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wiNG LIFT AND: AILERON ILLUSTRATOR ._'

Edmund’ 0‘ Carmody, Umted Sta,tes N avy .’

Apphcatxon December 26, 1942, Serxal Ne.: 470; 270 )

1 Cla.lms. (CL 35—12)

' (Granted under the act of March 3; 1883, as’

amended April 30, 1928 370 0 G 757)

Tlus mventmn pertams to" aeronautics, par-

‘t1cu1_ar1‘y to apparatus used in connection with .
instructions: in aeronautics, dynamie theory and

practice in the art of flying. More speCiﬁcal_ly
the present invention is a novel type of com-

bined wind tunnel and model aircraft to illus- .

trate the effects of aileron control and the causes

.of “stalling.’””  Many students find it dlfﬁcult do -

grasp the fact that in order to maintain a plane
in a bank it is not necessary to- ‘keep the stick

in the angle of attack of the airplane wing or

its flying speed on the lift and drag characterls-

tics, and the reasons ‘therefor. .

.The object. of this -invention is'fo make a )

s_1mp1e apparatus -which- will clearly illustrate
- «the effects above:referred to and will-thus save
~time, effort and expense not only:on the part of
the  instructor- but also ‘on the part of the
-students, .and: with-better. results in- the pro-
- .ficilencyof the class as a whole as well as a pos-
~5ibly -considerable. reduction in . the number of
.students-disqualified during.the course.: = -
. More specifically the object is.to 111ustrate the
‘effects of aileron controls and the. ‘cause of stall-
1ng. S
*Other obJects of the present dlsclosure W111

appear from -the  following' description: thereof o

taken. :in -connection with the accompanying
drawmgs -in which

- Fig1is-a. perspectu)'e view of an 111ustrat1ve'

form of the present device;

Fig. 2 is a perspective of - ‘the - alrfoﬂ and 1ts,

~connections :mounted in one .of the compart-
ments :of the device;

- Fig. 3 is a perspective of the detalls of the -

control .means for.the ailerons of the airplane
i'model. in the other compartment of the. dev1ce,
-and ;

~Figs. 4 and 5 are details of the shdmg connec-

tlon between the manual control and the rotat- -

able aileron controls.

Figs.. 6 and 7 illustrate the yarn or strmgs

ﬁuttermg in & manner to show two different re-
-, sults under conditions of smooth flow and v1bra-
-tion respectively.

- Similar numerals will be .used in desxgnatmg

. the-same parts in the several views of the draw-,r

vings, . oono
.~ The dev1ce as a whole is ﬂlustrated in’ Flg 1,
s wherein the base | has two compartments 2 and
.. 3 mounted thereon-in the form of a conduit with
a screen .4 between:them.  The conduit. has

transparent s1des and top The forward end of '
the conduit has a screen 5 and. funnel inlet 6
mounted ‘thereon: . At: the rear end of the: con- :

. duit is a funnel shaped ‘cowling. 7 at the ‘end of

“which is mounted a fan' 8 driven by. a motor. 9.
In. the forward compartment an -airfoil 10 is
mounted on-a shaft 1 having arms (2 extend-
ing in 11ne with the airfoil .and pivoted .at their
ends to _pairs of vertlcal bars i3 which extend

‘10 downward through the bottom of the conduit
‘In the inclined position. . Another thing that is
- sometimes difficult-for the instructor: to -explain -
_or-the student to grasp is the .effect-of variation :

mto the- base, where each .pair is p1vota11y con-‘
nected-to two opposite: arms of vertical Cross
member M The other two arms of these cross-

. members a1e connected by. horlzontally extend-
15 ing- bars i§. which' are. p1vota11y ‘connected: to

said: arms at one-end: and ‘also; pivotally ' con-
nected to.a pair of arms 11 at. the other end,
the: arms 16 ‘being mounted .on-a"shaft 11 to
‘which a control knob (8 is ‘attached .on the out- -

