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ATRFOIL

The “AERO-MODELLER®>

Build a replica of a well-tried model, from our full-size plans.

the aero-modeiling world, and caters for all tastes and types—from the ultra-lightweight indoor model to the large
.

petrol-driven and Continental glider models.

BUILD FROM THE. FULLY DETAILED DRAWINGS SUPPLIED, AND BE THE PROUD POSSESSOR OF A TIP-TOP MODEL

The “ G-ADAR ™
(By-D. A. Russell, A.M.l.Mech.E.)
A high-wing, cabin type petrol-engined
Two large drawings. Span, 8,
The “A.P.6
(By Dr. Ing. Piatelli)
Large Contmental type Glider.
Span, é Price 5/- post free.
The “KIRBY KITE
(By Dr. Ing. Piatelli)
Replica of the well-known English Sailplane.
Span, 6’ Price 3/6 post free.
e “STOTHER’S GLIDER "’
(By K. L. Stothers)
An all balsa record holding Glider model.
Span, 5’ Price 1/3 post free.
The “WESTLAND LYSANDER "
(By Howard Boys)
Large scale mode! of thé popular Army Co-operation
machine. Span, 507, Price 5/- post free.
The ‘“ AIRSPEED ENVOY ”
(By H. }. Towner)
replica of a twin-engined low-wing
Span, 52”. Price 3/6 post free.
The ‘“ MILES KESTREL ”’
(By H. ). Towner)
Another ﬁne design by the designer of the
‘' Envoy.” Span, 397 Price 3/6 post free.

Beautiful
machine.

’plane.
Price 10/6 post free.

The “De H. MOTH MINOR "
(By G. W. Day)
Simply constructed model of the new De H. Trainer.
Span, 357 Price 2/~ post free.

The “SUPERMARINE SPITFIRE ”’

All balsa replica of the well-known British Fighter
'plane. Span, Price '1/3 post free.

The “MESSERSCHMITT M.E.10% "
Flying scale model of the much-publicised German
Fighter. Span, 193", Price 1/3 post free.

The “ HEINKEL He 112"
Another German Fighter type.

Span, 18}” Price 1/3 post free.

The “VIPER 11
(By C. Rupert Moore)
A well-designed semi-scale model
many new features. Two large drawings.
Span, 48" Price 6/- post free.

“1940 GAMAGE CUP WINNER”
(By A. F. Houlberg, A.M.l.Ae.E.)

Build the machine that won the Gamage Cup with
a total time for three flights of 717.4 seconds.
Span, 44" Price 3/6 post free.

“ COPLAND’S WAKEFIELD MODEL >

(By ‘R. Copland)

A super streamline type, designed by a world
record holder. Spam, 44”. Price 1/3 post free.

incorporating

The “AIR CADET ”
(By C. A. Rippon)

An advanced design, yet suitable for the beginner.
Amazing performance. Span, 38", Price 1/3 post free.
The * FIREFLY "

(By F. J. Rogerson)

The holder of the Canadian Stick Model Record
with a time of 20 min. 26 sec.
Span, 34" rice 2/6 post free,
“TOOTS Il "
(By R. A. Cherry)

A semi-scale type high-wing cabm Monoplane.
Span, 26” Price 2/~ post free
The “ PTERODACTYL *

(By S. E. Capps)
An unusual model for the experimenter.
Span, 60" Price 2/~ post free.
The “SPARROWHAWK *’

(By J. Van Hattum)
A fine. beginners’ model, designed by the famous
Dutch writer on model aeronautics.
Span, 30” Prlce 1/3 post {ree.
The “ j.B.3?
(By J. Bezemer)
Another :suitable beginners’ type, with a fine
performance. Span, 367, Price 2/« post free.

‘“A BABY R.O.G. MICROFILM INDOOR
MODEL

Can be flown in an ordinary dining room or small
hall.  Flights of over two minutes easily obtained.
Span, 13” Price 1/6 post free.

The

‘“ AERO-MODELLER,”

(Trade—Write for Special Terms)

OBTAINABLE FROM--
Allen House,

Newarke Street,

(All previous lists cancelled)

LEICESTER
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PLANS SERVICE

The following list is a selection of the best designs in
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AIRFOIL SECTIONS

CHAPTER 1.

