


TWIN PUSHER

s The stendard "A" frame with exposed rubber has a great deal of
{resistance and detracts from overall efficiency. Tubular and stream-
lined frames with rubber enclozed are much better. The sketches i
show several proposed designs which are not impossible to build:

{ Consider them when building your next twin pusher.

Steggered props lower the triangular thrust line, but care
should be taken that they d6é not hit each other. A double bearing,

as shown, will do the trick.

= .A:. __-_-__
STHACEERED FPROPS STAGEERED PROPS &
EANCLOSED MOTORS
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S4ME RES/STANCE DOYBLE BEIRNVE

PROPORTION BETWEEN PUSHER SURFACES

The most important factor in the design of a twin pusher is to
have the propsr proportion between the surfaces--wing, elevator and
tailplane, it used. The following formula can be used for ships
already built, to minimize test flights, and to check the placement
of surfaces so &s to give the most sfficient results:

£ $Epr = Wa ¥ Ffns Fa tém=(a e him)+( BLT) F‘Zh
Ea-£LEVT AREA .l B
£ar = LLEVT AREA Enp: 7 AR +—
Lrr= A5 W= WINE AREA
Wz ~ WIS AREA W= v AR !
Wz o ASA Ta <TA/LPLANE AREA lo—Erm—tegt]
Zm: v ARM iorr

Only half of the tailplane product is used as tha tailplane
works in disturbed air.

FIRDING THE CORRECT ELEVATOR AREA WHEN WING AREA IS KNOWN

Make the complete ship with the exception of the elevator.
Assemble and place the wing at the most favorable spot, in respect
to fastening, and distance from tailplane, if omne is used.

Place & weight equivalant to the finished elevator about 3" from
the frame apex., Find the C.G. and use the above formulas, making
%a the unkmown. The result will be the correct elevator area to
use for that particular setting. But before you make the elevator,
check it for the proper dihedral, which determines the position
of Directional Center (D.C.). (The Directional Center is treated

separately later on.)

The formulas given are fairly accurate regardless of which
_airfoils are used on the different surfaces, but if we want to be
exact, when different airfoils are used, we should use this formula:
For model with wing and elevator only.
EC X fa abm = N x Wa x wom
Por model with wing, elevator and_tailplane
£C » La x £rm ~Wex bl x b/m)# (LLE T XT®)

Cy is the 1lift coefficient of the particular airfoil uesed. The
other factors are the same as in the other formulas. The ocalcnla-
tions should be made with same incidence on all seotions. The exira
2 or 3 degrees incidence of the elevator, when flying, will produce
the arrengement that mskes pushers so popular, namely, the elevator
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stalling before the wing and keeping the plane on its best glide. °
It is a good idea to make saveral calculations (at different angles
of attack) to find out just how the model might behave. Of courss,
the calculations should be made using the Cy of the elevator at iis
flying setting; that is, 2 or 3 degrees more than that of the wing.

ASPECT RATIOS, selesction of airfoils, props, wing construction,
and winding, will be treated under their respective headings. :

LAUNCHING TWIN PUSHERS

'~ Stand in a walking position, back slightly bent, holding the
model Jjust above, and in front of your head. This posture permits
you to swing the model over head and turn at the sames time in case
of a sudden gust., ILaunch by swinging your arms a little faster than
the flying speed of the modsl. Do not hurl, as this will unset the
model, and being clcse to ths groumd, it will not have time to
Irecover, '

When bringing back & model- in a windy weather, hold it by the

apex and let It swing behind your back, or hold the apex with the
left hand and have the wing under your right arm.

SINGLE PUSHER

The same rules that were given for the twin pusher are appli-
cable to the single pusher. The only difference between a twin and
a single is the motor stick design, and the wing mounting. The
drawing shows several typss. A motor enclosed in the tube is the
best as it offers the least resistance at all angles of attack. If .
you have to use rubber outside, use the built up design, as it has
better anti-twist and anti-bending characteristics for given weighuv.

EXPOSED MOTOR

== e — ——==2 5 A
0 8] v

CABIN FUSELAGE

The name, Commercial, has been changed to Cabin PFuselage by the
N.A.A., to differentiate between the scientific models and those
built from commercial flying scale kits.

It is much harder to design a stable tractor than a pusher,
because of the different surface layout. In & pusher, all the sur-
faces contribute 1ift, but in tractors the wing is usually the only
support, the :xception being the 1lifting tail design.

A 1ifting tail has an advantage over the flat tail in that it
contributes 1ift. The same formula that is used in & pusher to finad
the elevator area, can be applied bto the lifting stabilizer. When
using lifting tails, be sure to have a high wing, or else the model
will be unstable., A more complete treatise onm this design is given
in the Indoor Tractor Design.

-4-
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LIFTING STAB/LIZTER SYRIAILETRSCAL STABINIZER

Up to Cate we have not found & practical, sxsot method for cal-
‘oulating symmetrical stabilizer area. The writer worked out en
exoellent rule whioh is simple, practical and approximately exaot.

A lifting tail should have & negative ineidence of 1 to 2 de-
grees. A symmseirival tall is best at zero degrees. Thess inciden-
joee are in respsct to the thrust lime. Actually the neg. incidence
is sbout 1 or 2 degrees more, becanss of wing's downwash. You may
| nee poesitive incidence im the teil, but you muet increass ths inci-
dence of the wing 20 a8 to keep 2 or 3 degrees difference batween
{ theam.

FUSRLAGE

Hoat of the resistance in & Cabin Fuselsge 1s in the bedy. Simple
J olsan lines are ths best. Ths drawling shows ssveral designs end also
4 their oross sections in reletion to the relative wind when they fly

at ez angle
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AORIZONTHAL CROSS JECT/ONS OF FUHSELAGES INCL/INED /5°

EFFECT OF ANGLE OF ATTACK ON FUSELAGE DRAG

The drag of a fuselage with well rounded section doaes not change
with increase of angle of attack. The drag of a fuselage with square
or rectangular section increases with increase. of angle of attack.
The following table shows the drag, in pounds, of two fuselages, omne
8quare in cross section and other glliptical. Both have ths same
{length and oroee seotion area. (From 'Aerodynmemics®' by Diehl,)

Angle of atteck i vof el 6 dliaot i v ast i lagon
Square Seotiop | .050 [ . 0567 [ .070 I «093 «129
Elliptical Ssc. 012 012 .010 .014 2022

You can see from above drawings and table that it is a bad polioy
to point the prop down to obtain a high angle climb. The resistance
overgomses &1l the benefits and actuslly msakes8 it worse. A much bettsr
plan is to increase the angle of ths wing and stabilizer and let the
| fuselage be horizontal in flight. The result is that the decrease of
J repistance speeds the model with consequent better climb, and omn the
glide ths wing will work at its best 1L/D,
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FUSELAGE CONSTRUCTION

A round monoocouque construction is tane best. It is not as hard
to make one as it seems. The naext best is to gover whatever fuselags
you us; with shget balsa. The strength will surprise you: Paper 6o-
vering is fair for flat surfaces, but poor for covering fuselages of
round oross sections. The fuselage longerons should be of 1/8 hard
balsa, but lighter if motor stick is used.

