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Introduction~ Lessons for Investigation

In a previous report (Fo, PAA-G) information is given
concerning the aerodynamic pitching moments on full sized

aircraft skis. These monents give rise to considerable forces
in the trisming cables at the front and rear of the skis.
The Alr Hinistry is sending a Hawker "Audax" to Canada for

winter trisls and in view of its high performance and maneuver-
ability some rethod of aerodynamically reducing the magnitude
of the pitching moments on the akis is desirable when they are
fitted te this aircraft.

Bang t

The A.C.A.P. ski size "E" was chosen by the Departuent
of National Defence as being suitable for the Hawker "Audax"
and was therefore used in the tests described in this report.

The possibility of stabilising the ski by means of
an aerofoil, suitably attached st the rear of the ski in a
position well aft' of the ski axle, was examined theoretically
and the requisite area of the aerofoii was determined,

Before examining the effect of this aerofoil
experimentally, tasts were carried out on the ski with various

"tupn-ups" at the keel to determine their effectiveness in
modifying the pitehing moment curve, so that it would be safe
to operate the aircraft equipped with this type of ski. Three
areas of turn-up were tested, the spen being the same as the

width of the ski (2 ft.) and the chords being 9 in., 12 in. and
15 in. respectively. Pitching moments on the nodified ski were
measured over a speed range of 70 to 100 m,p.h, and at incidences

from -20 to +209, In all three cases the turn-up vas set at an
angle of 1359 to the upper surface of the ski.
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The pitching moment due to the weight of the ski

was also messured over the same range of ineldenees, in order
that inertia pitching moments could te dedueed for aerobatics
in which high accelerations occur.

A symmetrical serofoil was attached to the rear of

the ski es Par nft' as possible, in sn atlempt to stabilise it.

Pitehing moments on the ski for two different anpeler settings

of the aerofoil with respect te it were useasured over the same

range of speed and incidences as used in the tests on turn-ups.

Conelusions

Te halance a the pitching moment on ereh ski,

an aerofoil of approximately οὗ sq. ft. would be required.

“he effect cf turn-up at the heel of & ski is te

increase the positive pitehing norents, Negative pitehing

moments de not appear until incidences of the order of -159 are
attained, This is very desirable since it is the nezative

moment which is considered to be dangerous in view of the

possibility that the toe of the ski might drop sufficiently to

cause the ski to turn right round.

Owing to the interferenes of the ski on the stabilising

serofoll, the resultant pitching moment eurve still exhibits
slight instability over the normel working range of icocidenee,

which grows worse et tha extreme anrles. The effect of the

aerofoll is to reduce consideraoly the forese existing in the
trimming cables.

introduction

The work deseribed 1n this report is a continuation of

the investigations commenced in a nrevious report (Mo. PA&-6)
which sutlines the wind tunnel moneurunents of the aerodynanie

pitehing moments on three full sized aireraft skis of wodern

design. Thene tests revealed the existence of pitching monants

of considerable magnitude when the attitude of the ski departs

appreciably from a silght negative incidence and since the aki
exhibite an unstable pitching monent curve, the disvlacenant of

the eki itself tenis Le increase, These mouents, which are

proportional to the square of the flight speed, have to be
counteracted by an elastic member such as trigming cables or a
trimming leg and for this to be done successfully the member
has to be so stiff that its utility is lost when the aircraft

is taxying on the ground,

A Hawker "Audax" army co-operation sircraft ia being

sent te Canada by the Air Ministry for winter trials and in

equipping this machine with winter landing gear, it is obvious
that its high performance is such as te give rise to very large

aerodynamic pitching moments on the skis, In view of the fact
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that the centre of gravity of the skis 18 ahead of the axle, a

negative inertia pitching moment exists which in rapid maneuvers

£ is liable to grow to large dimensions, With the present con-

ventional method of trimming the skis, it is felt that a grave

danger exists that, in the performance of rapid maneuvers, the

S toes of the skis may be pulled down under the combined effect

of inertia and aerodynamic loads and that the skis might be
turned right around through 180°, with serious consequences.
The question of adequate trimaing gear therefore becomes important.