T is the purpose of this little book to give the aero-
modeller some i1dea of the use of various airfoil sec-
tions and their suitability for certain purposes. In order
to understand the choice of a certain airfoil.section for
a particular purpose, we will attempt to give the feader
some idea .of how an airfoil works.

It has been found that a plate placed at an angle to

the air-stream exerts an upward or downward force,
according to whether the plate is placed at a positive or
negative angle to the air-stream. If the angle is positive
the force acts upwards, and if negative it acts downwards.
By curving the plate the force is found to be increased,
and so the modern airfoil or wing is, in fact, a curved
plate with a streamline fairing round it. The section of
a wing or airfoil seetion will thus be a symmetrical stream-
line section whose centre-line has been given a camber.
In earlier airfoils this centre line was a circular arc, but
in more modern airfoils it has a variety of forms.

From Fig. 1 it will be seen that the force acting on
the airfoil has been split up into two components, one
parallel with, and one normal to, the air-stream. The
force normal to the air-stream is called the lift, and that
‘parallel to the ajr-stream is called.the drag, of the airfoil.
The two formule from which these forces may be calcu-
lated are:

L. :C.ng— sve’ T ()}

DIRECTION OF A/R STREAM

Fig. 1.

andD:CD—%SVz e e ®

where* L .=1ift in Ib.
Cr =it coefficient ‘
p =density of air=-002378 slugs/cu. ft.
S =wing area in sq. ft.
V =speed in ft./sec.
D =drag in 1b.
Cp =drag coefficient
The angle o shown in Fig. 1 is known as the angle of
attack, and as this angle is increased so the lift coefficient -
increases, but the drag coefficient also inereases.. The
lift coefficient increases as the angle of attack is increased
up to a critical point, when it starts to decfease again.
This angle is known as the stalling angle, and is the
point at which the wing is about to stall, and the value
of Cr at this point is known as C5 maximum. CL maxi-
mum determines the minimum fying speed of the alrcraft.



AIRFOIL SECTIONS

Thus at this point L =W (the weight of the aircraft),
and so for any given aircraft the stalling speed can be
found.

ie. WL=W=CL max.—g—sw
W
S x Cr. max. x P
2

ver/ N

S x CL max. x -001189
where V is in ft. per second

Vi<

and V=1977 A/ —W__
S x CL max.

where V is in m.p.h.
We have seen that the lift increases with the angle of
attack, but the drag also increases, and increases much

more rapidly than the lift, and has no critical point
within the useful range. The most efficient angle of

attack is given by the maximum — Tatio, that is the angle

: Cr ., .
at which the value of o greatest and greater lift is

obtained in ptoportion to drag.
The point at which the forces of lift and drag act 1s

5

known as the centre of pressure, or C.P., and unfor-
tunately this point also varies with angle of attack. At
the angle of zero lift, that is, the angle at which CL =0,
the centre of pressure is presumed to be at the trailing
edge, and as the angle of attack is increased it moves
forward up to the stalling angle, and then proceeds to
move backwards very rapidly.

For reasons of stability an airfoll with very little
centre of pressure movement is  advantageous. Some
airfoils have been designed with a fixed centre of pres-
sure or very little centre of pressure movement, e.g.
R.A.F. 38. :

From the foregoing it will be seen that the following
are the main points to be locked for in the selection of
airfoil sections. For a slow-flying aircraft, where Cp
is not so important, a high Cr maximum is most impor-
tant. For fast aircraft a low value of the minimum value
of Cp is the most important part.

When a high rate of climb is desired, the value of L/D
maximum is most important, and when stability is the first
consideration C.P. movement is the most important con-
sideration. It is obvious that all these qualities cannot
be incorporated in any one airfoil section, and so aero-
modellers must select the one which best suits their
purpose and which has as many of these good points as
possible.
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CHAPTER 2.

IN order to assist aero-modellers, we will select one
airfoil and enumerate its points and endeavour to show
how it may be used in a model. We will deal with
R.AF. 82, which is an airfoil section of great popu-
larity with aero-modellers, as it has been well tried and
not found wanting.