FASTEMNE PLUGS WING MOUNTINGS

inicE PUBBER BAND |
0@9 | ’dg- v
4 & i
I
J) A : ““f — . ]
XUBBERBANO TEEE FOONT AR REIR - RUELER BANO

SEE SUANS FOR MHoRs

LARDING GEAR AND TAILSKID

Bamboo or wire--which shall it be? Both have their merits but &
wire landing gear is more durable, and does not have to be removable
for packing. Thin, laminated and elliptical oross section wheels are
best. Do not use heavy wheels to get & low C,G. It is & makeshift
way of obtaining stability. EKeep away from thick pants. See thse
Cabin Fuselage plans for landing gear and tail skid designs. A long
tail skid is best, because it presents the lesst frontal resistance
of the model at the take-off,

WING CONSTRUCTION, and other factore desaling with general infor-
mation will be found under their respective headings.

STICK TRACTOR

The same rules that were given for Cabin Fuselage are applicable
to single stick tractor. The motor sick comstruction is the same &s
in single pusher, except that tail boom is added.

OUTDOOR WINGS

_ Tapered wings, elevators and stebilizers having aspect ratios
of 9 to 11 are best. The taper should be in ratio of 1 to 1/2, that
i8, tip chord should be 1/2 of that of the center. High aspect
ratio wing and elevator, not neccessarily tapered, should be used on
twin pusher, to get most of lifting surface away from the frame ed-
dies. Sweptback wing may be used om tractor with symmetrical tail
to keep the C.G, forward, and, also, to. deorease the dihedral and
help stability with an upturned trailing edge. Never use more than
30° of total sweptback. A total dihedral of two inches for every
foot of span is sufficient. Dihedral may be decrseased if the Direc-
tional Center (D.C.) is high.

WIRG CONSTRUCTION

2

Avoid a multi-small-spar design, husky leading and trailing

6dges with just one center spar is much better., The wmulti small-
spar wings might be brittle and seemingly strong, but any sudden
strain will snap them, while a single spar wing will just bend.
866 the writer's ships for single center spar type of comstruction.
The future designers will undoubtedly use Jim Cahill's construc-
tion except that 1/32 balsa sheet is recommended instead of 1/64.
Wing tips should be of 1/16 round bamboo, and shounld extend for at
least two panels along the edges.

-8-
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The ribe should be of plus 1/32 stoock, spaced about 1 1/2*
or lees t¢ keer the airfoil outline betweer the ribs, Lightening
Jholep are not essential as they weaken the ribs too much, and since
gadvant of the weight rules ocutting weighi om vital parts is not
$oooessary., Little notches in the spars intc which the ends of.ribs
re cemented strengthen and line up the wing well, Have the center
par equally spaced between upper and lower surfeces, to prevent the
fribe from contracting at the point of attachment. The center spar
phould be placed about 40% of the choré from the leading edge.

=

COVERING WINGS

If paper is used, be sure to use many ribs to keep the airfoil
peotion well. The grain of the paper should run from the leading
fodge to the trailing edge as paper shrinks most along the grain. Use
fdope to cement paper to the wood, and cement the paper to every rib.
$9hrink first with water. If a color is desired, mix anjline dye
fwith weter. Do not use colored dope. A coat of nitrate dops will
fwaterproof and shrink the ocovering for average weather conditions,
41f model is expected to be flown in rough weather more coats of ni-
fJtrate dope should be applied, but be sure that the construction is
Jotrong enough to take care of extra shrinkage. Deocorate with
onamels.

Balsa covered wings require fewer ribs, end the spars may also
fvo smaller than those used in paper covered wings. The grain “hould
frun from tip to tip. Sheets of minus 1/32" wood are best., Two inoh
Jotock may be used by cementing the edges together.

1 A combination of the &bove twc methods is best for practical
fpurposes. Cover the center panels with balsa and the tips with paper.
4his improves etability by kesping the weight near the center, and

the wing can also be handled better. It is a good idee to use sheet
fvalsa whereever much handling is done. (See writer's Twin Pusher
#and Cabin Fuselage.)

AIRFOILS3

: In selecting your airfoils pick thoss that have & high C;, a low
403 and & nigh L/D, at low incidences. (See airfoil reports.) The
Clark Y, R.A.F.-32 and Eiffel 400 come under this,K but the M6 does
fnot; it nes low drag and a high L/D, but the low C1 spoils it. You
fhave to fly the M-6 at 60 incidence, to get the same 1ift that the
JR.A.P.-22 has at zero incldence.

] Tt seems that sirfoils that srs used for gliders and soarers are
§ouitabie for medel work, as long &s they are not too thiock., About
14% of the chord is the meximum that should be ussed. The under cam-
Jvor snd the downward droop of the trailing edge &are the characteris-
ftics of this trpe. The only objection to their use is that they have
n large Center oi Pressure (C.P.) movement. However, this can be
oorrected by having a high aspect ratio,surfaces, high wing, or a
§larger stabilizer,

] The under camber determines at what angle the airfoil ceases to
§1ift--the deeper the camber, the lower the angle. This type of air-
§701]1 usually has the best L/D at minus 20, the ideal gliding angle.
flowevar, too much camber increases the resistance. Be reasonable;
#about 3% of the chord at the mo=t.

Ysep in mind that the bust gliding angle is at the highest L/D.

Soarers glide at this point. It simply, means that at this point the
Hloast possible amount of weight is used to overcome the drag.

10




If there is enough 1ift, and the ship has little resistance, at the
$highest L/D, we can say that the gliding engle is the same as the
JL/D. That is, 1f the 1/D is 20, then the glide is 20 to 1.

Consult airfoll report books before using your own section, You
.#oan be sure to find something 1like the one you have, and so you will
- @#be able to sees just what characteristies your ssction has. Howavsr,
J1t 1o a better poliey to pick an airfoil from the book than to use
vyour own., DBesides knowing the characteristics, you oan always dupli-
goate the section by using the ordinates; then,too, taper wing ribs
goan be eesily plotted.

USING THE RIGHT AIRFOIL

If a high wing is used on & tractor with a flat or symmetrical
gtall, a glider seotion can be used., If a 1lifting tail is used, use
4n btable section of the M-type. The loss of 1ift is compensated by
qlho uee of 1ifting tail. Never use under camber on a lifting tail:
JM=pootions are preferable as we do not want the tail to 1ift in the
Jplide. Set the M-section at a higher angle of attack or incidence.
,5n 6 pusher, we may use under camber on the elevator and the wing,
gbut that of the elevator should be deseper so that it has more 1ift
Jthan the wing at negative attack. Use M-sections on the tailplane,
4an they do not 1ift well at negative angle of attaock.
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,j::q“ i ; flr{: ; " : A &
: '!"'d;g, 53 = = =
JO s EHASE s - 2
| P aiEEeEE =

