two
motors to alter the relative angular vpositions of the rotor shafts so
that there was accurate intermeshing of the rotor blades., As the primary
object of the experiments was to determine the interaction of one rotor
on the other it was essential that their relative positions could be
altered. The front rotor was fixed in position but the rear rotor position
could be varied to give three different distances from the front rotor
Ly = 3'-2", Ip = 3'-7" and Is = A4'-3t". The height, H, could
elso be veried to give the same height as the front one (Hy) and
also increased by 5" or 8", Hz and Hs respectively. The shaft
angle, A, of the rear rotor could be altered by approximately L°
and £8° in a fore and aft direction, All these variations are indicated
in fig,. 3.

2,2 Rotors

The three-bladed rotors were 4'~3" diameter and identical

in construction. The blades were untwisted, 1.5" constant chord of

NACA 0012 section and effective length 19". Duc to the high stresses
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involved the hub was relatively large compared to full scale, Details
can be seen in the photograph, Fig. k.

During the early part of the tests the rotors were run at
1,800 r.p.m., at which speed the radial acceleration was approximately
2,350 g, resulting in very high forces at the hub., The blades were
provided with both flapping and drag hinges, the former being freely
mounted on ball races and the latter having adjustable cork friction
dampers, The blades were found to vary slightly in weight so provision
was made for final balancing by means of small adjustable weights on
screwed rods radiating from the hubs between the blades, These can be
seen in the photograph, Fig.lL.

In order to avoid the possibility of resonance it was at
first thought advisable to run the rotors with drag hinges locked.
Eventually however fatigue cracks were noticed in the roots of two of
the blades and it was suspected that the lack of freedom in the drag
hinges was the possible cause, Iater, after new blades had been fitted,
it was thought better to run with drag hinges free and so reduce root
stresscs, cxperience having shown that the possibility of resonance was
small. As a further precaution, to eliminate fatigue failure, the new
blades of a modified design were run at a reduced top speed of 1200 r.p.m,
This question of blade fatigue is more fully discussed in the Appendix,

2,3 Equipment for m.asuring tracking of blades and flapping angle

The front rotor carried a commutator with a single brass
segment contacting four carbon brushes mounted on a ring attached to the
front rotor spindle housing, Three of these brushes were approximately
12C° apart and the fourth diametrically opposite to one of the three,
The brush contacts were used to trigger off a stroboscope lamp illuminating
the blades whilst rotating, The three contacts at approximately 120°
spacings were set so that, with all three in circuit together, they were
successively out of phase by about one chord length when the ends of
the rotor blades were observed. By this method it could be seen if the
blades were tracking correctly.

The two diametrically opposed contacts were used to facilitate
the observation of flapping angles. ZEach contact had a switch in
circuit and the timing adjusted so that the stroboscope flashed when a
particular blade was parallel to the longitudinal body axis either in a
fore or aft direction., The height of the blade tips in each position was
measured by means of a travelling periscope projecting vertically
dowrwards into the tunnel, The difference in height of the blade tips
in these two positions gave a measure of lapping angle. The periscope
was of the type used on midget submarines, The stroboscope lamp was
mounted on gimbals and the direcction of the light, shining through a
thick perspex window, could be adjusted by the observer to illuminate
the particular blade tip under observation, It was cstimated that
the accuracy of the measurements was of the order of one tenth of a
degree, A photograph of the head of the periscope is shown in Tig, 6
from which can be seen one of the two vertical slides bechind which is
the measuring scale,

As the periscopc weighed about 60 1b it had to be counter-
weighted and the wires carrying these weights, passing over pulleys, can
be seen in the photograph.

3, Safety Precautions

Due to the high value of centrifugal force on the rotors
and the possibility of imstability, resonance, or fatigue, 1t was

thought/
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thought expedient to protect the persomnel by reinforecing the tunnel
inside with sheet steel and outside with shutters. These shutters were
of sandwich construction comprised of blocks of papor between 4" thick
plywood, totalling sbout two inches in thickness,

To minimise the possibility of stopping the rotors before the
tunnel and thereby losing the stabilising eifcet of centrifugal force
on the blades, an interlock was incorporated in the electrical circuits,
with a time delay of about a guarter of a minute, to ensure that the
rotors attained a reasonable speed before starting the tunnel and also
that the tunnel speed had dropped sufficiently on shutting down. As the
electrical supplics to the 'unnel and rotors were separate therc remained
the danger arising from a failure of the current to thc rotors but as that
was thought to be very improbeble, no attempt was made to cover that
eventuality, :

L, Method and Scope of Experiments

The model was suspended from the main roof balance by two
struts spaced 224" apart. These struts carried at their ends a spindle
mounted on ball raccs, passing through and fixed to the helicopter body
295" from the nose. This spindle being freely mounted acted as a
pitching axis. A further support was provided towards the rear of the
body, using a pair of V-wires attached to an overhead split-beam balance,
see Fig.2., These wires were adjustable by means of a windlass carried
on the balance, so that the attitude of the model could be varied,

The carlicr tests were made at 1800 r.p.m. giving a tip speed
of about 400 ft/sec, lLater the speed was reduced to 1200 r.p.m, end a
tip speed of 267 ft/sec. Lift, drag, and pitching moments were
mcasured at wind speeds of 40, 80, 120, 160 and 180 £t/sec for the tests
at a rotor speed of 1800 r.p.m. giving approximate values of tip-speed
ratio, u, of 0,1, 0,2, 0,3, O,4 and 0.45, When the rotor speed was
reduced to 1200 r,p.m. the wind spceds used were 25, 55, 80, 100 and
120 ft/scc giving valucs of u = 0,094, 0,206, 0,300, 0,574 and
0. 449 rcspectively,

Measurcments were made for blade angles, ©_, of 4°, 8°
and 12°, The angles were set by a worm and wheel at fre blade roots
using a surface taeble and scribing blocks to measure the difference
in heights at leading and trailing edges.

Flapping angles were also mcasurcd by the method described in
para, &3

Although it would have been desirable to make measurements
at very low values of u, less than 0.1, difficulty was experienced
due to the flow induced by the rotors themselves, cspecially at the
higher body angles, For example, without the tunnel motor running,
a vane anemometer indicated a wind specd of about 15 ft/sec at
6, = 8° and © = 20° As the flow was unreliable thesc tests
wére abandoned,

Table 1 gives a summary of all the tests on the various
rotor combinations together with refcrences to the tables giving
the results,

De Corrections

The tunnel measurements were converted to the coefficients
C.. and C  where (. is the cocfficient of the force normal to the
longitudingl axis of %he helicopter and C_ 1is the pitching moment
coefficient about the axis shown in Fig.3. A further correction was
made for the forces and moments on the body and rig, ctc., by making
the appropriate measurements with rotors removed and substracting from
the total. No account is therclore taken of forces due to the
interference between rotors and body. y

