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In the paper "Energy Exchange Between a
Sailplane and lloving Air llasses..." by
ll. Gorisch, presented at the Xv 0STIV
Congress, the principles of optimal
choice of airspeed and nornal
accel erations for a nrln-stationary
dolphin-node flight Nere 9iven. In
addition, the author's paper "Sorie
Prob I ens of the Dol phi n-l4ode FI i ght
Technique" presented at thc XVi 0ST1V
Congress concerned, in part, the same
probl em. iAl so see "Technical Soaring" ,
Vol . VI, Ho. 3" i!1erch l9Bl 1'or a r€lated
paper "Energy Gain ir Pitching
llaneiivers" bJ, i,l. Gorisch. )

The usc of dynairic speed changes uhen
Flyinq thro!-ch areas of v-"rtical
currenis is ained at increase of pouer
transferred l'rom the atnosphere to the
sailplane. Thjs pcler riay be dcterni -.4
on the basis of a fundanentai relaticn
of nechanics statinq th&t the derivative
with respect to tine cf the tctal
no.hn'ticdl enFrqy of d rilid haCy is
given by the product of the velocity and
th-" conponent in the velocity directicn
of the forces affecting the velocity in
an inertial co-ordinate syste .

The formula for the po!./er transferred
fron the atmosphere to the sailplane
flying through a vertical air current of
constan: velocily watn Hds Jiven by
Gori sch '
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, =ji=ti*itii*iu1"t
= Lwatrlcos\t - DV

whcre f is the anqle bctween lift L and
air velocity vectdr wu1r. (Note that,
by definition, drag is parallel to
velocity and lift is orthogonal to
velocity. Since v€ are only interested

'in vertical motion of the atmosphere
watm and V are orthogonal and lift and
wf.p,. are approximately parallel . )

iire first tern of the right sjde of
this equation is the power transferred
fron the atoosphere to an 'j.jea1

sailplane (with zero drag) and the
second teni is the polter 'lost due to the
aerodynamic drag.

Since both tenns dcpend on the
aerodynamic force which can bc
represented by an appropriate g-nunbe)',
the rete of energy transfer rnust deDend
strongly cn the g-loading; thus, an
optindl value of lodd [acto.']Jor
6sp.q5ponding viith thc 1:axinun br poHer
transferred fron thc atnosphe!"e to the
sailplane can be calculated. The higher
ql i di ng rati o of the sai l pl ane at a
given airspeed, the lower conti"iL\uticn
of the equation's second teril and the
highe/ v.llue of nont, Tha sdme eflctt
is to inc.ease tlle,eflpciive inf.nsj t,,
of the updraft watj.n cosf ?,lhjch
influences the fiist tern cf fonnula [1]
and results in the increase of the
optinuin value of the load factor
n^.+. It scems, however, that this
siipte - f'nr th. point of vier/ of
riechanics - reasoning is not readily
understandable by means of vlidely known
physical terns such as potential and
ki.retic energy. At the same time it is
obvious that the uspfulness of dynaFic
control 1 i ng of the sei I pl ane i n
dolphin-r,rode flight through vertical air
currents for additional energy gain rlust
he explained also to pilots having poor
nathenatical background. It is possible
only on the basis of sinple and easily
understandab le physical model s.

For better presentation of the problem
'let us analyze the case of an ideal



E' = Lw6 61
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sailplane in a level flight at the
airspeed V and encounterinq an updraft
having a vclocitv \ratm. Thus, f = 3:

energy and consequently no gain of total
energy occurs, Thus, we can neglect
Lhis FoLential enorgjJ in(reqent assuni't!
s'inultaneously that the airspeed on the
vay frorn I to 2 renains constant.