o V%245 7410 /5 /za S0 50 60 70 &0 0 95 /00
AL OF CAHORD =~ oF oY, AT~ 7E CHAR
iy & Zo D CHORA"‘ (s RAF=32 ORDINVA 7|

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AERODYNAMIC CHARACTERISTICS OF AIRFOILS

TEANYCR ¥0. ooe Percent of Chord ¥.o4.C.Aa REFIRIICT W0, 511 Farcent of Chapd Rk C.hs
: 4 — = 20 10 %0 =0 KO 70 80 90 300 2 | % g p 7 Bt
Jlmeer Tiwea ; : "R &l i
] 3. 42 3.42 00 00
\z 5_;¢ 1.08| o ,Ezo g o7 | -1.78 gu
[ 6.52| 1.50]| B ai 281 2.70| 2 %
' 7.84 | 0.88 ng H = ? 403 -?.‘;E 2&wHHt
. 50 = 4. =10 =
] g.gg g.so &‘.; Q = m* .71 -%.24) & e ¢ :
i 11.02 | 0.08 15 £.82| -3.47] © T
#1192 0.00 0 .36 20 | T.38f -3 02 Jo Rl I
12.99 0. o -%. =
%% 13.10| 0.70 —1n ag 8.0¢ -.;. £ »
z.48 t " .- -5.04 -
% 1i:06| 148 & e.03| -3.82
0 | 9.10] 1.80 n.6.32 0 4.58| -1.48 h.64.32
0 a.86| 148 ;g :.g: -2.8 E .
s.0| 0.2 .30 1.55 -1, .30
v .£8| -1.09
. i Rt 8,;3 yd.28 b33 . .78 - .2 X
M 0Ral 1.1, 102 * -2 28 o7 \ 1,8.28
} :
o6 [Broht] T3 0113 26 26 210 \ .26
a 8 c.r alld e
e [ypol— 12 ) & 2% [a20 LQ: ——:~_—_———,_?t___u‘q.ﬂ
1 [ - 28 2 P A A 2l
c:¥ P g 5 & f N a
o |gho — it -!ﬁﬁ 20|40 . B .:og
ol T |/ 8= s VL N =
i AR % e N a8,
ih A N 59168 16 K \< s916 8
ks % / - A Vi -
" hlo s W Sk ure g
" 4.3 35 kL | 3
1[0 [ 7 : 67 12= wlz| o l 612
|| e S0, h, 3 E Y E
o W v S s Ol B 7 Ao
A vos 248 / s N
[ ] 7 8 ion e B,
_ o bl- l 7
] 7 v % 6. ” b
L l A E] 1
biy- 1 2-1.0% B = " v 2.
i i =2 @ 2 g j N
‘p == o
L} 00 o .00
g Bams of saction: R.4.7. 32 i§ Eamez of sectiom: N.A.C.A.-EE8
3 i 5129 of model: 48° x @= / Blie of model: 0" & 5* 20.3
[ A |- -.2]Wina velocity:  E0 fL./se0. R Ji|9tnd veloolty:  T4.87 fi./eec. dtecs.
3 Thare tasied:  R.ALE. Dats: 1924 fherz wested:  L.M.A L. Dute: 1934,
B0 -8 & * -2 0 2z 8 & 8 10 1z 18 16 18 D & 1210 -8 -6 % -2 0 2 % 6 @ 10 1z 1% 16 18 ™ B

Azgle of ittack in Tegresa. dzple of Attack in Degrees.




Parcent of Chard
AEFRRENCE w0, Sod X

4 g _1p 0 7 o 109 KEFERENCT ¥0. 703 rercent of Coord K.A.C.4
Torn T T 1 L -1 1. — ‘ ol ) 80 50 106
0 3.80 | %.50 20F o Fai E e b =4 4 OeeA_L LM'R d
IR iR e 00 e o | vmi sml 5
i 30l ales Eém s e A 24 | 2.8 .88 -ém i= —
| mes{ coes I = = = | ? 8.17| 2.63 g B
.00 0,42 £eu o | s8] 1.l i
B oo onsf = H! ] o L 10 |w.eol 100w o
gh |11.3¢] oo an it 1% 15 |11:88| o.42 +
1.7 | 0.00 . 2 12.50 deb o %
2 |iv40! 000 ) 2 |13 ox
s 10.82 | .00 F S G e e — 1.3 - jlei o.e A
.18 | 0.00 ig L -
A REART1 T 5128 70 | 20| 3w 6132
o | si22| o.00 ; . .64
o | z.e0| cooo) % B S Sl 69 g.g .2
4o | 0l00 % | L8| od bl
| 0,312 | 0.00 vlas ‘gg il 4
M Rl L. 120 it 28 Lh.26
V| 1K 0.08 z’
LN et A T s S ] oy - --—.zs'f N .26
o
Ll AT T T4 - s
. 223 L/0 — 3
e :.'.3__..1—-' 225 :f_ — = 1 2
10 = L~ / 1. §.20 2 . T S J 20
sl | 4 2 > 4 i
— ——1as~ 25 =
" / NV 8, 7 N a8,
. AA 1N .3 // X / 8
1 7 . i N T
ﬁ“ 1 ] % § f - 7 N / S g
o 1 b J
‘II L l }; < 'sa-la v % ] )f \{ & -:.“I
‘lo = I 7 o0h 2 71N .10
[ i /‘ kdos £ 4 :.m— v, \.\ & .08
| L
Va &
“ly y & 1* 6l 74 7 o
L] 210 % » I / /f Y 2-M
L) E T 1= -« 2 5 ] .ot
L] = 00 ] ‘o 00
__|Ma=e of section: Clark ¥ = =r Fase of saction: FLffel 400 (Pescara)
* Size of model:  18% 1 3% - Size of model: 35.43% x 5,917
» -z Mind welocity: 58,7 fL./fsec. - -.2]"iad valosity: ©1.88 ft./uea.
There tested: M.I.T. Date: 1924 Yoars taetsd; 8. T. Ad. Li», Dats: 19238,
MR -0 -8 -6 % -2 O 2 & & 8 10 12 1% 16 18 20 22 a2-16-§ 6 % -2 0 2 % 6 £ 10 1z 13 16 11 ® &

