
C.P. No. 517 
( 22,103 1 

A.R.C. Technical Report 

C.P. No. 517 
.’ 
‘S-M-~ 

(22,103 ) 
A.R.C. Technical Report 

MINISTRY OF AVIATION 
AERONAUTICAL RESEARCH COUNCIL 

CURRENT PAPERS 

Wind Tunnel Experiments on a Model of 

a Tandem Rotor Helicopter 

BY 

AS. hlliday, Ph.D., BSc., D.I.C., and Miss D.K. Cox, B.Sc., 
of‘ the Aerodynamics Division, N.P.L. 

LQRDON: HER MAJESTY’S STATIONERY OFFICE 

1961 

PRICE 10s 6d NET 





Wind Tunnel Sxpcriments on a Model of a T<andem 
Rotor EMicopter 

- By - 
A. S. Halliday, %.L)., B,Sc., D,I.C., and biiss D. II. Cox, B,Sc, 

of the Aerodynamics Division, M,P.L. 

July, 1960 

1. 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 
thc7n on single rotors at the R.A.3. 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 he 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 eqeriments 
described in A.R.C.19,S291 after the effect of flapping hinge offset has 
been taken into account using the method given in report A.H.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 S~OT;?I in Fig.1. 

The rotors were driven by two squirrel-cage induction motors, 
coupled together in tandem and each capable of developing about 3 h.p. 
The motors were fed from a variable frequency set and the motor speed 
was controlled by varying the frequency of the supply current. pig.2 
shows the arrangement for driving the rotors through bevel gears. 
Rotational speed was measured by means of a Kaxaell Eridge circuit 
operated by a contact breaker driven by the main motor shaft. The bridge 
circuit was calibrated by timing a flashing 1amR 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-fifths 
of the motor speed and provision wa, c made in the coupling of the two 
motors to alter the relative angular positions 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 
Lt = 3'-2", Ls = 3'-7" and Ls = I+'-zi". The height, H, could 
also be varied to give the same height as the front one (I-L) and 
also increased by 5” or 8”, I& and I& respectively. The shaft 
angle, A, of the rear rotor could be altered by approximately k0 
and 8' in a fore and aft direction. All these variations are indicated 
in Pig.3. 

22 Rotors 

The three-bladed rotors were l+'-3" diameter and identical 
in construction. The blades -:fere untwisted, 'I.%" constant chord of 
NACA 0012 section and effective length 19". Due to the high strenses 
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involved the hub was relatively large compared to full scale. Details 
can be seen in the photograph, Fig.4. 

lhring 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.&. 

In order to avoid the possibility of resonance it was at 
first thought advisable to run the rotors with drag hinges locked. 
fientually 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. Later, after new blades had been fitted, 
it was thought better to run with drag hinges free and so reduce root 
stresses, experience 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 tho 
front rotor spindle housing. %ree of these brushes were approximately 
12C" apart and the fourth diametrically opposite to one of the three. 
l'he brush contacts were used to trigger off a stroboscope lamp illuminati 
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 vJhen 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. Each 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 
downwards into the tunnel. The difference in height of the blade tips 
in these two positions gave a measure of flapping angle. The periscope 
was of the type used on midget submarines, The stroboscope lamp w&T 

mounted on gimbals and the direction 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 estimated 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 Fig,6 
from which can be seen one of the two vertical slides behind which is 
the measuring scale. 

As the periscope weighed about 60 lb 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 centrif'ugal force on the rotors 
and the possibility of instabilit:y, resorlancq, or fatiale, it was 
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thought expedient to protect the personnel by reinforcing the tunnel 
inside with sheet steel and outside with shutters. These shutters were 
of sandwich construction comprised of blocks of paper between 1," thick 
plywood, totalling about two inches in thickness, 

To minimise the possibil.ity of stopping the rotors before the 
tunnel and thereby losing the stabilising effect of centrifugal force 
on the blades, an interlock was incorporated in the el.ectrical circuits, 
with a time delay of about a quarter 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 supplies to the 'unnel and rotors were separate there remained 
the danger arising from a failure of the current to the rotors but as that 
was thought to be very improbable, no attempt was made to cover that 
eventuality, 

4. Method and Scope of Experiments 

The model was suspended from the main roof balance by two 
struts spaced 22&l' apart. These struts carried at their ends a spindle 
mounted on ball races, passing through and fixed to the helicopter body 
299" 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 balence, 
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 earlier tests were made at 1800 r.p.m. giving a tip speed 
of about 400 St/set. Later the speed was reduced to 1200 r.p.m. and a 
tip speed of 267 ft/sec, Lift, drag, ma pitching moments were 
measured at wind speeds of 40, 80, 120, 160 and 180 ft/sec for the tests 
at a rotor speed of 1800 r.p.m. giving approximate values of tip-speed 
ratio, p, of 0.1, 0.2, 0.3, 0.4 and 0.45. When the rotor speed was 
reduced to 1200 r.p.m. the wind speeds used were 25, 55, 80, 100 and 
120 ft/sec giving values of i-l = 0.094, 0.206, 0.300, 0.374 stnd 
0.449 respectively. 

Measurements were made for blade angles, 8 , of Go, 8' 
and 12'. The angles were set by a worm and wheel at ?he blade roots 
using a surface table and scribing blocks to measure the difference 
in heights at leading and trailing edges. 

Flapping angle s were also measured by the method described in 
para. 2 3. 

Although it would have been desirable to make measurements 
at very low values of P, less than 0.1, difficulty was e-erienced 
due to the flow induced by the rotors themselves, especially at the 
higher body angles, For example, without the tunnel motor running, 
a vane anemometer indicated a wind speed of about 15 ft/sec at 
0 = 8' and 0 = 20'. As the flow was unreliable these tests 
w&e abandoned. 

Table I gives a summary of all the tests on the various 
rotor combinations together with references to the tables giving 
the results. 

5. Corrections 

The tunneIl measurements were converted to the coefficients 
cT and C where C 

T 
is the coefficient of the force normal to the 

longitudin%l axis of he helicopter and Cm is 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, etc., by making 
the appropriate measurements with rotor s removed and substracting from 
the total.. No account is therefore taken of forces due to the 
interference between rotors and body. 
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As the final results were to be presented for constant values 
of tip speed ratio, 1-1, 
values :,nd also as ~1 = 

and the wind speeds chosen did not give exact 
V cos O/W, where 0 is the body angle, the 

correction varied with attitude of the model and so all the results 
had first to be plotted against ~1 and then the values for I-( = 0.1, 
0.2, 0.3, 0.4 and 0.45 taken from the curves. Corrections had also to 
bc made to 0 due to tunnel interference and therefore the values 
corrected for 1-1 had then to be plotted against 0 and values read off 
at the chosen values of 0 viz., O", 5’, IO', 15', 20' and 25O, For 
convenience 0 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 been taken to be 

A 
ld3 = 0,111 - C (rad) 

c = 

where A is the total rotor disc area C is the cross-sectional area 
of the wind tunnel, C 

F- 
is the overall lift coefficient based on total 

disc area. The correc-ion is such that the effective inclination is 
less than the geometric inclination, It is felt that the above 
correction is not entirely satisfactory a- u it is based on fixed wing 
theory, I' is hoped that at some future time a systematic series of 
experiments will be made to establish the order of wind tunnel corrections 
to be applied to helicopter model testing. 

The corrections to pitching moment due to flapping hinge 
offset are included in para.6. 

6, Results 

6.1 Effect of flapping hin,ge offset 

In addition to the corrections mentioned in para. account 
had also to be taken of the effect of flapping hinge offset which, due 
to design difficulties, was of necessity rather large, about 6.2757:. 

The effect 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 c&mate the theoretical values 
of rotor thrust and flapping angles and also the effect on overall 
pitching moment. 

6.2 Thrust coefficient 

Assuming uniform distribution of induced velocity and 
neglecting blade tip losses the theoretical value of C 
equation(38)of Rcf.3. 

T is given by 

As there is no cyclic pitch B, = 0 and the term involving a1 
is small and may be neglected and therefore approximately 

oa R 

c 
; / (l-&y 

3 
4 - p2 (1-E) -I 

h 

cT = -ii- -I 
+ ; (I-G2) j. . . . (la> 

L 2 

For zero forward speed whore .u = 0 

. . , (2) 
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Also 
‘C 

h=- 2. 21 2 
*. . (3) 

In order to determine "a" the slope of the lift curve of the blade 
section CT was required for zero wind speed. As the tunnel was of 
the return flow type itwa difficult to obtain a true zero wind speed 
due to the flow induced by the rotors. This was cut down to a minimum 
by closing the tunnel with a screen, 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 tunnel speed the 
induced circulation at Co = 4’ would bc very small and the measured 
Vahe Of CT = 0.00142 was inserted in the equations (2) and (3). 
This gave a value of a = 5.0 (per rad) which was subsequently used 
in equation (la). A curve of static thrust coefficient using the above 
value of "a" is given in Fig.7. The theoretical values of CT using 
equation (la) for Co = 4-O, 8' and 12' are included in Pigs.9, 13 and 
19. It is of interest to note that the effect of flapping hinge offset 
on CT is negligible, particularly at the lower values of ~1. 

