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In order to complement previous dy-
namic dolphin-flight transition optima-
lisation work done by the author,
traverses through Konovalov “a” type
quadruple thermal models of ¢, = 2
m/sec and ¢, = 5 m/sec strength and of
R = 100 m and R = 200 m cell radii
respectively have been computed for a
Nimbus 2 type sailplane. Results show
the optimum point for transition initia-
tion, the best pull up/push over load
factors and the correct climb angle to
vary only moderately with sailplane
performance and thermal parameters.
Ideal dolphin-flight performance charts
can be corrected for transition losses by
factoring V values with n, = 0.85 to
0.87. This lowered performance curve
may be taken as valid for speeds up to
about the ideal cross-country speed for
greatest range. (S/L)n Mmay amount to
1ns = 0.76 to 0.80 times its ideal value.

Introduction

Nowadays there is a steadily growing
interest in the problems of dolphin-style
cross-country flying. So Arho [1], Pirker
[2], Reichmann [3], Meyer [4] have
added to our knowledge in this field,
while Westerboer [5] worked on prob-
lems of instrumentation, to name only a
few of recent publications. In practical
dolphin flying the problem of optimal
transition is a very real one, because the
length of the slowing-down and that of
re-accelerating may be in the order of a
third to a half of the thermal length. The
usual quasi-stationary calculation meth-
ods being unsuitable for solving the
transition problem, the author tried to
work out a finite time-element computer
method for it [6]. In its developed form
the programme gave optimum or near-
optimum transition piloting parameters
for an ASW 15 type standard class sail-
plane riding a street of ¢, = 2 m/sec lift,
R = 100 m nominal radius, four-cell
thermals [7].

For completing this work, both

a) the sensitivity of optimum transition
parameter values to changes in
sailplane performance and in meteo-
rological conditions, and

b) the possibility of correcting quasi-
stationary, ideal dolphin-flight per-
formance charts for transition loss-
es,

had to be investigated. For that pur-
pose, dolphin thermal traverses were
calculated for a Nimbus 2 type sail-
plane, having substantially higher cross-
country performance than standard
class gliders, in 100 m cell-radius,

2 m/sec and 5 m/sec, furthermore in
200 m cell-radius 5 m/sec thermals
respectively.

Notation
c thermal lift m/sec
Ca maximum thermal lift m/sec
g gravity acceleration m/sec?
n normal load factor
X distance from centre of
thermal m
Xa point of pull-up initiation m
L updraft section length m
R (nominal) thermal radius m
R theoretical minimum
radius of turn m
S spacing of thermals m
A(S/L) range deficit
\ sailplane speed (in wind
coordinates) km/h
Var cross-country speed for
zero wind km/h
AV, speed deficit km/h
B pull-up lead coefficient
€ glide ratio for maximum lift
coefficient
Ns glide coefficient
Ny speed coefficient

CH climb angle for middle part
of slow-down section

(in wind coordinates)  degrees

Subscripts
e climb

s glide

G push-over
L pull-up

Superscript
quasi-static idealized conditions,
“'square’’ thermal

1. Thermal Models and Flight
Efficiency Coefficients

Realistic dolphin-flight calculations are
to be based on thermal models having
an appropriate downdraft zone surrond-
ing the lift core. The first dynamic cal-
culations reported on in Ref. [6] used
the so-called profile type 1, given by

c-c.o-ﬂr [1 -ﬂ)’] (1)

The thermal street was supposed to
consist of thermals identical in maxi-
mum updraft ¢, and in nominal radius
R, having equal spacings S.
Calculations performed with this model
showed only limited possibilities for
sustained dolphin-flying in isolated
thermals due to the relatively high ther-
mal lift and/or density values required
for it. As everyday experience and ther-
mal profile measurements published by
Konovalov [8] and by Milford [9] indi-
cate, in higher thermal density atmo-
spheric conditions there is a tendency
for forming thermal groups. In order to
account for this, the four-cell type 2
thermal model patterned, after the
Konovalov type *‘a”’ profile was intro-
duced [7]. Its equation reads as follows:

,...{g.{‘i"f [v%iw[*(-ﬁ B
g (] pte Ir-m‘]] @

Dynamic calculations reported on in the
present paper have been performed all
using this model. The profile is shown
in nondimensional form on Fig. 1.
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Fig. 1: Four-Cell Thermal Model

Direct optimum search can be made
only for the all-out longest glide dis-
tance, otherwise, e. g. for highest speed
in a given thermal density L/S, trial-
and-error sounding for it would use up
too much computer time. For the indi-
rect optimalisation at first a ‘“square”
idealized thermal model with uniform
downdraft zone extending to the next
thermal core was used. Results looked
fine at first, but later, for the