Angle of Attsck in Degress. dngle of Attack in Dagrees.
|

WEFERENCT WO, 228 7 _r;:m.t of Chord S "‘inl ALFIRENCE ¥0. 708 & Pezcent of Chord o l.li&.‘l-
3“5%?%%‘ ; T s Tos »h s o s
14 | 3le0| o.01 o | 3.00| 3.00] a0 -
0 | 63| ons Eﬁw i | 558] o8| g5 |
d | BRI 8 ! 5, | B8] Sael g ot
1 7.86| 1.43| & offe— | 51| 00| & . —
AR £ a2 iRl
% | i ST . -3 11:061 1.8 l0 s [
2 | has 3,08} 3 |1l 2% g
2,85 2.3 3 2.20] 2.8 =
| 85 I 3 (.| 2 i
0 6.08 B3 6432 0.00 1.80
Jo | el 0.8 61 70 | 8o0| 1im 3.64.32
2lE3 0l17 3 g si0| ok
. 54 & 3
"1% ii6e| 333 W= LhE8 | 3 g 8 s
7 ; Q) ] 14-.28
rd 5
o 8o ¥ cL '“‘P 26 B - 3 = 25
i |u20 ! e L Fl "/— 12 .’,E
7 / c.P x xl_ — a8 V -
e fYor— ?) - 23 12 (30 7 A1 1, 28
A 4 &S 208 S } 1_5_',34 ..;15——"" 2
T !-m I ,! L)L }r’ / . ] 20 E*v /‘/ 1. ‘:oé
i\ ‘H': l \ 18 e gu < a8
h - P . ' b, i e
16 g6 \ ; 8 .IGE 316 hN 3162
!‘lahknt I’ ){ "\ / -nc‘é tie n::! /f // Pt /{ g
’ -
Y :lﬂl "->; L SN Sy . A .69 128
il < - -
10 | g0 / \\ e U S10 50 7 E_“i
l....a V. N\, 5 s |2 p. =
# b .08 8 [r00 508
s A R Y L/ N £ [P 4 7
6 oy e | A Vs V. \\ 0h el / P &
¥ | | / N 5 - A /
Ml =+— ~ 2.0 5 |u ” 2.8
o | / 7 i - ‘ L1
Wfi-t— - @ s - : e
0 1 f’ 00 ° & & 1% I 00
| | Baue of section: F.A.C.A.-X25 cp Fame of section:Tiffel 431 (Lachassagne)
a Sizs of model: 30% x 5° 19.96 Siz¢ of model: 23.82" z 3.84%
Y -.2|Wind weloeity: 72,51 ft./ssc. Atsos. & -3 Bind velociny: 01,88 ft./ses.
whare témted: L.M.A.L.  DIate: 1924 2 Whare testad: 5. 7. Ad. Lad. Date:1925
WE-10 -8 -6 % -2 0 2 & 6 & 1o 1z 1% 16 18 20 2210 -8 -6 =% -2 0 2 % & & 10 1z 1¥ 16 18 D

Acgle of httack im Degrese. Angle of Attack in Degress.

ADDITIONAL AIRFOIL SECTIONS may be found in N.A.C.A. Reports
Nos, 93, 124, 182, 244,,286, 315, and 460, These reports may be
#oen in your library or be purchased on application to the ---

AIR CENTRE LIBRARY, AT 14 MARTIN PLACE, SYDNEY.




s OUTDOOR PROPELLERS

The writer believes that best 2ll around props for outdoor work
gare oarved from blanks having width of 2 inches, and thickness of

1 1/2 inches, and the desired dismetser. The pitoh is8 1 1/2 times the
fJiilameter at the tip and about 90% of the pitch where side taper joins
Jylan taper. (See disgram,) Use the piteh formula (A) by substituting
Jthe known factors with numerals, as shown in Examples "B" and "G".
47his method may also be used for trme pitoh props when blank has to
gbo tapered to seoure the desired pitoh; just have full pitch, instead
Jor 90%. in "C" equation.

A2/4/6 x Dyam, ¥ THICKNESS _ pyresy § ==
| WIDTH WOTH ~ D

B/6 ¥ /8 XX om0 DS n S

2 )

. A8 THICANESS A
4 I xS x/5 /6.2 P mhmrf & |
_ = 622 vy ~EQUAL TAPER
1, S (9a%%) Vad

If you wish to use other blank sizes, the writer recommends
« Keck's method of finding the most efficient pitch-diameter ratio.
+ Eeck found, by tests, that greatest efficiency in foot-ouncses of
hruet was seoured from props having a blade angle at 40% of the
lade length from the hub, corresponding to & pitch 20% less than the
Joitoh at the tip. (Information on props, and model designing in ge-
joral, may be found in "The Model Flyer's Guide", by Charles E. Keck.
4!t ocen be obtained by sending 10¢ to--Pionser Model Airplane
$upply Co,--Champaign, Illinois.)

3/R/E6 x D/, ¥ THICAK X
WIOTH =Hrew

.3Am«:xam22k¢w,r7xmnﬁ_5;9§,
) KD 72 i

FROPELLER OUTLINE

The outline of a prop should be such, thet the point that is most
#llkely to hit the ground or obstructions, should be connected to the
#udb by direoct grain.

PROL OyTime

PROP FOTES

THE ROTATION of props on twin pusher should be convenient for
inding. FREE WHEELING: See plams for various free wheeling designs.
ake 211 and decide for yourself whioch is best. Covering the cupped
iide of the prop with paper or silk strengthens the blads.

»
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CENTER OF GRAVITY

The Center of Gravity (C.G.) is a very important factor to con-
ghlder in relation to the position and size of the various surfaces of
A model. It is found by the method shown on the drawing. Page I5.

ESTIMATING C,G, ON NEW DESIGNS

The approximate C.G. is almost always on the center of the rubber
motor. It moves back if a heavy tail or a straight wing (no sweep-
bnok) is used, and forward, if the landing gear is heavy. Sweepback
#0608 not change the C.G. The C.G. moves forward on a 1ifting tail de-
$lgns, as the wing is in the front of it. The amount of movement de-
gonds on the weight of the wing, and the distance from C.G. required

Py oertain size of stabilizar, See your Physics book for more
$nformation.

C.G. AND THE STABILITY
O TV e R

- A low C.G. does not have all the stability features attributed
o it. When a strong gust hits a model having very low C.G., obtainec
Yy heavy wheels or fresky construction, etc., the low weight has a
ondency to swing the model into a stall, and if it recovers, it is
pually because of the Aerodynamic stability of the plane. The same
pplies to the dihedral motion, The fact is that models having a low
#'.G. take much longer to recover as the weight has a tendsncy to keep
®n swinging back and forth, until the motion is finally dampened by
orodynamic stability. '

~

L.G., AND CENTER OF THRUST

The couple produced by Center of Thrust (C.T.) and C.G. should
®o disregarded as the model does not turn longitudinaly, up and down
$n the C.G., althought most of the seronautical text books state that
§'oot. The writer believes that the model turns on a point smewhere
Wotween C.G., and Center of Resistance,

CENTER OF RESISTANCE

] The Center of Resistance (C.R.) is the point where the frontal
Josistance is balanced. It varies with different angles of attack..
#Pn a straight flight it is usually above C.G., if a high wing is used

PROVING THAT C.R, IS THE LONGITUDINAL TURNING POINT

The following tesi was made to prove writer's statemsnt that C.R
4§00 the asrodynamic turning point: A rectangular balsa sheet was
Yoighted on one end until it was just submerged unde water in a tank.
Jhe C.G. and the C.R. were marked on the sheet and a string attached
#0 various points, as shown on the drawing, and then the sheet was
Fulled horizontally through the water. It was also pulled vertically
¥1th the same results.

ﬁmegzg,azzahfdé’
fa¥ 3

(475

TRRUST ON CR. THRUST ABOVE CR

This test proves that turning point depends upon the C.R., but
§v vwater has higher viscosity than air, we can compromise by stating
ghat the turning  point is between C.R. and C.G., depending on the
Jntensity of each factor.

~14<




JHE POSITION OF C.T. AND C.G. IN RESPECT TO C.R.

