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1. INTRODUCTION
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Although turbulence, which is not being dealt with here, is the ultimate
Timiting factor in total energy variometry, aircraft induced perturbations
are sufficiently strong to make interpretation of the total energy variometer's
respanse rather difficult for the soaring pilot, or expressed otherwise: the
signal may be treacherous. Even in the absence of strong turbulence, disturban-
- ces may reach the magnitude of thermals encountered, or the polar sink rate.
This unfortunate state of affairs is due to fact that it is the TE-variometer's
transitional response - when entering a thermal for instance - from which the
pilot draws his conclusions on movement of the surrounding air, whereas the
steady state output is of 1ittle importance. This is aggravated by the glider
normaily being in a more or less unsteady state of flight at the very critical
moment, in pull up for instance, thereby reinforcing or producing additional
disturbances in TE-response. Nota bene, these are not at all errors to be
attributed to the variometer, but perturbations induced by the aircraft itself,
in various ways. .

The sheer impossibility to explain the TE-vario's response on board his
Standard Cirrus with the knowledge commonly available then, has induced the
author in {980 to commence the work, part of which is being reported here.
During the study one effect was investigated after the other, using simple
theoretical analysis, experimental work on the ground, and in flight measure-
ments. Every theoretical result was proved in flight. Results have allowed to
do away with some of the nuisances. Against others, there is no remedy.

According to the investigation, and also based on the results of talks with
pilot customers - the author produces varijometers and probes - the various
effects as encountered in practice are listed below, in descending order of
importance: =

1) Changes in probe pressure induced by the tail fin, by elevator def lection,
by wing and fuselage.

2) Accelerated motion of the glider.

3} Influence of air columns in the plane.

4) Side s1ip induced by control action or turbulence.

5) Errors produced by the probes themselves.

6) A1l other errors.

Unfortunately the first group of errors is the most difficult to predict, if
not unpredictable. These errors are amenable to measurement in flight nearly
only. Groups 2) and 3) are relatively simple deal with analytically. Group 4) is
even more difficult to treat than group 1), whereas probes can be investiga-
ted experimentally on the ground.

This report does follow a Togical order different from the one above.



2. INFLUENCE OF NORMAL ACCELERATION ON POLAR SINK RATE
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In 3 pull-up the wing has to produce increased 1ift to carry the acceleration
force on top of the weight of the plane. Increased 1ift means alsg increased £
drag, and increased drag means increased energy loss rate: the plane will sink
faster than at a load factor of i. How much faster?
There is a formal difficulty: In a pull up the sink rate is due to 2 things, o
energy 1oss of the plane, and the vertical component of the plane's velocity as
it proceeds on its generally inclined trajectory. Fortunately, here, a total
energy variometer - of the ideal kind - will only indicate the energy loss
rate, but will not be influenced by the vertical component of velocity itself,
which may be considerable indeed, gﬁ m/s easily, in a pull-up. We shall
therefore limit ourselves to the enrgy loss rate, directly indicated by an e
ideal te-variometer { the altitude variometer of the old times would respond
rather more to the vertical component of the plane's velocity ).

For c¢clarity we recall the total energy eguation:
E=1/2mvv +magH (a)

rearranging a bit, introducing air density, and differentiating with respect to
time, as does the te-variometer, we find the output of the latter:

I/mg d&/dt = 1/rho g x dg/dt  + dH/dt  (b)

where E = total energy of the plane
m = mass of the plane
¢ = earth's gravitational constant
rho = air density
q = dynamic pressure = 1/2 rho vv
H = altitude of the plane

We see that it is the rate of energy loss per unit of weight of the plane,
that the te-variometer indicates.

We also see that ijts output can be interpreted as a vertical speed in the
str1ct_sensg only, and only then, when the rate of change of dynamic pressure is
zero, implying stationary circular or straight flight. In the first case the
te-vario will indicate sink rate according to the "circular polar“, and in the
second according to the normal polar.