As
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As the final resultc were to be presented for constant values
of tip speed ratio, pu, and the wind spceds choscn did not give exact

valucs end also as u = V cos O/(R, where O is the body angle, the
corrcction varicd with attitude of the model and so all the results
had first to be plotted against u and then the values for u = 0.1,

0.2, 0.3, 0.4 and 0,45 taken from the curves., Corrections had also to
be made to O due to tunnel interference and therefore the values
corrected for p had then to be plotted against © and values rcad off
at the chosen values of © wviz,, 0°, 5°, 10°, 15°, 20° and 25°, TFor
convenience O has been taken to be positive with the nose of the model
downwards which is opposite to the normal convention,

For the 9' x 7' wind tunnel the correction to body angle (0)
has becn token to be
A
46 = 0,111 - C, (rad)
C L

where A is the total rotor disc area C 1is the cross-scctional area

of the wind tunnel is the overall 1lift coefficicnt based on total
disc arca, The correc%lon is such that the effective inclination is

less than the geometric inclination, It is felt that the above

corrcction is not entirely satisfactory as it is based on fixed wing
theory, I’ is hoped that at some future timc a systematic series of
experiments will be made to establish the order of wind tunnel corrections
to be applicd to helicopter model testing.

The corrections to pitching moment duc to flapping hinge
offsct arc included in para, 6.

6. Results

6,1 Effcct of flapping hinge offset

In addition to the correcctions mentioncd in para.5 account
had alsc to be taken of the cffect of flapping hinge offset which, gue
to design difficultiecs, was of neccssity rather large, about 6, 275%.

The effcct of flapping hinge offset on the characteristics of a
rotor is dealt with in a report by Meyer and Falabella3 and the analysis
given in that report has been used to cstimate the theorctical valucs
of rotor thrust and flapping angles and also the effect on overall
pitching moment,

6.2 Thrust coclficient

Assuming uniform distribution of induced velocity and
neglecting blade tip losses the theoretical value of CT is given by
equation (38) of Ref. 3.

oa ~ A 3 1B A Hay,
C, = == { 2 (1-8%) + = 1 (1=8) |- ~== (1=8%) + ~ (1-8) + —-- (E-E?) }
3 L 2 J 2 2 2 0
¢ e 1

As there is no cyclic pitch B, = 0 and the term involving a,
is small and may be neglected and therefore approximately

oa AO 3 - A ~
Oy = -- { 20 (1) + - P (1—g)J+ - (1-g2)j. ... (12)
2 3L 2 2
Tor zero forward speed where u = O
ca { AO A
R e
2 3 2

Alsq/
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Also A o= "J“g. 000(3)

In order to determine "a" the slope of the 1lift curve of the biade
section Cp was required for zero wind speed. As the tunnel was of
the return flow type itwas diff'icult to obtain a true zero wind speed
due to the flow induced by the rotors. This was cut down to a minimum
by cloging the tunnel with a screcn, but even so there was a
circulation of air in the neighbourhood of the model, particularly at
the larger blade angles, It was assumed that at zero tummel spced the

induced circulation at 6, = 4° would be very small and the measured
value of Cp = 0,00142 was inserted in the equations (2) and (3).
This gave a value of & = 5,0 (per rad) which was subsequently used

in equation (1a), A curve of static thrust coefficient using the above
value of "a" is given in Fig,7. The theoretical values of C7 using
equation (1a) for 6y = L°, 8° and 12° are included in Figs.9, 13 and
19. It is of interest to note that the effcct of flapping hinge offset
on Cp 1is negligible, particularly at the lower values of i,

6.3 Division of thrust

From a knowledge of the total thrust and the pitching moment
about a defined axis the contribution of thrust due to each rotor hes
been calculated. It was assumed that the thrust of each rotor acted at
the disc centre and normal to the body axis and also that the rotor drag
force, parallel to the longitudinal axis, acted at the mean height of
the two rotors.

The pitching moments as measured in the experiments included
a contribution due to the effect of the off'set flapping hinges and
therefore before the thrust due to each rotor could be calculated the
pitching moments had to be corrected for offset,

Z
In the repcert by Meyer and Falabella” an expression is given
for pitching moment due to hinge offset (My) This expression is

bls
M = {:ua P"bl N] Q2 b - ;Qzai 000(24')
N 0 2
P by
where
-- = == [£-87]
Is 8
N by g & &

R R AT T Sl I

1s L 3 2 6

Values of a,, bs, and as are obtained by solving three simultaneous
equations; these solutions are given in equations (27), (28) and (29)
in the report. As there is no cyclic pitch, i,e., Bi = O in the
case of the model, these solutions become

(5 )+ 0]
&uc A B+-;~E + NC
)

2uAbC + ME 4 === R Y

14, A+£;+—E (5)
ai T e e T P e e S R T T m—— see 5

.
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N o el il v n (6)
1+ 2
pe. C~2Za;
'b1 = -~--_-;(2-_-- . e (7)
A+ 5-F

k
_ & J Bo [(1 £2) &+ _u (1- g) + H?& (8-22 )& + 2u”tana
\ __fl__Lé _________________________________________________
op + 92 (1-22)
(sec footnote) ... (8)
CT + 2UN
and tan o = —Fmmeeee . eee(9)
ou?
yi 1 2 2 g
A s = | == B =],
244 3 2 12
y[1 & &
B:- - - .
2
4 3 12
y |1 & &
C=~ - - =} - .
213 2 6
y [& o
2 2 2
y [ g2
E = - |--¢€4+-— |,
2 12 2

Using the wind tunnel values of Cp, 1in equation (9) M, has been
calculated for various cases and it was found that the terms involving
ag and by were quite small compared with the az term, Typical
results are shown in Fig,8 for a blade angle € of 8°, and a
rotational speed, Q, of 1200 r.p.m. The first set of curves shows

My in 1v/ft varying with u for zero pitch angle, whilst the second
set refers to a change in body angle at a constant value of p = 0,3,
The contributions of the ay and bis terms together are given by the
curves marked A whilst the a5 term is given by curves B and the
total by curves C,

On examination of these curves it will be seen that, for all
values of pu of the one curve and all values of © of the other, the
magnitude of 211 points on the C curve are very ncarly 1,09 times
the corresponding values on the B curves, It was therefore decided,
in order to avoid much laborious computation, to use the third term
only in the expression (equation (4)), for M that is the one
involving as, and add 9,.. In the above calculat¢ons the obscrved

- ew wm mm am wm em wwm Em mw e wm W em  am wmm e G s e as e e e e MY ew e ew  ee S ew e e e ae

Note In the expression for N (equation (41)) given in Ref.3 the
sign of the last term in the numerator, 24° tan &, is given as
negative, this should be positive,
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values of flapping angles, rather than the theoretical ones, have becen
used., The pitching moment duc to offset may therefore be expressed as

Iz
r — _— b 3
M, = 4.09D ; &7 (asp + 2up)

which has to be subtracted from the total mcasurcd pitching moment,
as.. and a4, beirg the obscrved values of flapping angle for froat
and rear rotors respectively.