From the expsriment we can seo tha% C,T. should depend on C.R.
qind not on C.G. The best position for C.T. is under C.R:, as that wil
tend to climb the model until the C.R. moves below the C.T. because
0l the drag introduced by the stabilizer. Then, with the help of 1ift
#0n the stabilizer and the lower C.R., the model straightens out, until

unt the right point is reached where the forces are balanced. If
R. 18 below C.T. the model dives. A low wing ship is a good example
1 of what happens with this arrangement.

1 The C.G. should also be under the C.R. as thi: will make the
$node) assume the best gliding angle. The C.G. over the C.R. makes the
Mnodel dive, Take 2s sn example & low wing ship.

LOW WING AND C.R.

. We can see that & low wing design should have low rubber motor
B0 bring the C.T. and the C.G. below the C.R. A fairly large dihe-
Jdranl will bring the C.R. high. Do not use heavy wheels to bring C.G.
Jdown, because of the reasons stated before.

CL
S & O é /
7 = =7
f\\ -~ 0. 6.
PR CL/IME POOR SLrDE CR, ool CRs

_DIRECTIONAL CENTER

The Directional Center (D.C.) is the czenter of all side or pro-
#f1le areas. It is the point on which ths model tends to turn. Bscause
Hof the C.G., however, it has to compromise. The rudder or the fin
Juoually determine the D.C. on tractors, and the dihedral of the eleva-

lor on pushers, and as the D.C. has a great effect on sBtabilitiy we
¥11l1l show you how to calculate the correct rudder areas and the dlhe-
Hlranl of pusher elevator.

PRINCIPLE OF DIRECTIONAL CENTER

The Directional Cente: works on the weather vane principle. That
M0, the large areas swing away from the wind and bring the pointer to
yoar in the wind's direction. The same principle applies to models.
#When 3 side gust hits the model the side that offers greatest resis-
Blance swings around C.G., and if there is no balsncing area in the
Jopposite side, it tends to keep on swinging, with a spin in which the
0w aree side eventually rotates around the larger area as the result.
@A vingle pusher with the D.C. way behind-the C.G. is & good example
ol what not to do.

EFFECTS OF D.C. ON STABILITY

There are four possible positions of the D.C. on a model, &s

dnhown on the drawing.
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Position 1 will give the model a tendenoy to swing invo a siae
t with the inside wing high., This is bad for low power ships,
but all right for higher power jobs, as they ride the gust. If the
40,0, ip »till higher than shown, the model will fly cross wind,

jf the famiiliar "orabdbing”.

Position #2 will also tend to fly the model into the wind, but
$with inside wing low. Conssquently the modsl will 2utonatiocally

iank into the gust. However, this feature 18 bad, in that it makes
#ihe model fly always into the wind, and the model must be overcon=-
ro%led to have it oircle. The D.C. way back will also have this
endenoy.

Positions #3 and #4 are bad. Sush loeation only could causs
A" Dutoh Roll™, that is, the tail swings first to the right, then to
Jthe left, each swing becoming more violent until the flight path
Johanges into. a spiral dive. Cure - mors rudder.

1 The best position for D.0. is about an inch behind C.G. and just
#bove it. This makes the model comtrollabls, and inherently stable
by having area above C.G. the model tends to righten itself in a
gido-slip.

It would be worth your while to try all the positions to see just

0w they work. Test on gusty days, as unstable models somsetimes fly
#l]l in calm weathsr.

FIEDIEG D.C.

To find the D.C. of a modsel or & design, the side areas can be
Pomputed and the center determinsd, but it is muoh sasier to out a
Winpor pattern to scale of the Bide view of the model, and then by
Alancing this by method shown, finding the center of gravity of the
mpor. This center of graviiy of the pattern is the D.C. on the
#uodel. When finding the D.C. from pattern it is advisable to have &
ginrgeor rudder which can be trimmed to the proper area. Use only balf
I the prop for eide area.

FINDING D.C. OF PUSHERS

_ The D.C. on the pusher is found in the same manner as in tractors
gnd it is just as important to have it just behind the C.G. In pu-
Jhors, the elevator can serve as fin by giving it enough dihedral to
@ring the D.C. behind C.G. A fin can be used if the dihedral becomes
P xoessive. When testing pushers for their D.C., be sure that the po-
®ition of the surfaces has been determined before. That is why it is
Wdvisable to make fhe elevator last.

FINOING DC.

HIRLE OO,
7HREaD [P g Al
s (e
aErors Agrxééﬁ' LODEL
BYLANCED a.6. // ~

HE/EHN
FINDING C &
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S0LID BALSA GLIDERS

The original handlaunched Sweepback Glider, which is now gaining
woh popularity throughout the country, was designed by the writer
ud his brother, John, in the summer of 1930. Since then many im-
rovemente have been made on the design, especially by John Young and
s New York Aeronuts, which raised the few seconds of before-1830 to
la present high time. The main requisite for high performance glider
e ntability, & minimum resistance, and wings strong emough to with=-
Lland the terrific strains of baseball-like lsunchings. The Sweep- '
Bnok glider meets all these requirements: The dihedral and the sweep-
Pnok combination give the glider the neccessary stability and also
B ho nooded strength.

: S0e the glider plans for the general outline and construction
Botnlle, Fotice how sturdy and streamlined the essential parts are
inde. Besided the profile drag, we must also take care of the skin
rlotion., This is done by using 10 nought sandpaper for final sanding
nd making the surfaces permanently smooth by applying to it several
aats of lacquer, or banana oil, or microfilm solution, that will not
arp the thin surfaces, with intermediate sandings of 10 nought
andpaper.,

The correct launching and setting is very important, especially
ndoore, where there are no rising thermals. The glider should be ad-
ustod so that when it is thrown into a right turn, it straightens out
Bl glides into & left turn. This is done by giving the left wing a
Sunhin, when looking from the front. This setting is for a right
W®anded fellow, and vice verss for a left hand person. The most ele-

wntry throw is to hold the glider vertically, with the above setting
‘#nd launch it by swinging the arm in a aro, releasing the glider when
@ he hand is begining to come towards the body. The glider should go
nto a fairly tight right turn, gradually increasing the radius until
L straightens out and goes into a left turn. The most successful
sthod for record and contest launching was first developed by John
bung of Hew York. He throws the glider into the air as thought it
@m0 & baseball, except that the glider is banked slightly for a right
Burn, The height he and his colleagues get is amazing: Over 70 feet
Wndoor! But they feel it for the next few days. Of course, the wings
B! the first few glidere collapse under this tremendous force, but ‘we
pon learned by expserisnce which grads of wood is the best. Amnd, do
ot forget that good proverb, "Practice makes perfect.”