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 has 
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 offset flapping hinges and 
therefore before the thrust due to each rotor could be calculated the 
pitching moments had to be corrected for offset. 

In the repcrt by Meyer and Falabella' an expression is given 
for pitching moment due to hinge offset (My), This expression is 

where 

bI1 
l/I = 

Y 
[pa0 P-bi N] n2 + --- ijQ'a~ 

2 
w(4) 

N by E C2 ti;" 
-- = -- 1 e---+-m . 

Values of ao, bi, and ai 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, Le., EL = 0 in the 
case of the model, these solutions become 

a, = 

-----a---- 
4 A+$43 
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A B+‘EE 
a 2 ----- i 2 ---------------- 1 

D + ?C + i.lai - 
= ,2 0 

1+;: 

I-la0 c - Z aI 
bl = -------a----, 

A+FE 

. . . (6) 

# l l (7) 

The value of A is given by the expression 

2P + 7 (1-p) 
(see footnote) . . . (8) 

and o.(Y) 

Using the wind tunnel values of CT, in equation (9) N5 has been 
calculated for various cases and it was found that the terms involving 
a0 and bi were quite small compared with the ai term. Tnical 
results are shown in Fig.8 for a blade angle s of 8O, and a 
rotational speed, il, of 1200 r.p.m. The first set of curves shows 
My in lb/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 
curves marked A whilst 
total by curves C. 

a0 and- bl terms together are given by the 
the ai term is given by curves E and the 

On examination of these curves it will be seen that, for all 
values of ,u of the one curve and all values o f 0 of the other, the 
magnitude of all points on the C curve are very nearly 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 (Ic)), for My, that is the one 
involving al, and add 9,~ In the above calculations the observed 

values/ 
-__-__________I-____---------------- 
Note In the expression for h (equation (41)) given in Ref.3 the 
sign of the last term in the numerator, 2D2 tan a, is given as 
negative, this should be positive. 
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values of flapping angles, rather than the theoretical ones, have been 
used. The pitching moment due to offset may therefore be expressed as 

II 
Ia 

Y 
= 1.09 b -- 

2 
CX? (a2F + aiR) 

which has to be subtracted from the total mcasurcd pitching moment, 
a :.-r. and atI< being the observed. values, of flapping angle f';r froqt 
and rear rotors respectively. 

Yigs.S-19 and Tables 18-43 show the thrust distribution 
taking into account blade offset. 

It was considered that the configuration L2H2Ao was the 
closest approach to a helicopler of the type Bristol 173 and therefore 
fuller experimental work was dae for that arrangement, 

For L~H~~ and blade angles 5o = 4’ Pig.3 gives the 
curves CT against 0, the body angle, for values of u = 0.1, 
0.2, 0.3, 0.4 and 0.45. For each value of i! 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 fifth 
curve the theoretical value of cT' 

It will be seen from further examination of the curves that 
the front rotor contributes considerably more t&hrust than the rear. 
There is an increase in thrust from the front rotor compared to the 
single front rotor, but this increase is less than the loss on the rear 
one. The result is that the twin rotor configuration gives less 
thrust than cl;:? st!7;; of the thru sts of the two rotors separately; this is 
as one would e;;~e,cJti. 

The theoretical curves show quite good agreement with the 
mean values of the two separate rotor curves. 

In order to compensate for the loss of lift on the rear rotor 
its blade angles were increased to 6O leaving those for the front one at 
4-O. Fig. 'I 0 shows the results of these experiments. For values of ~1 
up to 0.3 it will be s>en from the curves that the compensation is more 
than adequate, that is the rear rotor contributes more thrust than the 
front enc. For values of p of 0.4 and 0.45 a differential blade 
setting of 2O is roughly the best compromise. 

Although the presence of the rear rotor causes an increase of 
thrust from the forward rotor, the increment of thrust by increasing 
00 from&' to 6” of the rear rotor blades reflects little increase from 
the front one. 

Figs.14 to 18 all apply to blade angles 8 = O", the 
curves again, as for 0 0 = 4O, rcfcr to twin roto&, single rotors 
and theoretical cases. 

If one compares Figs.71, 13 and 14, which refer to L1H2, 
LsHa and L3H2 the effect will be seen of altering the distance 
between the rotor axes. The total thrust appears almost independent 
of distance between the rotors but at the higher values of i-1 and 
8 there is a small shedding of thrust from the rear rotor to the 
front one on reduction of distance apart, 

There is a small effect on thrust from varying the height 
of the rear rotor relative to the front one (Figs.12, 13 and 15). This 
effect, which is a slight i.ncl'ca.nc with hci&t, is on the rear rotor 
only and confined to values Of /I below 0.2. 

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

With a v&w to compensating for loss of thrust from the rear 
rotor, experiments were made with the rear rotor axis tilted at 7.7O and 
4.4-O backiqards and also I+' forrfards. The results of these measurements 
for 0 -1 8’ 
of the'rcu 

are given in Figs.l6-18, Again the change of attitude 
I" rotor has little effect on the thrust from the front one a-s 

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 rear rotor when it is given a backwar%ds tilt. 

Fig.20 shows the results of tilting the axis of the rear 
rotor when acting alone; CT has been plotted against 0 + A, A being 
the angle of tilt, forwards being positive. For each value of Y it 
will be noted that all the values of C 

tilt, lie substantially on a single cur%, 
for the various angles of 

rotor, axis tilt produces 
This SLOWS that for a Single 

angle, that 
the same effect as an equal change in body 

and body, 
is body interference is independent of angle between rGtor 

In the case of the twin rotor model there is more scatter 
of the points when plotting C 

3 
of the rear rotor against G+A 

but these curves are not repro uced. 

Fig.19 gives curves for LaH2 with blade angle 8 = 12O 
and, as before, there is wide spacing of the two thrust cur&s for 
front and rear rotors. Except for low values of fi the values of 
CT for the individual rotors differ considerably and this deviation 
increases with body angle, 
with the mean value of 

l'he theoretical curves, however, agree well 

of p below 0.3. 
CT for the separate rotors except for values 

6.4 Centre of rotor thrust 

E%Gm the curves of division of tlz%st it is easy to calculate 
the position of the centre of thrust, examples of which are given in 
Fig. 21. The distance of the centre of thrust from the centre of the 
front rotor divided by the distance between the rotor centreis plotted 
against body angle for the various values of ~1. 

It is normal practice in twin rotor helicopter design to make 
the two rotors identical. As there is a loss o-f thrust from the rear 
rotor, trim can only be maintained by applying a suitable blade angle 
mixing ratio. An example showing the effect of differential blade 
is given in Fig.21d where the front rotor has a blade angle setting 

setting 

of 4’ and the rear Go. This results in more satisfactory curves 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 7.7O has roughly the same effect on the 
shapes of the curves 
in Fig.21a. 

as a differential blade setting of 2', shown 

It will also be seen that when the axis of the rear rotor 
is tilted backvards 4.4”, the position of the centre of thrust varies 
little with either a change in 1-1 or in 8, Fig.22b. 

6.5 Equivalent downzash 

Fig.23 gives curves of equivalent downwash for the rotor 
configuration I%I$Ao. These curves have been estimrtted by comparing 
the curves of thrust coei'fic-ient 01 each rotox- of' the twjn-l.otor 
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combination with the thrust of each as a single rotor, In other words 
the equi-Jalcnt downwash is taken to be the angle change on the Single 
rotor to give the same thlu::t as the corresponding rotor in the twin-rotor 
conditio:l i. c. 5 do-vn~~wash an&c = E$, i-;i, - f?T, IL ivhere f&j, R, and @:,R, 
apply to single rotor and the :sme rotor of the tv;in rotors respectively 
when C T is same value for both cases, 

6, 6 Longitudinal flapping an& 

The lon~;itudinal flapping angle is given by equation (5) and 
the relationship between shaft angle ies, rotor disc angle, id, and 
flapping angle is given by ir = i, c ai, Figs. 24-30 give longitudinal 
flqping angles for a limited"nu.mbcrcbf cases and for each blade angle. 
They are plotted agai.nst body angle for each value of P, The theoretical 
cUrve3 are given in E'igs.24 and 25; the observed values for each rotor 
of the arrangement La&Jo in I'ig. 26 and single rotors in Fig. 27. 
Pigs. 26-27 are shown in a different form in Figs..7,1-31t i?here the flapping 
sngls, ai f is $otted against If for varioas body angles. 