Even if it is not a real vertical speed, it being masked by the “"trajectory"
component, as a means to more easily interpret the term "energy toss rate per
unit of weight", it can be taken as an equivalent sink rate: its time integral

will give the altitude lost during a particular manoeuvre after return to the
initial state.

However in all cases, and at any time, the te-varioc will indicate the enerqy
Toss rate of the plane. -

As concerns the aircraft:

L =qgxAxc(l (1)
g =1/2 rho vv (2)
where L = Lift
A = wing area .
Cl = Lift coefficient of the plane

v = velocity of plane



Now T1ift must be equal to the sum of the mass forces acting on the plane: weight
plus acceleration forces, for simplicity expressed by the load factor indicated
by the g-meter.

L=mxgxn {3}
; where n = load factor
Drag of the plane is: D=qgxAx{d (4)
where Cd = drag coefficient.

It is to be taken into account that drag coefficient is a function of the
1ift coefficient. It can be deduced from the drag polar of the ptlane.
Drag, in combination with the plane's velocity will dissipate power
according to:
Nl =vxD ~(5)

where N1 = Power loss generated by
aerodynamic friction
This power must be equal to the energy loss rate of the plane expressed in
equation (a): .
N1 = dE/dt (6)

Substituting the weight specific energy loss rate in the te-vario equation (b)
above:

wt = 1/mg x dE/dt (6)
and rearranging equations (a) to (6) we obtain easily:
* Cl= 2mg/rho A x I/V* xn * (8)

* *

. 3
* wt rho A/2mg  x v x Cd{(C1) * (9)

1t

This system can be simplified by introducing the 1ift-, and drag coefficients
of n=1:

* Cln= n x Cl0 * (1)
* *
* wtn = Cdn/Cd0 x wt(Q * (11}

where: index 0 stands for stationary straight flight,
index n for accelerated flight.
vV = constant

With this system of equations interpretation becomes very simple indeed:

* To find the accelerated 1ift coefficient multiply the one measured in
stationary flight ( at veolocity v ) by the Toad factor.
* To find the accelerated "total" sink rate, multiply the statjonary cne

with the ratio: drag coefficient belonging to the 1ift coefficient of
a?ce;erated flight, divided by the drag coefficient of stationary straight
flight.
Figure 2.1 below shows the relations for the ASW 19.for flight with a load
factor of 2 for a flight speed of 170 km/h on the one hand, and about 90 km/h
on the other: the difference is most striking. At the high speed the relative

increase in energy loss rate is small, at the low speed end there is a dramatic
increase in loss rate, obviously due to induced drag.
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Figure 2.1: Changing load factor

By rearranging equations (8) and () one gets a set to transform the normal
potar into a set of "accelerated” polars:

L]
VEQ/rho x m/A x 1/C1 x @ n
2 1
V29/rho X m/A x Cd/CT™ x Vnﬂﬁg_,

meaning: the set of "accelerated® poiars is generated by multiplying velocity
with the root of the load factor, and by multiplying sinkrate by the third
power of that root. Figure 2 below shows the result, again for the ASW 19.
Taking the load factor of circular fiight: n = 1 / cos phi , where phi =
angle of bank, the accelerated polars apply also strictly to spiralling,
n=1,5 corresponding to an angle of bank of 48 degrees for instance.
There is no reason to believe that for Other types of gliders the fundamental
behavicur found will be much different.
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Discussion of the results obtained reveals:

* One should avoid large toad factors at Tow speeds if one does not want to
incur heavy energy losses, meaning losses in altitude, as a consequence.

* Large load factors, on the contrary are harmless at high speed.

* Load factors below | are even beneficial at Jow speeds.

Nota Bene: The accelerated polar is really different from the one generated by
increasing wingloading by the factor n. This is very simply due to
the plane's mass being different in both cases!

What is, now, the influence of normai acceleration, or the load factor on the
response of an - ideal - total energy variometer?
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