Tfigs.9-19 and Tables 18-43 show the thrust distribution
taking iato account blade offcet,

It was considered that the configuration ILpHadA, was the
closest approach to a helicoptler of the type Bristol 173 and thercfore
fuller experimental work was dme for that arrangement,

For IsHaAo and blade angles €, = L4° TFig.9 gives the
curves Cp against 6, the body angle, for values of u = 0.1,
0.2, 0.3, 0.4 and 0,45, TFor each valuc of u five curves are given,
two showing the contribution of thrust due to each rotor of the twin
rotor combination, two the thrust of each rotor acting singly, the £ifth
curve the theorctical value of CT.

It will be seen from further cxamination of the curves that
the front rotor contributes considerably more thrust than the rear,
There is an increasc in thrust from the front rotor compared to the
single front rotor, but this increasc is less than the loss on the rear
one, The result is that the twin rotor configuration gives less
thrust than ©ho som of the thrusts of the two rotors separately; this is
as one would cipect,

The theoretical curves show quite good agreement with the
mecan values of the two separate rotor curves,

In order to compensate for the loss of 1lift on the rcar rotor
its blade anglcs were increased to 6° leaving those for the front one at
4°, TFig.,10 shows the results of these experiments. For values of
up to 0.3 it will be scen from the curves that the compensation is more
than adequate, that is the rear rotor contributes more thrust than the
front onc. For values of u of 0.4 and 0,45 a differential blade
setting of 2° is roughly the bcst compromise,

Although the presence of the rear rotor causes an increase of
thrust from the forward rotor, the increment of thrust by increasing
0o from 4° to 6° of the rear rotor blades reflects little increase {rom
the front one.

Figs.11 to 18 all apply to blade angles 60 = 8°, the
curves again, as for 6 = 4°, rcfer to twin rotors, single rotors
and theoretical cases,

If one compares Figs.11, 13% and 14, which rcfer to LaiHz,
LgzHz and ILsHg the cffcet will be seen of altering the distance
between the rotor axcs., The total thrust appcars almost independent
of distancc betwecn the rotors but at the higher values of H and
6 there is a small shedding of thrust from the rear rotor to the
front one on reduction of distance apart.

Therc is a small e¢ffect on thrust from varying the height
of the rear rotor relativc to the front one (Figs.12, 13 and 15). This
effect, which is a slight increase with height, is on the rear rotor
only and confined to values of u below 0.2,

Experience/
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Experience with full-scale tandem rotor helicoptcrs has shown
that there is little alteration in thrust due to changing the distance
apart of the rotors but that there is a definite effcct from height
change of' the rear rotor for very low values of u,

With a view to compensating for loss of thrust from the rear
rotor, experiments were made with the rear rotor axis tilted at 7.7° and
L. 4° backwards and also 4° forwards, The results of these moasurements
for © = 8° are given in Figs.16-18, Again the change of attitude
of the®recar rotor has little effect on the thrust from the front one as
has already been noted when the angles of the rear rotor blades were
made greater than the front ones, There is however a gain in thrust
from the rcar rotor when it is given a backwards tilt.

Fig, 20 shows thc results of tilting the axis of the rear
rotor when acting alone; C_ has been plotted against 6 + A, A being
the angle of tilt, forwards being positive, For each value of u it
will be noted that all the values of C,, for the various angles of
tilt, lie substantially on a single curve, This shows that for a single
rotor, axis tilt produces the same efrect as an equal change in body
angle, that is body interfcrence is independent of angle betwecn rotor
and body. In the casc of the twin rotor model there is more scatter
of the points when plotting C,, of the rear rotor against © + A
but these curves are not reproguced.

Fig.19 gives curves for IpHz with blade angle q) = 12°
and, as before, there is wide spacing of the two thrust curvés for
front and rear rotors. Except for low values of u the values of
Cr, for the individual rotors differ considerably and this deviation
ificreases with body angle, The theoretical curves, however, agree well
with the mean value of CT for the separate rotors cxcept for values
of u below 0,3,

6.4 Centre of rotor thrust

From the curves of division of thrust it is easy to calculate
the position of the centre of thrust, examples of which are given in
Pig.21. The distance of the centrc of thrust from the centre of the
front rotor divided by the distance between the rotor centres is plotted
against body angle for the various values of 4,

It is normal practice in twin rotor helicopter design to make
the two rotors identical, As there is a loss of thrust from the rear
rotor, trim can only be maintained by applying a suitable blade angle
mixing ratio. An cxample showing the effect of diffcrential blade setting
is given in Fig. 213 where the front rotor has a blade angle setting
of 4° and the rcar 6°, This results in more satisfactory curvecs of
centre of thrust position,

The effect on position of centre of thrust due to tilting
the rear rotor axis is shown in Fig,22 and it will be noticed that a
backwards tilt of about 7.7° has roughly the same cffect on the
shapes of the curves as a differential blade sctting of 2°, shown
in Fig, 21a,

It will also be seen that when the axis of the rcar rotor
is tilted backwards L4.4°, the position of the centre of thrust varies
little with either a change in u or in 0O, Fig,22b,

6.5 Equivalent downwash

Fig.23 gives curves of equivalent downwash for the rotor

configuration LbHéAb. These curves have becn estimated by comparing
the curves of thrust coefflicient of each 1otor of the twin-rotor

combination/
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combination with the thrust of cach as a singlc rotor, In other words

the equivalent downwash is taken to be the angle change on the single
rotor to give the same thrust as the corrcsponding rotor in the twin-rotor
conditior i.c., dowmwash sngle = 6g,R,- Op,p, where Og,r, a2nd GIm,
apply to single rotor and the seme rotor of the twin rotors respectively
when CT ig semc valuec for toth casey,

6,6 Longitudinel [lapping angle

The lonzitudinal flapping angle is given by equation (5) and
the relationship between shaft angle 1, rotor disc angle, i., and
flopping angle is given by 1, = i, +8s. TFigs,24-30 give longitudinal
flapping angles for a 1imited“numbcruof cases and for each blade angle.
They are plotted against body angle for cach value of . The theoretical
curves are given in Figs, 24k and 25; the observed values for cach rotor
of the arrangement LgHslo in ['ig,26 and single rotors in Tig. 27.
Figs, 26-27 are shown in 2 diffcrent form in Figs. 31-34 where the flapping
angle, asg, is plotted against u for various body anglcs,

On examination of the curves it will be scen that the
experimental valucs are less in magnitude than the corresponding theorctical
ones cxcept for low values of i ‘there are two possible cxplanations
for this deviation; firstly the close proximity of the body and secondly
tunnel constraint as the tunnel height was only 1.65 times the rotor
diameter,

Results of experimcnts at the R.L, B, on a 12 't diamcter rotorLF
and on a 6 £t dlametcr rotor? dilffur from the present oncs, In the
R. A E. cxperiments the flapping angles increased more rapidly thon
indicated by theory both with increase of tip spced ratio and rcduction
of shaft inclination. Their cxperiments were made without a body being
present and the tunncls concerned were the 24 £t open jet for the 12 £t
rotor and the 11% £ tunnel as well as the 24 £t onc for the 6 ft rotors,

The discrepancy between the observed and theoretical values
of flapping angles could be cxplained by a non-uniform distribution of

downwash across the disc; theory assumes uniformity of dowmwash,

6,7 Longitudinel forces

The forces parallcl to the body axis were cstimated but were
not regarded with any grest significence, duc to the rclatively large
size of hub, and have, thercforc, been omitted in the present report.