On examination of the curves it will be seen that the 
experimental value s arc less in magnitude than the corresponding theoretical 
ones except for low values of y. There ale two possible explanations 
for this deviation; firstly the close p;roximity of the isody and secondly 
tunnel constraint as the tunnel height was only 'l.65 times the rOtOr 
diameter. 

4 
Results of exper-imcnts at the R,d,E. on a 12 ft di.amcter rotor 

and on a 6 ft diameter rotor2 dificr from the present ones. In the 
K.A.E. experiments the flapping angles increased more rapidly than 
indicated by thcouy both with increase of tip s~:ced ratio and reduction 
of shaft inclination. Their cx-perim:nts vjere made without a body being 
present and the tunnels concerned were the 24 i't open jet Por the 12 ft 
rotor and the 11; ft tcznnel as well as the 24 ft one for the 6 ft rotors, 

The discrepancy between the observed and theoretical values 
Of flapping angles could be cxplaineci by a non-uniform distribution of 
downwash across the disc; theory assumes uniformity of downwash. 

6,7 Lorwitudinel forces 

The forces parailcl to the b0d.f axis ~\;icre estimated but were 
not regarded with any great significance, due to the rclntively lrarge 
size of hub, and have, thercforc, been omitted in the present report. 

7. -- Concli:sions 

(a) The curvL~s of thrust distribution show that the front rotor 
contributes more thrust than does the r,;ar one and a little more than 
it doe; as a single rotor, that is withoat the IXYscnce of the rear rotor. 

(b) Pig."rO shown the results of the contribution to CT by the 
individual rotors when the blade angle of the rear rotor is :i.ncri,ascd 
to 6' leaving the front one at 4-O, It will be seen that for the lower 
values of H the compensation for loss of thrust from the rear r&or 
is more than sufficient, 

(c) At values of /J above 0.1 a bnckmrd tilt of the rear 
rotor of 7.7O (Fig.1Gj gives a considerable dcgr.:e of compensation 
(c.f. Fig.13). 

(d) The incrcasc of thrust brought about by increasing the 
blade angle of the rear rotor Gr by giving a backward tilt is borne 
almost entlxdy by th ytinr l:otol. thm-c? Iwing n nt>& ipihle efl’cct by 

the front rotor. 

(4 
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(e) The effect of varying the height of the rear rotor above the 
front one (Figs.12, 13 anti A5) is small and confined to the rear rotor and 
to values of ~1 below 0.2 there being a slight increase of thrust with 
height. 

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

(g) Vhen the axis of the rear rotor is tilted backwards by 4.4* 
(Fig. 22b) the position of the centre of thrust varies little with either 
a change in ~1 or in 8. 

(h) The calculated flapying angles are greater than the measured 
ones, particularly at the smaller values of 8 , 
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R radius 
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of rotor = 2.125 f-t 

C chord of blades = 1.5 in. 

b numter of blades per rotor = 3 
CT solidity = bc/%E? = 0.0562 

0 
0 

blade section pitch angle 
0 body angle, positive nose dovm 

A total rotor disc area = 2%R2 

A 
deg 

rear rotor shaft inclination relative to body axis (see Fig.3) 

LI, L2, L3, Ik 3 Ha, IT3 see Fig. 3. 
distance of centre of thrust from front rotor axis 

incidence of tip path plane 
coning angle 

longitudinal flapping angle 
lateral flapping angle 

angular volocit;~ of rotor (rads per set) 

tunnel speed (ft/sec) 
fluctuating drag torque lb/ft 
total thrust in lb normal to body axis 

thrust coefficient = T/p(GR)"A 
thrust coefficient contribution by front rotor 
thrust coefficient contribution by rear rotor 
pitching moment (lb/it) 
pitching moment coefficient z N/&pKJ2R 
tip speed ratio = VcosO/GR 
component by V parallel to rotor shaft 

u/m 
slope of lift curve of blade section = 5.0 

S.ymbols lwed in Ref. 3 not a;~uearin g above -11 - 

AO 
a 

% 

L 

II 

blade section pitch angle corresponding to 0, above 
rotor angle of attack 
mass of each blade =0.5/g slug 
distance of blade tip from flapping hinge 
mass moment of inertia of blade about flapping hinge 

blade mass constant = ,EEX~/.IL 

distance of flapping hinge to rotor centre 
flapping hinge offset = e/R = 0.06275 
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-&ePENDIX 

Blade Fatigue Failure 

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, particularly as the natural frequency of the model 
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 Pig. 5. 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 roar 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 It L. Cox of N.P.L. who suggested that the failures were 
caused by@otting fatigue starting at the inner rivets. The remaining 
blades were carefully examined under a stereo-microscope for incipient 
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 

% = - 
21~~~ [ao (alsin+ - bicos$) - 4 (a? - b?) sin2q -t albicos2$]. 

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

The shearing force on the drag hinge keys due to the 
fluctuating drag torque was estimated to be a little over 480 lb which, 
no doubt, was the cause of the ultimate failure of the keys. 

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

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

As a precaution the top speed was reduced from 1800 r.p,m. 
to 1200 r.p.m., the drag hinges were 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 I/ 
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Tr?BLE 2 

CT x IO3 for Single Rotor Cases 

-_-* 

/ 

-c _-_-1_--*_ I--_ -.--l"-l--""-l--."~ I,-._ --.-"--- --,- -1-1 _l-ll"~ l_-l--- -- .-,.- -m..m""-..- 
0, i Arrangement : e" ! p=o. 1 /ho. 2 P=O*3 pzo.4 : l.l=0.1+5 

I 40 ; L&A, 0 : 2.21 3.43 : 3.89 : 4.30 ’ 4.62 
I i 
1 j 

Forward : 
Rotor 

5 i 2.30 2.46 2.34 i 2.30 : 2.20 

I 

; ; , : 

I / 1,200 r.p.m. i 

1 

I IO : 4.78 ; 1.36 0.54 ; -0.29 i : -0.63 

; 15 i 1.33 ; 0,12 i -1.27 : 

I i 20 i 0.76 :-*/.I8 1 

1 ; i 25 ; 0.09 j : 
i -1-1-1 -----_^“-l.ll-~-l.l-ll.” --^-.l---_l--“-- I_- .-_-.- -1-11 *l”.~-ll -___ _ -__._ w”..-..” II -“. 

TABLE 3 

(WI, --^-“-‘l”--.----..- ^-l--I “^_l-l 1 .-.-.- 

I 4. ; 

‘-7- __(-.-_. - r .-.- I”” ,._^_ * .--“ll.-- ----- -~11--.-)1^ 

LIHIA~ 

1 ; 

0 : . / 2.62 : i 3.84 i j 4.58 

Forward 
/ Rotor 

: 5. i2.17; / 2.32 j : 2.32 

I i 1,800 r.p.m. 

1 ; 

: IO ; 1.64 ; ; 0.53 ; ; -0.42 

1 I 15 : 1.1.6 ; ; -1.11 ; 

I ; :’ ; ; 20 0.64 1 

I j 25 i 
I ‘--~.-‘---.-----.,“_“ll. -Il--l-.-l_“ww-ll-l” --_I - I” ----- MC-“- 

TABLE 4 

-.-.. -I-..+I-IIII"I..I"l- -__. - --l."-.-.--ll--~- - 1-1---- -_ 

40 j LaH2Ao : 0 2.50 1 3.05 i : 3.26 ' 3.51 / 3.65 

Rear Rotor i 5 2.02 ; 2.00 ; 1.82 ; 1.55 j 1.57 

! 1,200 r.p.m. i 10 : 1.49 1 0.77 

: 15 ; 0.94 i-o.60 

;20; 0.33 . 

i 25 ! -0.29 ; 

-0.19 i -0.97 i -1.36 

5/ TABIE 
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5 TABIJ3 

CT x IO” for Single Zotor Cases 

-““lll.-,II-“~ a-‘.wI I  -,,11 ,^-_ _“” I  .  . . I  “, . .-*^-“““, l-  - ”  _., ,  ““_.,- , ,  ,_“-“*-.l-.,~ ll.M.*l_l”l.l _*l_̂ ll ._-,_, _.L” “ - -  - . . -  - - I**  m--w--  -  

1 00 
Arrangement Q0 ; Hd.1 eo.2 Y=O.j P=O,l+ eo.45 i 

I -  ._“.-- .  - . , ”  ~-” -..1 _.“.” _ -  - -  . ._I I .  ._“, .  I  -  _.._I_ _._ ______&.. ._ 

I  

._,_” lll-.,-ll-. __ . - . - .  - ”  ~-------..~-~.--.-‘“~~---t 

i 4o 

LaibA-7a 7~ 0 3.21 4.32 5.27 6.27 6.57 1 

Rear Rotor 5: 2077 3.46 : 4-02 4.48 4.70 1 
1 A,200 r.p.m. 10 2,2Y 2.55 2.67 2.62 2.56 i ; 

i 
1 15 1.76 

1 

d&3 

0.80 

i I 20 1.26 0.06 ; i 

! 
i 25 0.76 
I : . ~-.-.-.*----"-- -*.".-.-..-.."... .I .:. "s* I __"l"- .,.l-. ._I , _ _," -. ",,~ I-."-"l"". " -/ _"_ em ._ ..I.. - .-..".,e.A -I- -we-,. .I, 

,w"~-.~"/"l ,m-w .-.WI ~""-~_"l "_" *,,e.., ".l _lll, -__ -_-* I"-- -.. _,. .,. U,." ,11""1 *--. .*.II ,_ ILI-"~ ,- I. _l." ..,. "__ ., 1 ,. .--- "I 1.1" - 

1 1 4O L2112k7,y" . 0 I,66 I 1.12 0.35 :-oe35 -0.58 

1 / 1 Rear Hotor ; 5 I 1016 -0.19 -1.54 ; -2,50 -3.10 

i I 1,200 r.p.m. ; IO 0~62 -1.51 i -3.17 ! 

