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Min ¢ = basta glidtal, t ex 40 i glidtal ger ¢ = 1.4 grader




Fart for minsta sjunk

Stallfart Fart for bosta glic
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Glidtalet kan t ex skrivas som

Lyftkraft/motstand L/D

fart/sjunkhastighet V/W.

flugen distans/hojdforlust
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"Sollfahrtflygning”

Fig 6.12. Pilot A flveer med

béista glidtal, pilot C med max- N\ C Z"

Sart medan pilot B flvger nagon- \\ c___::n?
stans mitt emellan. Resultatet dir N f::af
att B forst nar molnbasen. \ <o J
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Problemet

Enkel fas av termikflygning Stiget kant
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Fig 6.13. Problemet: Hur hog skall farten under glidflveningen
vara i relation till stiget i ncista blasa for att den totala tiden for
elidflveningen och kurvningen skall bii sa kort som mdajligt?




Principen for Me Cready-kurven

Tangenten utgdr fran stighastigheten (har 3m/s).
Tangeringspunkten (160 km/h) dr ratt fart vid
denna ringinstdlining.
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Matematiskt
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Att satta ringen pa 1 och flygai 1 m/s
sjunk ger samma fart som

Att satta ringen pa 2 och rlyga i lugn

luft
Som att satta den pa 0 och flyga i 2

m/s sjur:k T ars R

.23&
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dar W, ar MC-vardet —ringinstallningen

For ASW 28-18E med en vingbelastning pa 48
kg/kvm ar a, b och ¢ (om vi rédknar i km/h)

a =-0.000354
b =0.0592944
c=-4.475032
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Sollfahrtteorins antagande

Flygplanets polar ar kand

Flyghojden (eller distansen till nasta blasa) har
ingen betydelse

Stiget i nasta blasa ar kant
Vinden har ingen inverkan




Glidtalsforsamring p g a
nedsmutsad vingframkant

flygplanstyp glidtal ren | glidtal smutsig

PIK-20 38.0 29.5
LS3 418 36.0
Std Cirrus 35.9 34.5
Mini-Nimbus 38.8 35.8
| ASW19 38.0 35.8
ASW20 41.7 32.7
Nimbus Il 47.4 38.4

Enl Dick Johnson




Flyghojden?

Flyger man lika fort pa 500 m som pa
2000 m?

Sannolikheten att na en blasa okar med
hojden
Alltsa lage att tillampa sannolikhetsteori!




Termiken...

Figure 6: Perspective rendering of thermals in a computer model. Volumes enclosed by vellow surfaces are
thermals. On the back and side walls, upward motion is in red and downward in blue. The resolution is 52 m
in the horizontal and 21 m in the vertical, and the box is 5 x 5 x 1.25 k. Graphic copyright 1998 Peter
Sullivan / National Center for Atmospheric Research, used by permission.




Vo Som funikion av Vy_vid olika skio
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Det dr hur mycket stig vi kan fa ut ur
blasorna som bestdmmer var
medelfart, inte hur fort vi flyger

mellan blasorna.




Ve

Ve som funktion av B vid olika stig

Delfinflygning

Kauer &
Junginger

(fran Aerokurier 1973)




Skruva aldrig ner ringen, eller om man
sa vill, dra aldrig ner farten mellan
stigen, for att moéjliggora ren

delfinflygning
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OPTIMAL SOARING
WITH HAMILTON-JACOBI-BELLMAN EQUATIONS"

ROBERT ALMGRENT AND AGNES TOURIN?

Abstract. Competition glider flying, like other outdoor sports, is a game of stochastic opti-
mization, in which mathematics and quantitative strategies have historically playved an important
role. We address the problem of uncertain future atmospheric conditions by constructing a nonlinear
Hamilton-Jacobi- Bellman equation for the optimal speed to fly, with a free boundary describing the
climb/ecruise decision. This equation comes from a singular stochastic exit time control problem
and involves a gradient constraint, a state constraint and a weak Dirichlet boundary condition. An
accurate numerical solution requires robust monotone numerical methods. The computed results are
of direct applicability for glider flight.