7 Conclusions

(a) The curves of thrust distribution show that the front rotor
contributes morc thrust than does the roar onc and a little more than
it docs as a single rotor, that is without the prescnce of the rcar rotor.

(b) Fig.40 shows the results of the contribution to Cp by the
individual rotors when the blade angle of the rcar rotor is incruasecd
to 6° leaving the front onc at 4°, It will be seen that for the lower
valucs of u the compensation for loss of thrust from the rear rotor
is more than sufficient,

(¢) At valucs of u above 0,1 a backward tilt of the rear
rotor of 7.7° (Fig.16) gives a considerablc degree of compensation
(c.f. Fig.13).

(a) The increasc of thrust brought about by incrcasing the
blade angle of the rear rotor or by giving a backward tilt is borne
almost entively by the venr votor theve being a negligible ef'ect by
the front rotor,

: (c)/
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(e) The effect of varying the height of the rcar rotor above the
front one (Figs.12, 13 and 15) is small and confined to the rear rotor and
to values of 4 below 0,2 there being a slight incrcasc of thrust with
height,

(f) There appcars to be no apparent effect on total thrust due to
a change of longitudinal spacing of the rotors (Figs.11, 13 and 14).

(g) When the axis of the recar rotor is tilted backwards by L. 4°
(Fig. 22b) the position of the centre of thrust varies little with either
a change in u or in 6,

(h) The calculated flapping angles are greater than the measured
oncs, particularly at the smaller valucs of O,
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List of Symbols

R radius of rotor = 2,125 £t
c chord of blades = 1,5 im.
mmber of blades per rotor = 3
o solidity = be/R = 0.0562
60 blade section pitch angle
9] body angle, positive nose down
A total rotor disc area = 2/&R>
Adeg rear rotor shalt inclination relative to body axis (see Tig. 3)
Li, Lo, Ls, Hi, Ha, IIs see Fig.>.
l distance of centre of thrust from front rotor axis
id incidence of tip path plane
a, coning angle
a4 longitudinal fleapping angle
by lateral {lapping angle
0 angular velocity of rotor (rads per sec)
v turmel speed (rt/sec)
QD fluctuating drag torquc lb/ft
T total thrust in 1b normal to body axis
Cq thrusl coefficient = T/p(OR)%A
CTF thrust coefficient contribution by {ront rotor
Crp thrust coefficient contribution by rear rotor
M pitching moment (1b/T1)
Cm pitching moment coefficient = M/%QAVQR
i tip speed ratio = Veos®/(R
u component by V parallel to rotor shaft
u/QR
a slope of 1ift curve of blade section = 5.0

Symbols used in Ref, 3 not apoearing above
A £

A.o blade section pitch angle corresponding to C% gbove
a rotor angle of attack

m mass of each blade =0.5/g slug
L digtance of blade tip from flapping hinge

I mass moment of inertia of blade sabout flapping hinge
y blade mass constant = (ack*/Iy
e distance of flapping hinge to rotor centre
£ flapping hinge offset = e/R = 0,06275
r & E/T

APPENDIX/
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APPENDIX

Blade Patigue Pallure

At the outset of the tests it was decided to run the rotors
with drag hinges locked, as it was thought that resonance would then be
less likely to cccur, partvicularly as the natural frequency of the medel
and rig was low and of the order of 6 to 7 per sec. When the rotors were
being run up a small vibration was noticed at low speed, but this region
was soon run through and no violent disturbance was ever experienced,

During the experiments two sets of blades have been in use,
see Fig.b. In order to avoid blade twist it was essential to design the
blades so that the position of the section centre of gravity was on the
quarter chord line, necessitating ccmposite construction. The first set
had the front part made of brass and the rcar part hollcw magnesium alloy,
tongued, riveted and resin bonded together,

After a considerable time of running the first set of blades
at 1800 r,p.m., perhaps 30-40 hours, it was noticed that one blade on
each rotor had cracked through the magnesium at the root. These cracks
were examined by H., L. Cox of N,P.I., who suggested that the failures were
caused by frctting fatigue starting at the imner rivets. The remaining
blades were carefully examined under a stereo-microsceope for incipilent
cracks and indications were observed on one other blade,

The hubs were then stripped down and several features indicated
that they had suffered from severe hammering. The flapping thrust races
were badly indented, two of the drag hinge pin keys were sheared and
the remainder had their corners rounded off, All these factors
indicated that the forces in the direction of the blade drag were more
serious than envisaged.

The fluctuating drag torque due to the combined action of
flapping and coning and neglecting flapping hinge offset is given by the
equation

Q = - 2I;0® [a, (assiny - bicosy) - 7 (af - bE) sin2y + asbicos2y].

A similar equation has been developed including offset from which the
maximum drag torque has been cztimated to be about 8.8 1b/ft. With a
torque of this value thc local force on the balls in the flapping thrust
races could be as high as 140 1b, With a rcversal of load of this
magnitude at a frequency of 30 per sec it is fairly ccrtain that
indenting of the ball races could take place.

The shcaring force on the drag hinge keys due to the
fluctuating drag torquc was estimated to be a little over 480 1b which,
no doubt, was the causc of the ultimatc failure of the keys,

It is reasonable to assume that with a drag torgue of the above
magnitude on the blades and no frecdom in the drag direction, and with
the presence of ball indents in the flapping thrust races, there would
be a considerable flapping friction hinge moment., This was probably
the primary cause of the blade fatigue failures,

It was therefore decided to have new blades made to a modified
design. They were made of spherodised stecl for the front portion
tongued and grooved into a boxwood rear portion and resin bonded, but
not riveted, sec Fig.5. Again the centre of gravity of the section
was at the quarter chord.

As a prccaution the top speed was reduced from 1800 r,p.m.
to 1200 r.p.m., the drag hinges werc unlocked but had friction damping.
After a considerable period of running with the modified blades there
have been no indications of blade failure or bearing trouble.