1 : 
i 

:I5 : o.oy; 

j 
f ; 1 20 -0.45 

I 
! : ; 25 ; -1.07 j 
i -I-“.. -.-- 1 X.-u ,“.. - _ --1, I .I.. “,” ,_.-_*, _-“*., . II ,.*._ _-.“I .” -,-_ ~_ -.,_* ” ,“*,^.,,,“^ ,-__ ,.llll” “,w-- l.a...-llill” ” *I -.. -I. * “^“l.- 

*y-.II “.“w,...., ~-.w’“-‘I”“,““‘” .,~m..s.wl*ll,.“l-” .,..w., -,*--,-. e”^..*.,-.m, --,_ Y”lr*” ” “,WW*( “I-. WI ..“” ““W ,I ,_--- “-L_I,III -m-m. -*.-I---. 

i i 60 ; ’ 

1 i L,Il,A, 

: 0 3.71 : 4.10 
; 

4.54 4.93 5.12 i 

1 ikar Rotor I 5 3.35 3.34 1 3.28 : 3.08 ; 
i 

3.03 
t 

1 

i 2.86 ] i ~52 : 0.76 : 
i 

i 1,200 r.2.m.: IO 2.32 a34 i 
i 
1 ; : j5' 2.35 i 1.14 i -0.50 I 
1 
I 
i 20 i 
f 

I.& i -0.27 i 
i I 

i j 25 1.35 j i 
i ! 'em -.,_,*-m" i"".-*-~.- -"111- _I--",I-___ -,,. I -1".,- ._^" .-.. __* ..^I "*--. I" ""__ 1--*1, "*."' -. ..? -... ,--* I -"I"x ,-- .".l. _, ,, :'-'".".- I I I. -. " ,...I 
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TliI3U 8 

CT x 10" for Single Rotor Cases 

--.--“-__--.“-----I-.--“” ,-------- --_“~.- _- I.-^~,“ll_-~---_-^_-.-.~---~~ -.-- I.- .- I po : Arrangement i e" ,p=o. 1 1.1=0.2 l-me3 iko.l, P=O.45 

0 , 4.59 i 5.62 6.06 j 6.64 
I 

7.11 

~ ! FOIWWd Rotor 
i 1,200 r.p.m. 

5, 4.29 ; 4.76 j 4.95 ; 5.02 5.05 i 
1 

10 4.04 ; 4.07 : 3.88 : I . 3.53 3.33 

I 1 15 : 3.69 i 3.14 2.24 : 1.29 0.80 

I i 
1 I i 

20 i 3.27 ; 2.11 ; 

I 

I 

; : ! 25 i 2.81 0.64 ; i-__, / --~---------..1..-.---. -_.l_l,l^_ ._-II -,--” ._-- 1 __-__ II.-.-..---*l.~~.“-...--“-l-’ 

TABLE 9 

8” ; L,II,A, ; 0 j 4.51& i : 5.20 5.62 ; 6.13 6.37 1 . 1 
Rear Rotor 4.68 i 4.64 I 

I 1,200 r,p.m. 

5 : 4.30 i 4.62 j 4.72 

IO / 4.02 : 3.82 j 3,25 2.70 2.40 

95 : 3*66 2.79 ! I.;+8 ; -0.01 ' -0.75 

1.52 ; ; 20 ; 3.27 

25 i 2.85 

Illt--""-------~ 

VA4.4 . 0 

Rear dotor . 5 

1,200 r.p.m. : 10 

- - - -  _ I  

8' 5.91 / 6.40 7.04 ; 7.49 1 I 4.90 

4*53 

4.23 

4.00 

3.66 

3.23 

5.29 ! 5*65 5.98 ; 6,20 
I 

4a29 i 4.31 1 
3062 / 2.83 2.12 ; q.85 

2.58 i o*77 

0.99 ! 

; 20 

; 25 
-----A 

II/ TAN8 
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TlilYLE II 

CT X lo3 for Single riotor Cases 

-*^--.I" .I-- __.._.I *,-n -."."~e." S"" ,M.."" *,, _ "___, I_ II. :*,-"_ """,..I .e,- ", _ ,I I ._I ,ll. I " ",, _,.._ _ "I,",""__ _ "I ~.~...""-e.~.l, ."~-l-l"l"l-..l - "n..." -*.,I 

00 
Arrangement '8' u=o. 1 p=o. 2 l.l=0*3 : p=o.l+ ,p=o.45 

. ^__I" ."-.. -M-v.__ -._- __._ _ _._ _- .,-__._ "__ , ___ 1.. _ __ -_-_ ___. _"._l-,,l__l, --_^.. I_- ----.... ----- 

0O L21i2QJ : 0 5.19 6.28 7.G2 

Rear Rotor 5 4e80 5.72 6.25 

1,200 rapem. '10 4d+!+ 5.10 5.26 

8.00 3.4.8 

6*80 1 7.20 

5.45 5.72 

3.64 : 3.90 15 4.16 i 4*28 4.05 

20 3.90 :  3033 2.36 

;  25 3.41 1.97 
j 

, , I _  __“, l,~....m.“l,,*l l* 1.1111. I . .  

.  .  . . - . . . . . .  - *  “ - “_  “-1-.1111 I  -_ - ,  - , * ,  
. , - - ,  __“L”/ I . I  , I .  lll”_*l î  _ “ , ,  “~ _ , .  , ,  . , ,  . - -  .  ,  . - , ,  , l ,“ , l .  _.__ _ 

TABLiS 12 -----w 

----I-“-----II-“--- -I_.“.--~ “_,” .-“. I... “_Y., ,..- “,-1-1- ,.-.,^- I”- _“.” ,.,, ~ ,,_-. 1”, .-,-. _ _” -_ -,, “” -“.“..-- I, _“,.,, I ~11”“*-111*1” *we” 

12O Lal12ko i 0 6.14 ; 6.67 
i 
I 

I 

1 
Rear Rotor I 5 5.90 i 6.30 6.65 

A,200 r.p.m. i 10 5d32 i 5.07 5072 5.56 1 5.49 

: . 15 ; 5.78 5.39 4.038 3.44 ; 3.22 

: 20 ' j.40 l+.$!+ ' 2055 0.73 ; 0,15 

25 ] 5.05 3.26 0.66 
",".-."-... _" -"I ,_". _ ..I__ -I --l"l-l,." ,.,-_._ :.. ,_" _,_ .ll*-l,-.l..II".ln --I, I--"l*Y~..,-.-.-,l"" .~ll~".l"-.ll."*.*~-ll""l*l~l"*"-~-ll-^.- 

TAELE 13 

1’ 

i ; 

20 5072 5,2-l 4.05 3.26 

; 

2.58 i 1 

: 25 : 

8 I 

5.12 j 4.,06 2.43 I,04 ; 
t --I -.- _I I_.. I-- -,l”ll/_ ..l.-“_ .-,. “*““~_ _“” ---_” .._*.-“, , _I. “_, ,. . “,:” . ..- _ ..-_ L,” I,...., I ,-_. I ._ -.“^-,“..: “““em... I I “I_.” 

