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NATIONAL ADVISORY COMM@TTEE FOR AERONAUTICS.
TECHNICAL MEMORANDUM NO. 459.

VARIABLE PITCH PROPELLERS.*
By He. L. Milner.

It is generally recognized that a variable pitch propeller
would greatly improve the performance of an airplane or airship
and it is proposed in this report to explain the Gloster Hele-
Shaﬁ Beacham Variable Pitch Propeller. Before proceedihg to the
‘description we can, with advantage, examine the general flow of
air past a propeller blade and the poésible effect of varying
the pitch.

Consider a fixed pitch propeller rotating at n revolu-
tion per second travelling with a forward speed V feet per
second., Figure 1 illustrateg the flow of air relative to a
typical section of the propeller blade at a radius R from the
axis of rotation.

This section is travelling in the plane of rotation with a
veloclty 2T Rn and simultaneously moving forward with veloc-
ity V. A 1is the fixed angle between the blade section and the
plane of rotation. Then according to this elementafy theory
the veloclty of the wind relative to the blade is Vg and the
angle between the chord of the blade section and the direction of
Vw 1is the angle of attack (a).

Suppose now that the rotational speed is maintained but the

*From "The Gloster," Sept.-Dec., 1937, Vol. III, Nos. 3 and 4.
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forward speed is reduced to V, . The relative wind velocity
becomes Vy, and the angle of attack Oy -

The modern conception of propeller theory is rather more
elaborate than the foregoing, allowance being made for inflow
veloclity and slip stream rotation which modify our Vi both
in direction énd magnitude but for the present purpose we can
neglect these refinements. |

Reverting to Figure 1 we?see that the angle of attack «
depends on the forward speed V and speed of rotation n. Fur-
ther, if ¥V and n were reduced in the same ratio o would
not be affected.

During a climb the engine R.P.M. are lower than at forward
top speed. The airplane speed also falls but more rapidly than
the R.P.M. Hence it is clear that the propeller operates at a
greater angle of attack during a climb than at top speed.

The efficiency of the propeller depends to a great extent
on o and there is a cértain'oritical value of the angle of
attack which, other things being equal, will give maximum effici-
ency. It is this angle which the designer contrives to attain
in designing the propeller. Hence it is obvious that'a propeller
designed for top speed in level flight will not give the best
possiblé results in climbing or at any speed other than the de-
signed condition.

The consideration of take-off ig important. When an air-

plane commences its rum, due to the low forward velocity, the
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propeller efficiency is diminished and, further, the engine Tev-
olutions are pulled down owing to the braking effect of the pro-
peller so that the engine gives legs than its maximum power.

This combined with loss of propellér efficiency seriously reduces
the power available.

With a supercharged engine considerably greater variations
of forward speed occur and the propeller efficiency correspond—
ingly suffers. There are also big variations in the power avail-
able at altitudes. .

Let us consider an airplane with a fixed pitch propeller
fitted with a supercharged engine giving a constant torque at
all air densities up to the designed height h in Figure 2.

Heglecting corrections for slip stream effect, consider
points on the "horsepower required curves" related so that the
attitude of the airplane is the same at corresponding points of
the curves drawn for ground level and height h.

If the velocity and deusity at height h are denoted by
Vn and Py zrespectively, and Vo, Po refer to ground level,

the weight of the airplane W which is regarded as constant
= 0, Pn Vn® = C, Po Vo?
where O, 1s a constant
. o Vu/Vo = (0, /op) Y3

If H 1is the horsepower required

H = XpV®
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where X 1is constant for any giﬁén attitude

L H/Hy = oy V3/pg Vo = Y /Y.

Hence for similar attitudes'in different densities the
power required is proportional ﬁé the forward velocity V, and
if we are given a ground level "power required curve" Ay, Bg,
Co, We can easily construct a similar curve for any height h
where the density is  pPp.

To find the point on the altitqde curve corresponding to
Co, we have OD = Vo

find  OE so that OE/OD = Vn/Vo = (Po/Pn)*"?.

Join 0@y and produce, where the ordinate from E cuts
this line we have a point on the new curve corresponding to Cqe.

For any other point Py on the original curve draw OPj
and produce. dJoin PoD and make PnE parallel to PoD then
P, 1is the corresponding point on the new curve for height h.

Now consider the airplane flying at top speed Vy at height
h with a fixed pitch propeller designed for that altitude and
maximum permissible R.P.M. of mnp.

