COANDA FLIGHT CONTROLS
Bob Collins – “The Engineer’s Engineer”
Abstract
Coanda is a disk shaped airspace platform with VTOL capability currently under development and which
forms part of a system intended for safe operation in civil Urban Area Management (UAM).
UAM using UAVs presents enormous engineering challenges, which are unlikely to be met using
conventional aircraft platforms, ref [4].
Coanda is just part of a system concept embracing above all safe, acceptable operation in urban areas.
The system concept includes low cost autonomous local area navigation capability, remote mission
instruction and terrain observation by cellular telephone technology.
Launch and recovery sites may be fixed or mobile and require as little as one square meter area or less with
facilities for electrical stored energy transfer. Flag pole launch and recovery is a possibility.
There is a long way to go but first things first – Coanda Flight Controls.
This paper presents the preliminary results of experimental work conducted to date on the Coanda airspace
platform concept as detailed in an earlier paper, ref [1]. Specifically, this paper documents experiments on
airflow over the airframe upper surface, lift trials, motor torque cancellation and airframe vertical axis
attitude control (steering). Horizontal attitude control and lateral propulsion have yet to be investigated. Data
on Coanda airflow, air accelerator (Compeller) design, Director (rudder) design and construction, measured
results of air flow and power requirements are included.
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1. Introduction
Ref [1] describes the concept of how an airspace
platform of circular or polygonal plan form,
relying on the Coanda effect to produce lift and
with VTOL capability, might be employed in
urban area monitoring.
The platform features passive flight controls,
which are believed to be a novel feature for
VTOL aircraft. Another unusual feature of the
concept is that it will have the capability of flight
in any horizontal direction without the need to
change its vertical axis attitude.
The platform is referred to as Coanda, and this
paper details the experimental work on the sixth
development model as well as discussing future
planned development.

Pictures of Coanda from an earlier paper, ref [1].
Coanda is a disk shaped airspace platform with a
motor or engine at its centre. The motor drives a
disk fan called the Compeller.
The accelerated air leaving the Compeller
attaches to the upper surface of the airframe by
the Coanda or wall attachment effect and is thus
deflected downwards by its curvature.
Ambient air above the airframe, but which does
not pass through the Compeller, is entrained into
the air stream from the Compeller adding to the
mass of air accelerated over the upper surface as
well as resulting in a partial air pressure reduction
above the airframe. These are additional lift
factors.
On leaving the lower rim of the airframe, an
additional component of lift is generated by the

mass of air accelerating from the upper surface in
a downward direction at the airframe lower rim.

that the air stream is attached to the surface and
following the surface profile.

An advantage of the circular configuration is its
potential to move horizontally without
necessitating change of vertical axis attitude and
this promises significant simplification in the
control of onboard sensors. Camera direction
control will be simpler for example.
2. Objectives
The first objective of the investigation is to
determine the control parameters on which a
practical flying design might be based.
Coanda flight control consists of three functions;
lift, attitude and translational movement. This
paper discusses lift and attitude control about the
vertical axis. Motor torque cancellation is
combined with airframe vertical axis attitude
control. Translational movement and horizontal
attitude are not addressed in the present paper.

Figure 1

Flight control functions will be described
separately, although there are degrees of
interaction between them, as would be expected.
The experiments are designed firstly to study the
flight controls independent of their interactions,
and then to explore these interactions at a later
date.
Entrainment is a factor contributing to lift, which
is not directly controllable. This was mistakenly
referred to in the earlier paper as induction.

Figure 2

Lift then is the first flight control that will be
considered. After this, attitude control about the
vertical axis and motor torque cancellation will be
discussed. Attitude control about the horizontal
axis, and the control of lateral propulsion are yet
to be investigated.
3. Over the surface airflow experiments
The purpose of the following series of pictures is
to provide an intuitive demonstration of the
Coanda effect on the air from the Compeller, and
how it might be applied to an airspace platform. A
video record of instrumented measurements is
available which will be discussed later but these
pictures simply demonstrate the effect.