TABIS Il.&/ 
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TLimEi 14 

CT X lo3 for Single Rotor Cases 

( 
l----T- 

-___ ""__-." __-, l.l--ll-"l--_-.". _.__ "-11 .--_ -.""-~~-.~----"--"----..- .--_ - 

0 0 ; . . 0 Arrangement i pzo.1 ,Ll=o.2 kO.3 kO.4 !J=o.45 
-- 

I 

-..- ^_-_ _ ---w..---..L _-A--___ ---y-* __-- -- . . ----_--- ---..- ..-------- A 

I 12O vv-7.7° ; 0 6.63 ; 7.37 

Rear Rotor f 5 6.24 j 6.94 7.35 ; 

' . : 1,200 r.p.m. IO 5.91 i 6.50 6.71 ; 7.18 7.36 

i f : 15 : 5.69 i 6.01 6.12 ; 6.17 6.4.0 

I i ’ I 20 : 5.62 i 5.47 5.05 ; 4.56 4.26 

1 . 25 5.68 ; 4.75 ; 3.55 ; 2.42 
. .- - _I.. . ._ -... ___” .__- -.- -..--- ._- -I.-- -... ._--_. .^ -._ . - -._- -i.... ___-. - I._. _ -I--m 

..“-.---_ --- I------ .---.w ” -._--. __ ___.____ ,__ -I- ------.1.11---- 

12O ; &H.&A i -1p4 ; o i 6.31 i 7.07 : 

: Rear Rotor ; 5 : 6.00 ; 6.55 : 7.00 : 

. 1,200 r,p,m. j IO 5.83 ; 6.17 ; 6.25 

! 15 ; 5.76 ; 5.73 5.40 

; 20 i 5.64 ; 5.20 4.22 

I 25 ; 5.18 i 4.14 : 2.47 
---------.--_I_-- -I..- 1-----1 ..--“_ _-_: _” --._ L- .I .---_- 

TAl3LE 16 

2. 

I--...---..“---- .---_--.. -- ..-- I_._I_.__I_.^_ 

120 ; L,HLHO ; 0 : 6. oL+ 

j Rear Rotor ; 5i 1 5e87 
[ 1,200 r,p.mo I IO : 5.80 

: ! 5.74 a5 

--... _II-- I---- - __._. - -.-- - --1.. ---*.--, 
I 

6.67 ; 

6.33 ; . 6.50 : 
f  

5*94. ! 5.79 j 5.60 5.57 I  

5.36 ; 4.55 j 3.74 3.43 !  

5.52 ; 4.57 ! 
i 

i 20 . 2,YY ; 1.51 0.73 i 

6.57 

5.14 

3.19 

0.68 
--..- -. 

- . _” 

.- 

.--1 I^_ , “ . . -  

6.65 

5.03 

2.71 ’ 



1 i :kw dotor 5 5.82 I LO4 6.30 
/ 

1 ,200 rcp.111, IO 5.74 i I 5.77 5.65 5.60 %* 30 

i : 15 5.66 : 5.22 : 4*47 3.54 3*07 

i 20 5.& 4.0L;e8 2,83 
I 

1.23 
i 

-0.27 ; 

I 
t 

25 4.78 : 3.3& 0.8t3 -1.88 
L." .,_I" .-,,. %1-." 1.1, I __ -.,. "." ^_ . . I. "^-.*,,_".1 .,"_.- , .: ""-, I I ,..., "I "_"._I .,_,- "1. I "."l. ._._I, -I. i 

CT, 2.45, 2.52 i 
cy: 0*68 1.02 

d 
"1.33 1.37 1.56 

(%jJ "i *@j 1.17 1.23 1.33, 1.27 
CT 1 :I 0*63) oei6 0.75 0.62 0.64 

c:; CT, L 0.57: 0.79 0.35 0.61 : TE 1 0.25 0003 1-0.39 0,02. -0.32 -0 l /JJ 

c’,jj, i -0.01 

CTR 0.06 

i -0.0; 
-0.05 

-0. I& 
-0e53 

-o&4 
-0.67 
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TABLE 19 -- 

cm rF and CTR for Twin kLotors 
y.-------- 
f 8, 

m-1-1 ---"-.-y--,--." .-*- -~---_ -------- -m"mf I_----- -_---_llll_._-.--- - 

I..... : 
Arrangement e ;Coerf x IO" ho.1 'kO,2 ~~0.3 '~1~0.4 ~~0~45 

i 
.w-.L.,. I- -..----: ---,--- ---_ ----I- - ---.. -- --_._. --_.__- ---- --‘ -- _. _--L. -- -- . ..- - 

I 4O : Vi*0 : 0; cTF 
CT;i 

; 5 ; CTF 
; 1,800 r.p,m. : ; cTR 

i 20 cTF 

(6 

CQ, 

cTR 

I.33 1 * 74 2.01 2.32 2.56 
e 0.67 0.98 . 1,26 1.46 : 1.4.8 

: 1.05 j 1.20 1.17 1.29 1.31 
0.66 0.72 ; 0.63 I 0.62 : 0.50 

' 0.81 : 0.59 : 0.17 -0.06 '-0.18 
0.58 0.36 ; 0.01~ ; -0.43 j -0.69 

0.58 -0.03 
W-4 0.02 i 

0.30 : ; 
0.28 : . 

:0*02. : 
] 0.08 : 

TriLi3 20 

LI"‘? 13mlt-l"F- llll-lllmlll^-l- -. -l"...l.e...". .._-- ̂ I,-_ - .-_^ -_- -.__- -_ -_I- I ..-__.__ ..".-. 

40 ; L31! A0 ; 0; cTF 1.30 ; 1.75 i 2.02 , 
1.26 

2.22 i 2.46 
cm 1.59 I p.71 ; 1.06 ; ; 1.51 ; 

j1,800 r.p.m. 
i 5 ' 

: cup 
1.08 1.23 

: 0.69 i 0.75 i 
1.27 ! 1.35 ' 1.27 

i %I ; ~ ; 0.71 : oe69 0.45 

iI0 i CTF 1 0.80 .i 0.59 ; 0.25 : 
: 0.61 i 0.32 

-0.14 r -0.23 
% i-o.06 ; -0,49, -0.69 

; 15 : CT~ i o-56 ~-o.ol 
: 0.45 ;-0.12 

: -0.65 ! ; 
% i-O.79 : 

; 20 : cTF 0.29 ' 
io.27: 

; 
CTR 

; 
, j I 

* 25 
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y”“-. ’  -  W I -  *  111 . I  . . ~ ”  .  .  ”  * ”  l.l _- I_ I .  , “ ,  . ,  _ .  .  .  .  .  .  I  I  . ”  ”  _“ ,  , I  .  .  .  .  “ . . ,  ”  I .  I .  _I __” “ , I  “ * . “ . ~ . “ . ,  / I .  “ , - “ - -  

I  

1 

;  8, krragement 0 :Coeff x IO" 
i 

D=O, 1 p=o,2 LkO,3 Y=O.l+ : Lko.4.5 i i 
I-- Ir"4_q".*m I_ .-. _".. ._-__ L - L-.."-"...." I - I -. .--.-- _ - .- - I. . . . "_ * --,_ _I"_ _l~~ - -_- -.,..". I_ -..e.- -.--.I . . II d 
I 
; i 40 I,& 8, 0 GTE' 1028 I.75 2,12 2.49 

CTR 0*93 1,z.k l&O: 1.47 
2064 1053 i 

1 1 

i 5 I.05 : I,20 I*24 1.31 ' 
j 

1.57 i 
; 1,800 r.p.nb 

CQ 

Qk 0,130 0, CF J 0.73' 0*54: o*L&. i 
t I 

1 
1. Cm 

: c;; 
: 0.82 0~62 0,213 

0.66 ov36 -0eo5 -0.02 -0.54 -0,20 -0.68 i i 1 
i 

I lr J / : CTp CT : 
Li. 

0.59 oa4.7 -0.11, 0,03 i 
I 

f i 25 cq: . 0 1 
(-Jr?. I -!.t 0.03 : I 

I -a---. * "_"..". L? "-.1"","" .I I "I I^. ,.,,,-- I _-"-l.l( -_-._, - ._x "", ._ -. ^ ,,_,_ _. ._. ,-_ -,-,- "--1 ,.-." I ..--, IX ,-,, ",,Xllr- ."-"A 

i ; 4" ! 
I 

L2I124I 0 I w? I,31 ; 1.75 2,07 2.37 2855 I 

I i 
cTR 

: 0.85' 1~5 1~31 IJ,.I+~ 1~4.6 ; 
I 

/ : 1,800 r,pem. 1 5 CTp %I 0.80 1.09 ’ ; 0.84 1023 0.73. i,231 0.57 1.3-l. 0*51 1427 1 $ 
f 

i : IO 
'TR CT3 

Oe82 0.60 : 0,27. -0.04' -0.22 i 
1 0.6.5 ; 0,40 -0.03 -0,4-Y -0.68 ; 
i i 

f j 15 
CT. CT>1 

0.57 : 0.05 -0,65 
i : 0.46 i -0.15 -0,30 

H 
i 

I 
1 : 

i 
20 CTEl 0.31 z -0,58 ! 