The Bepartuent of Bational Defence suggested that the

simplest and most lorieal way to trim the skis is by attaching

ᕒ horizontal nerodynamic stabilising surface on an outrigger

at the rear end of the ski and 81896568 slightly above the axle
8ο that the irsg of the stabiliser will assist the lift forces

in producing a stabilising moment. This, in conjunction with

an elastic triuming gear, suitable for the funetion of taxying,

ought te ssferverd the ski under ali conditions, by providing

a stable pitching monent eurve,

In addition, another suggestion was made, that, in

place of the serodynamie stabiliser, the affect of turning up

the heels of the skis (as 18 done in Sweden) might be examined
for beneficial effectr on pitehing moment.

ᐝ For the investigation of these problems in the wind

mer an H.C.&.P, size "E" ski was forwarded te the Research
Counet The síze "TF" ski, as fitted to the Bellanca "Pacemaker"

< was selected as suitable for the "Aodax" from a xnowledge of

the allewp weight of this elrereft.

Aerofoil 8589111663 ~ Theoretical Work

For taxying over the snow, the size "E" ski is required

to heave 159 positive angular movement and 329 negative angular
movement, From & knowledge of these figures, the rearmost
locatian for aerofoil stabiliser on the ski was chosen, so that

the stabiliser would not foul the lower main plane. A drawing

is included showing the size "E" skis on the Hawker "Audax",

The symsetrical R.A.F. 30 aerofoil was assumed and fron a knowledge

of its cheraeteristies and location, its area was deduced, so
that the serodynamie pitching moment on the ski would be reduced

approxfmately to zero at all reasonable incidences. It was found

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

above it. This figure was liable to considerable error owing to

the serious interferenéo the stabiliser would be subjected to
from the ski itself, especially at positive ski angles, which

eould not be allowed for in the calculations,

Before testing this device, which 18 sure to add con

siderably to the structure and air drag of the ski, it was decided
to examine the effect of turning up the heel of the ski. It was

thought that this might probably add & positive pitoning moment
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to the ski which would render it very unlikely that a resultant
negative moment would ever occur in flight. It was felt that
positiva moments could be accommodated by a trimuing leg whereas

ᔧ large negative momenta could not be tolerated on account of the
likelihood that the nose of the ski might drop and cause it to
swing through 1809, in which ease safe landing would be impossible.

Tests on Ski with m Turned-Up Heel

E ᐛ P

Three areas of turn-up were employed with the hope of
dedueing en approximate relationship between area of turn-up and
change in pitching moment.

‘he dimensions of the turn-up were as follows:

No. 1 --—-—------ Span 2 ft. ---————----ehord 9 inches

He, 2 e————--—--- span 2 ft. -—-————---G0hord 12 inches

No. ᑒ -——------ span 2 ft. 2-————----Gbord 15 inches

The span in each case is the same as the width of the
aki. Phetegraphs (Fig, i and 2) are included which show the
ski with turn-up. In eash case the flat turn-up was attached
to the ski by two steel brackets (sea Fig. 2) so as to make an
angle of 1359 with the flat upper surface of the aki.

The experimental procedure in measuring pitching
moments about the ski axle was identical with that used on

¡ previous occasions and fully desoribed in Report Ho. PAA~6,
The ski was supporte: in the wind tunnel jet on a horizontal
shaft and a vertical wire from the front of the ski was attached
to the balances above the jeg. The incidence of the ski was

varied in 59 steps from «205 to +20° and the wind speeds used in
the tests ranged from 70 to 100 mansh.

At each incidence, the pitching moment due to the

weight ef the ski alone was “easured, in order that the inertia
pitehing moment due te rapid accelerations on the aircraft
might be evaluated and combined with the serodynanic moment to
give the resultant pitching moment on the ski,

Results

The results of these tests are given in Tables T, II,

t. 111 and IV. Cn curve sheet No, 1 the pitehing moments on the 8ki
equipped with the different turn-ups at the heel are plotted,

together with the pitching moment curve for the unmodified ski.
Although not a nonedimensional coefficient, a quantity which 1s
constant for each angle of incidence 1s obtained by dividing the
measured pitehing moment by the square of the wind speed. This
has been called the pitehing moment coefficient and has been
plotted on eurve sheet Ko. 1 for the various set-ups, In order,
that the results might be applied readily to practical prohlens,
the moment ia in ft, lb. units and the wind speed in wep he
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The inertia pitching moment curve has been plotted
on the seme sheet in ft. lb. against incidence,

From the plotted curves it is seon that the effect of

turn-us at the heel of the ski is to superimpose a positive

pitehing moment on that of the ski elone which 1s greatest at
" an ineidenes of about -59, This renders the appearance of a

negative moment impossible until an incidence of -139 16 reached

in the case of No, 1 turn-up and -179 for the No. 2 turn-up, It
4s not likely that in operation such incidences would be

obtained, in view of the positive soment present st all other
ineidsnees and the relatively smaller inertia pitching moment

arising in maneuvers,

If the positive moment can be tolerated, turning up the

heel of the aki, in cenjunetion with suitable elastie trimming
gear, appears to be a satisfactory way of taking care of the

aerodynamic forces on the sxi without impairing ground operation.

