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Introduction - Lensons for Investization

In a previous repert (¥o. PiA~6) information is given
concerning the aerodynamic pltching moments on full siged
gireraft skils, These mouents give rise to conslderable forces
in the trisming cables at the front and rear of the skis,

The Alr ¥inistry is sending a Nawker "Audsx" to Canadam for
winter trisls snd in view of its high performance and nmaneuver-
abllity some rethod of serodynamically redueling the magnitude
of the pitching moments on the akis is desirable when they are
fitted to this sircraft.

Bans t

The R.C.A.F. ski size "E" wss chosen by the Departuent
of Natlonal Defence as being suitable for the Hawker “Auvdex"
and was therefore used in the tests deseribed in this report,

The posaibility of stab®ilising the gkl by means of
an serofoil, sultably attached st the rear ol the ski in s
position wail aft* of the skl axle, was examined theoretically
and the requisite area of the aarefoil was determined,

Defore examining the effect of this asrofoll
experinentslly, tests were carried out on the skl with various
“surn-aps” at the kesl to determine their effectiveness in
no@ifying the pltehing moment curve, so that it wounld %e safe
to operate the aircraft equipped with this type of ski. Three
areas of turn-up were tested, the spen heing the zame as the
width of the ski (2 ft.) and the chords being 9 in., 12 in. and
15 in. respectively. Piltching moments on the modified ski were
measursd over a speed range of 70 to 100 m.p.k. and at incldences
from 20 to +20°9, In all three cases the turn-up was set at an
angle of 135° to the upper surface of the ski.

Form NRC 12§



PAGE No. 2

REPORT No. PAA=13

The nitching moment dus to the weight of the gkl
was also messured over the same range of ineldeneecs, in order
that inertis pltehing mopents could he deduged for aercbatics
in whieh high accelerations oceur.

£ symmetrical serofoll was attached to the resr of
the skl sz PTar 2ft' a3 possible, in gn atlempt ie stabilise it.
Pitehing moments on the ski for twoe different anguler settings
of the agerofoll wilh respect to 1t were messured over the zame
range of sgoeed and incidences az used In the tests on Lturn-ups.

Conelusions
Te belance completely the nitching moment on each ki
an aerafoll of approximately 2% sq., ft. would be required,

The effect of turn-up st the heel of a ski is to
increase the positive pltehing momentz. Negative pitehing
moments do not arpeer until incidencus of the order of -15° are
attained, This i1z vory desirabhle sinee it 1z the negative
moment which is considered to be dangerous in wiew of the
possibility that the toe of the 3kl =irht drop %ﬁff‘ciﬂ“tlj to
cause the ski te turn right round,

frwing to the interfsrencs of the ski on the stabiliasing
serofoll, the resultant pitchjn moment curve still exhibits
slight instabllity over the rormel working range of icveldence,
which grows worse =t the exireme nngles., The effect of the
gerofoll is te reduce cornzidersoly the foress existing in the
trinming cables.

The work deserlibed in this report is a continuation of
the investigantions commenced in a prewicus report (No. PAA-G)
whieh outlines the wind tunrel measwruments of the aerodynanie
pltehing moments on three full sized aireraft skis of wodern
design, Thens tesis revealed the existence of pitching womonts
of considerable mapgnitude when the attitude of the ski Aeparts
appreciably from s slight negaiive inelidence and since the ski
exhibits an unstahle pitching monmant ourve, the disnlscement of
the #ki itself tends to incremse. These moments, which are
proportional to the square of the flight spesd, have to be
counteragted Ly an elastic menber such as trizming cables or a
trimmiog leg and for thils to be done sucecessfully the membar
has to te so stiff that its utility 1s lost when the aircraft
1s tavying on the ground,

A Hawker "Audax" army co-operation sircraft is beling
sent to Caanda by the Alr Hinistry for winter trials and in
equipping this machine with winter landing rear, it is ohvious
that its high performancs is such as to give rise to very large
aercdynamie pltoching moments on the skis, In view of the faect
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that the centre of gruvity of the skis is ahead of the axle, a
negative inertis pitching moment exists vhich in rapld mancuvers

¢ 12 liable %o grow to large dimensisnsz, With the present cons
ventional methed of trimming the skils, it is felt that a grave
danger exists that, in the performance of rapid mansuvers, the

. toes of the skis may be pulled down under the combined effect
of inertle and aerodynamsic loads and that the skls might be
turned right arcund through 180%, with serious conseguences.
The quastion of adequate trimming gear therefore begomes important.