I j %3 0.28 -0.64 : 

1 j 25 CT8 cTp 0.07; 0,08; i : 

L.I.... "'."-IL"I"-lI~~".~~"l"I.."."I,L, .."",-..",, "",,,",_ ,~ ,,, II*L *_"..A "" ,, I". I. ,,I ,,,,, I* ,I .I .". ,,.". ", "-"_, I. II r I( .".1 /,.*" . II, .* .I I ""(__* 
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23 TABLE 

%F and C TR for Twin Rotors 
I-I-- 

e, : Arrangement 8 Coeff x IO" y=O.l 1.1~0.2 y=O.3 p=O.4: kO.45 

4O L~~-7.," 0. ZT : 1.35 1.80 2.18 2.39; 2.66 
1.08 ; 1.82 . R 2.17 2.63: I 2.84 

5: ' 
crp ; : 

1.14 1.31 1.27 1.39' 
1.34 1 1,200 r*pomo ; cTR I,01 i . 1.50 1.77 1.89 j 2.07 

j 10; cT~ 0.91 
i 

' 0.70 ' 0.38 ' 0.15: 
: 

-0.36 
cTR 0.91 : 1.18 1.25 1.13. I.&.!+. 

15 : cTF 0.68 i 0.10 . -0.51 
C” lR j 0.76 ! 0.75 0.38 : 

. 20. 'TF : 0.42 I-o.49 
+R j 0.58 ; 0.14 ; 

; / ' : 25. cTF o,,2 j 
'TR . . 0.35 : 

I 

20; cTF : 0.37 i -0.50 I 
'TR ' 0.43 / -0.27 : 

25i cTF i 
CTR : 

0.16; i 
0.25 ; / 
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T+kiJXiE 25 

CTF 
and CT 

a 
for Twin Rotors 

e. 'Arrangement 8 'Coeff x IO3 1-1=3.1 i cto. 2 i kO.3 /.l=o.4 cl=0045 

Leo ; L%A+4Q 

1,800 r,p.m, 

/ : 

0 CTF ; 1.32 ; 1.75 : 2.01+! 2.32 : 2.52 
‘TR : 0.61 0.63 i 0.56, 0.49 i 0.40 

5 . cTF ; 1.08 j 1.18 
; / 

I.16 I*%- 
cTR ; 0.53 j 0.28 -0.08 -0.48 

10 cTF : 0.85 i 0.59 i 0.32 -0.06 
CTg : O.I+O ;-0.15 . -0.83 -1 *l+!+ 

15 : 'TF i 0.61 0.01 : 

CTR j o.u, '-0.63 : 

20 'TF i 0.31 ;-0.64 j I 
(+R : 0.06 

; 
i-1.07 : 

25 'TF 
cTR 

;0.02: i 
-0.12 ; : 

1.23 
-0.67 

-0.20 
-1.66 

L.. .‘. -  - - I I  ._.I  “ I . . - .  . - - . . “ . . : -  .___ ____ ___- _-_ _ _I -r--r-k^--. I ” -  ,  . - -  .  -  - ,  . I  .*--“1--- . . -  -  

TABLE 26 

CT~ and cTR for Twin Rotors 
--"v--. - "I y-l"--lll--""-- -"---- _.I.-- .-C.-,I-"---*--.. -..--".--- 

0 cTF 1.36 t 1.79 2.05. 2,37; 2.59 

cTR i 0.30 o,o6 : -~,a+: -0.60; -0.69 

5 'TI? A.14 1.28 1.21 1.25 j 1.18 
1,200 r*p.m. : cTR i 0.22 ,-0.31 -0.92 -lo59 : -1.80 

: IO CTF 0.89 0.70 0.32 -0.07 i 
cTR i 0.12 . -0.70 -1.52, -2.37 i 

. 15‘ cTF : 0.64 -0.01 : . 
CT j 'R 

-0.04 -1.13 

: 20 I CTp 0.33 
CTR -0.23 

.25: $$ -0.03 I i i 
: cTR -0.39 : 

1 
. . 

i,-,-'. ,___" -I___x_-,_ * ,,__, ^--_ ,.-- -1--1--1 Iwl-ll-llll ..-. ------"-*...l--.r-~--~----*."----- 

TiiBLE 27/ 
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cm IF and CTR for Twin Rotors 
c.-.-.. _,.I*..- em--...-- ...-)_ ,._- -..- -_ - l..l""-.. ,_* __.", -,__ I - _.-_-_ _I _-..._/ ..--I-- --"".__ I- - "._. . ,... A., __*-.~._I - 
I 

i 
I- 

e. ~ ! Arrangement : Q Coeff x IO3 Pu=O.l iLko.2 p=o.3 /I=o.4 p=Ool+5 I 
---.---____ I ---.-"---.--v--M --I_-..."- -.-. - _---"-1_ -II---- -_l___*____" ____- __.___ I- _I- -- -I-- - -. 1-11 P.-w+ 

' 09 . L&A0 0 
=4" CT-p 

1.33 1.81 : 2.08 2053 I 
i CTR 1.80 2.12 2.40 2.19 i 1~46 q.97 

(R) : 
t 

=6' 
5 

'TF 
1.12 : 1.29 1 

:I,200 r.p,m. CTR 1.42 1.53 I*47 1.30 1.35 1.30 1.34 1.33 i 

10 CTF 
%R 

0*88 0.71 0.38 0.03 ,-;a$ 1 
1.31 1.13 0.81 0.38 . , 

i 

15 CTF 
'TR 

0.64 0.07 -0.57 j 
1.13 0.64 -0.11 

20 CTp 0.39 -0.58 
CT 

~ 
R 0.92 -0.01 

1 

25 CTp cTR 0.13 1 0.68 
1 

;- II Y."_l -,."..A..*l."------- "II __.I/ I.-_ -I- I._.." 1_,- I-. ---. -..-l,--_l-l--. -",...."-11..--1.-----1- -.q ,: mm.---. .."-l-l, 

-  , - w - :  “ I  .^*- I ---  I - .  I  ,,-_ I  -_ _*._. -__._ I  

h- .  

. - .  I  -_ . I .  .-l.l -.-,__ -“_“-,__ -  ”  - - - -  . - . I ”_(  “ll-^,----- - I I .  - “ . . - - - -  I I .  

t  8’ i J4, A0 0 cTF 2.39 2.94 3.26 3.63 ' 3e84 
I cTR 1.78. 2.12 2.24 , 2.42 2.62 . 

1 
5 Cn CTp 1R 2.21 1.76 2.55 1.92 2.65 I.90 2.92 1.75 1 1,200 . r.p.m. 2.92 1.83 

j : IO CQl 

CTR 

2.07 1.71 . 1.60 2.14 1.33 2.00 0.99 1.91 0.89 1.83 

1 ‘ 15 cTF 1.88' 1.66 1.14 0.67 0.48 
I 
I cm IR 1.58 1.21 0.61 -0.01 : -0.36 

1 I 20: CT 0 j I 1.66 1.04 0*05 I : 

TR 
l.1+3 0.68 -0.20 : : I 

f i i i i 25 CTp 1.41 0.28 ; 'TR 1.24 j 0.04 j 

i 
L,. I . ..I * l.."--.^,*l-_ll-".-l_ .,- -ll.."-- . ..-.- I--^ -.- .-- _..--.I -- _--.I . ..1-1.1 . I__ .- ___- -, ---. . I ---...-.z--~-.. I .- 
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TAECl3 29 --I_ 

fJyF and Cm for Twin Rotors 

r.. II ". I_ ,_*-. . . --."I .*,*, -.. -_ ."_I /_._, *, ~ " * - ,.-_ "*".,,,."l- ,__",,, *,, /. I" I, " ,".,_"_.l,l -,,_, _ .l-l" ,,, I-.- "l"l.l".---- 

jB 
0 Arrangement e Cocff x IO" U=O.l po.2 p=o,g kO*4 P=O.45 1 

;L.-* .-. ,-_- _,l_-.---"l.l-"-l-_-_,--l 1 _-_ .A_ .-L-l.?_,lllll---- ,lll.l- .1-_,- -_-1---."- I "*-- ..-I_ .--------~-.---"-"---3 

! o" 
i 

L&A+ 70 0 CTp 2,43 2097 i 
i TET! 2,oo :*z 3e65 

3e88 ! 
2.58 e 3.36 3.49 : I 

i I 5' 2.27 2,61 2.73 2.58 
i 

2.95 i 
1,200 r.p.m, 

%p 
cTii 1998 2033 2*6/$ 2.79 3.03 i 

i 10 Qh? 2,ll 2*19 2,07 I.95 1695 %I IS89 2.13 2e29 2e31 2,46 

CT* I.91 1.66 1.27 0.87 0067 
c 

rlR 1079 1.88~ A*70 1e56 I*46 

CTp 1.68 1611 0025 
CTR 1.66 1050 0.99 

+i 5 

20 

25 CTp l.L+S 0,41 
CTR 1.49 O*Yl 

Inn,” “,-“l*_ .,.- I” ,1”” _ ,“.-,“.” -” . I” ,,,,,, ““1 111 I “I ,,““, ““11 ,_-. ““,,_.,” _. “.-..” -- .I_ l.” . _ * .11” I I, ., .11 -_ ^ ““I. . ,.“. . -“_“_ l”l.“l . . . . “1”1 ,., “W. . ..-.a 

1 
; 15 : ' CTp 

I cTR 

1 : 
; 20 CTF 

I (+R 

” ,,-,-,,, II 1”” “II l..-,“ll,,li,BI -.--I I.” .-I- ,. .- ~. .” “. “.._“I-,, II*-.luII- 1-~“-1 VW”” 
2.4-3 3002 ’ 3019 3*71 3.99 i 
1.89 2.31; 2073 2.88: 3.03 j 

2,26 2.64. 2.70: 2d39 3.05 I 
1.84 2.13/ 2.37 2.l+.o 2.54 1 
2.10 2,18: 2.05 1.94' In85 

I 
1.77 1.88; 1-86 1.71' 1.76 1 

1 
! 