Figure 3

An array of short foils (Post-it notes) are arranged
on the upper surface and with the Compeller
stationary, the foils are arranged to lay
horizontally as far as is practical. This is shown in
Figure 1.
Figure 2 is with the Compeller running at about
1300 RPM, producing a radial air velocity of just
over 7.5m/s at the Compeller edge. This picture
shows the foils deflected downwards indicating

Figure 4

Figure 3 shows the Compeller stationary again as

Figure 5
in Figure 1, and shows that the foils have more or
less returned to their original horizontal positions.
The last picture in the series, Figure 4, shows the
effect with the Compeller rotating at 1300 RPM
again as in Figure 2.

Anemometer positions 2, 3, 4 and 5 are as close
as practical to the Coanda surface, whereas
anemometer positions 6, 7, 8 and 9 are raised
from the surface by approximately 25 to 30
millimetres.
A side elevation view of the instrument positions
is provided in Figure 7. The results clearly
indicate that the maximum air speed is confined
to the Coanda surface and follows the curvature
of the surface.
The results also confirm that the air leaves the
surface at the bottom rim approximately
tangentially to the surface at roughly 45 degrees
to the horizontal as predicted by the design of the

4. Airflow measured results
A series of air flow measurements about the
Coanda surface were made in the manner
illustrated in Figure 5. These measurements are
aimed at establishing the airflow pattern rather
than absolute values of airflow velocity. The
results of these measurements are in Table 1
below.
A moving vane anemometer was used to collect
the data from the positions indicated in Figure 6
below. The solid arrows indicate the direction of
maximum airspeed recorded.
Anemometer position 1, directly above and axial
to the Compeller measures the air speed into the

Figure 7
surface curvature. A video record of these
experiments is available.
Anemometer positions 10, 11, 12 and 13 measure
the velocity of ambient air entrained into the air
stream leaving the Compeller as predicted. This
entrainment is attributed to turbulence in the
upper layers of the Compeller air stream.
The entrained air adds to the mass accelerated
over the upper surface and together with the
partial ambient air pressure reduction above the
airframe is a significant contributor to the lift as
predicted (Ref.[1]).

Figure 6
Compeller, whereas all other anemometer
positions measure the speed of air leaving the
Compeller or the speed of entrained air.

Anemometer position
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Air speed m/s
4.06
4.06
2.54
2.03
1.52
1.02
1.02
1.02
1.02
0.56
0.51
0.36
0.36
1.52

Table 1

Interestingly, entrainment occurs over an area
greater than the plan area of the airframe.
What this series of measurements fails to
determine is “wirl”, that is the tangential velocity
of air leaving the Compeller. The significance of
this will be apparent later when motor torque
cancellation and aircraft vertical axis attitude
control or steering are discussed.
5. The lift control function

Figure 10

Figure 8
Before describing the lift experiments there is
need for a few word of explanation concerning
the Compeller, as this is one of the most
important aspects of the Coanda concept.
The Compeller has to draw air in axially and
accelerate it radially. A well documented design
approach and nomenclature based on the
centrifugal compressor for gas turbine engines
ref.[2] has been adopted.

Figure 11

In gas turbines it is referred to as an impeller
because it impels air into a diffuser. As there is no
equivalent to a diffuser in Coanda, the term
Compeller has been adopted. However, in most
respects they are the same.

Figure 12

Figure 9
The Compeller has been a difficult part to
fabricate particularly as the mathematical model
being used predicts a potential need for a
rotational speed of about 8000 RPM.

Figure 13

Above is a series of five pictures of the
fabrication process:

15 showing the radial air speed, as distinct from
the tangential or wirl air speed, being measured.

The first picture of the series, Figure 9 shows one
aluminium blade being profiled from a 2:1 scale
template. Figures 10 and 11 show a profiled blade
in the process of being assembled into a forming
jig.

Figure 15
In order to determine how much power is used to
accelerate the air, it is necessary to determine how
much power is in effect wasted on rotating the
mass of the Compeller and motor armature.