Table 1/
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TAPLE 2
CT x 10° for Single Rotor Cases
60 Arrangement g° u=0,1 u=0, 2 | u=0, 3 =0, 4 u=0, 45
5.° LyHidg o i 2,21 .43 . 3,89 ¢ 4,30 0 4,62
Forward 5 1 2,30 2,46 2,34 © 2,30 : 2,20
Rotor
1,200 ropom, : 10 © 1,78 | 1.36 ¢ 0.54 i-0.29 ;-0.63
15 1 4,33 042 i -1.27 |
20 i 0,76 1 -1.18
25 | 0,09
TABIE 3
1O LaHa A, 0 2.62 3.8 i 4 58
Forward 50 2,17 2.32 2,32
Rotor ;
1,800 rvp.m. 10 1.6k 0.53 042
15§ 1,16 ST
20 | 0.64 :
25
TABLE 4
1O LoHa 4y 0 250 | 3,05 3,26 351 | 3.65
Rear Rotor 5 2.02 2,00 1.82 1,55 1.57
1,200 rop.m. 10 | 1,49 0,77 | -0.19 | -0,97 :-1,36
15 0 0.9 . -0,60
. 20 | 0,33
L 25 1 -0.29




0o

e

e o bt

CT X 103

it o ot vt i s Ve =1 s A s 1 B o

60

0

Arrangement

Rear Rotor
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TABLE

for Single Rotor Cases

3,21
2.77
2,29
1.76
1.26

0,76

;u=0.1 u=0,2

U

L.32
346
2455
1.0.8

0. 06

LE 6

1.12

"'O¢19

C—1.51

[R P ——

. 1=0.3% u=0,L U=0. 1.5

et s i A gt i W ) 1 R

6427 6.57

—

5.27

L. Q2 Lo28 Le70

2.67 2,62 2.56

0.80

et e o | v v s o AW oy om0 it ¥

O¢35 . "'Oe 35 } —Oa58
“1.5L =250  =3.10

-3.17

N p— oo

e 4 s ok 3 A 8 St o AT o N,

Le93
%.08

Lo Bl
3.28

5e.12

3,03

-t

O

.52 0,76 - 0.3
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TABLE 8

for Single Rotor Cases

0, : Arrangement

. 60

H=0.1

u=0,2

H=0.5

:u=0.4

HZOc 45

8° LH, 4

Forward
Rotor

© 1,200 repem.

L 10
;15
P20

- Le59
. he29

el
: 3469
- 3.7
2.8

. 5.62
f Le76

L 107
AN
: 2.11

f 0. 6k

6,06
495

. 3.88

2.2,

P 6.6l
é 5,02
: 3¢53
P 1,29

7.1

5405

3433
0. 80

TABLE 9

o
8 LQHQAO

Rear Rotor

1,200 Tepem. |

10
15
20

25

P le Bl
i 430
F .02

5.20
462
3,82
3.66 | 2,79
3627 g
2.85 ;

1.52

5,62
L Le72
§ 3.25
18

? L..68

=0, 01

6,13

F 2,70

6437

f Lo bl

240

-0, 75

T4BIE 10

8% | LHA, .,

Rear Rotor

1’200 TePellls

15
20 i

25 i

1e90 |
153
Lo 23

591
5.29
Lol
4.00 g 3.62
3.66 ? 2.58

3.25 i 0,99

6..0
5065

; Lo 37

2.83

0.77 |

7.0,
5.98
129

2.12

7ol

6. 20

Lo 31
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TABIE 11

for Single Rotor Cases

Arreangement o° p=0.1 p=0.2  u=0.3 : u=0.l4 u=0el4D

519
180
LoLdy
Le16
3,90 .
"

N L PR I T

LIaBLE 12

£t Bk W i W ok |

6.1 | 6,67

5,90 6,30
582
5.78
5043
5,05

0

5 g

TALLE 1
636 72l

6.10 6.70

5.96
5,88
5,72

5,12 ¢

5,87 .
5.39
Lokl
3.26 |

ko s o i e o AT 1 R T

it n e i {1 bt s s i v ok o

7.02 . 8.00 8.8

6425 f 6.80 © 7.20

5,26 § 5¢45

346l

572

1a05
2,36

e i s g 1 S bt 1 g Yt 1 BT ST S

6,65 ‘
5.56 f 5.9

Le3B ud 3022

5.72

2.55
0. 66

073 | 0415

5.80
5.21

l}.o 06 '

A

6.82  6.98
4e 99

3.26

L 1,485
| 2.58
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TABLE 14

for Single Rotor Cases

12° LA
. Rear Rotor

! 1,200 I'.p.m.

o

5

10

6463
642

6.

o
12 5 I?HQA-M-A
f Rear Rotor

© 1,200 r.pem.

o |
12 ‘ L2H1Ao
§ Rear Rotor

{1,200 repem. :

O,  Arrangement , O . u=0.1 (p=0.2 ' p=0.3  H=O., H

737

7e35

o
5

10 :

"
© 20 -

25

6.0 |

6.67
6.33§
5°94§
5.36
4.57f
3.58§

6,50 |

5-79 ;
455 -
2.99 -

1.25

5.60 f

307
1,51
L

5.91 | 6,50  6.71 i 7.18  7.36
15 5069 0 6,01 612 | 6417 640
120 5.62 | 5.7 5.05 § 456 4.26
25 5068 1 475 3.5 i 2.2

TABLE 1

0 6.31 : 7.07 . '

5 6.00 | 6.55 . 7.00
110 5.85 | 6,17 0 6.25 | 6.57 | 6,65
151 576 | 5,75 5.0 | 5.04 | 5.03
20 0 5.64 | 5,20 4,22 | 3.19 L 2,71
251 5018 [ 4t 247 | 0.68

T4BLE 16

5.57 |
5e43
0.73

P —— LS



CT % 10 for Single Potor Cases
§ - - R, _ns
! @0 Arrangenent Qe u=0.1 (=0, 2 120, 3 U=0el,  H=0.45 1
| o1ge LyTs, do 0 6,02 . 657 L
| ltear Rotor 5 5.82 . 6.0h 6,30
1,200 repans 10 5.7%  5.77 5465 5.60  5.30
i
; 15 5,66 5422 . L7 3054 3,07 f
i
i i
20 5.}}.24_ )_;Aul;_é}) 2o 85 1023 "Oo 27 g
i |
; 25 478 . 3.3 0.83  -1.88 |
Cro and CTP for Twin Rotors
| 6, 4rrangement 0 Coeff x 10° p=0.4 . u=0,2 1=0.3 1=0.) p=0.L5 i
- et e e o g
1° oty A 0 Crp 1,30 1,69 - 2.0, 2.5 2.52 |
O, 0,68 1,02  1.33  1.37  1.56 |
It H
5 Crpyy 105 1,17 1.23 0 1,33 .27 |
" 1,800 rop.me CT,-{ 0.63" 0.76 0.75 0.62 0.6l |
' i
; 10 Cpp 0.79  0.61: 0.25 0.02. -0,35
2 CTP 0057 ) O. 35 . Oo 03 “‘Oa39 "‘0532
H L .
15 S0 0.55" =0,03 i =0.(
CTT 0147 ' "'0005 ‘0067 :
I ,
20 CTF C. 50 ‘ "Gl!;.l’_}.
OTp 0.31 =0.53% ‘
. ) . |
' 25 CG‘F P =0. , .
Z
. CTR Oe OO
i %
ot A e it S 1 s — - et [ — A o 0 1 - — . oA