The Department of Fational Defence suggested that the
sinplest snd most lopical way to trim the skis 1s by attaching
a horizental nercdynamic stabilising surfece on an outrigger
&% the rear end of the ski end digposed slightly above the axle
so that the drsg of the stabiliser will assist the 11ft forces
in producing a stablilising moment., This, in conjunction with
en elastle trisming gear, sultable for the funetion of taxying,
ought te safegverd the ski under all conditions, by providing
a stable pliteching monent curve.

In addition,; another suggestlon waz made, that, in
place of the serndynomic stabiliser, the affect of turning up
the hegls of the skis (es iz done ir Sweden) might be examined
for beneficial effectz on nitehing moment.

' For the investigation of thess problems in the wind
tunnali an F.C.AF, size "E® ski was forwarded to the Rasearch

Counei The gige "F* ski, as fitted to the PBellanca "Pacemaker®
v was selected ax svitable for the "fAudax® frem 3z knowledpe of

the alleun weight of this aireraft.

Aerofeil Stebllliser - Theoretical Work

For taxying over the snow, the size "E" skl iz required
to heve 15° positive angular movement and 32° negative angular
movement, From s knowledge of these figures, the resrmost
locatian for aerofoll stabiliser on ths ski was chosen, so that
the stakiliser would not foul the lower wmain plane., A drawing
iz included ghowing the size "B" skis on the Hawker "Audax",

The sysmetrical R.A.F. 30 asrofoll was assumed and from a knowledge

of its characterlistics and location, its area was deduced, so

that the serodynamic pitching moment on the ski would be rednced

approxfnately to zero at all reasonaile incidences. It was found

that for each ski an aerofoil of about 24 sq. ft. (aspect ratio 6)
N would be receasary, located some 51" behind the skl axle and 2%"

above it., This filgure was liable to considerable error owing to

the serious interferende the stabiliser would be subjiected Lo

from the ski l1tselfl, especially at positive ski angles, which

could not be allowed for in the calculations,

Defore testing this device, which ls sure to add cone
ziderably to the structure and alr drag of the ski, it was decided
to examine the effeet of turning up the heel of the ski, It was
thought that this might probably add & positive pitehing moment
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to the ski which would render it very unlikely that a resultant
negative roment would ever oceur in flight., It was felt that
pogitive moments could h»e¢ sceommodated by a trimming leg whereas
large negative moments could not be tolersted on account of the
likelihood that the nose of the skl might dreop and cause it to
swing through 1809, in whieh cmse safe landing would be impossible.

Tests on Skl with s Turned-Up Heel
5 > Proc e
Three sreas of turn-uap were smploved with the hope of
deducing sn approximate relationship Letween area of turn-up and
change In piltching noment.
The dimensions of the turn-up were as follows:
Eoe 1 ~wenecmwe-- span 2 ft, - ehord 9 inches

Roy 2 wmeecwscws gpan 2 ft, =ecemww-e-chord 12 inches
N9y J wmmmemenes oAl 2 4, eeamecs-wwechord 1% inches

The apan in each case is the sawe as the width of the
ski. Protegraphs (Fig. 1 and 2) are included which show the
ski with turn-up. In each case the flat turn-up was attached
to the skl by two steel brackets (see Fig. 2) so as to make an
angle of 1359 with the flat upper surface of the ski,

The experimental procedure in measnring pltching
moments about the ski axle was identical with that used on
previous cccasions and fully degeribved in Report No. PAA-6,

The skl was supporte’ in the wind tunnel Jet on a horigontal
ghaft and a vertical wire from the front of the gkl was stiached
te the balance above the jeg. The inecidence of the ski was
varied in 52 steps from -20° to +20° and the wind speeds used in
the tests renged from 70 to 100 m.p.h.

it each l1ncldence, the pltching mowment due to the
waight of the ski alone was msasured, in order that the inertia
pitehing moment due te rapid acceleraticns on the aircraft
might be evalusted and coubined with the aerodynamic mohent to
give the resultent nitching moment on the ski,

Results

The rssults of these tests are given in Tables I, 11,
ItT and IV, ©€n ocurve sheet Vo, 1 the pitching moments on the ski
equipped with the different turn-ups st the heel are plotted,
together with the pitehing moment curve for the unmodified ski.
Althouzh not a none-dimensional coeflfleient, a quantity which 1s
constant for each angle of incidence is obtalned dy dividing the
measured pitohing moment by the square of the wind speed, This
has been c¢alled the pitching moment coefficient and has been
plotted on curve sheet Ko. 1 for the wvarious set-ups, In order,
that the results might be applied readily to practical probleus,
tre moment is in ft, lb. units and the wind speed In m.p.h.
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The inertia pltching wmoment eurve has been plotted
on the seme sheet in ft. 1b. agalnst incldence.