Figure 14

This has been done by replacing the Compeller
with a plain metal disk approximately the same
size and weight and then measuring motor speed
and power consumption.

Figure 12 shows twenty-four formed blades
arranged in a circle, and the last picture in the
series, Figure 13, shows the blades in a jig for
final assembly.

This disk is referred to in the table as the dummy
disk. The data is presented in Table 2 and the
graphs in Figures 16 to 21 below, and may be
compared to the data obtained from rotating the
Compeller.

The next step was to attach the Compeller to a
motor in order to collect data on air speed and
power consumption.
The first setup is depicted in Figure 14 showing
the motor and Compeller assembly and in Figure

Volts
RMS
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

Motor Unloaded
Amps PowerSeconds R P M
0.28 14
0.02
3000
0
0
0
0
0.36 36
0.007 8571
0
0.38 45.6 0.0055 10909
0
0
0.4
60
0.0045 13333
0.41 65.6 0.0041 14634
0.42 71.4 0.004 15000
0.44 79.2 0.004 15000
0.45 85.5 0.0039 15385
0.45 90
0.0038 15789

In Figure 22 the airframe is mounted on a vertical
torsion balance for torque measurement trials to
Measured
Air Radial
R P M Amps PowerSeconds R P M Velocity m/s
1000 0.3
15
0.2
300
2000 0.34 20.4 0.162 370
2308 0.43 30.1 0.12
500
2857 0.52 41.6 0.1
600
3529 0.61 54.9 0.083 723
4000 0.73 73
0.076 789
3.81
4286 0.86 94.6 0.068 882
4615 0.94 112.8 0.063 952
5000 1.1
143 0.059 1017
5455 1.2
168 0.055 1091
5714 1.25 187.5 0.051 1176 6.604
6000 1.3
208 0.05
1200
6667 1.35 229.5 0.048 1250
6818 1.48 266.4 0.046 1304 7.62
6818 1.48 281.2 0.045 1333
0
0.045 1333
0
0.044 1364

Dummy Disk
Amps
0.275
0.34
0.4
0.45
0.53
0.57
0.63
0.69
0.75
0.79
0.84
0.9
0.93
0.975
1.06

PowerSeconds
14
0.06
20
0.03
28
0.026
36
0.021
48
0.017
57
0.015
69
0.014
83
0.013
98
0.012
111 0.011
126 0.0105
144 0.01
158 0.009
176 0.0088
201 0.0088
0

Table 2

Compeller

Figure 16

Figure 17

Figure 18

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Figure 24

Figure 25

be discussed later. The airframe mock-up simply
provides a profile of the upper surface. It is
fabricated from epoxy glass composite on a balsa
wood frame. Figure 23 shows the underside. It is
not designed to fly.
6.

factor contributing to lift but further work
remains.
There is strong evidence to support this view as
has already been mentioned.
A video of approximately eight minute duration of
a one-metre diameter tethered Coanda surface
and Compeller rotating, powered by an electric
motor is available. Air speed measurements are
made at various points on and around the
Coanda surface, confirming the airflow patterns.
The demonstration also confirms significant
ambient air entrainment.

Wirl.

Figure 24 is a plan view of the airframe and
Compeller. In this experiment the foils have been
replaced with silk filaments on a white strip
background to demonstrate the tangential or wirl
component of air velocity. With the Compeller
stationary, the filaments are more or less
randomly distributed.

8.

The object of the next experiment is to
demonstrate the lift produced, and in doing so
just one of several possible methods of lift
control - that is motor speed - was used. This is
the most straight forward but not the best method.

Figure 25 shows the Compeller rotating, and the
fibres are slewed as might be expected.
The wirl velocity is an important consideration in
the design of vertical axis attitude control and
motor torque cancellation. However, so far it has
not been possible to quantify the wirl velocity.
Motor torque cancellation and vertical axis
attitude control are discussed later.
7.