R.A.F. 82 is one of a series of airfoils developed
from the symmetrical section R.A.F. 80, the others being

R.A.F. 381 and R.A.F. 383. The camber of the centre
line of R.A.F. 82 is 5 per cent of the chord, as a high
value of CL maximum was: desired.

The value of CL maximum is 1-308 at 14-7 degrees
angle of attack for a wind speed of 60 ft./sec. on a model
wing 8 in. x48 in. R.A.F. 82 has a very good per-
formance, but it has an extremely large centre of pressure
movement, which has led toiithe design of R.A.F. 83,

"RAF32
// \\
e —
// \\
\\
'\f
ALL ORDINATES IN PER CENT OF CHORD
STAT/ION O |/-25|2-§|50|/0)|/5 20|30 4080|6070 | 808085 |/00

UPPER SURFACE | 3-42 5-56|6-52

7-841 9-721 1-02| 11-92]/2-98{/3-/0|/246|1/-06| 9-/0

6-5613-60| /-98| -/2

LOWER SURFACE

3-42|1-96] /-50| -88 | -30 |-08 |0-00| 30| -70

/-10|/-46{ 160 | I-46]-92 |52 | -/2

Fig. 2.. .
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which is identical with R.A.F. 82 but has a reflex trailing
edge, which limits the C.P. movement. Unfortunately,
this modification was found to decrease the Cr maximum
appreciably.

The centre of pressure movement of R.A.F. 32 is
unfortunately large, as at L/D maximum, when Cr=-49,
C.P. is at 52 per cent of the chord from the leading edge
and at CL maximum at 33 per cent of the chord, that is, a
travel of 19 per cent of the chord. However, the fact
that CL maximum is fairly high and the minimum drag
coefficient occurs at a fairly high valuesof Cir, makes it
most suitable for model purposes and overcomes to a
large extent the disadvantage of the C.P. movement.

The curves and coefficients given are for a wind speed
of 60 ft./sec., about 40 m.p.h., and model wing size
8 in. x 48 in., that is, an aspect ratio of 6. The values
may be used, provided the A.R. of the model -being
designed has an aspect ratio of 6. In order to correct
the values for any other aspect ratio we may work out
the corrections for an aspect ratio of 10.

2

. span
Aspect ratio= P
wing area

Cr maximum does not change with aspect ratio.

Change in angle of attack for values of Cr
1 1
= 2y — 0, = 1824 x CL (ﬁ)‘é)
= (1824 x - -0667)CL
= - 1-218 C1.

A

28

20

16

°©

o4

124

04 {-

o2

-1

l

cor—

RAF_32 +
VELOGC/TY = 60 rr/sec
SOURCE OF DATA —~ R &M 928

SIZE OF MODEL 487x 8°

f

|

28,

24|

CA

%

/
<\

o

N

o 5 /0 L5
ANGLE OF ATTACKe<(DEGREES)

Fig. 3.
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. . Cc? 1 1
Change in C.P. =Cp,, - CDﬁzT <1—(—) X 3)
__— 0667 o CL2
7
= — 0212 C1?

We will now give the calculations in tabular form, as
this has the advantage of showing exactly what is hap-
pening and can be more easily followed. We will use
the symbols Do for the change in g= - 1218 Cr and
DCp for the change in C = —-0212 CL”.

Columns (1), (8) and (7) are read off the curves.
Column  (5) obtained by squaring the values in Column

(1).

(1) by —1-218,
) (4) obtained by adding Colummns (2) and (8).
(6) obtained by multiplying the values in Column

(5) by --0212.
’s (8) obtained by adding \alues in Columns (6)
and (7).

Thus Columns (1), (4) and (8) are the values to be
used for an aspect ratio of 10.

The values given in Columns (1), (4) and (8) are the
“values which should be used in the calculations for the