Let us now seek the additional energy
increase, evaluated by neans of fonnula
[5] in the form of kinetic energy. For
this purpose we nust decompose the
airsFeed at point 2 into horizontal and
vertical conponents IFig. 1]. Taking
into account the transportation velocity
of co-ordinate systeff watn, the total
kinetic energy of the sailplane at point

E11n = l(Vcosl)2 = !1(vsin{ +

= 1Ii = fj!! + ruatm.vsinf

The first two teffls of the right side
of this equation represent the kinetic
energy of the sailplane in straight
flight, i.e. at point l, while the third
term represents an amount of additional
energy due to the curvature of the
flight path in a velocity of transpor-
tation field. The forrnula 16l shows
clearly that necessary conditions for
the occurance of the additional kinetic
energy are two Factors - flight path
curvature anqle l' and velocity of
tranportati on uratm.

Now it must still be proved tlrat the
poHer required tor the energy gain is
equal to the power absorbed from the
atnosphere according to fomula [4]:

E' = 4 (rmv"+-.Vsin 1)
dt

= n,wu1"Vd-fcos{ = L,vlatn.cos i

since mVdQ = rrldt
Let us now sun up the above considera-
tions as follous: the positive or
negative energy exchange between
atnosphere and a sai lpl ane, resul ting
fron its dynanic lonsitudinal maneuvers
during llight through vertical air
currents, can be easily expiained to a
pilot as an additional amount (positive
or negative) of kinetic energv. This is
due to the fact that the vertical
coriponent of the sailplane's velocity,

t2l

t4l

at

t5l

and therefore the power transferred fron
the ataosphere is proportional to the
tift L.

If the pilot does not perfom a
dynamic pul l-out then

L = n.g -"*, E' = n.g.watm

and the power absorbed fron the atnos-
phere transfers in time At into the
potenti a l energy increment

aEpot = r'rwatn. At = m.g.ah t3l

which is physically evi dent.
For precision it must be nentioned

that a "step" increnent of the
sai lpl ane's kinetic energy

2

AEpin = m'w-atn
z

proportional to the square of the
velocity of transportation watm occurs
at the monent of entry into the updraft.

Let us now exanine the pull-out
maneuver. In a co-ordinate systen
moving together with the vertical air
current [Fig. l], a sudden change of
angle of attack induces a lift incre-
ment AL and consequently a curvature of
the fliqht path. In tine At the
sa i I pl ane noves fron poi nt I to poi nt 2.

Following fornula [2], the additional
power absorbed fron the atmosphere

E' = AL.watrn.cos f
and the additional energy increment
point 2, due to dynamic naneuvering:

AE = AL.!ratm. cos'lmean. At

watnr)2

t6l

Let us now try to find the physical form
of this additional energy.

The potential energy increment m.g Az
due to the fact that point 2lies higher
than point I is of no inportance because
it is conpensated by equivalent drop of
kinetic energy due to the loss of the
sailplane's airspeed; in such a case lre
observe only a chanqe of the form of
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Fig. 1 Flight path of a sailplane in a co-ordinate systenl

novi n9 with velocitY watr|].

(t,)

Fig, 2 Flight path of a sailplane performing a dynanic
naneuver in an area of constant vertical velocity.

with respect to the earth, is a sum of
the vertical conponent of the sail-
plane's airspeed and the velocity of
transportation (velocity of Lhe dir
current). The kinetic energy of the
resultant rnotion is proportional to the
square of this sun and therefore is
hiqher than the sun of thc enerqy of
boih separare moti ons.

ln the sane manner, \{e can explain a
fon-"rula given by Gorisch concerning the
sailplane's enorgy qain in a flight
throuqh an area of constant vertical
vel ocitv v,+- fFio. 2l-

AE = rr.watrn^z' + r,tg(vr'atm - wmean)At [7]

where the first tern of the riqht side

is the additionat enerqy increment due
to the dynanic maneuver.

Also. conclusions drawn by thF duthor
Ltlef. 2l concern{nq optinization 0f
non-stati onary dolphin-mode fliqht can
be ndde pnrceprible to the pilots when
this sinple nodel of dynanjc energy
exchange is used.
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