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Summary —Some measurements of downwash have been made in a plane behind a 12-ft diameter helicopter rotor

over a range of shaft inclination and tip speed ratio. In the various operating conditions, the tunnel fests are in
reasonable agreement with the theoretical results for the appropriate type of loading.

L. Introduction.—With the advent of multi-rotor helicopters, the problem of rotor interference

is becoming important. For a tandem layout, the most important interference effect is likely
to arise from the operation of the rear rotor in the downwash of the front rotor. At present,
experimental data on the downwash field behind a helicopter rotor are very scanty, although
the problem has been dealt with theoretically by Mangler (R. &. M. 2642"). Some downwash
measurements have therefore been made behind a 12-ft diameter rotor in the 24-ft Wind Tunnel
of the Royal Aircraft Establishment, and the results are given in this Note. The relevant data
from R. & M. 2642" are also given for comparison.

2. Description of Tests.—The 12-ft diameter rotor and associated equipment are fully described

in R. & M. 2695*. The downwash measurements were made with a set of ten yawmeters mounted
on a vertical mast which was placed in four spanwise positions at a consfant distance of 1-5
rotor radii behind the rotor centre. The yawmeter positions are shown in Fig. 1. It should be
noted that the yawmeter locations are given relative to the centre of the rotor at zero shaft
inclination. At positive shaft inclinations, the centre of the rotor is moved forward and slightly
downward in the tunnel but it was not considered worthwhile to reset the yvawmeter mast
after changing the shaft inclination.

‘The yawmeters were connected to a multi-tube manometer and pressure difference was plotted

against yawmeter angular setting with and without the rotor. (Four yawmeter settings were
used.) The difference in yawmeter setting for zero pressure difference was taken to be the down-
wash produced by the rotor.

The results obtained showed a number of irregularities and it was thought possible that

interference effects were arising from the wake of the rotor passing completely round the tunnel.
Accordingly, a few traverses were made ahead of the rotor. The results of these traverses are
shown in Fig. 3a, 8b, and 3c, and 4a, and 4b. It was evident that in general a slight rotation of
the air in the same direction as the rotor had persisted round the tunnel. A rotation of the air
in the opposite direction in the empty tunnel has been measured, however (Ref. 3), and the
effect is of the same order of magnitude (Fig. 3d and 3e, and 4c).

Throughout the tests the rotor speed was 600 r.p.m. and the blade angle setting was 8 deg.

* R.A.E. Tech. Note Aero. 2018, received 25th January, 1950.
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3. Results.—The tests covered a range of shaft inclination from 0 deg to 30 deg and a range of
tip speed ratio from approximately 0-1 to 0-3. In order to avoid low and negative thrusts,
the higher values of the tip speed ratio were not tested at large shaft inclinations. Values of
thrust coefficient and flapping angle have been measured previously (R. & M. 2695%) and are
given in Table 1*. The results of the downwash measurements behind the rotor are given in
terms of downwash angle «; and also in form «;/C; in Tables 2 to 9. Values of «;/C; are plotted
as shown in Figs. 5 to 10 together with theoretical results obtained from Mangler’s calculations
for two types of pressure distribution on the disk as indicated in Fig. 2.

4. Discussion.—In comparing the measured values of «;/C; with the theoretical values, it
must be remembered that the calculations are based on a first-order theory and do not allow

for the actual displacement of the jet. This jet displacement occurs in all cases and is very clearly
shown in Fig. 7b, 10b, and 10c.

The two calculated pressure distributions correspond to extreme types of disk loading distri-
bution and the load distribution over the disk will lie somewhere between these two extremes
depending on the conditions of test. For the advancing blade at the higher value of tip speed
ratio there will be lift right up to the blade root and the loading will correspond to type I (Fig. 2).
On the other hand, on the retreating blade at the higher values of tip speed ratio, there will
be no lift over the inner part of the blade and the loading will correspond to type III (Fig. 2).
It will be seen that the measured values of the downwash correspond approximately with the
above ; for example in Fig. 7 the downwash distribution behind the advancing blade corresponds
to the calculated distribution for the type I pressure distribution, and the distribution behind
the retreating blade to the calculated distribution for type III pressure distribution.