AIRFOIL SECTIONS

( 2 ) ) &) | ® ] ®
CL De« x6 =10 Cr? DCp [ CDg | CDye
028 - 034 -7 —-7-034| -000783 |--000016| ‘0174 {-01738
184 - -224| -4-8 | ~5-024} -034 — 0006 | -0190 (-0184
340 - 414 -29 | -3-314 -1155 00245 | -0202 |-01775
-49 |- -597:-0-8 [-1-397| -24 I -0051 0272 1-0221
6461 — -787(+1-2 | + 413| 4175 --00885 | -036 [-02715
788 - -96 31 214 | -62 - 01315 | -0466 |-03345
93 [ -1-1327 541 3-9681 -865 —-01835 | -0604 | -04205
1-0661 ~1-299| 70 5-701]1-132 - 024 0766 |-0526
1-172( -1-428) 90 7-57211-375 ~ 02915 | -0926 |-06345
1-234| ~-1-502| 10-8 9-298|1-52 — 0322 -1098 {-0776
1-272( -1-55 | 12-8 | 11-25 |1-62 --0343 129 1-0947
“1-308) —1-592; 147 | 13-108]1-708 <0362 1518 ]+1156

(2) obtained by multiplying the values in Column.,

wing of aspect ratio 10. The corrections should be
gone through for whatever value of aspect ratio is used.

The value of CL maximum and the angle of zero 1ift are
unaffected by change of aspect ratio, and so it will be
seen that only the Cp and the angle of attack need be
considered.

It is to be hoped that the data given on this section,
R.A.F. 32, will be of value to the aero-modeller, as no
more reliable section can be found for use in models, and
it can always be relied upon to give a good performance.
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CHAPTER 3.

HE modern airfoil is generally derived from a

streamline shape, the centre line of which has been
U1ven a camber. This can be seen in R.A.F.32, which
is derived from R.A.F.80. We can see, then, that the
airfoil has two surfaces, an upper and a lower. The
upper surface is convex and the lower surface either flat,
concave or convex.

In order to obtain the outline of these surfaces, a table
of ordinates is given. These ordinates are expressed as
percentages of the chord. Where the surface is above the
datum chord the ordinate is positive, and where 1t is
below it is negative.

The chord is defined as the projection of the line ]Oln—
ing the leading and trailing edges of the airfoil.

In order to illustrate how the profile of an airfoil is
drawn, we will take as an example the Clark Y airfoil.
We will assume that a chord of ten inches is required,
and so a line 10 inches long is drawn. This is the datum
line illustrated in Fig. 4. This line should be divided
into tenths. This gives divisions one inch long, and each
inch division is ten per cent of the chord. Some of these
divisions may be further sub—divided, as shown in the
figure. Thus we have °‘ stations ”’ along the chord,
expressed as percentages of the chord from the leadlng
edge. Perpendiculars to the datum line should be erected
at each of these stations.

Referring to the ordinates given on pa’ge 15 we
see that at station 0 for the Clark Y airfoil the ordinate

is 3-5 per cent of the chord ; that is, the leading edge is

3-5 per cent of the chord above the datum line. There-
fore, mark off‘3 516(010- =-35 mches above the datum line.

At station 1-25 per cent the upper surface is 545 per -
cent above the datum, and so we mark off -545 inches
above the datum at station 1-25 per cent. Similarly at
30 per cent of the chord the upper surface is 11-7 per cent
above the datum, therefore we mark off 1-17 inches above
the datum at station 30 per cent. By following this pro-
cedure for the upper surface, a number of points are
dbtained through which a smooth curve can be drawn.
Thus the profile of the upper surface is obtained. In a
similar manner we can find the profile of the lower
surface.

" At station 1-25 per cent the ordinate is 1-93 ; therefore

‘we mark off -193 inches above thé datum at station 1-25

per cent. The other points along the lower surface are
found in a similar way. It will be noticed that from 30
per cent to 100 per cent the ordinate is 0, and so the
profile of the lower surface coincides with the datum line.
at these portions of the profile. A curve is drawn through
the points from the leading edge to station 80 per cent
of the chord, and continued by a straight line to the
tralhng edge. Thus the profile of the lower surface-is
obtained and we have now completed the drawing of the
aerofoil profile.
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All the airfoils in this book have been drawn with
chords of seven inches, and so if we wish to draw the
airfoil section profile to a chord of five inches we would
draw a line five inches long and divide it up as before,
and erect perpendiculars at the stations. We can then
measure the ordinates from the drawing at the end of the
book and multiply it by 5/7, which will give the ordinate
at the corresponding station on the 5-inch chord airfoil
section.

This procedure may be followed graphically, as shown
in Fig. 5 and, if a pair of dividers is used, will probably
be more accurate than scaling off the drawing.