In using the inertia pitehing moment curve to calculate
the forcés in trimming gear during meneuvers, some care must be

exercised. For level flight and other steady conditions of
flight in which the path is reetilinear, the curve gives the

moment about the ski axle due to the weight of the ski, providing
that the co-ordinate marked “angle of incidence of ski" ig
understood to mean the angle of the ski to the horizontel, In

ᐧ other conditions of flight 1n which accelerations are present

and it is desired to estimate the moments arising due to these

asecelerations, the angle co-ordinate on Curve 1 must be taken

ᐝ as the angle by which the normal to the surface of the ski is

din advance of the line of aetion of the resultant acceleration

on the sireraft, The values of the moments given on the curve

must then be multiplied by the value of the resultant acceleration
in gravity unites to give the moment about the ski axle,

À rough proportionality was found to exist between ares

of turn-up and the change in pitching moment produced by it,
despite the differant aspect ratios of the three turn-ups. On

eurve sheet No, 2, the mean value for the three turn-ups of the
ehange in pitehing moment coefficient per unit area of turn-up
has been plotted against incidence. It shows that the maximum,
effeetiveness of turn-ups occurs at -5° incidence and that they
are considerably wore effective at negative than at positive
incidentes, due te shielding by the rest of the ski in the latter
case, Curve No. 2 can be used to determine what area of turn-up

1 would sroduce s desired change ín pitching moment,

Tests with s Paired Turn-up

From the results of the tests, it appears that the

smallest turn-up (Wo. 1) would be quite satisfactory on the size
"UV" gki and it was suggested that the effect of faiíiring this
turneup inte the rear of the ski by means of smooth curves should

bo etamined, Accordingly, the rear of tho ski was modified as

FORM ᕼ.8.6, 125A



PAGE No, 6
REPORT No. PÁÁ-13

Shown in the photographs (Fig. 3 and 4) and the drawing Fig. 5,
Sheet metal plates were added to the top and bottom of the turn-

up which faired 1t smoothly inte the surfaces of the ski, The

wooden formers 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 closely resembles the type of heel

which would be incorporated in the construction of new skis designed

` with turnedeup heels.

The results obtained with the falrec turn-up are given

in Table V, and plotted on curve sheet No, 3. Very little effect

18 produced as s result of adding the sheet metal fairing; the

pitching moments are 811 slightly inersased in the positive sense,

& Stab (+)

Although the turneup removes the danger of large

negative momenta, it still ieaves ® moderately large positive

moment to be taken care of and the nitching moment curvo still

exhibits instability. It was decided to examine the utility of

sn aerofoll stabiliser based on the theoretical calculations made
previously. In the absence of serious interference from the ski,

this aerofoil should produce a neutral sabi lity eurve for the

ski over a moderate range of angles (420°).

The symmetrical RAF 30 section was used of chord 9 in,

and span 430 in,, giving an area just less than 29 sq. ft. This
is slightly in excess of that required on theoretical grounds,

but in view of the expected interference from the ski and the

use of an aspect ratio less than 6 (the figure used in the
pre Pr dr this area was not considered excessive from the
point of view of counterneting the monent due to the ski itself,

but represented approximately the limiting size of stabiliser

that might be practleable from other eonsíderatlons,

The gtabiliser was attachad to the ski by means of two

brackets, as shown in Fig. 6. The point on the chord at ehieh
the maximum thickness occurs was located 51" behind the ski axle

and 23" above it (ski horizontal) which gives the requisite
6196838868 under the fuselage of the “Audax". Since the moment
curve for the ski alone crosses the zero moment line at an

incidence of 449, the stabiliser wes set at +440 to the ski
in the hope that it would give no moment st the same angle thet
the ski does,

‘ Regulis

The results are given in Table VI and plotted on curve
sheet fo. 4, By deducting the moments due to the ski alone, the

ᒽ moment due to the 88802611 alone (ineluding interference effects)
18 ebtained and has Geen plotted on the sane sheet.