Also suppose the airplane to be fitted with a gsupercharged
engine giving a constant torque Q at all heights up to 25,000

feet then ’
Q = F(V/nD)pen?

where F(V/nD) is independent of the density and for a given

propeller depends only on the ratio V/n.
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Let the airplane fly at ground level with the same V/n
as at height h but not necessarily at the same attitude. Then
Vo/ng = Vp/nh,

also Py Np® = Pp n&? since the torque is constant

o o ph/po 2_(n0/nh>2a

but from a consideration of the airplane characteristics we have

already seen that at corresponding attitudes and level flight

p‘n /pO = (vo/vh>2

. . no/nh = VO/Vh

Hence the condition that V/n should be constant in differ—
ent densities is satisfied by level flight at constant attitude.
If P, and P, are the powers available at height h and

ground level regpectively, since the torgue is constant we have
2
Po/Py = no/np = (ph/po)l/ = Vo/Ty.

Thus the available horsepower is proportional to the forward
speed for similar attitudes in different densities, and if
"Lp Cn 1s the "available horsepower curve" at height h, a con-
struction similar to that used for finding the "horsepower re-
quired curve" can be employed for deriving the horsepower avail—
able curve for any other height.

The construction is shown in dotted lines in the figure, and

we arrive at the "power available curve" L, Cy for ground level
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having given the corresponding curve Ly Cn for height h or
vice versa.

Or briefly, if we are given "horsepower reduired" and "horse- .
power available! curves for ground level where the density is
Pp,» the corresponding.curves for altitude where the density is
Ph can be obtained by multiplying the coordinates of the original
curves by (po/ph)l/g.

With an engine supercharged to 35,000 feet and the propeller
designed for top speed at that altitude at maximum permissible
revolutions the thrust horsepower at ground level will be reduced
to (pn/pe)*® = .66 +the power at 25,000 feet.

Thus there is a loss of 54% of the original power and in the
case of a supercharged engine giving 500 HP. at 35,000 feet, this
loss will be 170 HP. During a climb the loss will be'even great-
er than this and will probably amount to 40% or 200 EP.

This loss can be greatly reduced by the use of a variable
pitch propeller running at constant R.P.M., thus giving consid-
erably greater available power for taking off and climb, at the
same time permitting increased forward speeds at ground level.

Many attempts have been made to provide a propeller in which
the pitch could be changed during flight.

A@art from the ﬁropeller to be presently described, these
variable pitch propellers can be grouped into two classes:

(a) Those in which the pitch variation is effected by cen-

trifugal force or a combination of centrifugal force and wind
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pressure.

(b) Propellers in which the pitch is altered by the manual
effort of the pilot or the force necessary to change pitch is
supplied by the engine through the medium of a relay gear under
the pilot's control.

Propellers which come undér class (a) suffer from the disad-
vantage that the pitch increases with engine R.P.M. and that there
is no control over the actual pitch. This obviously does not
agree with the requirements during take-off where maximum R.P.M.
and fine pitch are necessary in order to obtain the greatest
thrust. Propellers of class (b) have been used with a certain
measure of success but unfortunately apart from the mechanical
difficulties involved, they impose additional duty on the pilot,
who 1s already overburdened with instruments, and in most cases,
_these propellers call for great physical efforsb.

The Gloster Hele-Shaw Reacham Variable Pitch Propeller is

entirely automatic in its action but at the discretion of the
pilot the R.P.Mf. can be varied at will to suit the requirements
of the airplane. By means of a control wheel or lever the pilot/
set the gear to a given R,P.M. after which these revolutions

will be maintained at a constant value automatically. Practical-
ly no effort is required to adjust this control and if set on

the ground, say, for 2000 R.P.M. the airplane will take off,

climb and fly at any altitude at the same R.P.M. If, after reach-

ing a given height, the pilot desires to cruise at some other
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spesd, say, 1800 R.P.l., he cen give his control lever the cor-
responding setting and the mechanism will then maintain 1800
R.P.M. under any condition until the control is again adjusted.

The mechanism is shown more or less diagrammatically in
Figure 3.

A is the propeller hub carrying blades B, B, which can
rotate in the hub, the centrifugal force of the blades being
taken by ball thrust races. C 1s the propeller shaft dri&en
by the engine and attached to the hub through a flanged coupling.
To the front half of the hub is rigidly attached a piston D
working in a cylinder E to which two tie rods F, F, are
fixed. The other ends of the rods are screwed to a sleeve G,
arranged concentrically with the propeller shaft so that it can
slide fore and aft on bosses projecting from the hub. Short
connecting rods H, H, attach sleeve G to crank pins I, I,
fixed to the blades of the propeller. Thus when the cylinder E
is displaced, the crank pin and blades are given a corresponding
displacement.

Running through the center of the propeller are three oil
pipes 1,}8, and 3. The first two pipes communicate Withyoppc~
site sides of the piston D; the functicn of the third pipe
will be explained presently. All these pipes rotate with the
propeller, a rotating oil-tight joint being provided at R.

Now suppcose we supply oil under pressure to pipe No. 1.

Because the piston is fixed the cylinder E will move to the
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left giving a corresponding angﬁlar movement to the propeller
blades. A reverse displacement will take place if the o0il pres-
sure is supplied to pipe Np. 3.