INDOOR PUSHER

Up to date very 1little has besn dome to develop Indoor Pushers,
soouse the original indoor models were tractors, and only a few
Baurdy souls dared to build pushers. Their were fruitless, in most
Mnutances, however, because in their pusher designs the motor stick
ped to twist so as to help the torque, and also, the models spun
i the slightest provooation. Misplacement of the Directional Center
m8 the cause of the spin; it was too far back of the C.G. The
piter has designed an Indoor Pusher, (see drawing), which eliminates
$1]1 these faults. By enclosing the rubber in a tube, the twist of
llw etick is negligible, and the fin area in the front brings the D.C.
st behind the C.G.. where it should be. Of course, a larger dihe-
sl on the elevator, instead of the fin, may serve to bring ths D.C.
@0 the right placs.
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INDOOR ENDURANCE MODEL

Sqe the Indoor plans for the design and construction details.
When making a model from plans, and the weights do not check, the
Fahnon probably is that a different grade -of balsa was used. If you
Whe 8 1bs. per ou,ft. balsa on a design which was originally built
of : 1lbs. stook, your model will naturzlly weigthalfmost twice as
muah,

Indoor balsa snould average between 3.5 1bs. to 5.5 1bs per cu.
fi, It is preferable to use larger size of lighi balsa, instead of a
#mnll size of hesvier wood which comes to the same weight., The largser
#ive ocan be streamlined easier and is stronger, per weight, because
Of the larger cross section. Oval-shaped motor stiecks, hollow booms,
#nd nll tubing, should be made of balsa that does not &ngle when
pannod between the thumb and the index finger. Spar stock should be
#llghtly tougher. For cut ribs, use speckled balsa, as it does not
#lraighten out when cut to the rib outline.

STABILITY OF INDOOR TRACTOR

The present trend in Indoor designing is to have a2 high wing and
# ownbered stabilizer on a boom. This combination combines stability
#nd officiency. The cambersd stabilizer contributes 1ift, and the
hMpgh wing makes the model stable. The formula for calculating the
#tabilizer area is the same as that of 1lifting tail Outdoor Tractor.

; Space does not permit us to discuss the merits of high and low
winge, All we oan say is that we have tried both systems, and the
Mph wing has proved to be the best from an efficiency and stability
#landpoint. (See the drawing for comparison of the two arrangements.)

B!V 1s much easier to adjust & high wing model, as the ad justments
@ohan be rougher than on a low wing model, because the Center of Pres-
@hure, or Lift, moment arm becomes smaller when the wing ie at a high
@gnngleo of attack or near a stall, and giving the tail a greater lever
@hrm, thus straightening out the ship. In & stall to standstill, the
Blentor of Resistance IC.R.§ above the C.G. straightens the model

whon 1t begins to slide backward, g

am cp ) ar
).
)
! Gﬁ.C!I as
R

ZNDOOR_PROP

The indoor prop outline, as shown in the Indcor plans, is for

high ceiling flying. For a low celling use the outline developed
y Mr, Walen of Bpringfield, Mass, Mr., Walen states that with this
iMtline he is abls to get 3 to 4 minutes before the model resches a
b0 ft. ceiling and yet comes down 3ead stick. The principle In-
Olved is that the blades increase their pitch when the motor is
\ 11y wound. (Some of the cld timsrs will recognize this prop as a
gnodification of that of Joeeph Culver of California at the 1929
falional Contest.)

Nﬁv RS
£ i i CULVER :

/!
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MICROFIIM

E ] Almost any lacquer or dope will serve as microfilm solution if

! Brnper amount of flexizer is added to make the film flexible. Oastor
WUL] 1n the most common, but it shouwld be used in Just ths right amount
@h8 1t is liable to meke the film tacky if used excessively. Those

gilhing to experiment in this field should read up on lacquer litera-
Wi's in their library. _ _

t B Use Red and Greenish colors for tractor wings, and Gold, Silver
|ound Violet for tail surfaces and R.0.G.'s, These colors are used by
@the N.Y. Aeronuts, who have been working on film aver since it was .in-
§!roduced, and, naturally, have e good solution. If you are just be-

4 g&ning to use miorofilm it is advisabls to use thicker sheets, but
@naver go out of the color range. Use saliva for adhesive, and hot
@Wire or acetons for trimming. Wings can be coversd in one piace by
iblohing the spars for dihedral, and then covering with film. Make

@i hedral, snd blow underneath the wing to crease the steck £ilm. You
Jay find more hints just by experimenting. You know, a day of expe-
B|'inenting on your own will teach you mors than You could leasrrn from
the mont complete trestise ever compiled. “
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METHOD FOR MAKING ELLIPTICAL WINGS
Developed by Lawrence Smithline
Draw the ellipse. Superimposs spars on the drawing. Hold spars

@ ploco with pins., Place and cement ribs. Moisten the spars to

@'f0p ochape. When dry, remove from the board and add tips, and carry
i A on ordinary construotion. -
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SOME TECHNICAL ROTES ON THE PRESENT TNDOOR AIRFOIL

Being the results of Aerodynamic experiments
with eight single surface airfoils,

by J. Wallace McBrids

The National Advisory Committe for Aeronautics (N.A.C.A.) has
publissied numerous reports on the asrodynamic oharacteristics of air-
foils, none of which are acosptable to the present indoor expert.
(R.E.F. 1) Endeavouringto remedy this situation the author began in
1931 to test the singls suiface airfoils of the “Seven Outstending
Tractors of 1930." (R.E.F. 2) Work was begun using free flight tests
but the method was soon abandoned because of the larger number of va-
riables involved. In an attempt to eliminate some of these & small
windtunnel was built and placed in operation.

Powex for the tunnel was supplied by & one-sixteenth horsspower,
rheostat controlled, electric fan, Air was forced through a8 stiff
paper transition piece, going from 13 inches in dismeter et the fan
tc @ honeycomb 14 x 5 inches at the entrance to the working chamber.
One and one- half inch lengths of soda straw piled and glued on top of
one another formed the honeycorb, the purpose of which was to bring
the air into the working chember in parallel streams, (See drawing.)

The aerodynamic balance mounted on the top of the working chamber
was of the pin jointed parallelogram type. Lift was measured by an old
druggist's balance which had the drag balance mounted on one upright
arm. The drag arm was so mounted that its position could be varied
at will and then locke¢ in position. The angle of attack which was
controlled by this movement was read off a protractor attached to the
same upright. Thus one could control the angls of the test seation
without disturbing it. (See drawing of the balance.-)

The test sections were constructed according to current model
building practice. Weight being no objection the sections were built
very substantially. The tissue covering was supported by, one inch
spaced, hard balsa ribs faired into one-sixteenth diameter (being the
mean size of the average indoor tractor spar) pine spars Sag at the
tips was prevented by airfoil braces similar to thoss now used in mul-
tiple covered microfilm wings. The very low aspect ratio 3.44 was
necessary in order to get a chord large enough to give a Reynold's
number approaching that of flight.
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The test sections were mounted inverted on the drag balance clip
arm (1/8 x 1/4, oross section) by Pond type double grip clips. The
1ift bslance was then counterbalanced for the weight of the section
with the power off. The test section was then tested to see if it was
on the same plane as the top of the test chamber, by taking offset
measurements from the spars, when the angle of attack indicator read
zero. The power was then turned on and the airspsed obtained. There
being no micro-manometer available the airspeed was'obtained by moun-
ting a square flat plate normal to the airstream and then recorging
the drag. Speed was obtained by solving the equation#-Drag=Cd 3 v2
(Use of this type explained leter.) with the drag coefficient (Cd)
taken es 1,040 for a plate 10 oms. square (REF. 3 & 4) The test
seation was then replaced and its angle of attack again checked.
Readings were taken for 1ift with the drag arm locked. The process

wae repeated for every two degrees throughout the working range. The
power was then shut off and the incidence of the tesl section again
checked, If the test ssction was found to have shifted the process
was then repeated.