It is obvious fron the curves thet the interference
from the ski 18 so large that the moment curve still indicates

instability. Over a range of some 15° in the middle, the
aerofoll has substantially reduced the instability and even at
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the extremes of the angle range, reduction in the magnitude of
the moments has taken place. As was expected, at positive
angles the aerofoil is least efficient, due to the powerful
interferance from the ski itself,

The moment dae to 86362011 alone does not pass through

gero at the anticipated ski incidence of 49, due, presusably,

to » downwash from the ski which delays the negative angie at

which the stabiliser reaahes zero 56468806 to the relative air

strents

Chenge of8561111169Angle

From an inspection of the moment eurve, due to the

combination, it was decided to try a second angle setting of

the stabilizer, im order to produce e mowent curve lying more

on the positive sice of the zero moment line, The stabiliser

vas tharefore set at -39 to the ski and it was expected that
this would shift its moment curve 74° along the angle axis,
making it pass through the origin.

Results

The results are given in Table VIT and plotted on
eurve sheet Ho. 4, ‘The moment curve due to the combination
now appears more gatisfnotory, Negative moments cannot appear

until s ski incidence of -15" and only moderate positive

moments exist hetveen -159 and 09. At -59 the slope of the monent
eurve bonds to become very fint, Triuning the ski at this angle

with trimming cables would be very simple and reliable.

From the moment curve due to the aerofoil alone, it
appears thet changing ite angle does not merely ahift tits

moment curve along the angle axis. lecreasing the angle of the

Btnbilfser with respect to the zki has caused the addition of

positive moments at all angles. The moment ourves due to
stabiliser alone show the stslling of the stabiliser at the
extreme angles, except when the ski is at negative angles, in
which ease the effect of the ski is such that the stalling of

the gerofoil is materially delayed, behaving as a slotted aero-
foil, the ski acting as a crude auxiliary.

Effect ofOff-settingStablliser laterally

Έπος an inspection of the drewing of the "Audax" fitted
with the size "P" skis, it is obvious that the bombe on the
lower ssin plane sre vertically above the outer edges of the

skis and that the addition of the stabilisers would render the
present bomb location more than ever unsatisfactory unless the
$tabilisers were moved inboard until their outer tips were

plumb with the edges of the skis. This, with the sdditian of

a slight shift of the bomb racks out towerds the wing tips would
make the combination satisfsctory. Further advantages would be

obtained as a result of off-setting the stabiliser, since it

would be partially removed from the influence of the ski itsaf Y

FORM M.E.C. 125 A
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and secondly, it would ba immersed fn the higher velocity sli»

atream and would therefore he rare effective,

Retaining the same angle and location for the stabiliser,
it was moved laterally until one tip wae plumb with the ski
edge. Pitching womente on the combination were again measured.

Results

These are given in Table VIII and pletted on curve

sheet No. 5. 4 slight improvement is noted over the central
location for the stabiliser due to a reduction in the inter
ference experience’ by the aerefoil in the offset position.

It de felt that the effect of the slipe-strosm would

be very ipportent with this arrangement.

Conclusion

On curve sheet No. 5, 6 number of other ourves have
also been plotte? for comparison, the most important one being
the moment curve for the ski πα τη faired turn-up, The superiority

of the moment enrve with aerocfoil stabiliser is quite apparent,

whereas, if the positive moment can 5e tolerated, the faired

turneng 1s obviously the simplest and cleanest modificatlon and
far less clwway than the addition of a strhiliser,

Further Developnents

Lift and rar on the skis with and withont these

modifications will be made when the wind tuonel balances are

available, The effcet on lift drag and pitching moment of
simple streem linine will be examined,

FORM N.R.C. 125 ᒻ
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INCIDENCE | MOMENT FORCE | MOMENT ABOUT

ARM. INS. Les. AXLE. FT. LBS.

~20° 4540 -104 ~88-0

~/5° 4700 ~/46 -54.8

-10° 50:34. -/66 -69-7

-5° 52.55 ~!9-8 -845

o 54-38 -2^8 -98:8

+5° 45-38 -268 —U2-2

+10° 56-03 -266 ~ /24-8

+15° 5668 ~28-9 136.5

+20° 56-91 -8r8 -AT5

TABLE (ᐯ.

PITCHING MOMENTS DUE TO WEIGHT OF Skt.

13.
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