To do the first lift experiments it was necessary to
impose rotational movement constraints on the
airframe to counter motor torque as there is no
vertical axis attitude control fitted at this stage.
Recall (Ref.[1]) that vertical axis attitude control
as well as motor torque cancellation is a function
of the Director. The Director is the ring of
steerable vertical airfoils surrounding the
Compeller.

Entrainment

So far attempts to quantify the contribution to lift
due to entrainment have not been possible, and
such experiments that have been carried out do
not have visual impact. Never the less
entrainment is considered to be an important

Volts
RMS
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
...
225
...
270

Motor Unloaded

Figures 26, 27 and 28 in the series are views of
the lift test rig. This is a swinging arm balance

Dummy Disk

Amps PowerSeconds R P M
0.28 14
0.02
3000
0
0
0
0
0.36 36
0.007 8571
0
0.38 45.6 0.0055 10909
0
0
0.4
60
0.0045 13333
0.41 65.6 0.0041 14634
0.42 71.4 0.004 15000
0.44 79.2 0.004 15000
0.45 85.5 0.0039 15385
0.45 90
0.0038 15789

Amps
0.275
0.34
0.4
0.45
0.53
0.57
0.63
0.69
0.75
0.79
0.84
0.9
0.93
0.975
1.06

Lift experiments

PowerSeconds
14
0.06
20
0.03
28
0.026
36
0.021
48
0.017
57
0.015
69
0.014
83
0.013
98
0.012
111 0.011
126 0.0105
144 0.01
158 0.009
176 0.0088
201 0.0088
0

MA
RV* Mass Lift
R P M Amps PowerSeconds R P M (m/s) (g)
(N)
1000 0.3
15
0.2
300
2000 0.34 20.4 0.162 370
2308 0.43 30.1 0.12
500
2857 0.52 41.6 0.1
600
3529 0.61 54.9 0.083 723
4000 0.73 73
0.076 789 3.81
4286 0.86 94.6 0.068 882
4615 0.94 112.8 0.063 952
50
0.498
5000 1.1
143 0.059 1017
5455 1.2
168 0.055 1091
5714 1.25 187.5 0.051 1176 6.60
47 0 0.697
6000 1.3
208 0.05
1200
6667 1.35 229.5 0.048 1250
80
0.797
6818 1.48 266.4 0.046 1304 7.62
6818 1.48 281.2 0.045 1333
0
0.045 1333
90
0.897
0
0.044 1364
100 0.996

Compeller

175
*=

Measured Air Radial Velocity
Table 3

1.744

Figure 26

Figure 27

Figure 28

Figure 29

with adjustable counter weight used to counter
the dead weight of the trial airframe.

Figure 30 is a picture of the Director, which
fulfils this function:
The Director consists of a ring of vertical airfoils
which surround the Compeller.

Figure 30
Figure 29 is from a video sequence showing the
lift experiment. This video clip is available.
The lift data from this experiment has been
appended to the results of the earlier table to do
with Compeller power - see Table 3 above.
9.

Torque and attitude control

As already mentioned, the air from the Compeller
has a tangential component of velocity, termed
wirl. The angle of wirl is termed slew. The slew
can be modified by simple passive airfoils to
effect motor torque cancellation as well as to
control the attitude about the airframe’s vertical
axis.

Figure 31
There are two arrangements: the black airfoils are
individually adjustable in yaw angle, and serve as
trim controls whereas the white airfoils are
ganged to effect steering or vertical axis attitude
control.
It is to be anticipated that there will be a dynamic
relationship between varying motor torque forces
and motor speed lift control when this is used.
Consequently the yaw angle of the airfoils will
need to be adjusted dynamically. However, this is
a simple matter as the airfoils are not in rapid

motion and might be achieved with a simple servo
arrangement.