The tests were carried out either in the mid afternoon or about
4 A M, in an effort to reduce the error resulting from variations in
airspeed due to changes in the power loads on the power line. Compa-
risorn of the results with those of the N.A.C.A. have led the author to
believe that the airspesed of 7 f.p.s. is a 1little too great. Although
the error may be largely dus to the low Reynold's Number. A free
flight test with another single surface airfoil gave a C1 of 1.4 at 14
80 the error is probably not great. He, howaver, hesitates to guaran-
tee the aocuracy and suggest that the reader test his own airfoil in
flight by obtaining speed. It is then possible to calculate the 1lift
coefficlent for the angle at whioch the wing was flying. With this
date i1 is only necessary to transpose the 1lift curve so it passes
through the point obtained by the flight test. The drag curve will
also be transposed but the L/D ratio will remain the same. Should
anyone ocarry out such a test the author will be glad to hear the re-
sults or if information is desired as to the method he will be glad
to be of assistance.

The sections treated were those supplled by tne A.M.L.A. 1in
their booklet (Ref. 2). There are in addition two sectlons de-
veloped by the author and two others tested elsewhere that will
be of interest, and are included for comparison. The sections are
called by the names given them 1n the booklet although correspon-
dence with some of the gentlemen have shown that the sectlon flown
by them were consldérably different.# For example, the section
shown to be that of Carl Goldberg varied by more than 3/32. The
section had a thinner maximum ordinate and was somewnat more
bulbous at the entering edge.

The centre section airfoil of Fay Stroud and that of Samuel
Balkan were practically identical and gave such a poor showing in
the free flight tests that they were left out of the test progranm.
The airfoll known as the B-6 was an airfoil used by the author in
1931 and was the forerunner of the B-7 which was developed as a
result of these tests. The aerodynamlc characteristics of these
airfolls amre presented in the standard form. It should be noted
though that the GHttingen section and the Flat Plate are plotted
to one half the other scale.

# The author wishes to thank Ray Thompson and Carl Goldberg
for their ald and courtesy. ¥
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E : TABLE OF GEOMETRIC CHARACTER;STICS OF THE AIR?QLLQ

! S 0. 80,770, 00,
|Ray hompson §0.0|2.30|4.00|6.20|7.50]7.76|7.40(6.75|5.76]4.10]3.600,0
| Carl Goldberg §0.0|2.70|4.60/6.80|8.00|8.40 8.00{7.00|5.90|4.30|2.,30{0.0

i‘ay Stroud (tip§03;0|3.00|4.60|7,00| 8.10|8.20}7.90|7.00{6.70|4.10|2.30|0.0

%.'-‘_j_ﬂL. Hankammer §0.0|3.90[4.75(6.80|8.00|7.95|7.80|6.26[4.90{3.60{1.90]|0.0

[Jack Fiener |0.0|2.25]5.00|7.80]5.00]9.20[8.80]7.20]5.80]4.00[2.530 0.0

iﬁ_i—nia MoCoy  |0.0[2.70|4.50|6.80|7.90|8.10|8,00(7.20(6.00(4.60{2.75|0.0

i’?",}s{cBride B-6 }0.0|2.90{5.10}7.40|8.25(8.30|7.90{6.90|5.60|3.90|2.00|0,0
f;fﬂuoariae B-7  §0.0|2,35(4.40(6.70|7.80|8,30(7.90|6.90|5.60|3.90/2.00|0,0

GBttingen 4172§0.6|2.86]4.28|5.70|6.48|6.53|6.10|5.38(4.38(3,10|1.60{0.0

Flat Plate 0.5/0,50[0.50]0.50|0.600.60}0.50[0.50}0,50}0.50(0,50]9-50

| AERODYN GLE SURFACE AIRFO

Name of section: Ray Thompson
Wind velocity: 7 f.p.s.
A.R. test section: 3.44
Tested by; MeBride, March 1932

Where tested: Winnipeg, Can.
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Name of section:
Wind velocity; 7 f.p.s.
A,R. test section: 3.44
Tested by: MoBride, March 1932
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Name of section: Fay Stroud
Wind velocity: ¥ f.p.s.

Name of sgction:
Wind velocity:

L, Hankammgr
T f.p.S.

A.R. test secotion: 3.44 A.R, test section: 3,44
Tested by: MoBride, Marcha 1932 Tested by: MeBride, March 1932
¥here tested: Winnipsg, Can. ¥Where tested: Winnipeg, Can.
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Coefficients are

Name of section: Jack Fisher

Wind velocity: 7 f.p.s.

A.R. test section; 3.44

Tested by: McBride, March 1932

Where tested: Winnipeg, Cana
|
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Absolute

Name of section: Ermie MoCoy
Wind velocity: 7 f.p.s.
A.R, test section: 3,44

Tested by: McBride, March 1932

Where tested: Winnipeg, Can,
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Name of section: McocBride B-6

Wind velocity: 7 f.p.B.
A.R. test section: 3.44

Tested by: McBride, March 1932
Where tested: Winnipeg, Can,
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Name of section: G#ttingen 417a
Wind velocity: 98.4 f.p.s.

A,R. test section: 5/1

Whers tested: GOttingen, 1926

N,A.C.A. Ref. 640
=T T ieo
1
Py
J -3
4 120
T
: Lav
3 -
e
2 ry .
16T
% 60
0}
N 7
‘;z
” A 49
4
F'{ o \
¢ a2
&
0 o H#E0
Vs 2
r &z
o 1 1 ]
&2 0 Z 8 10 i2 /4 I3 8 B

Angle of Attack in Degrees

L1is

als

476
a/f

L
fod

Co

Py

Name of seotion: MoBride B-7

¥Wind velocity: 7 f.p.s.
AR, test secotion: 3.44

Tested by: MoBride, March 1932

Where tested: Winnipeg, Can,
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Coefficients are Absoluts:

Name of section: Flat Plate

Wind velooity: ¢
AR, test section: 5/1

Where tested: Lengley Field

N.A.C.A. Ref. 201
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Some of the readers may not be familiar with this system of
coefficlents. The system is that used by the N.A.C.A. and is Known
as the Absolute system. The coefflcient of 1ift is denoted as Cl
and the coefficlent of drag Cd.

The 1ift equation for this system ls: Lift= Cl*% s v2
The drag equatlion for this syatem is: Drag= Cd® S V2

Where p = .002378. The density of the air.
S = the effective area of the wing, square feet.
V = the speed of the alr, feet per second. (f.p.s.)

It should be noted that this system of coefficients hold for
any consistent system of units, such as the English or the Metric.

Conversion factors are presented here in case one wishes to
compare tne &irfoils with those published using other systeas.

Cl
Cd

2 Le = 391 K

.01 German system
01 German system

no
I

For the benefit of those not acquainted with the use of Ab-
g8olute Coefficient Systems the following design is given,

EXAMPIE 1,

Type of aireraft: Indoor Tractor, weight complete .08 oz.
Effective wing area: 100 square inches.