Key words. Hamilton-Jacobi equations, variational inequalities, stochastic control, monotone
approximation, viscosity solutions
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3.2. Hamilton-Jacobi-Bellman equation. Now we first derive the partial dif-
ferential equation satisfied by w(x, ) by assuming the differentiability of . Then, we e
will explain how the theory of viscosity solution helps us solve this problem and list 0sl;- B
all the relevant references. 1500 elenasilet) )
Climb. From height = < 2, n lift £ = s, the glider can access a new height ‘:‘::‘::Eis:lf:;:%:f:::-,p‘ g
1000 I e,

=24 [ — spin JAE = 2 by circling (v =0) for time Af. Therefore,

2 — 2 500
uwlr,z] = u(r ) + I forall 0 <2< 2" < 20
~ fmin
o -
or z(m) g | {misec)
ulz, 2"y — ulz,2) |
2l —z = = S Fra. 4.2, MacCready function m for the same pamameters as in Figure {.1, as a function of lift
£ and height = at a fived distance x = 100 ke, The heawy line s the cruise /climb boundary, where

m = £ — aman. The relatively weak dependence of m on { in the cruise region § < £, iz a partial

The Mean Value Theorem of caleulus then tells us that
justification of MacCready theory for uncertain lift.

1 ;
u,(x,z) = NG wherever £(x) > Spin. (3.3)
As noted above, we have u, < 0 even when f{z) < s4;,. Below we shall identify
m = —1/u., and then this may be written

mo= ma}c{ f — Spmin, O } (3.4)

Cruise. Because the pilot has the option to fly forward (in the direction of de-
creasing ) at any speed v with 0 < v < v,

wlr,z) < At + wir+ Ar, 2+ Az)

= —ﬂ—lz+u(z)+(uz+¥us).ﬁr, At — 0,
with Ar = —vAf and Az = (£ — &) Af; we write £ = {{z). Cancelling the common
u(x) and retaining only terms of size O{ Ax), since this inequality is true for any v we
have
0 < —w, + min (E—Mus)
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= —u, — ¢y, mn—= = —u, — u,
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Sta pa nar du ar pa hojd, hall igen
nar du kommer lagt




Just a little faster, please

John Cochrane

There comes a time that you want to fly a little bit faster. Maybe you’ve been
to a contest or two and you’ve seen what amazing speeds the top pilots

achieve — and often in surprisingly bad conditions. Maybe you want to go
for a badge, or just cover a little more territory in your cross-country
flying. We are glued to this sport by obsessive self-improvement, and a

little more speed soon becomes the focus of that obsession.

MacCready Theory with Uncertain Lift and
Limited Altitude

John H. Cochrane!

May 4, 1999



Tips fran Cochrane

Svdng inte i svaga blasor. Flyg genom

dem; lamna svaga blasor for att hitta battre;
kan du inte centrera, fortsatt framat.

Landa inte ute! Balansera ditt val av blasor
med risken for att landa ute.

Flyg inte upp i molnbasen. Limna

utrymme i hojdled for att kunna kurva i
femmetaren om den dyker upp.




Vad ska man da satta “ringen” pa?

Det forsta man ska tanka ar att installt
MacCreadyvarde inte ar ett installt termikvarde utan

en “farthallare”.

Ald rlg under 1 m (da riskerar man att flyga langsammare an fart for basta
glidtal)

Skanevader 1
Bra vader 2
Hogre an sa lonar sig inte for da ar man uppe i Ve




Och i praktiken blir det....
(i min ASW 28:a)

"Vanligt vader”: 150 — 160 km/h
”Bautavader”: 180 — 190 km/h
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Tips

Installt MC-varde ar inte ett ter
en ”“farthallare”

Det ar hur mycket stig vi ygar blasorna
som bestammer var médelfart, inte hur fort vi

flyger mellan blas

Skruva aldrig ner ringen, eller om man sa vill,
dra &ldfig ner farten, for att mojliggora ren
delfinflygning — den kombinerade stilen




Flyg fort i sjunk, sakta i stig

Sta pa nar du ar pa hojd, hall

igen nar du Iw lagt
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