¢, = 5 m/sec, R = 200 m case, full
dynamic traverse calculations were
giving a better maximum range with
than without losses. This being the very
thing an honest second order approxi-
mation should not do, the problem was
investigated and the fault traced to the
unnatural extent of the sink zone. As a
logical correction, a balanced down-
draft zone idealized square thermal was
introduced. Formulae describing the
single-cell variant of it read as follows:

Ixl€L : (3a)
L$|x|£276887L: «c=-015¢c, (3b)
x|2 2.76887 L :  (3¢)

c=C,

c=0



The lift profile is to be seen on the left
side of Fig. 2. It has a four-cell variant,
too:

Ix|$L: c=c, (¢a)
Lé|x|61.58962L: ce-015c, (4b)
|x|®1.58962L: c=0 (4¢)
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Fig. 2: Single-Cell and Four-Cell Square Thermal
Models

as shown on the right side of Fig. 2.
This type 4 thermal being the idealized
counterpart of Equ. [2], it was selected
for serving as an optimalisation scale.
Ideal dolphin-flight performance charts
for the types ASW 15 and Nimbus 2 are
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Fig. 3: ASW 15 Ideal Dolphin-Flight Performance
Chart
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Fig. 4: Nimbus 2 Ideal Dolphin-Flight Performance
Chart

shown on Fig. 3 and 4 respectively.
Both of them were calculated for a
height of 1500 metres.

Optimisation by way of the ideal per-
formance curve is made as follows:
Supposed a dynamic traverse calcula-
tion has given the glide distance S/L
and the cross-country speed V, (see
point P on Fig. 5). We can now deter-

“

Vs

Fig. 5: Determination of V* and S*

mine from the graph the ideal glide
distance S*/L for the speed V,; (points
A and A,) and the ideal cross-country
speed for S/L V* (points B and B,).
Using these the following indicators
may be formed:

The range deficit:

A(s/L)=S/L-S/L (5)

The glide coefficient:

o= 5/8° (6)

The speed deficit:

AV~ Vi “VYar (7)

The speed coefficient:

2" Var/Var (8)
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Fig. 6: Symbols Used on the Dynamic Performance
Graphs

Furthermore, we shall need the formula
for the theoretical minimum radius of
turn:

R.~Yoa [1.7F

used in the expression for the pull-up
lead coefficient:

p=(05L-x,)/R.

(9)

(1)

2. Results of the Dynamic Calculations
Using the type 2 four-cell thermal mod-
el, the following dynamic traverse cal-
culations have been made:

ASW

All of them, except run 31 for the

ASW 15, have given glide distances
values over 10R, suitable for further
evaluation. The load factor/climb angle

15 glider, ¢, = 2 m/s, R = 100 m thermal: 54 runs/Ref. [7]

Nimbus 2 glider, ¢, = 2 m/s, R = 100 m thermal: 62 runs,
Nimbus 2 glider, ¢, = 5 m/s, R = 100 m thermal: 48 runs,
Nimbus 2 glider, ¢, = 5 m/s, R = 200 m thermal: 78 runs,
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Fig. 7: General View of Calculation Results for
ASW 15 Flights through ¢, = 2 m/sec, R = 100 m
Thermal

in all:

242 runs.

combinations investigated are shown
on Fig. 6. The results are summarised in
Figs. 7-10.

Points for the best dynamic traverse
results are lying nearly parallel to the
ideal performance curve shown in dots
and dashes. First of all, let us give ac-
count of how much dolphin-flying is
improving cross-country performance
over steady-speed gliding conditions.
With that object, runs for the Nimbus 2
in 2 m/sec, R = 100 m thermal were
computed as constant speed but dy-
namic traverses (see crosses in Fig. 8).
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Fig. 8: General View of Calculation Results for
Nimbus 2
Flights through ¢, = 2 m/sec, R = 100 m Thermal

As it seems, correct speed management
“may earn 5 to 6 km/h in mean speed or
about 10% in range between thermals
over constant-speed tactics — not the
spectacular break through many of us
have dreamed of, but significant never-
theless in contest conditions.
For the same sailplane-thermal combi-
nation we have also experimented with
varying the speed in climb V,. For glide
speeds of V, = 140 km/h and
V, = 135 km/h, respectively, best cross-
country speeds could be obtained with
the speed in climb corresponding to
that for lowest sink, V, = 86 km/h.
Later, for ¢, = 5 m/sec and R = 200 m,
a similar search, this time for the best
all-out range, yielded some improve-
ments by going down to
V, = 76.5 km/h.
The choice of climb angle is simple and
clear, best performances being asso-
ciated always with ©,, = 21°. Concern-
ing the other parameters, the following
can be said.

