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PART 5 

This is a part of the revision by Dr. Kle7llperer of bis
 
orignal study of soaring flight. published in 1926 as vol­

ume 5 of the Proceedings of the Aerodynamical Institute
 
at the Institute of Technology, Aachen. Part 1 appeared
 
in the lv1arch-.-1pril 1943 issue of SOARING, Part 2 in the
 

iHaY-June, Part 3 in the July-August, and Part 4 in the
 
November-December 1943 issues of SOARING.
 

N OW it might be of some practical interest to
 

inquire whar sort of control technique would be
 
required to execute the maneuvers shown to
 

utilize the Betz effect. The general principle is simply
 
fly at larger than average angle of attack or lift coefficiem
 
during the ascending phases of the wind fluctuations and
 
at smaller than average during the descending phases. For
 
the hypothetical case of Betz' simplest assumption of
 
infinite inerria of the sailplane in pitch, the natural cor­

relation between uncontrolled lift coefficiem CL and wind
 
slope fJ would be given by a displacement of the lift
 
coefficient C. against the angle of attack 0: curve as
 
shown in the right side of Fig. 3. The improved pre­

scription is shown as curve Cd r». The difference be­

tween the curves for "best" comrol and "natural" effect
 
gives a clue to how much rhe aircraft would have to be
 
tilted in unison with the wind wave. This tilting is con­

rrary to one's natural tendency to parry or mitigare the
 

.----.---r--,---,r-r......--,--.---,-"""CO"4::::::+::::J:=-...----r-..,L...-;::.......,....

/ / t/ //

t-+---+--/---,+-+---+-I-7'9---+--+-t--+--+-~f-:--v-----i
/ ./,r V.\l 

t-+--1--+T--+-f--/--tV~+--+--I--+-_+-+--)-B'---,ft,;~,I___t 

I " I... r/ 
I .•'V ~y

1--+~jo=--+--+-\l\1~_+--+__+--+--+-+_R----l,!/f--r-f----i 

I-_-I-...J.t\~~l -f---fl,lH/_+--+_+--+-+--!I'J'f-H(,':',+-t--r---j 
" I I/f

/ ,,,Ih. /
-...J/'I--+-I'r+/+-I-+--+-+--+-(,~:lH'J~I-+-+-+-+--l 

1/ J 
l-,!-il+~I---+--1-+-+-+--+-I-1--v"f-+-+-1I-+-1I---1

II / rI 
/ I 

V / I
 
11 .of .of ·Of Ir·a ~ 7'. ~ 1:( l Cj)
 

I Y_./ If
 
\ ~~~:±::!!:-=;;:::!!::±=!i....--;\;;r-L---l..----:!:o....L~....-JfI when pushed forward of the neutral poim it feels like a L..L..J.--Po-L..:;i

-10 -6 0 6" 1.7"
 

Fig. 3
 ( Continued on page 9) 

gust effect. The pilot has to pull up during the up gust 
phase to increase lifr srill more, and push forward on the 
stick to decrease lift still more in the down draft phase, 
but not quire in the same manner. This is a rather com­
plicated and uncomforrable proposition. The quamirative 
amoums of comrol required depend on aspect ratio, aver­
age lift coefficiem and wind amplitude. This type of con­
trol is "unstable" in character and difficult to learn, es­
pecially in view of rhe lack of knowledge of the ampli­
tudes and frequencies of verrical pulsations thar may be 
presem in the wind at anyone place and time. There­
fore, efforts to build an automaric device to perform rhis 
sorr of control are likely to be disappoiming. However, 
that some little benefit is derived from these verrical pul­
sations without any artificial control just by virrue of 
whatever inerria in pitch the aircraft may possess, re­
mains worrh remembering; on the other hand it must 
not be forgotten that there is also a penalty to pay for 
the gain, as was explained in the earlier chapter dealing 
with the power absorbed in phugoid motion. (SOARING. 

May-June, 1943). 
If the aircraft is endowed with any appreciable longi­

tudinal stability which tends to hold the angle of attack 
constant, then it will automatically act to oppose rhe 
wresting of energy from vertical wind waves and to mini­
mize any gain derived from the Knoller-Betz effect. 

Many designers, especially in the period of 1918 co 
1928, among those v. Loessl, Harth and Messerschmitt, 
experimented with variable incidence wings in hopes of 
increasing wi rh their designs utili zation of vertical 
wind fluctuations. Instead of a convemional elevator they 
wanted to comrol the incidence of the wing against the 
fuselage and leave rhe tail srabilizer fixed. They hoped 

thus to give the pilot more "feel." This, however, proved 
fallacious. It is true that when the average pressure cemer 
coincides with the wing pivot poim the pilot can dis­
tinguish between a vertical up wind component gust and 
a horizomal head-on gust. Both give extra lift but the 
former changes rhe angle of attack and hence the momem 

and develops a stick force (provided the airfoil is curved 
of course), while the latter does not. This different re­
action it was thought would enable the pilot to react 
differently to the two types of gusts as he should to 

make the most of both of them. Unfortunately, as soon 
as the controls are used this distinction becomes obscured. 
When pulled back, an up gust is felt like a head-on gust; 
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