AIRFOIL SECTIONS

" Mark off AB equal to the chord in the book, and AC
equal to the chord required. Join BC. Mark off AB’
equal to one of the dimensions in the book. Draw B’C’
parallel to BC. Then AC’ is the corresponding ordinate
on the airfoil section, whose chord is equal to AC.
However, it would be more accurate to use the tables
of ordinates given. In some cases, as in the early editions
of ¢ The Handbook of Aeronautics ’’ and other publica-
tions, the stations are not given in regular percentages
of the chord but are irregular divisions of the chord.
This, of course, is more difficult, but once the stations
are found the rest follows similarly to the methods shown.

CLARK v

25

CHORD

0 255 75/0 15 20 30 <0

P ——
\\‘T\
6— © O—DAFUMH—E © e Eg
50 60 70 80 S0 985 /00

ALL ORDINATES IN PER CENT OF CHORD

Q SHOW POINTS PLOTTED

Fig. 4.
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There are also different positions for the datum chord.
In some it is a straight line drawn from the trailing edge
tangential to the lower surface, and sometimes just tan-
gential to the lower surface, as shown with R.A.F.83.

Most modern sections, however, as, for instance, the
later N.A.C.A. and R.A.F. sections, have as the datum
chord the line ]ommg the leading and traﬂmg edges of
the airfoil. It is in this latter case that negative values
of the ordinates of the lower surface are met with.

The leading edge is generally semi-circular in shape;
that is, it is blunt, and the trailing edge should be carried
on to form a knife edge, if possible. Readers will notice
that in the tables of ordinates given there is some dif-
ference between the ordinates at the trailing edge. This
1s due to the fact that, in full-size construction, it is
impossible, for structural reasons, to arrive at a knife

edge, and so the trailing edge is finished off by a radius’

of small dimension.
In conclusion, it cannot be emphasised too strongly
that accuracy in following the profile, especially at the

11

o
Fig. 5. c

fore part, is of great importance, as small deviations may
cause quite an appreciable change in the aerodynamic
characteristics of the alrfo11 section.
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RAF (9
R -
i | R
= = ]
= =
- ~
= ] ~
R.A.F. 19
: - . ] | T T - . ] T :
Station - .10 1-25 ' 2-5 ! 5 75 |10 . 15 ; 20 30 40 50 ] 60 70 80 90 95 100
'8

Upper surface | 120! 3-90 ’ 5-80 |

Lower surface | 1-:20{ -39 { -000] -10 | -60 | 1-40
H . i i

-5 110-40 111-80 i13-70 114-70 (15-20 |14-70 |13-40 |11-70 | 9-50 | 710 |} 4:30 | 2:60 60
[ 320 ’ 490 | 690 | 750
| !

7-20 i6~20 500 | 340 | 1-70 -80 60

I 1

This airfoil appears to be one designed purely for a large
CL maximum, and as such should be most useful to designers
for duration models. Cr maximum is 1'5628 and occurs at about
15°8 degrees angle of attack. The slope of the Cb curve is very
steep and should keep modellers from using this section for
faster flying models. L/D maximum is 16'6 and occurs at an
angle of attack of about —1'0 degree when Cr='57. A large

tail surface should be used for this airfoil, as the centre of
pressure movement is very large, being at 39 per cent of the
chord at Cr maximum and 72 per cent at one-quarter CL
maximum.

Cp minimum is "0285. This airfoil may prove to be a bit
of a gamble, as the stability question may be doubtful.
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RAF 3/
He .
-
R.AF. 31
) oo e ] e |

Station .. .. |0 1-25 1 25! 50 \ 7-5 ’ 20 } 40 50 60 70 80 90 95 1100
Upper surface .. 7-18 888’ 9-7 1107 ' 11:84 | 12-52 [ 13-00 | 13-14 | 12-48 { 11-42| 98 | 7-74| 540 2-92 1~61§ 12
Lower surface .. | 7-8 | 5- 36I 4-72 ( 3-74’ \ 2-58| 1-72| 114} 44| -12; -02 10{ -22 -32l 24 -141 -12
This airfoil is of the same family as R.A.F. 32, but the —44 degrees at a Cr of '132. L/D maximum is 19'1 at CL of

maximum camber is only 2 per cent, as against the 5 per cent
of R.AF. 32. The CL maximum is not so high as for
R.A.F. 32, but Cp minimum is lower, and the C.P. movement
is not so large. CL maximum is 1052 at 95 degrees angle of
attack. The minimum value of Cp is 0132, and occurs at