a) Greatest All-Out Range

Best parameter combinations found so
far are listed in Table 1, variation of all-
out range with pull-up lead coefficient
being shown separately on Fig. 9.
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Fig. 9: General View of Calculation Results for
Nimbus 2
Flights through ¢, = 5 m/sec, R = 100 m Thermal

The results are mostly self-explanatory.
Best S/L values for the first three plane/
thermal combinations could still slightly
be improved upon by lowering V, and —
for the ASW 15 — by lowering the pull-
up and increasing the push-down load
coefficients.

b) Highest Cross-Country Speed
Optimal transition tactics for best speed
are summed-up in Table 2. Speed defi-
cit curves against pull-up lead coeffi-
cient are pictured on Fig. 10.
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Fig. 10: General View of Calculation Results for
Nimbus 2
Flights through ¢, = 5 m/sec, R = 200 m Thermal

Table 1: Transition Parameters for Optimum Range
Thermal At
Type: Co R Vs Ve n./ng [CHA B S/L ns
m/s m km/h km/h
ASW 15 2.0 100 103.3 72.092 1.80/0.556 21 2.8 2.583 0.76377
Nimbus 2 2.0 100 103.3 86.08 1.45/0.69 21 1.9 2.877 0.80392
Nimbus 2 5.0 100 103.3 86.08 1.45/0.69 21 1.7, 7.353 0.76338
Nimbus 2 5.0 200 103.3 86.08 1.45/0.69 21 0.6 7.100 0.73715
Nimbus 2 5.0 200 103.3 76.5 1.45/0.69 21 14 7.681 0.79743
Table 2: Transition Parameters for Optimum Speed
Thermal At
Type: ¢ R Vs Ve n/ng CI Var Nv ns
m/s m km/h km/h km/h
ASW 15 20 100 129.12 7209 1.80/0.556 21 -1.50 15.885 0.87108 0.71138
ASW 15 2.0 100 139.88 72.09 1.80/0.556 21 -1.35 17.038 0.86919 0.70082
Nimbus2 2.0 100 140.00 86.08 1.60/0.625 21 -0.60 17.905 0.87125 0.74334
Nimbus2 5.0 100 140.00 86.08 1.70/0.590 21 -0.20 24.274 0.84337 0.66951
Nimbus2 5.0 200 140.00 86.08 1.80/0.556 21 -1.40 23.814 0.84427 0.69952

The general picture is again in fair
agreement with the statements made on
the basis of the ASW 15 calculations.
For greatest range as well as for highest
speed, variations in optimum parameter
values are well within the prchable
estimation error band in pre tical pilot-
ing. Even the conclusion may be ven-
tured that it would not be necessary to
continue making more full dynamic
calculations in case a reliable conver-
sion procedure for ideal dolphin-flight
performance data can be found.

3. Conversion of Quasi-Static
Performance Charts

In view of the position of the best
dynamic performance points relative to
the idealized range-speed curve on the
figures and according to the perform-
ance coefficients achieved, a first pro-
posal for a conversion procedure may
look like the following.

Transition losses can be accounted for
by factoring ideal cross-country speed
values V* by say 1, = 0.85 to 0.87, point
to point. The transformation may be
valid until a speed V,; about equal to
the ideal cross-country speed for all-out
maximum range has been reached. This
point may be taken for the best range
with dynamic losses giving about

ns = 0.76 to 0.80.

The transformed S/L — V,; curve is show-
ing approximate cross-country speeds
for a given thermal strength and ther-
mal density. The glide speed between
thermals can be taken, as it may be
easily shown:

v =S/L ~_ 4
8 S/ Vir/Ve

)

This first order theoretical approxima-
tion errs some 1 to 2 km/h to the high
side as indicated by the following exam-
ple. In the series Nimbus 2, ¢, = 5 m/s,
R = 200 m, run No. 16 was for

V, = 140 km/h, V, = 86.08 km/h giving
S/L = 5.730 and V,; = 126.748 km/h.
From Equ. (11):

5.730 -1
V, = 126.748
5.730 — 126.748/86.08
= 140.81 km/h -
Summary

Continuing dynamic dolphin-flight
traverse calculations through type 2,
four-cell thermal models have given
following results:

a) Optimal transition piloting tech-
niques are not significantly different
from those found for the type ASW 15.
A medium level of load factors and
climb/dive angles should be chosen.
For optimum glide distance, the pull-up
should be started before entering the
updraft. For best cross-country speed,
the correct pull-up point is a little way
in the core.



b) Conversion of ideal dolphin-flight
performance charts is possible by fac-
toring ideal cross-country speeds with a
suitable value for the speed coefficient.
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