- 19 -

Al 17

g o s
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TABIE 19

Crp and CTR for Twin kotors

f 8, Arrangement 6 Coelf x 10° =0, .u:O°2 :u=0.5 u=0.l p=0.45
4. LHA, . 0°  Crp 1.33 1,74 2,01 2.32 2,56
. . CTR ' 0067 0098 . 1026 ' 1.4-6 1.1—{-8
: S5 Opp 0 1405 1,20 1,17 1.29 1.3
: 1,800 ropome © i Cpp 0.66 = 0.72 '~ 0.63 : 0.62 : 0.50
10 1 Cpy 7 0.81 . 0.59 ¢ 0,17 -0.06 -0.18
L Opp 0.58  0.36 | 0.04 ' =0.,49 :~0.69
15 orp 0.58 =0,08
H . C}IR O.L{.L‘. 0002 ;.
120 . oy 0.30 °
- o 0.28 :
25 oy 0,02 .
LI+BLE 20
1o LEA, : O; Opp 1230 ;| 1,75 § 2,02 2,22 2.46
: : 1 o 0.71 11406 ; 1426 ° 1,51} 1.59
: 5 - Opy 1408 [ 1.23 1 1,270 1.35° 1,27
1,800 LePollle CTI% 0.69 . 0075 Ou71 : 0069 ‘ 0045
40§ CTp . 0480 ; 0.59 i 0.25 0,14 0,23
’ f Cr, . 0,61 ¢ 0432 :-0,06 :-0.49 . ~0.69
215 0 Cpp i 0.56 ;=0.01 |-0.65
: : CTR : OAA.B ;-0012 2'0079 ‘
1200 Gp, . 0.29
om0
© 25 Cr R
Foo :
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TABIE 21

OTF and CTR for Twin Rotors

S hrrengement O . Coeff x 10° 1=0.1 u=0,2 p=0.3 U=0.) : 4=0.15 ‘
L° Lol i, 0 Crp 1,28 .75 . 2,2 2,9 2,64 |
P . o 0,93  1e2 1400 147 153 |

5 Cr © 1,05 0 1,20 1.2 1,31 1,27

E 1,800 r.p.nlo CT}}. Ov 80 Oo 85 Oo 73 ’ 0051_{.‘ Oii{jf- i

10 CTp 0,82 0,62 0,23 =0,02 ~0,20 |

OT.E\'. 0066 0036 —0005 _Oo 5j| . "Oc68 g

1) CTF Oo59 Og 05 :

| Cr, Qolt7  =0s 1l E

[ 20 CTp 0.1 §

= Crr. L 0.27 !

Ty |

25 CTl" 0 7 3

.‘Tl*{ ‘ Oa 08 ;

ey oo N o M s e Mo et (M vt e e o st 4 o o )
TABLE 22

C L0 LpHgA, 0 Cop .31 .75 2,07 2,37 2,55 |

Cry D0.85 7 1.15 7 .31 duhh duub

: i

; 5 Crp 1,09 1.23 . .23 .31, 1,27 |

11,800 ropems © OTR 0.80 0.8, 0.,78. 0.57 0.51 |

. ’ §

10 Crp 0,82 0,60, 0,27 =0,04 «0.22

| TR 0,65 0.0 =0.03 -0.49 =0.68 |

: : , ; g

15 Crpo 0.57, 0.05 =0.65 i

: Cr, 0.46 | -0.15 * =0.80 i

' @

g 20 Cry 0.31 . =0.58 g

CTR On 8 "'0062.}. %

.25 Cry 0.07 ; }

‘ GTR 0.08: t

TABLE 23/



- 22 -
TABLE 2

CTF and CTR for Twin Rotors

8o Arrangement O Coeff x 10° p=0.1 u=0.2 p=0.3 u=0.) . U=0s45

4°. L e : D 1e35 . 1480 2418 . 2.39: 2.66
: by . SER 1.08 | 1.82° 2,17  2.63 2.8
1,200 repem, Crp @ 14011 150 . 1.77 - 1.89: 2,07
: ; 10 ¢ Orp . 0.91° 0,70 0,38 " 015 =0.36

: R f : ;
15:  COpp . 068  0.10 =0.51
: on . 0s76 1 0.75  0.38
R :
- 20 Opp  : Ou42 i =0.49
: Orp i 058 0.1k
25 op, 0,12 |
TABLE 2

Wi LEA o 0! Crp 370 176 2412 24,90 2,52
lataba, L Opp 1 0397 19 1,827 2,09 2,15
% 5 Crp ¢ 1413 L 1,281 1429, 1,380 1.33
: 1,800 rupoms i Crp ;0911 1,215 1.29: 1.26] 1.27
| 100 Opp | 0.861 0.6, 0,35 0,02 -0.09

f Orp . 077§ 0.81: 0.61: O'“”E 0.26
150 Op, ¢ 0.611 0,07 -0.61"
o | 0611 0.27 . -0.21

200 Opp i 0,37 =050
Crp ‘ L3 ; 7

25 Crp 04161
- Oy | 0.25]




CTF

and CTR
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TABLE 25

for Twin Rotors

© irrangement € Coeff x 10° H=0.1 10,2 H=0.3 u=Ouy p=0.45
W Lh,e 0 Cpp 1032 0 1275 2.0, 2,320 2,52
. : CTR 0061 . O|63 0056 Ov}_}.9 : OOL}-O
; 5. Cpp 1,08 © 1,187 1,16 1.2 1.23
v 1,800 TePollle . CTR 0053 0.28 ~0.08 —0.14,8 "0067
10 orp 0,85 | 0,59 : 0,32, =0.06 =0,20
' : CTR O.l;.O ""Ob15 -0083: —1-2414_ "'1066
15 Oy 0.61  0.01 '
20 Org 0.31 ' =0.6), -
;25 Opp 0.02 .
Crp =0u12
TABIE 26

CGrp and Cpp for Twin Rotors

—-

47 LyH A oo .0
1,200 rep.m.
10
157
: 20;

a5

CTF
CTR

. -0.0&.
0.33 .