'428, and an angle of attack of —'4 degiee. The centre of
pressure moves from 363 per cent at L/D maximum to 286
per cent at CL maximum. The data of this airfoil is pub-
lished in R. and M., 928, but this is unfortunately out of
print.
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e
RAF 33 -
r——
11
n st -
R.AF. 33
T T - -
" Station ! 0 i 125! 2-5 50 | 75 110 15 120 | 30 40 S0 60 i70 80 90 95 100
Upper surface { 2-14( 442 5~54% 7-8 — 962 11-28112~30!13-22 129411166 | 9-70 7-5 5-30| 3-50| 2-86| 2-38
Lower surface I 2-14; -64 'ZSE 08 — ~081 -20 347 .58 -50 '26} -08k ~O4i 24 ‘96| 1-48| 2-38

This airfoil has the same maximum camber as R.A.F. 32,

but has a reflexed trailing edge to control the centre of
préssure movement of R.A.F. 32. Unfortunately, the Cr
maximum has been reduced without much change in Cp
minimum. CL maximum is 1'234, and occurs at 16'3 degrees
angle of attack. Cp minimum is 0176, and occurs —11
degrees angle. of attack, at which value Cr is '098. L/D

maximum is 17'5, and occurs at 48 degrees angle of attack
at a C1 of -588.

There is practically no C.P. movement, which is one of the
main advantages of this airfoil section.

The data on this airfoil section is also™published in R.
and M. 928.
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i
e st .
—
CLARK Y T
1] Py
CLARK Y
| B T
Station .. .. | 0 | 125 25 | 50 1 75 (10 {15 20 |30 |40 [50 |60 70 1s0 {90 [os 100
Upper surface .. | 3-5 l 545 6:50| 7:90 885 9~60i10~68111-36 11-70| 1140| 1052 | 915 7-351 522| 280| 149] 12
Lower surface e 3~SO: 1-93’ 1-47 '93“ -63 '421 ~15" ‘031 0 i 0 0 0 I 0 ' 0 | 0 0o ] 0

This is one of the most popular secticns among modellers
all over the world, and is also used as an airscrew section.
It has the advantage of making a wing easy to comstruct, and
the performance has all-round merit.

CL maximum is 168 for full scale work, and 1'24 for model
work., CbD minimum for an aspect ratio of 6 is -0085. L/D
maximum is 21'2. The angle of zero lift is —50 degrees.

Cr maximum occurs at about 19 degrees angle of attack, and

Cp minimum at 45 degrees, and L/D maximum at about 45
degrees when CL is "4. C.P. movement is from 40 per cent at
L/ maximum to 30 per cent at CL maximum. The all-round
performance of this airfoil can be used to the advantage of
the modeller.

Data on this airfoil is given in so many places that only a
few references can be given. They are N.A.C.A. 628, 586,
352, 541, and 502.



16 AIRFOIL SECTIONS
-
CLARK Y.H. ) =
—
CLARK Y.H.
Station { 0 1251 25| 50| 75 {10 15 20 l30 140 50 60 '70 80 90 95 100
Upper surface .. | 41 — 68 |- 81 90 | 98 [10°8 |11°3 [ 119 [11°45{10°5 | 91 { 7'551 56 37 | 185 21
Lowey surface .. | 4'1 ‘ — 1°85 12 — '45] 000 — i — — — — ; — 4 10 | 1°37} 20

This airfoil, which is one developed by Col. V. E. Clark (as
was the Clark Y), should be of the greatest value to those aero-
modellers who desire an airfoil with very little centre of
pressure movement. The reflex trailing edge, like that of
R.A.F. 33, has been introduced especially for that purpose.
Results for a very low Reynolds’s Number given in R. and M.
1706. Cr maximum is given as I'116, and occurs between an
angle of 149 and 16 degrees angle of attack. The.angle of

zero lift is given as —2'9 degrees. This is taken from N.A.C.A.
report 628. Centre of pressure 'is practically nil, due to the
reflexed trailing edge. Cp minimum is '0132. at an’ angle of
attack of —1'6 degrees angle of attack, at which value CL="094.
Cp at Cr maximum is '1242. L/D maximum is equal to 19:07
and occurs at a Cr of ‘328 at +1'5 degrees angle of attack. On
the whole this should prove a very useful airfoil for aero-
modellers. b
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N.A.C.A 97