LIST OF SYMBOLS

Air density (slugs/cu ft)

p
R Radius of rotor disk (ft) ,
2 Vertical distance from plane through rotor centre (positive measured
upwards)
14 Tunnel velocity (ft/sec)
o Downwash angle induced by the rotor
Q Angular velocity of rotor (radn/sec)
2 Shaft inclination (deg) positive when shaft is tilted forward
a, Longitudinal flapping angle (deg)
e Downwash angle in front of rotor
T Thrust (Ib)
T, Thrust coefficient based on tip speed = Iﬁ}
Cr Thrust coefficient based on wind speed
2T 2Tc .
= Imz = 7 COS™ 7, .
© Tip speed ratio = == cos ¢,

QR

# The experimental values arc used, not corrected for support interference, since it is not clear how the interference
changes the conditions at the blades.
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TABLE 1
Thrust Coefficient and Flapping Angle
Blade angle = 8 deg

1, = 0 deg 1, = 15 deg 1, = 30 deg
Symbol
p=009 | ©=0199 | 4=029%6 | 4=006 | u—0-192 4 =0-086
1087, 5-9 ' 7-8 86 4-2 3-4 27
57-3C, 68-99 22-57 11-25 48-73 9-86 31-37
a, deg 2-1 4.8 9-2 1-8 3-3 1-3
TABLE 2
Downwash Angle in Degrees 1-5R behind Helicopter Rotor
0-278R from Rotor Centre-Line Behind Advancing Blade
Blade angle = 8 deg
z ]‘ 1, =0 deg 1, == 15 deg 1, = 30 deg
R
# = 0-099 #=0-199 # = 0-296 p = 0-096 u#=0-192 u = 0-086
+1-0 9-3 20 1-9 6-8 0-5 4-6
+0-6 15-0 5-1 3-7 10-5 25 6-0
+0-4 17-0 7-5 5-8 12-1 3-5 7-3
+0-2 22-2 9-8 7-5 15-2 50 11-6
0 27-5 12-5 9-7 19-8 5-6 11-5
—0-2 31-0 17-9 153-0 22-6 6-6 9-5
—0-4 ‘ 31-4 12.9 75 20-6 58 9-8
—0-6 28-6 8-4 4-8 16-6 4-2 10-2
—0-8 23-1 6-5 2-6 14-3 30 7-6
—1-2 15-0 5-0 1-4 10-6 2-2 5-3

Al

w



|

TABLE 3

Downwash o,/Cr (radians) 1-5R behind H elicopter Rotoy
0-278R from Rotor Centre-Line Behind Advancing Blade

Blade angle = 8 deg

5 i, = 0 deg i, = 15 deg 7, = 30 deg
- .
u==0-099 u=0-199 w=10-296 u = 0-096 p=10-192 u = 0-086
+1:0 0-13 0-09 0-17 0-14 0-05 0-15
-+0-6 0-22 0-23 0-33 0-22 0-25 0-19
+0-4 0-25 0-33 0-47 0-25 0-35 0-23
+0-2 0-32 0-43 0-67 0-31 0-51 0-37
0 0-40 0-55 0-86 0-41 0-57 0-37
—0-2 0-45 0-79 1-16 0-46 0-67 0-30
—0-4 0-46 0-57 0-67 0-42 0-59 0-31
—0:6 0-41 - 0-37 0-43 0-34 0-43 0-33
—0-8 0-33 0-29 0-23 029 0-30 0-24
—1:2 0-22 0-22 - 0-12 0-22 0-22 0-17
» TABLE 4
Downwash Angle in Degrees 1-5R Behind H elicopter Rotor
0-75R from Rotor Centre-Line Behind Advancing Blade
Blade angle = 8 deg
z i, = 0 deg i, = 15 deg i, = 30 deg
R
4 =0-099 @ =0-199 u = 0-296 u = 0-096 4 =0-192 @ = 0-086
+1-0 7-0 2-8 1-0 53 1-5 2:3
+0-6 12-0 4-4 1-6 37 1-4 6-0
+0-4 11-3 4.6 1-9 8:0 1-6 5-5
+0-2 11-0 7-3 25 9-4 3-0 4.7
0 21-0 18-8 3-5 16-0 75 77
—0-2 410 13-0 0-7 ©29-0 75 21-0
—0-4 30-6 6-2 1-0 217 4-0 16-3
—0-:6 21-3 6-7 3-6 18-7 3-7 15-1
—0-8 180 71 3-5 12-5 4.0 6-6
—1-2 95 4.8 2-5 6-5 2-4 2.0