.00 side of -the base.... The knob has a pointer 19

‘working across. a dial 20 to indicate: the relative
pos1t10n of 'the . airfoil’ with respect to. the air -
stream in. ‘the  conduit.  'These bars and cross
arms- constltute a. floatifg device attached to

o5 -the: airfoil which is hung by means.of Strings

21, attached.to the ends of shaft {i and passed
.over pulleys 22 and down through the floor of
-the-conduit :into’ the -base. of .the device where
they are tiéd to.a counterwelght bar 28 and also
- by means of arms 24 to.a shaft 25 mounted in
the base. and extendlng outside for. connectlon
. of a pointer 26 to indicate on a dial.on the otit-
s1de -of the base the lift of the a1rfo11 the: force
-of -the Lift bemg counterbalanced by a mecha-

3'_ .nism 48 while the, counterwelght bar 23 is-merely

.to. balance the welght of the a1rf011 - In- order
_to. show the. drag charactenstms of the a1rf011
under. any partlcular conditions the shaft. {1 is

also connected by strings 21, passed over: pulleys

46 .28 and tied to the ends of arms. 29 on the shaft

30 which extends outside of the base to receive
e pomter 32 indicating the drag on a dial 33. A
. counterweight 81 mounted on the ‘shaft 30.is
“used . to counterbalance ‘the drag of the airfoil,

45" the dial being cahbrated to: show. relative drag.

In e1ther of these indicators on the outside of
the base it is not important to show the exact
"drag or lif but merely the relative values: there-

' _of under dlfferent cond1t1ons of a1r ‘speed. and
50° angle of attack

- In, the rear compartment of the condult an
alrcraft ‘model 34 is mounted rotatably on g hon-
~zontal. ‘hollow shaft 35 which runs fore and aft

“through. the longitudinal axis of the model and
.85-which’ls rigidly mounted on:standards 43 at its




front and rear so that the model may rotate in
response to manipulation of the aileron -con-
trols, the ailerons being connected by a mecha-
nism later to be defined to-a wire 471 which is
run inside the shaft on which the model is mount-
ed and extends to the top of the cowling at the
rear of the conduit where it is connected to a
miniature ccntrol stick 36 by a bell—crank ar-
rangemént. 'The ailerohs are ‘connécted’ t6 thé

control stick by means of a mechanism consist- .

ing of shafts 31, 31 integral therewith respectiveﬁi

and having arms 38, 38 extending :in -opposite -

directions from the axis of said shafts and hav-

ing links 39, 39 pivotally connected thereto at one -
end and pivoted at their gther ends to.pins: 40: ]
The"

outer ends of pins 40 are mounted to sitde-in -

horizontal groove members, 42. mounted in-the -
The block .41 is hored tc; o
- fit loosely over the shaft 35 inside the model‘

mounted on opposite sides of & block 41,

frame of the model.

and has'a cut<out portmn therem for the inser-
tlofr of & coltar 44 which is"also-bored to: 1o08ely
fit-bver this shaft'afd‘ to-slide- therealong ~ih
response fo'thé dxial movements of the block: A
pin-45 is paSSed through this éollar znd throdgh
‘4 slot 48:in the shaft'and to'it is connected tire

vvvvv

end of t‘xe contro} ere 47 ‘which- passbs imt

‘q fexible hose to the: uriderside ‘'of ‘the top of the

‘cowling T wheré~it is- conhected to d- belterdnk s

Conhection to ‘be‘opetated by the: ‘control stick
‘38 for movxng thé “control“wire axially’ sb as to
mantpulate the ‘atlerons tHrough ‘the devit ,’mst
‘described in ‘response to the’ correSpondmg niove-

‘thents ‘of ‘control stick 36: The model has non- -3:

fﬁctlon Uearmgs by means of which’ it is ‘thotiit-
ed to tum o shaft 35 at least one of’ which is
& thrust bearing”to’ keep the model fwm shdiﬁg
alohg thé shaft'ss.