Station .10 } 1~25§ 25 15 | 7-5 110 15 '20 30 40 50 “ | 60 1i70 80 90 |95 ‘100
Upper suiface .. | 4171 — | 793 95 108 |11-8 [13-3 |14-28|15-15|15:00|13-94|12-20| 9-77| 6-87| 3-60| 1-87 -13
Lower surface .. 4-17! — 1 731 33 -10 -03! 0-00‘ -17! 831 1731 2-50 2-86 2-80| 2-30 1-33[ “67| 0-00

angle of attack of 15 degrees. L/D maximum is at -2

This is one of the earlier N.A.C.A. sections and should
prove useful to modellers. ’

CL maximum is 1'835, and' Cp minimum is ‘0133, for an
aspect ratio of 6. L/D maximum is 182, and the centre of
pressuré is at 33 per cent of the chord at CL maximum, and
59 per cent at ‘25 CL maximum. CL maximum occurs at an

degrees at a CL of 49. The angle of zero lift is about —93

degrees.
The thickness to chord ra‘tiq of this airfoil is 14'32 per cent.
Data is- abstracted from N.A.C.A. report 352.
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N.ACA. 98
N.A.C.A. 98
Station A ¢ 1-25 { 2-5 \ 5 7-5 l 10 15 20 30 ‘ 40 - l 50 - } 60 1 70 80 ‘ 90 95 ;100
Upper surface .. | 400 — 800} 9-60/10-85!11-93113-4 |14-38 ' 15-37 1 15'30f 14-28 ’ 12'602 10-30) 7-70| 4-87| 327 90
Lower surface .. I 4'00l - | 13 30 | 10 ’ 0-00 | 0-00 23 ‘ 1-07 [ 2:06 { 2-871 3-23 ‘ 3-13 i 247 | 1-33 ‘ -56 I 90

[ !

This airfoil is very similar to N.A.C.A. 97, but a different
centre line is used: CL maximum is slightly higher, being
1363, and occurs at an angle of attack of 17 degrees. CD
minimum for an aspect ratio of € is ‘0188, which is fairly
large. The angle of zero lift is —80 degrees. L/D maximum
is 174, and occurs at an angle of attack of —1'5 degrees and

a CL of '43. The centre of pressure moves from 33 per cent
at Cr maximum to 68 per cent at ‘25 CrL maximum, which is
slightly more than for N.A.C.A. 98.

The comparison of N.A.C.A. 97 and 98 should be studied
by readers, as the increase in CL maximum is accompanied by
other disadvantages.
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N.A.C.A. 4309
’ | : !
Station e e 0 1-25| 25 5 75 |10 15 ‘20 30 40 50 60 70 80 90 95 llOO '
Upper surface 0 198 28 | 409! 5-05| 586 708, 7-88| 85 829! 7-65| 671} 5-46 §-95 216 | — i 0
Lower éu:face .| 0 - 94 -1-21 5—1-37 -1-361-1-26 -1-01 |- 76 |— -5 |~ 43|~ 29}~ ‘15| - _-05 0 [+-05| — ‘ 0

This airfoil is one of the first series of related airfoils of
the N.A.C.A. It has a centre line camber of 4 per cent, which
occurs at 30 per cent of the chord from the leading edge, and
the thickness to chord ratio is 9 per cent of the chord.

