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INTRODUCTION

From the familiar construction of
Fig. 1, it will be seen that if the
average achieved rate of climb is Y

then the optimum gliding speed between
thermals will be Ul. If, however,

the sailplane is actually flown at UZ’

there will be a loss in average speed
GUX. In principle, this loss in

speed for a particular situation can
be assessed by performing graphically
the construction shown in the diagram.
In practice, it is difficult to do so
accurately: one is trying to assess
a second-order error and the result
obtained is very sensitive to in-
accuracies in the plotted performance
curve and the practical difficulty of
locating the point of tangencye.

It therefore seemed useful to
derive a general analytical expression
enabling the error to be easily
assessed under any conditions,
purposes such as examining the
effects of errors in variometer in-
dications,.

for

Throughout this note, all speeds
are assumed to be "equivalent",

The Dimensionless Performance Curve

As Goodhart (Ref. 1) has noted,
a good approximation to the drag
coefficient of a sailplane in a given
configuration is
(1)

= 2
CD = CDO + KCL

In this expression, the second
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term is not simply due to the vortex
drag: it also includes a contribu-
tion due to the dependence of the
profile drag on 1ift coefficient and
wing Reynolds number. In total,

this second term is often 25% or more
in excess of the vortex drag cone-
tribution.

Ir e%uation (1) applies, it may
be shown (Refs. 2, 3) that the per-

formance curve corresponds to the
dimensionless expression

v, =3 (@ + 1D,

where U = U/UO

(2)

and v_ =

s Vs/vs *

Q

U and ?s are therefore dimension=-
less speeds obtained by dividing the
actual forward speed and rate of
descent by the values appropriate to

(L/D)max'

The optimum condition of Fig. 1
corresponds to the criterion

(3)

Equation (3) is the normal Mac=
Cready criterion expressed in terms
of the dimensionless quantities.

In general, if the sailplane is
flown at U between the thermals, the
average croass-=country speed will be:



where

T=T
less cross=country speed will be

a'ﬁl(ffi - 1/5,)
(207 - 1/8)

[ij
x
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FIGURE 1.

(4)

It then follows, from equations
(2), (3) and (4) that, when

the corresponding dimension-

1 2

i]
X1

s (5)

(6)
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Effect of Flying at the Non-Optimum

Speed
It also follows from (2), (4) and

(6) that, if the sailplane is flown
at I.I’2 during the glide with the same

average rate of climb Vs the average
cross=country speed becomes
= EUE(Ul l’U1> 7)

Ux =

% 2(tfl3 - 1/T,) +(ﬁ23 + 1/T)

_ If, in equation L?), we now_put
Ux Ux + sU_ and U2 = Ul + 50,

2 1
we can expand this expression in the
usual fashion,
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After some manipulation, we com=
pare it with equation (5) and find
that

o
= e et
T, [, V] [
e B s =
Ux 207 - l/I_I1 Uy

Reverting to dimensional quanti=-
ties, this can alsc be written

4 4 o
iy [P *Eg | PR i)
T ¢ S e oo
X EUl - UO Ul

S50, knowing the optimum glide
speed U; and the speed for (I/D)maX

in this configuration, Uo’ the effect
of errors in Ul may be found.

If equation (9) is written

_U_“”x . w3 LEEL S (10)
x Ul

then E is easily found for various
values of Ul/Uo’ i.es of U;e It

will be seen from_lig. 2 that, for

likely values of U,, 1t lies between
1.1 and 1l.3%. Undef typlical circum=-
stances, a 10% error in U, will lead

to a loss of about l.2% in average
cross=country speeda

Example A Standard-Class glider has
a speed for (L/D)InaX of 46 knots

(85 km/h)., It is being flown under
conditions such that the optimunm

glide speed is 69 knots (128 km/h).
The maximum average cross—country
speed would then be 39.5 knots

(73 km/h). Since Ul = 15, B dg 1ol

If the glide speed differs from
the optimum by 10% (i.e. 7 knots,
1% km/h), the loss in average speed
will be 1.14% (i.e. O.45 knots,
0081} lcm/h).

Conclusions  Since we are considering
departures from an optimum conditiom,
it follows that errors in gliding
speed will have a second~order effect
on the loss in average speed, as

shown by the foregoing analysis. The
example indicates that quite notice=
able errors in gliding speed have only
a small effect. However, champion=
ships are won or lost by quite small
margins so one concludes that, whilst
it is worth making reasonable efforts
to optimise the gliding speed, it is
hardly worth going to great trouble

to achieve precision., In any case,
the available data (e.g. on average
rate of climb) is not usually suf-
ficiently accuraté to enable one to
do 50,

It is much more profitable to
cultivate one's skill and judgement
in the pursuit of improved rate of
climb, since this quantity has a
first-order effect on the average
speed,

It may be shown from the fore-
going equations that, under optimised
conditions, an increase in rate of
climb 8V improves the average speed

by 6UX where

; 4 4
GUX B Ul + U?{ rSVC § (11)
U - _'gr' - v
X BUl - UO c
& .
or "EE = P EEE . (12)
U -7 v
X c

_ I varies from 1 to 1/3, depending
on Ul’ as shown in Fig., 3. In the

case considered in the example above,
it would have a value of Q.435. An
increase in average rate of climb of
3%, ilees from 3,73 knots (1.92 m/s)
to 3.84 knots (1.98 m/s), would more
than offset the loss in average speed
due to errors in gliding speed,
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SYMBOLS

All speeds are 'equivalent'.

U forward speed
U, the value of U at (L/D)max
Uy optimum gliding speed for a given Vg
U, a non-optimum gliding speed
SU UZ - Ul
qr average cross—country speed
U U_ corresponding to U = U

1 X 1

For the same ”a'

Umz Um corresponding to U = Uz
&U v, -u

x x, z;
U UlU, . Similarly, all of the above quantities are rendered

dimensionless, e.g. Ux = quuo, etc.

v, rate of descent in still air
o v, at (L}D)max
Py vsfvso
v, average achieved rate of climb
Ya ucwso
E, F functions of T, .
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