We now come to another important part of the mechanism. A
~ variable stroke pump J and governor X are driven by the en-
gine., A peculiarity of this pump is that at éteady R.P.M. not
only can the delivery be modified by varying the stroke but the
flow can be reversed if the stroke is altered sufficiently. The
governor is connected through suitable links to the stroke rod
of the pump and spfings controlling the governor are arranged so
that when the latter is running at normal speed there is no stroke
and consequently no delivery from the pump. An increase of R.P.M.
will cause the governor weights to fly outwards and give stroke
to the pump, causing the latter to pump oil in one direction.

A reduction of R.P.M. below the normal will reverse this
flow. Pipes 1 and 3 in the hub are connected through the rotating
joint R +o the pump. Thus when pipe 1 is under pressure from
the pump, pipe 2 is on the suction side and vice versa.

Branches from these two pipes lead to non-return valves
L, L, which make up any loss of oil due to leakage.

Let the direction of rotation of the propeller be such that
a movement of cylinder E +to the left will increase the pitch,
then the pﬁmp is so arranged that when the governor "opens,' oil
is pumped into pipe No. 1, and sucked from pipe ¥o. 2. A reduc-

tion of R.P.M. reverses this order. To provide control over the
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speed at which the governor will float, a spring M is incor-

. porated in the governor meohanism. This spring being adjustable
by means of a handwheel N thus determines the normal speed at
which the governor will assume its mid-position.

Having set the control wheel to any désired R.P.M., with the
pitch of the propeller at normal, suppose the forward speed of
the airplane to increase. This will involve an increase of
R.P.M. of the engine and governor which then causes oil to flow
into pipe 1 and thence to the front cylinder, resulting in an
Mincrease of pitch accompanied by an increase of propeller torque
and this process will continue until the R.P.M. is brought down
to normal. Similarly a reduction of forward speed causes a re-—
duction of pitch such that normal R.P.M. is resumed. Thus under
all conditiong of flight there is only one possible R.P.M. for
a given setting of the control wheel,

The maximum travel of the cylinder in either direction from
the normal position is limited by suitable stops and in the event
of either of these positions being reached very high pressures
would occur in the oil system without some provision for releasing
the o0il. This possibility is avoided by incorporating relief
ports P, and B, in the piston which communicate with the third
pipe. When the cylinder approaches its ext:eme position one of
these ports is opened and the oil is permitted to circulate via
pipe No. 3 through the non-return valve and back to the pump.

The possibility of a failure of the hydrauiio system is re-
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mote but shouid this take place aiﬁowerful spring 8 contained
in the sleeve G will return the propeller to normal pitch irre-
spective of the position of the blades at the time of failure.

I% will be noted that there are no glands or packings any-
where in the system, which is kept full of oil by arranging a
connection between pipe 3 and an oil tank (usually the engine
supply tank), any leakage which may occur being made up-by a
oompensating amount passing one of the two non-return valves,
i;é., the valve which at the moment happens to be on the suction
side of the pump, and any oil escaping from the system can be led
back to the engine crank case, thus ensuring fhat there is abso-
lutely no waste or loss of oil due to this ﬁydraulic circuit.

The use of oil for the hydraulic medium has one obvious ad-
vantage in that all the working surfaces are perfectly lubricated
and wear is practically eliminated.,

The question mow arises, will the propeller be stable in its
action or will it tend to hwunt like some familiar examples of’
steam engine, the speed constantly rising and falling but never
settling down to a steady state.

The answer is given by the curve of Figure 4, showiﬁg how
the R.P.M. vary with time after giving the engine and propeller
the maximum impulse possible. At the start when %t = o the. pro-
peller is supposed to be idling at 1900 R.P.M., with the engine
switched off and throttle fully opem and the airplane travelling

at 390 ft. per sec. The B.HP. of the engine is 530 HP. and moment
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of inertia of the propeller and rotating parts 240 1b. per sq.ft.
The power is suddenly switohed:on and the revolutions rapidly
increase. Within .5 second the hydraulic gear has taken charge
and almost as rapidly causes the speed of revolution to fall back
to nmormal. Just before 2 seconds have elapsed~fr5m the start
the speed becomes normal but the propeller being now slightly
overpitched, the R.P.M. fall about 25 per minute below normél,
then gradually build up to normal again, overshooting the mark
by a very small margin, after which a steady normal speed is.
maintained.

Even in this extreme case it is clear that the mechanism
has complete control over the speed but such a sudden application
of power is not likely to occur in practice. It takes an appreci-
able fraction of a second to open a throttle, and if this is
done in a rational manner, we can say that the pitch will adjust
itself simultaneously with the throttle so that the R.P.M. would
not wander very far from the normal value corresponding to the

pilotls setting.
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