1036 )

0.30

114
0.22

0.89
] "'On 70

0.12

0.6l

"'Oo 23

"Oo 05
~0. 39 :

179

0. 06

1,28
-0.31

0.70

-0.,01 -
1413

© 20,2} =0,60 ; 0,69

=152, =237

2,05, 2,37: 2,59

1,21 1.25 1.18
-0192‘ "'1659 ! -1080

032 -0,07:
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TABLE 27

Cm

S it o S e s & ke e i o e Xy b o i s

7p 2and Cpp for Twin Rotors

; . e
9, { Arrangement , © Coeff x 10°  14=0.1 ‘p=0.2 p=0.3 p=0.4 p=0.15
(F)  LiHh 0 Crp 1,33 1.81 ' 2,08  2.,0 2.53
= : CTR 19[*-6 1-80 1597 N 2.12 24:19
(RC)) 5 CTF 1012 1550 1«:34 1035 1.29
=62 1,200 rep.m CTg 142 153 147 1,300 1,35

' 10 G 0.88  0.71 0.38 0,09  -0.0k
Cry 1.31  1.43  0.81  0.38 0,26
CTR_ 1.13 006)_4. —0011 t
Grp 0.92 =0,01 g
* |
. 25 CTF Oe1 3
G 0.68
| = |
TASLE 28
§r—----- -nw:-«w‘:vuw TR WS R DL s o i i s it b et s b e u e s T R T T pp— ....'........‘ s U ot — s . -»-—r-'-w’-"“”—- P —y
8° L H, A, 0 o 2,39 2.9, 3.26  3.63 3.8,
Cng 178+ 2,42 2424 . 2,42 " 2.62
5 CT g 2.21° 2,55 2,65 2.92 2,92
1,200 r.pem. Cop 176 1.92° 1.90  1.75  1.83
10 Cp., 2,07 2.4  2.00 1.91  1.83
- Ty 1.71 . 1.60 1.33 ~ 0.99 0.89
Cop 1.58  1.21 0,61 =0.01 ' =0.36
20 | Crp, 1.66° 1.0, 0.05
CT 1 o).l._} ) O' 68 "Oo 20
, j R ; 3 %
o 25 CT.F' , 1 olg‘ll : Oo 28
TABLE 29



- 25 =

TARLE 29

Crp and Opp for Twin Rotors

O,  Arrangement O Coeff x 107 H=0.1 p=0.2 u=0.3 =0.l u:o.qsi
| g° Lotpa_v, 70 0 O 2,43 2,97 3.30 3,65 3,88
' OTR 20 OO 2&58 20 91 3036 301}-9
| 5 Crg 2,27  2.61 . 2,73 2.88. 2.95
1,200 rep.m. Cr, 1.98 2,33 2.6 2,79 3.03
.
10 Oy 2,11 2,19 2,07 1.95 1.95
. C 1,89 2,13 2,29 231 246
. TR
' 15 Crp 1.91  1.66  1.27 0.87 0.67
CT’Q 1079 1o88 ' 1070 1056 1014.6
20 | Crp 1,68 1.11 0,25
S Crp 1,66 1.50 0,99
25 . CTp 1.8 Oon1
E : : CTR 1.9 0.91" g
5 . e
TABLL 70
e ; - - | %
P 8%  ILgHph,, ,,© O Crp 2.3 3,020 3,19 3.71 3.99 |
‘ ® L".L*' CTR 1-89 i 2051 ; 2073 2088 3. 0_3
| 5 Crp 2,26 2.6L} 2,707 2.89  3.05
£ 1,200 Topems OTR 1.8, 2,130 2.37  2.40 2454
| 10 Ce., 2,10 2,18: 2.05 1.9 1.85
z Cops 1,77 1.88% 1.86  1.71. 1.76
. R ; A
‘ 15 . CTF 109[;. ' 1:75 1-25 . 0-80 0062
S Crp 1.67  1.53 1,16 0.85  0.65
: R ,
20 Ony 1073 1.17¢ 0,28
CTR 1-52 1»07 0050
i L 25 Crg 1,38 0.2
§ : Crp 1028 0.3
| |
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T4RIE 31

CTF and CTR for Twin Rotors

£ Jonv— [—

60 Arrangement 8 Coeff x 10°  u=0,1 ' u=0,2 - U=0.3 =044, §u=0.45

8° LA, 0 0 Cr, 2.39 © 2,93 3.2, . 3.60 i 3.79
Crp, S e85 .75 177 1.80 § 1,81
1,200 Topeme 5 Co. 2.2, | 2,52 2,66 2.87 | 2,99
CTg 1.61 1 1.58 7 1.30 0.9 i 0.88
10 Cpy 2.08 | 2,10 1,96 1.8, | 1,90
: CTp, 1,51 1,20 0.58 0,08 ;-0.26
15 Cy 1.88 1 1.62, 1.18 :
oy 1,39 0,69  ~0,2
' 20 Cr 1.66  1.03
25:  Cp A 07
: ch " 1,09 ~0.30
TABIE 32
8° L.H, 4 0. CTp 2,37 2,96 3.3 0 3.62 0 3.79
2 Crg 1.55 . 2,01 2.31 { 2,50 2.60
: 5 Crp 2.21 2.5, 2,74 - 2,92  3.04
: 1,200 rnptmo CTI{ ‘ 1'62 ' 1.81 1077 1.83 1.83
10! Crrg . 2,06 2,15 2,05 | 1.96  1.89
: CTR : 1.61 . 1052 1028 1.05 : 0091.[.
15 Cryp 1,88 1.65 1.25 i 0.72  0.50
: f Cry 1.5, 112 0,56 '=0,08 =0.32
200 Oy 1,681 1,06 -0.0y
P o 1,40 0.65 =0431
Pl R . :
1251 Crp folul o 0428
: ; CTR ' 1025: Ouoj




CTF and CTR for Twin Rotors

e e e e e i e e et 1 e
O, Arrangement © Coeff x 10° H=0.1 .M=0,2 H=0.3 U=0.4 H=0.L5 |
| 8 LA, 0 CTa 2,2 2,95 3.33 3,72 3.9
/ o, 1,90 2,15 2,30 2.4 © 2.57
5 CTF 2- 23 , 205)4. 2.7)—}- ' 2.87 20915-
1,200 I‘.p.m. . CTR 1081{_ 1.93 1-97 ’ 1.90 : 1a87
10 o1 2,05 2,12 2,02 1.92 1.83
Oty 1.7 - 1,63 1.36° 1.10 0,90
15 Cpp 1.85 1,67 1.15° 0.61  0.40
O 1059 1420 0455  =0.11 =0,30
20 Crp 1,62 © 1,05 0.0y
CTp 1,2 0,66 =037 .
25 Org 1,30 0.2
. Op 1.22 . 0,03
TABLE 3),.
R — —— ——
8 LHA, 0 Ory 2,38 2.90 3,25 3.55 3.6 |
CTR 1080 ' 2015 . 2056 2073 . 2.89
: 5 Crp 2,20 2,55  2.69¢ 2.8,  3.0h
©1,200 Topme . - Cpp 1,78 1,957 4.92¢ 1,90 1,81
' 10 Orp 2.0, 21,0 2,127 1.86 2,10
: CT.R 1070 . 1059 1.27 Oc99 . 0070
5. Ory 1.8, - 1,70, .31 0.87° 0.8
. o 1,59 1u41 0.46: =0.25- =0,63
20°  opy 1,63 1.18; 0.5
o5 Crg T3 0,38
. op 1,22, =0,19
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TABLE 35