I 
i i 

: 25 
QF 1.38 0,42' 
cTR . I*28 0043: 

i 
! --.,*:-I l,l..l, "..,"*l""-"-.-". _ ""_" ","", .ll,"." "_ ,"., .-l.," 111 -- I *.".-"". _ "--l"y " .--- *.-...".** _II, _".,-"""__ ,,,.. _I 1,,- 1*"1" ,,,,," ..-"",..- . . . . . ..-..wJ 
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'TF and C TR for Twin Rotors 

eO Arrangement 8 Coeff x IO" p=O,l '/LO,2 : Ll=o. 3 Lk0.L; i Lko.45 
,..--.. .-- ---- ----,----- --- --... 

1,200 r.p.m, 5 

: IO 

'15 

j 20 

0 CTp 2039 2.93 3.24 3.60 : 3.79 
QR 1.65 1.75 1.77 1.80 i 1.81 

25 

C" 
Cg 

2,24 
1.61 

'TF 2.08 

cTR 1.51 

'TF 1.88 
'TR A*39 

CTp 1.66 

c"iR i I*& 

cTF 
: 1.41 

cTR ' I.09 

2.52 2.66 2.87 ; 2.79 
1.58 1.30 oe94 ; 0.88 

2.10 1.96 1.84 : 1.90 
1.20 0.58 0.08 j -0.26 

1.62 1.18 
0.69 -0.2L+ 

1.03 
0.12 

o*47 
-0.30 

I-.-.-- **“---L-.-l-l-.-t”-.“-.~“- __-- -_ _.. .l”““-l _.-.- I-- _  -a._-.--..I--I-.““.- li_“- -^-- I-_ -  I_.. -I_ .--~ __.I “--..,.^-m/ _ -  

TABIS 32 -- 

-l-.-lII~.~l-ll.- .^",*-,__"..-._.a,_"__ __.--- -r--.e-..-9XI--"- ,."___-- .l-_l. - --_ ---- --- -.. _ 

8' ; L&i A, 0: CT17 2.37 3.34 2.96 . 3.62 ; 3.79 
CTR : 1.55, 2.01 2.31 ; 2.50 2.60 

.5 
1,200 r,p.m. 

: 15 

! 20 

Cm 

4; 

'TF 
'TR 

CTF 
%i 

CTF 
C TR 

2.21 2.54 
1.62 1.81 

2.74 ; 2.92 
1977 t A.83 

2.06 2.15 2.05 j 1.96 1.89 
1.61 1.52 I,28 1.03 0.74 

1.88 
I.54 

1.68 
1.40 

1.65 1.23 i 0.72 
0.56 +o.oS 

0.50 
1.12 -0.32 

1.06 -0.04 1 
0.65 -0.31 , 
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33 T_rnLE 

cT~ and cT R for Twin Rotors 

-“.,..l.i-r”“*-r_*-._, 
!  

“..-^.“^v> -__“_,“-- *Ill”,l.*tll.-I--“.-.I”.lll,,” .__ - . , ,  I  “ . ”  “,^._“. - - , ,  “_“_.““ll-“-l _-,, , - . .  - , *  --_., .  w . . . ,  . I_r- I r  

/ 00 Arrangement 0 Coeff x IO3 U=O.l .P=O.2 Y=O. 3 ‘kO.4 Lko.45 

1 8O L%wo 0 CTy 2.42 2.95 3.33 ' 3.72 3.94 f 

I 

cr 'R 1 I*90 2.15 2.30 2,41 2.57 

5 
+F % 

2023 2.74 2.87 2094 
! 1,200 r.p.m. 1.04 z!? . 1.97. 1.90, I-87 

1 IO ' , cTF 2005 2.12 2.02 ' 1.92 1.83 
CT2 1.74 i 1.63 ~36 1.10 0,90 ' 

f 15 ; cTF 1.85 1.67 1.15 : 0.61 O,l,O 
i 

cTR 

~ 1059 1.20 0.55 ; -0.11 -0.30 

f . 
I 20 +F 1.62 i 

. 
1.05 0.04 i %? 1.42 0,66 -0.37. t 

25 FF 1.30 0~24. 
t&j 1.22 0.03 

1-l-.‘- _ . I . /  . . “1 ,1- -11- .  I ,  - .  “ll-*.ll.“~.l-l~-~l I r , “ I . - - - X I  . . “ _  - . - - .  . - - - , - .  ._-X-I_“” *  - - , -  “ . , - I - L .  -  - . ^  
I , l - . n * “ * - - “ l - . - “ I I I , I  

TABLE 34. 

1 : 
! 80 WWO 0 

' 
CTF 

1 
; ’ CTR 2,38 1.80, 2.90, 3.25 2.36 3.55 2.73. : 2el.5: 3.64 2.89 

1 ’ 
’ 

5 ’ cTF ; t 1,200 repem, 1 cTR : 2.20 2.55 '1.92: 2,69: ’ 2.84 1.78 1.95: I.90 ?3 . 
i ; 
! IO CT21 i 2-04: 2~4: 2,W 1.86 2010 
i CTl? ; 1.70 1.55;: 1.27: 0.99, 0.70 

1 ; : 0.81 
! 

15 
CT-p ; : 

l.31; 0.87' 
cTR A.59 1.84. 1.11 1.70: : 0~46; -0.25, -0~63 

i 1 * 20 3 cTF 
cT~ 

i 1.63 1.18 i 0.45' 
1 1 i 1.42, 0.54: -0.62: : 

1 25 : cTF i 1.34: 0,38: i 
'TR j 1.22, 

j 

i i 

-0.19; ; , 

--.. I~ -,-_ _ ..-.,-- I~,I_"~-^"-"_ .--,.., - _.-" -...,- -I ,-.--.-..- ". /-_._ ',_" "'.--, ..-...,.,-.w....-.. ..1.W~...-+.... ,..m .--."l,-.- * I- . .-.-. VI 
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TAULE 35 

cTF 
and cv 

'R 
for Twin Rotor 

i 

- -  . - . , . .  - - . -  - - - . “ . - - - - -  - . - - - - - l  - . “ -  - - y ” . , e - - “ - - - - - - - - - I - -  , - -  _ 

00 Arrangement 8 Coeff x IO3 PEO.1 PzO.2 Lo.3 jl.ko.4 P=O.45 
L-~-.-..----..--- --..... : --- 

8' . 
I 

L3%Ao 0 cTF 
cTR 

2.37 2.33 ' ;d," i 3.66 : 3.91 
1.87 2.11 . : 2.36 2.51 

i 5 CTF 2.20 2.49 . 2.62 ; 2.88 2.94 

I 
1,200 r.p,m, CVl IR 1.82 1.92 1.88, 1.77 I.84 

I :10 cTF 2.03 : : 1.60 2.12 1.98' 1.85 
cTR 

: 
I 1.74 1.30; 

0.86 1.92 
0.74 

g5. CTF 
cr+ 

i*;G 
. 

i*fz 1.18; 0.62 0.42 
. : 0.52: -0.12 -0045 

:20 CTp 1.69 1.08 0.11 : 

cTR 1.40 : 0.63 
: : -0.37: 

; 25 1.40 on15 ; 
: . 

*F 
%x 1.20 -0*03. ; 

TABLE 36 
,I-_ - II--^_ . . ---- -i-l-- ..-.-. _ _ ---cm-- -,1__ 

12O L&A0 0: 
CTF 

3.30: 3.72. 

%R 2.73 : 2.87. 

: 3.52' 3.78' ' 5 CTF 3015. 
1,200 r.p.m. ; mR 2.70; 2.76; 2.75, 

. . 
: 10: cTF 3.11: 3.27, 3.41' 3.55 i 3.56 
: cTR 2.64 I 2.64: 2&j 2.22, 2.14 

:15: 3.08' 3.03: 2.88 %p 2.60. 2.52 
CTR 2e52, 2.37 1.98' 4.49 1.25 

. 20. CTp ;a;, 2,71 2.23, 1~67 I,23 
Cm : : 'R l 2.31 : 1.31' 0.43 t o*33 

; 25; cTF 2.79; 2.18: 1.33 -0.01 . 