TABLE 5

Downwash o;/Cy (vadians) 1-5R Behind Helicopter Rotor
0-75R from Rotor Centre-Line Behind Advancing Blade

Blade angle = 8 deg

z 7, = 0 deg 1, = 15 deg i, = 30 deg
R 4 = 0-099 ! £ =019 | u=0-296 p=0096 | u=0-192 u = 0-086
+1-0 0-10 0-12 0-09 0-11 0-15 0-07
-+0-6 - 0-17 0-19 0-14 0-18 0-14 0-19
+0-4 0-16 0-20 0-17 0-16 0-16 0-18
--0-2 0-16 0-32 0-22 0-19 0-30 0-15
0 0-30 0-81 0-31 0-33 0-76 0-25
—0-2 0-59 0-38 0-06 0-60 0-76 0-67
—0-4 0-44 0-27 0-09 0-45 0-41 0-52
—0-6 0-31 0-30 0-32° 0-38 0-38 0-48
—0-8 0-26 0-31 0-31 0-26 0-41 0-21
—-1-2 . 0-14 0-21 0-22 0-13 0-24 0-06
TABLE 6
Downwash Angle in Degrees 1-5R Behind H elicopter Rotor
0-278R from Rotor Centre-Line Behind Retreating Blade
Blade angle = 8 deg
z 1, = 0 deg : i, = 15 deg 7, = 30 deg
% —
p=0:09 | @=0199" | 4=0-296 p=009 | u=0-192 1 =0-086
|
+1-0 90 3-4 1-0 7-0 1-4 3-7
+0-6 11-7 5-0 1-4 87 1-4 59
+0-4 15-9 54 39 11-9 1-6 7-8
+0-2 20-0 85 64 13-5 30 9-3
0 265 10-0 6-7 18-5 2-0 11-0
—0-2 26-0 11-0 3-5 16-5 1:7 4-2
—0-4. 29-3 83 4-7 12:7 3-3 3-9
—0-6 23.0 7-2 2:0 132 2-9 3-2
—0-8 18-0 5-2 20 -13-6 2-0 7-3
—1-2 11-5 1-6 0-9 .70 . 04 44
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TABLE 8
Downwash Angle in Degrees 1-5R Behind Helicopter Rotor

TABLE 7
Downwash «;/Cy (radians) 1-5R behind Helicopter Rotoy

0-278R from Rotor Centre-Line Behind Retreating Blade

_ Blade angle = 8 deg
Blade angle = 8 deg

0-199
0 deg

2

1, = 0 deg

i
0-75R from Rotor Centre-Line Behind Retreating Blade
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TABLE 9

Downwash o;|Cy (radians) 1-5R Behind Helicopter Rotor
0-75R from Rotor Centre-Line Behind Retveating Blade

Blade angle = 8 deg

2 i, =0 deg i, = 15 deg 1, = 30 deg
R u =0-099 po=0-199 | p=0-296 u = 0-096 @ =0-192 w = 0-086
; ‘

+1-0 0-11 0-18 0-12 0-12 0-13 0-11
+0-6 0-13 0-19 0-04 0-13 0-08 0-12
+0-4 0-16 0-22 0-05 0-16 0-10 0-13
+0-2 0-20 0-31 0-14 0-17 0-22 0-13
0 0-37 0-93 0-40 0-28 0-56 0-23
—0-2 0-52 0-29 0-18 0-58 0-51 0-51
—0-4 0-39 0-20 0-15 0-45 0-27 0-50
—0-6 0-24 0-12 0-15 0-32 0-13- 0-38
—0-8 0-21 0-11 0-12 0-22 0-10 0-14
—1-2 0-14 0-11 . 0-08 0-12 0-06 | 0-10
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