for Twin Rotor

8o - Arrangement © Coeff x 10° H=0.1 H=0,2 H=0.3 p=0. H=0.45
8° LyHy 4 0 Cpp 2,37 © 2,93 " 3.28; 3.66 . 3,91
1’200 TePollle CTR 1-82 1.92 1088 1077 1-8&.
10 Orp 2,03 © 2,12 1,98 1.92 1.85
Cry 174 © 1,60 . 1.30) 0,86 0.7
15 Crp 1.82 1,65 1.,18. 0.62 0.2
Crp 1,59 1415 0.52: =0.12 -045
20 Cryp 1,69 1,08  0.11°
25 O 1,40 0e15 :
Crh 1,20 =0,03 .
TABLE 36
12° LHgA, 0 Crp 3.30: 3.72-
e 2,73 2.87. |
5 CTF 3«15 ; 3-52 5078
100 o 311° 3,27, 3.1 3.55° 3.56
CTR 2.643 2.6 . 245 2,22 2.4
15 Crp 3,08 3.03. 2.88 2.60. 2,52
Crp 2,52 2,37  1.98 1.4,9 1,25
20. Crp 2,98 2,71 2,23 167 1.23
' T 2.27. 2,011 1,317 0.3 0433
25 Orp 2.79' 2.18: 1.33 -0.01"
Crp 1,96 155 0,55 =0.75

TABLE 37/
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TABLE 37

CTF and CTR for Twin Rotors

@ol Arra.ngement; 0 Coeff x 10  p=0.1 "u=0,2 H=0s3 H=0.4 H=0e45
12° Laliah_; 0 . O Crp ¢ 3.30 3,79
Cr,, . 2.80 ! 3,23 |
1,200 r.poms Oy, . 2,79 ¢ 3,02 3.23
L - 10 Cpp . 3.12 335 3.50 3,67 3.71
: Crpy P 2,76 0 2,83 2,96 3.06  3.19
15 Crp ¢ 3.10 3.1 2,99 2,86 2,81
oy 2,72 2,72 2,73 . 2.7% 2,76
20 Cpy 296, 2.80 2,35 1.83  1.60
;% CTR ' 2.6? 205[.{. 202}+ 2!02 ' 1.87
§ (25 Oy, ¢ 269 233 143 0,59
| .1 G 2,50 1.97  1.61 1.02
| R : .
| .
TLBLE 38
§129'LJQA o 0 c 3030 3,70
P ~liely TF L el
% * ' Crp 279§ 3.00
5 Opp 3418 | 3.55 1 3.86
1,200 rypom, - O, 2,76 0 2,83 2.93
110 Crp % 3,12 - 3,36 ; 3ol i 3,61  3.80
- Opp | 2,68 2,71 2,76 1 2,80 - 2.72
* A5 Cpp G 3409 3407 3.05 ¢ 2.8 : 2.81
oy C 261 20601 2.3 223 2.22
L 20 Cr C 2.9 2077 2429 ¢ 2.69 1 1.49
P orh [ 250 2034 1487 | A0 1417
25 Opp  © 260 0 2,15 ° 1,381 0,76
‘ Cp P 0,08 ' 1,81 . 1,06 | 0.55
R B ! H H
TABLE 39



Crp and Cp, for Twin Rotors

6o Arrangement O Coeff x 10° w=0.1 p=0.2 U=0.3 ' 1=0ul W=0.45

120 LQHQAO X O CTF . 3431 3475 ¢
 Cppy 27 2.85
1 50 Opp 319 3.56 1 5.8
1,200 I“p.m. . CTR 2-73 , 2:79 2079 ;
: 10 Crp L 3,10 3429 3.50 3057 i 3462
15, Crp . 3030 3.0, 2,91 2.6, 2.69
L Oy 256 243 2,03 ; 1.9 146
1200 Opp  : 2.89 . 2.66 ¢ 2.1, 0 1.55 : 1,29
) CTR 2;[_}.5 ‘ 2. 03 1951.*. _ 00614. . 0025
25,  Opp 0 262 216 1.2 . 0.2 |
' Crg f2,26 0 1.51 0.48 =0.5L .

TABLE 40
12°§L HA,o ? 0. Crp . 3.25, 3.71§
ey L opp ¢ 24620 2473 '
: 5 Cpp . 3110 3.57 0 3.80
‘ 107 Gpy P 3.0, 3261 3.37° 3.58 3.68
.. Cpg 2510 2.3 2,05 1740 1.62

150 Cpp | 3.021 2,991 2,85 2.71. 2.63
. Oy § 2.45 1 2,07 ; 1.6 . 0.78 . 0.1

.20 Crp  © 2911 24650 2.10: 1.52° 1.29

25 | Crg | 2,70 2.0, 1.15: 0.08 :
. Orp  © 2427} 1.18;=0.,12:=1.22;




Cpp and Opy for Twin Rotors

Oo Arrengement O ; Coeff x 10° p=0.1 -H=0,2

Y

;H=0.5 ;H=O.)+ ;U:O-LL5

327

12° L4, O Orp 578
; CTR 2:59 : 2090 :
5 O ' 3013 3.56 ¢ 3.86
1,200 repe.m. CTR . 2464 D275 2.8, :
10T Orp 3050 3.32 1 2.55  3.75. 3.79
CTR 2.60 2;63 2.48 2032 2.22
15 Crp 3,00 © 3,06 | 3,00 2.76 i 2,67
: CTR 254 0 2,36 0 2,00 1.59 ° 1.46
20 Crp 2.88 1 2,71 2.22  1.58 | 1.40
Cr,, 245§ 2,01 ¢ 1433 0,69 ; 0437
| k =I 4 :
TABLE 1.2
120 La, O Ty 3,221 3.68 ;
3 : Crp 2.82 2685 :
; 5. Crp 3005 3.8 3.76
' 10, oy 2.99 1 3.19  3.52° 3.53 3.61
15" Co. 2.96% 2,96 2.821 2.58° 2.56
- oy 2591 2.2, 2,02° 1.59. 1.46
ﬁzof Cpy 2.85? 2.6o§ 2,09 1642 1,20
P CTR 2.49F 2406 1.36  0.58° 0.29
25 org 2.52{ 2,02 1.15. 0.28"
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TABIE 13
Crp and Cpp for Twin Rotors

8o | Arrengement © Coeff x 10° 4=0.1 .4=0.2 H=0.3 u=Ou H=0.15

12° LHA 0F  Cpp | 3e2y  3.66 |
5 Opp ¢ 3.09 - 346 | 3.77 :

1,200 repem. . Crg 2,67 ;1 2,76 ¢ 2,69 :
M0 Cpp ¢ 3031 3.2 | 3.30 1 3.47 ; 3.61
) | 2061 2,67 ' 2,50 2425 ; 2.25

45 Crp 2.92 | 2.98 L 2,77 L 2.7 | 2.5,
: Crg © 2530 2,39 [ 2,01} 1.60 ¢ 1.53
120,  orp 2,76 2.5, 1 1.99F 0,96 | 1.13
o Crg ;2,45 0 2.03 7 1.39 % 0.35 1 0.22
257 Opp . 2.510 2,01 0.981-0,27
: 2,39 7 1.58 0 047 ; =0.69 :

CTR 239
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