Wing section ie. airfoil: G8tiingen 417a.

Angle of attack: 8 degrees 40 mins!

Note the angle of attack is the angle of incidenes between the
wing end the airfiow. The angls of incidence is the angle of inclina-
tion between the wing and a fixed 1lins in the sireraft usually the
line of thrust.

ILift Coefficient by chart: 1.00=Cl
Air density 0.002378 at 59 degrees F., and 29.92 inches of
meroury.

As the conditions mentionsed above are the avsrage of the condi-
4tions in the temparate zone one will not be greatly in error it den-
8ity corrections for change in temperature and pressure are not made,

11£t=[1.00 x 0012 x 392 x V%] = (1=c1.p 8 V?)

It is assumed that there is no down or up lcad on stabilizer at
this angle of attack.

Therefors- .08 x .0626=1,00 x ,0012 x.%%g x V2
(.08 0z.~weight of the model} (.062611bs,~Cd at 8° 40')

Solving for V one gete:~- V=Root of 6.26 or 2.5
Therefore spesed in level flight at 8 degrees 40 mns. 18 2.5 f.p.i

Many model builders will question the use of data of this kind
in the @esign of indoor models, and in an endeavor to answer them,
these last paragraphs are written.

One of the major uses of scientific information of this kind is
that one may ocompare wing sections and find the effect of making small
ehanges, Thus he will kmow that flattening out & section between O
and 30% of the chord will, if carried out within reasonsble limits,
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“1ncrease 1ift and efficiency, thus producing a better endurance airfoil

(B-6 and B-7) while humping an 2irfoil at the 40% station will in-
crease at the expense of efficiency. (Jack Fisher.) Thus by careful
comparison of the characteristics of section one may finally develop
a very superior airfoil, A

Date of this kind is most useful in design work-as it is possible
to meke preliminary endurance calculations, caloulate changes in pos-
8ible duration due to changes in wing area, incidence etc., An
example of its use in this kind of work is given below,

EXAMPLE 2.

An indoor tractor of 100 sguare inches qf area was being flown
at 6 degrees attack. A check of values of SE;(One of the criteria

for an endurance airfoil, Should be & minimum. (REF.5) of the airfoil
has shown that 9 degree is a better angle for the airfoil Would this
setting improve duration?

Arga: 100 sq, in. Cd of stick sete.: 00,0824
Airfoil: GBtt. 417a. (this includes aresa.)
Flying weight: Q.10 oz. Available energy: 35,0 ft.oz.
6 degress attack 9 degrees attack
v2==(0.10 X 0,0625 x 100 x 2) v2=_(0.10 X 0,0625 x 100 x 2
(0.8 x 144 x 0,0024) 1.02 x 144 x 0.0024
V"_-'— 2.12 f.P.S. v=1.88 ftplal
Cl at 6 degrees being 0,08 Cl at 9 aegrees being 1,02
L/D at 6 degrees is 15.2 L/D at 9 degrees is 14.1
Motor and stick dra o Motor &ad stick dra§ o
go,oa%a; x 0,0024 x (E,lg[ U.0824 x 0,0024 x 88 )%
0,0625 x 2 0.0625 x 2
0.10 =(Q,00715 0z, 0.1 =0,00578 oz.
Wing drag is 16,5 —0.00658 oz. | Wing drag is-ij=% =0.,00707 -0z
Total drag 0.01373 oz | Total drag 0.01283 oz
Power used for flight Power used for flight
0,01373 x 2.12=0,02911 ﬁgrogbc. 0.01283 x 1.88 = 0,02412 53% 8%a
Possible duration oo Possible duration
35,0 35,0
B SR A T} : ] =
0.01373 x 2.18 _ 1202.4 secs. 5.01285 x 1,88  1452.3 secs.

This is an improvement of 20.7% resulting from using the proper
wing adjustment. This is an interesting calculation in view of the
present trend to reduce the angle of attack in ordsr to reduce resis-
tance coefficient forgetting that the power required depends greatly
on the aircraft's spesd. ‘ -

In conclusion the author wishes to state that he believss that

flights of an hour or more will be possible in s few years if the

model designer pays carsful attention to the science of low speed
aerodynamics, to which he hopes this article will be a contribution.
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RUBBER MOTOR

; No attempt has been made to test rubber for its horsepowsr as
guoh teet have to be extensive and made with acourate instruments to
be of any use. Besides, knowing the power will do us no good if we
do not know just how much powsr we need for a certain model. Howevsr,
the author has few ideas and it is possible that we might have this
information next year. At present 8ll that can be said is to use

- enough power to give the ship & steady climb, 0f ocourse, the model
must bp properly adjusted for the most efficient results., It would
not do to have a model fight itself.

_ If a model flies well on first wind and then just sort of mushes
on other flights it might be because the rubber was powerful enough
en the first winding and then lost its pep., Just add two strands at
;8 time until the model comes down dead stick on 200 turns, Sometimes
when the model seems toc be perfectly adjusted but still stalls addi-
tion of an extra strand will do wonders. It is much better to have the
model ¢limb few thousand feet in a minute than to have it flutter just
above the ground for two minutes. The chances for & high climber
to hook unto & thermal ire much better, Of course, the mors stream-
lined a model is; less rubber it needs, and if the same amount of rub-
ber is used on 8 streamlined model as on the conventional design, the
difference in performance will surprise you. The streamlined modal

- will leave its Resistance brother way behind,

The following turn test were checked by three experts, and thay
represent the number of turns that may safely be put into the rubber.
On two strand test the rubber was streched 5 times, while in the mul=-
tiple strands it was streched &s much as possible. Two prewinds were
given: First; about half of total winds and streched about a half of
the final winding. Second; about 2/3 turns and 2/3 stretca. On the
finel winding the rubber was wound % of its ocapacity at standstill
and then slowly coming in., The point is that the rubber should always
have some elastioity, about 2 to 3 inohes. Just watch an expert wind:
‘he winds for & while, and then feels how tight the motor is. Using
this method the maximum winde can be stored as the rubber is kept just

'under its breaking point. You can only get the fsel by experience,
but keep the sbove rules in mind end you will be able to get the
number of turns as shown on the tabls.

Basic Weight:- 1/8 x 1/50 Brown., 0.00194 oz. per inch,
1/8 x 1/32 Blaok, 0.00166 oz, per inch.
Other sizes proportional.

Lengthening coefficlent approximately .01 when rubber wound maximum.

RUBBER WIND TESTS FOR TURNS PER INCH

Rubber lubricated, prewound and wound with winder

SIZE 1/32 | 3/64 1/16 | 5/64 | 3/32 | 7/64 | 1/8 | 5/32 | 3/16

1/32 BLABK | 185 103 94 75
I/3C BROWN | 215 | 188 150 140 130 122 | 115 | 108 94

| STRANDS 4 6 8 10 12 14 16

~ |1/32 BLAcK 55 44 | 42 40 37 35 32
| |1/30 BROWN 65 55 50 48 40 38 36
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