' 'PhE screehs 4 and 5 aré’'made of pardllel fiutes
“directed'tn 1tne with tHe cofrduit 50 as to straight-
en ptit tie flow of Hir'to the coriduit and “elifti-

‘nate ‘any possxble eddy curtents - which - migHt
‘GtHerwise decur 45 the resiilt of outside ‘Aisturh-
‘ances ad tHe dir passes’ mto one cOmpartment and
theri mto the other. -

A~ sBries of bright colored’ yarn ot stnngs 18
‘tiay be aftached to thé screen 8-dt intervdls for

‘\the plii'pdse of ‘showing the course of “the- alr
Etrenm through the firdt’ compartment to enable
‘tﬂe student to better visualize the éffetts of vary-
mg the attftiide of “the dirfoil on the siirrournd-
‘ihig alr stretim: SHort strands ‘of the yarh® may
‘be Httached diredtlty to the surface of - the alrfoil
“at‘varibus suitable potnts.
“otit -dbvice the fan 8 is started and by ianipu-
‘Yatihg the controls 18 &hd- 36 tHe “effects mén-
‘ tioned above may be observed through the trans-
“parent wails of the ‘coniduit. The effectof Vary-
~ing fiying- speed may be- sxmulated by varymg
“the Speed of the-fan. ‘

Fig, 6 shows the air currents ‘flowing smbothly
‘bver the "surfaces of the airfoil. ‘In Fig 7 the
“angle of attack has’ beenincreased to the: point

of breakinv up this smooth “flow on the ‘upper.
‘surface, " at- the particular air speed; #nd the
roken currents are 1rregu1ar ahd ‘cause the wmg
_t6 ftutter or vibrate: “If the angle is not feduced
“{mmediately; the lift drops ‘suddenly ahd - the
drag increases. The angle corfésponding ‘to:
“maximum Uft‘at any particiilar air spéed will be
“hoted t6 be just below:this critical angle Whete
_the current begins'to: break away from’ thetippér
gurface. : This ‘critical: angle.is:also found to.be
. smaller .with: Inereasing air: speeds: -Further-v
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more, it will be found that for any air speed,
the angle for maximum lift to drag ratio is slight-
1y less than that for maximum lift.
. Two of the important features that should be
5 thoroughly impressed on the new flier are the
effect and manipulation of the aileron controi
and the reaction between an airfoil and the air-
‘stream under ‘different’ cobd!itmns of "angle of
‘wtiack and air speed. THeSe featurés dre visibly
10._and clearly illustrated in the model air tunnel
% -4f the present invention. This device gives fhe
- student the cpportunity of actually manipulat-
ing the aileron controls and practicing placing
the plané #5-& bank to any desired degree, learn-
v ing elways to return the stick to neutral posi-
tlon in order fo mdintain any particular degree
of Banking. It also serves to clearly illustrate,
.in:a much shorter time and more impressively,
“the réactien BétWeen an airfoil and the air-
stream, than could be learned by lectures and
‘sketches o1 the' blackbeard: The sitideRt can
acﬁual}y OBSEVE the Airstream-Gurrents dnd tieir
sffacts on any &irfodl, suchH ds thé wmg of & plake,
bY furnifig the control BhoW [6F vaiying thié afike
-of #ttack or énanging the §peed of tHe aiFstrenm,
‘afd watchmg the- reldtive effécis on 1ift; diag
‘and the -dir - currents; HotiAg 2lse: thE: £11- -
. portant- characteristiés of “sf;a}hng” Eh& the Vi-
‘brations OtEUFrIhG jist before $He stall. - Havisig
hdde’ these - observations, he-may ‘féke readify
"fecovmze the symptoms -6f BR -oebmiing stali
Hn-@etual “AISHL, 4hd’ éaf  thils - dvold peysibly
‘§eribllsT consEquEhbés by taKing mmely edurtér-
“theasures. ~THéEse Gbservatibns Will 4136 Hhpreas
‘hifl with ‘the: hecessity of Hantdhing: ﬂylﬁg
speed to avoid stalls i gctudlftghe, 7
- "Fhus it will be seer that & sifhple: mexpéﬁswe
‘deviee Has béen-constructed which Wwill save tinie
“ERd effort a§ well as éxpense’if that ‘it net tmiy
-elimitates the necessn;y for the instrietor  er
‘sthident t5sperid an excéssive Amouitt 6f time fér
-nstrictiofic Which would otHéerwise Be hecesshly
-Btt -also ‘§aves the tise of ‘expensiveé fill acule
éqliiprienit ahd -the ihhetessdfy - Hazards “6fdl-