From the plotted curves it is seen that the effect of
turn~-up at the heel of the ski is to superimpose a pogsitive
pitehing wvoment on that of the gkl alone which 1z greatest at

< an ineidence of about -5°. This renders the appearance of a
negative roment impossible until en incidence of -13° is reached
in the ease of No. 1 turn-up and «17° for the No. 2 tura-up, It
is not likely that in coperation sueh incidenceg would be
obtained, in view of the positive moment present st all other
ineldsnces and the relatively smaller inertie pltching moment
arising in raneuvers.

If the positive nmoment can be tolersted, turning up the
heal of the ski, in eonjunction with sultable slastie trimming
gear, appears tc he a satisfactory way of takivg care of the
acrodynamic forces on the ski without impairing ground operation,

In using the 1lnertia pitching moment curve to caleunlate
the forcés in trimming gear during maneuvers, some care must dbe
exercised. For level flight and other stesdy conditions of
flight in which the path is reetilineasr, the curve gives the
moment about the skl axle due to the weight of the ski, providing
that the co-ordinate marked ®angle of incidence of ski™ isg
understood to mean the angle of the ski to the horizontel, In
other ¢onditions of flight in which aceelerations are pregsnt
and it i3 desired to estimate the moments arising due to these
aceelerationa, the angle co-ordinate on Curve 1 must be taken
. ag the sngle by which the normal to the surface of the ski is

in advanee of the line of actisn of the resultent accelerstion

on the gireraft, 7The walues of the woments given on the curve
must then he multipllied by the value of the resultant acceleratior
in gravity unlts to give the rmoment sbout the ski axle,

A rough proporiionality was found to exist between ares
of turn-up and the change in pitehing moment produced by it,
despite the different aspect ratios of the three turn-ups. On
curve sheet Vo, 2, the nean walue for the three turn-ups of the
change in pltching moment ceoefficient per unit ares of turn-up
hag bteen plotted agalnst incidence. 1t shows that the maximum
effectiveness of turp-ups occurs at -5° incidence and that they
are considerably more effective at negative than at positive
inecidenceos, due to shielding by the rest of the ski in the latter
case. Curve Ho., 2 can be used to determine what area of turn-up

' would produce g degired change in pitching moment,

From the results of the tests, it appears that the
smallest urn-up (¥o. 1) would he quite satisfactory on the size
upe gkt and it wag supgested that the affect of fairing this
turn-up inte the rear of the ski by nmeans of smooth curves should
be eRanmined. Accordingly, the rear of the ski wss modified as
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shown in the photographs (Fig. 3 and 4) and the drawing Fig. 9,

Bheet metal plates were sdded to the top and bottom of the turne

up which faired it smoothly inteo the surfaces of the ski, The

wooden forumers used for the under surface are shown in Fig. 1

and 2 attached to turn-up No, 1. In this way a style of ski

heel was produced which nore elosely resembles the type of heel

wvhich would be incorporfted in the construction of new skis degigned
) with turned«up heels.

The results obtained with the faired turn«ui are glven
in Table V, and plotted on curve shest No, 3. Very little effact
iz prodwced as a result of adding the sheet metal fairings; the

pitehing moments are all zlightly inersased in the positive sense.

Aithough the turn-up removea the danger of large
negative moments, it still lesves » woderately large positive
noment te he talken care of and the pitching moment curve atill
exhibitz inegtablliity. It was declded to examine the utility of
an seraofoll ziablliser based on the thaorstical calculations made
previously. In the absence of serious interference from the ski,
this asrofoll should produce a neutral stability ecurve for the
ski over s moderate range of angles (31209).

The symmetricel RAF 30 secction wes used of chord 9 in.
and span 431 in., ziving an aree just less than sg. £t. This
is s8lightly 1n excess of that requirsd on theoretical greounds,
but in view of the expected interference from the ski and the
use of an aspect ratlo less than & (the figure used in the
ealeulations? this area was not considered exceszsive from the
point of view of counteracting the moment due %o the ski itself,
tut represented spproximately the limiting size of stabiliser
that =aight be practicable from other considerations.,

The stabilliser was attached to the ski by means of two
brackets, as shown in Fig. 6, The point on the chord at shich
the mgximrum thickness cccurs was located 51" behind the skl axle
and 24" above 1t (ski horizontal) which gives the requisite
clearance under the fuselage of the "Audax". 2Since the moment
curve for the skl alone crosses the gero moment line at an
incidence of -44°, the stabiliser wes set at +440 to the ski
in the hope that it would give no moment at the same angle that
the ski does,

; Regulls
The resulis are given in Table VI and plotted on curve
sheet Ro. 4. By deducling the mements due to the ski alone, the
' moment due to the aegofoll alone (including interference effeccts)
1s obtalined and has Leen plotted on the same sheet.