Figure 32

Drive
Voltage
(RMS)
90
100
110
120
130
140
150
160
170
180
190
200

Rotation Period from Standing
Start (seconds per revolution)
Sample 1 Sample 2 Sample 3
13
12.4
12.6
10
10
10
9
9
9
8.2
8.1
8.1
7.5
7.2
7.8
6.6
6.5
6
6.1
6.5
6.5
6
6.3
6.1
5.6
6
6.1
5.6
5.6
6
5
5
5.3
4
5

Average
12.7
10
9
8.1
7.5
6.4
6.4
6.1
5.9
5.7
5.1
4.5

Table 4

The trim airfoil yaw angles are set to counter
motor torque at approximately mid power range,
such that the ganged airfoils effect maximum

Figure 35
The next picture sequence is of the torque and
vertical axis attitude control test rig.

Figure 33
vertical axis attitude control above and below the
mid power range.
10.

Torque and attitude trials

Figure 31 is a picture of the Coanda airframe with
the Compeller and Director mounted for trial.
The monochrome colour scheme is designed to
provide maximum photographic and video
contrast.
Figure 36
Figure 32 shows the test rig, consisting of the
swinging arm balance shown earlier but modified
with the addition of a vertical torsion balance.
Figure 33 is a close-up of this part of the rig.
Figure 34 shows the airframe mounted on the rig
ready for torque measurements. In this picture the
Director has been removed, and its mounting
aperture has been blanked off.

Figure 34

For this trial the swinging arm balance has been
fixed to prevent movement, so that only torsion is
measured.

The initial intention was to measure the turning
torque at the periphery of the airframe but this
proved not to be possible with the instrumentation
available.
The alternative was to measure turning rate for
various motor speeds. For convenience the
turning rates were measured against motor drive
voltage and these results are provided in table 4
and Figure 35 above.
A repeat of the experiment was then attempted
with the Director torque cancellation and vertical
attitude control fitted as illustrated in Figure 36
above.
The intention was to measure the turning rate of
the airframe for the same range of input power
levels and to progressively adjust the yaw angles
of the Director.
Firstly the black trim airfoils were adjusted to
more or less the same yaw angle of approximately
5 degrees with the motor running at mid power
levels.

For this experiment the swinging arm balance and
vertical torsion balance were employed. This is
shown in Figure 37 above.
The intention was to establish as effectively as
possible, a stable vertical axis attitude
configuration, whilst increasing motor power to
establish lift.
It was anticipated that this would be unlikely to
be satisfactory, due to the absence of any
automatic attitude stabiliser such as a servo, as
well as the limited degree of airframe rotation
permitted by the torsion balance.
This experiment is captured as a video sequence
with reasonable indications that motor torque
cancellation, vertical axis attitude control as well
as a measure of lift can be sustained. However, at
the time of writing the effects have not been
quantified.
The lift indicated by this experiment is, however,
reduced from that measured earlier without torque
and vertical axis attitude control in place.
There is little doubt that this is due to the low
power levels employed, and possibly ineffective
Compeller design. Energy to effect torque
cancellation and attitude control detracts from the
energy available to provide lift. This is not an
unanticipated result.
12.

Further work

In order to extend these experiments it is
necessary to increase the power budget, as well as
the effectiveness of the Compeller. Undoubtedly
the present Compeller design is too massive at
nearly 200 grams.
Figure 37
It was possible to completely cancel the tendency
to rotate the airframe at mid power but as
expected the airframe rotated due to torque forces
below mid power and in the opposite direction
above mid power.
It proved a straightforward matter to adjust the
ganged vertical axis attitude control airfoils to
effect any stable rotational attitude for a given
power setting.
A video record of this experiment is available.
11.

Lift, vertical axis attitude and torque
control measurement

The purpose of this experiment was to ascertain
lift whilst maintaining motor torque control and
effecting vertical axis attitude control.

There are also doubts about other aspects of the
present Compeller design.
The motor presently used is continuously rated at
less than 25 Watts, designed for domestic
appliances and only employed as a low cost
means of data collection. It is significantly over
driven in the experiments. A higher performance
motor is essential.
Servo control of the Director linked to motor
drive is necessary.
The matters of horizontal propulsion and
horizontal attitude control are yet to be
investigated.
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