; . cTR . 1.96: 1.55: 0,551 -0.75 ; 

“. - -1. ..- ---------.-..---Lm- I 1_ II_-~ --^. -I__ 
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CTp Eld CTTi for Twin Rotors .- 

i - - I ” -  -  I ,  , . - - 1 . - *  . . . .^-1w “ * “ - . -  ~ *  ”  . l ” ,  , I  ___l,_, .  , l . ,  . ”  ._ ,_ ,  .  *  . I  1 , ,  =,*”  l . . .  “_ - ,  “ .  _*l-_ll . I , , I  * , - -  . . , - , , ,  “Cal-- . . “ , , ”  l_l , , _ .  __-_“__-_ __I____-..-.T..- . . ”  

1 8, Arrangement : 0 Coeff x 18 v=O,l 'P=O,2 PAI. cI=O.l+ P=Oe45 
+-. .-" lllll-l-.- _.-- -.?._L_-- ---_. "L--Tw"e -.-, ,--- I^..."II,--"-.-LI --e-"-s. - 
j 
i 
I 

~2°~L2HaA-7~70 0 CTp 3.30 3.79 

cT2 
1 2080 3.23 

I 

f k' 
CT*, GTR 

3.19 3.56 3m 
i 1,200 

; 
i r.p.m. ; 2.79 : 3.02 3.23 
; 
i i i IO % ; 3.12 3.33 3.50 3.67 3.71 
1 , cTR ; 2.76 ; 2.83 2.36 3.06 3.19 

j : .I51 
;'T 

: 3.10 3.11 2.99 2,86 2,81 
I 2,72 2.72 2.73 

CTR 

2.74 2.76 

j j j 20. i 2.96 : 2.80 2e33 1.83 1.60 
8 ! ; 2.67 2*54 2024 2.02 I.87 
i 

CT; 
l I [ 25 i cTF : i 2.69 2.33 1.43 0.59 

CTR 2,50 I.97 1,61 1.02 ; 
1 f --.I-"."---I.-I--. ..-e.". l"l~l-l."_l"-.",,lll. ,-"- . ._l, "~_,n.".I "_, _"-_ **_." __,. "-, " .,_. _""_, _... ,,,-,* ~.. ..,-_,. "., ,*... ,lX._*."*I .-.- 

TdxLLE 38 

5 
CTF % 

: 3.18 i 3.55 3.86 : 
1,200 . rapem. 2.76 2.83 

; 
; 2.93 1 

I t 
1 :10: CT* I 3.12 . 3.36 ; 

; 
3.47 i 3.61 3.80 

j %T3 : 2.68 2.71 2.76 ; 2,80 2.72 
I 
I 
! ,151 CTF QR 

; . 3.09 3007 ! 3.03 ; 2.84 
; 

2.81 
j 2.61 2.60 ; 2.34 i 2.23 2.22 

i ~ 20 i 
CTF cTR 

f 2.911. 2.77 : 2.29 i 2.69 : 1.49 
t : ; 2.50 2.34 1.87 [ 1.41 1.17 

I ' 1 : 25 i 2.60 : 2.15 j I.38 : 0.76 
1 

CT-p 
; 'TR ; : 2.28 ; 1.81 . 1.06 i 0.55 i 
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39 TAULE 

% aa cTA for Twin Rotors 

f -  

-111_--- .1,--w- . - ”  - - “ . . . .  
---? I’___^- 

- . -  _1.” I -  

j 
*0 Arrangement ' 0 Coeff x IO3 kko.1 jtko.2 cr=o.g ~/J=O.l, :cl=o.45 

t  
- - - I__ 

-l2O LzHak, : 0; CT~ 3.31 :3.75: 
cTR . 2674 i 2.85 j 

i ; 
. 

I 5 j 
&IF cTR 

3.19 3.56 ; 3.89 
‘1,200 rOp*m. : 2.73 2.79 i 2079 1 

:1oj ' 'TF : 301-O 3.29 / 3.50 3.57 ; 3.62 
'TX 2*66 2.72 : 2.53 : 2.41 ; 2.45 : 

j j5 ; 
cTF 

3.03 : 3.04 : 2.91 2.64 ‘ 2.69 
cTR ' 2.56 2.43 2.03 1.49 . ; 1.46 

; 20 i ’ @F : 2.89 2.66 i : : 2.14 1.55 1.29 
% 2.45 2.03 ; I,34 ; os64 ; 0.25 

25 ' : CT $1 2.62 2.16 ; ~.a+ , o,u, i 
cTR : 2.26 , 1.51 ; 0.48 -0.54 ; 

: 20; c?F i 2.91 2.10 i 1.52 I 1.21 1 
cTR 2.36 

i 2.65 ; 
; i j.68; 0.74 :-0.24 :-0.82 1 

25 CTF 2.04 ; 1.15 i 0.08 i 1 

I : : . j . . (QR 1.18; -0.12 9.22 i i I -A,- ~..---A--.- I__ ..----,--_ __.^ 2.. .--I..-m -1 
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TABIS 41 

CTp and CTR for Twin Rotors 

00 Arrangement @ i Coeff x IO" P=O.l +0.2 ;!J=o.3 ,P=OJ+. pko.45 
I_I-L-~-_I_~ ll--~-.+.---ll- I-^ LI---~l---i c 

12O WA A, ; 0' @F : [ 

cTR 
3.27 ; 3.78 i 

2.59 ; 2.90 . 

? 
CT, 

[ 3.13 3.56 ; 3.86 
'1,200 

; 
r.p.m. CTR ; : 2.64 2.75 2.84 : ; 

;10. CTg 3.05 ; 3.32 i 2.55 3.75 
2.60 ; 2.63 

; 3.79 
CTR 2.48 2,32 i 2.22 

15 cTF 3.00 i 3.06 : 3.00 2.76 / 2.67 
cTR I 2.54 : 2.36 ; 2.00 1.59 ' I.46 

'20, CTF 2.88 2.71 i 2.22 1.58 i 1.40 
cTIi : 2.45 ; i 2.01 i 1.33 : 0.69 I 0.37 

125' 
%? 

- : 2.14 1.23 0.21 j 
CTR * ; 1.58 0.59 -0.23 ‘ 

TiifXLE 42 
-. *----_-_.-l*-l"ll-"-~l---- I-I..---I---IC.--lll 
420 i I&k, 0 . ' CTR 3.22 ; 3.68 ; 

: % : 2.82 ; 2.85 i ; 

5: 0 
\ 1,200 r.p.m. : 

CTF 1 3.05 ; 3.48 i 3.76 ~ ; 
cTR : 2.75 .i 2.72 ; 2.71 

: 
: IO: cTF 2.99; 3.19 3.32: 3.53 * 3.61 

cTR : 2.68 1 2.63 ; 2.46. 2.24. 2.24 

; 15: CTF 2.96: 2.96 i 2.82! 2.58 ': 2.56 

%? i 2.59: 2.42; 2.02: 1.59. 1.46 

; 20: CTJj ; 2.85! 2.601 2.09; 1.42: 1.20 
: . CTft i 2.49: 2.06 r 1.36 0.58 : 0.29 
: . 
: 25; @F i 2.52: 2.02 i' 1.15: 0.28: 
: ' CTR ; 2.29: 1.58; 0.41 -0.41: 

--L&. : ~I-~-~"~~-r""~rn""".- ~ll-^--~"l-,-l^-,lll,-. ..ll--ll-.-l"-"l ---1~"11-- - 

43/ TABLE 
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TAN2 43 

cTp and %R for Twin Rotors 

I e. ; Arrangement e Coeff x IO3 &O.l :p=o,2 $=0.3 iko.4 Jl=o.45 I 
!------ L-- 4 

12O : LA*O Oi 'TF i 3.24 ’ : 3.66 
QR ; 2.68 j 2.78 : : . 

I 
: 5 i 3.09 3.46 ! 3.77 ’ : i 

~1,200 r,p+m. ' . . : QR CTF 2.67 ; 2.76 : 2.69 i 

.I& cTF ; 3.03 

I ; 

CTR 2.61 
i 3.24 ; 3.30 ; 3.47 3.61 

. j ; 2.67 2.50 2.25 
j 

2.25 ; . 

: 15 CTF 2.92 ; 2.98 ; 2.77 i 2.47 I 2.54 
@R I 1.60 . 2.53 : ; 2.39 i 2.01 ; 1.53 

i 20 ; 
: 

@F 
‘TR : 

2.76 2.54 ; 1.99 
: i 1.39 

i 0.96 
2.45 2.03 i 0.35 ; 

1.13 
. : . 0.22 . ; 

: 25 i cTF i 2.51 j 2.01 ; 0.98 i -0.27 I 

1.58 0.47; 

i 
i 

’ @R j 2.39 -0.69 j 
t --.A”--,~.-~-----, 

; 
! . --11---1 -I 
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