'45 narily subfnitted to: 1ﬁ aetual fying for this ‘pre-

hminary training.-
Varibus'modlﬁcatidns 1n size: End form d§ well

ol) Whlch is deﬁnbd by the apbended clmrﬁs :
© 'This iftvErition may be made or used by oF 16r
the Government of the United: States for goverh-
sineritdl plrposes without the payment to- me of
any royalties thereoti:of thérléfor ‘
55 What I ¢laim is:°
“1oA wind tunnel mcurltetl ‘oh ‘abase: mmng
transparent sides and top, aun-airflaine:itiodel
fratatably'méun’ted ‘on its longitudinal aXisthére-
sin'ifoi: cofdplete  unobstrutted“rotation, alleron
.o ‘tuntbiol medns for said plane extended to thé wall
of the tunnel for operation by a stick on the out-
~side thereof for mstructien ana praétxce pur-~
-poges.
2. A wind tunnel mounted on a'basée havitig
g5 transparent sides - arld ‘top;, & sample: dltfoil
mounted transversely oh a hotizontal shaft-huig
<y stringsTtied to its ends and- passing 'over
pulleys at the top of the tunnél théh dewn ito
" the Base ‘to nrifis oni’ a shaft’ whieh ekséhds to
o~ tHE ofitsidé of the Base dnd has & PoiAter ok its
end, a counterweight for balancing the weight:bf
. 'tHe airfoll:connected to 3did sttings in the base,
mfedns for tirning s4id’ pointer: shaft ih Yésponse
to-the 1lift. on. the airfeil, dnd = schle: ot 'whiéh

75 said pointer irddicates: the amount of Hft,
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3. A wind tunnel mounted on a base having

transparent: sides - and ‘top, -a sample airfoil
mounted transversely on g horizontal shaft hung
by strings tied to its ends and passing over pulleys

at the top of the tunnel then down into the base:

to arms on a shaft which extends to the outside

of the base and has a pointer on its end, a coun-

terweight for balancing the weight of the air-
foil connected to said strings.in the base, means
for turning said pointer shaft in response to the
lift on the airfoil, a scale on which said pointer
indicates the amount of lift, floating means for
controlling the angle of attack of the airfoil by &
kncb on the base, and indicator means on the
base connected to the airfoil for showmg the
amount of drag.

4."A wind tunnel having. two compartments
tandem with transparent - walls, an airplane
model mounted rotatably on its longitudinal axis
in one’compartment for complete unobstructed
rotation, a typical wing floatingly mounteéd in the
other compartment, a control stick on the out-
side of the wind .tunnel for controlling the
ailerons on the model airplane without restrict-

ing its rotary motion, a manual control for the |

angle of attack of said wing operated from the
outside of the wind tunnel, means for indicating
relative 1ift and drag of said wing, the compart-
mentgs being separated by a screen for straighten-
ing out the airflow through the tunnel, another
such screen. at the inlet end of said tunnel, a
suction fan at the other end of said tunnel, and
means for controlling the speed of opera,tmn of
said fan.

10

_ 3
5, A wind tunnel having transparent wa,lls an
airfoil hung therein in flying position, floating

control means for varying the angle of attack of -
said airfoil, means for indicating the relative 1ift

. on said airfoil and means for mdma.tmg the rela-

tive drag on said airfoil,
6. A wind tunnel having {ransparent walls, an
airfoil hung by strings loosely attached to the

- ends of a transverse shaft through the airfoil and

passed over pulleys at the top of the tunnel and

. down through the base of the tunnel where they

15
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are fastened to a counterweight to balance the-
weight of the airfoil, indicator means responsive
to the lift of the airfoil, another indicator means
responsive to the drag of the airfoil, and floating
connections from the airfoil to a manual control

for-adjusting the angle of attack of said airfoil;

=7, A wind tunnel having transparent walls, an
airfoil hung by strings loosely attached to the
ends of a transverse shaft through the airfoil and
passed over pulleys at the top of the tunnel and
down through the base. of the tunnel where they
are fastened to a counterweight to balance the
weight of the airfoil, indicator means responsive .
to the lift of the airfoil, another indicator means -
responsive to .the drag of. the ‘airfoil, floating
connections from the airfoil to a manual control
for-adjusting the angle of attack of said airfoil,
and means for varying the air speed t;hrough the
tlmnel
EDMUND O. CARMODY.