It is @hviéaa from the curves that the interference
from the ski 1s go lerge that the moment curve still indlcates

instablility. COver a renge of some 15° in the middle, the
aerofell has substantially reduced the lnstabllity and even at
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the extremss of the angle range, reduction in the msgnitude of
the moments hes iaken place. A3 was axpected, at positive
angles the aerofell is least efficient, dus to the powerful
interference fron the skl iiself.

The ponent due to aerofoll alone does not pass through
gero at the anticipated ski incidence of «44°, due, presumadbly,
to o dowowash from the skl which delays the negsative angle at
whieh £he stablliser reaches zero incidenes to the relative alr
Siraat,

Chenre of. 8tabiliser Angle

From an inspection of ths moment eurve, due to the
conbination, it was deeclded to try s second engle sotting of
the stadbilirer, ir order to produce s moment curve lring nore
on the rositive side of the zero moment line, The stabiliser
was therefore set at ~3° to the ski and it was expected that
this wonld shift fts moment curve 792 along the angle axis,
making it vass through the origin.

Besults

The results are given in Table YITI and nlotted on
curve sheet Ho. 4., The moment curve due to the corbination
now appears sore satisfootory. Negative momente cannot appear
until 2 ski ircidence of ~15Y and only moderate positive
moments exist between -1%5° and 0°, At -5° the slope of the moment
eurve tends tos become very flat, Triveine the skl at this angle
with trimming cables wonld be very simple and relishle.

From the moment curve due to the aserofoll mlone, 1t
appears thet changing 1te: angle dces not merely shift its
moment ¢nurve slong the engle axis. Decreasing the angle of the
stablliser with respect te the aki has caused the sddition of
positive moments at all angles. The moment curves due to
gteblliser ulone show the stalling of the stabiliser al the
extreme angles, except when the ski is at negative angles, in
which ¢nse the effect of the ski is such that the stalling of
the serofoll is moterially delayed, behaving as a slotted aero-
foll, the ski acting sz a ¢rude auxiliary.

From an inspection of the drswing of the “Aundax" fitted

with the size "P" gkls, it is obwvious that the bouxbs on the

" lower asin plane are vertically above the outer edpges of the
skis and that the addition of the stadbilisers would render the
present bomb lovatlon zore than ever unsatisfactory unless the

. stabiligsers were moved inboard until their outer tips were
pluxd with the edges of the skis., This, with the additien of
a slight shift of the bomd racks onl towerds the wing tips would
make the combinatlion sstisfsctory. TFurther advantages would be
obtgined a3 a result of off-setting the stabliliser, since it
would be partlally removed from the influence of the ski itsdf
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and gecondly, 1t would bs lmwersed in the higher velocity slip
stream znd wonld therefore he more effective.

Retnining the same angle and location for the stabiliser,
it was moved laterally uptil ene tip was plumb with the ski
edge, Pitehing momente on the coubination were agaln neasured.

Resultsg

These are given in Table VIII and plotted cn curve
sheet B0, 5. £ slight improvement 1z noted over the central
locstion for the stabiliser due to a reduction in the inter-
ference experience:’ by the aerofoll in the offset positlon.

It 1z felt thet the effeet of the zlip-~stirean would
be very importsnt with this arrangemsnte.

Congluslon

On curve shest Ko, 5, s mugber of other ourver have
also bagn plottes for comperison, the most important one heling
the woment curve for the ski with faired turn-up, The superierlity
of the moment eurve with serofoll stsbilisser iz quite apparent,
wherans, 1f the positive moment can e tolerated, the faired
turn-uy is ebhviovely the simplest and cleanest modification and
far less ¢lumay than the addition of a stabillser.

Fyrther Develonments
Lift snd drap on the skis with and without these
wodifiantions will be made whaen the wind tunnel balsnees are

availadle, The €Tfaet on 147t drag and pitehing noment of
simple stresm linine will be examined.

it
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INCIDENCE | MOMENT FORCE | MOMENT ABouT
ARPM. INS. LBs. AxLE. FT. LBS.
-20° 4510 —10:1 -38-0
-15° 47.90 ~136 ~54-3
-10° 5034 -166 - 697
-5° 52.55 ~19-3 -84-5
o’ 5438 -2/8 -98:8
+5° 55-38 -24-3 -2 2
+10° 56-03 -26-6 ~124-3
+15° 5668 ~289 -/36-5
+20° 56-91 -3/-3 ~n7-5
TABLE V.

PITCHING M™MOMENTS

DUE TO WEIGHT OF SKt.
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