Cr maximum, taken from ‘the wind tunnel values, is 171,
which i$ very high. When this value is corrected for use in

model work CrL maximum is 1'22. .The angle of zero lift is
—36 degrees, and the minimum value of Cp, for an aspect
ratio of 6, is -0080.° L/D maximum is 223, and occurs at
about +1'8 degrees angle of attack, when "CL is '39. The
centre of pressure movement is not large, and this should prove
quite a useful section for faster models. )

A full report on this section is given in N.A.C.A. report 460.
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NACA. 4408

N.A.C.A. 4409
/ - -
Station - .¢ ..| 0 1-1-25. 25 | 50 | 75 [10 |15 |20 |30 (40 Is0 |60 170 lso 9 |95 |100
Upper surface .. | 0 | 1-81] 2:61 3'741 464| 537| 652| 733 8-25] 835| 7-87| 700| 576| 421| 2:33| 126| 0
Lower surface .. | 0 !— 1-05 |- 1-37 |-1-65 |-1-74- - 1-73 - 1-55 -1-30 - 76 i— 35 - '07] ‘14 '26’ 261 14 03| O ‘

This airfoil, together with N.A.C.A. 4415, is developed
round the same centre line as N.A.C.A. 4412. The thickness
to chord ratio is 9 per cent, The angle of zero lift is —39
degrees. CL maximum is 1'77 for full scale work, and 126
for model work. CD minimum for an aspect ratio of 6 is

0077, which is very low, and gives an inkling that this air-
foil is more suitably for fast-flying models. The centre of
pressure movement is not large, and should help models which
are lacking in inherent stability. This airfoil section is
reported in N.A.C.A. report 460.
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‘N.A.C.A. 4412
1 T | i
Station o .10 1251 2-5 5 75 |10 ‘15 30 \40 50 60 !70 80 90 95 100
Upper surface .. | 0 244 3-39| 4-73| 5-76| 6:59| 7-89| 8-80| 9-76| 980 9-19 8'145 669| 489( 271 147. 0

Lower surface .. | 0 - 1:43 |- 1-95 |- 2-49 |- 2:74 |- 2-86

288 |- 274 i— 226

180 |~1+40 |~ 1:00 | - 65|~ 39|~ 22|~ ‘16, 0

This section is one more suitable for faster flying models,
although it has a good all round performance. The thickness
chord ratio is 12 per cent, and the maximum camber of the
centre line is 4 per cent, which occurs at 40 per cent of the
chord. CL maximum is given in N.A.C.A. report 460 as 174,
and this gives a figure of 1'30 for model ,work. The angle of

zero lift is —4°0 degrees, and a minimum value of Cp of
'0084. The centre of pressure is at 31 per cent of the chord
at CL maximum, and there is quite a small movement compared
with some of the other airfoils described. This airfoil is
described fully in N.A.C.A. report 460, and further tests have
been made and reported in N.A.C.A. report 586.
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N.A.CA. 4415
Staton .. ..| 0 | 125] 25 so|7s [0 |15 20 [30 [40 |50 [s0 |70 [s0 |90 [o5 100
Upper surface .. | 0 | 3:07| 417| 574 6:91| 7-84| 927/1025|1125]11-25] 10-53| 9-30| 7:63| 5-55| 3-08| 1-67| 0
Lower surface .. | 0 f—1~79 248 -327 371 - 3:98 - 418 |- 415 375 325|272 |- 214 |- 155 |- 103 |- 57|~ 36| O

This airfoil is also given in N.A.C.A. report 460, and has
an angle of zero lift of —4'0 degrees. Cr maximum is 172 in
full scale*work, and 1'35 in model work. Cp minimum for an
aspect ratio of 6 is -0092. It would be most advantageous

if. we used the three airfoil sections N.A.C.A. 4409, 4412,

and 4415 in a tapered wing, having 4415 at the root and

4409 at the tip. It would be near enough if we took the
mean values of the characteristics. This would give a CL
maximum of 1'30, and a minimum value of Cp, for an aspect |
ratio of 6, of "0084. The laying out of such a wing may cause
trouble to some readers, but I shall be only too glad to assist
if asked.
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N.A.C.A. 6409

Statién ‘ 0 125 25| 5 7-5 110 15 30 40 50 60 |70 80 90 95 ]100

Upper surface .. | 0 2:06| 2:96| 430| 542| 6-31| 7-78] 8-88 10-13110-35| 9-81 8~78| 7-28| 534} 295 — 0

Lower surface \ 0 - 88 |-1-11]-1-18|-1-08 | - -88 |- 36|+ 17| 1-12| 1-65| 1-86; 1.92| 176} 136} 74| — l 0

This is another of the series of 78 related airfoils of the
N.A.C.A. It has a maximum camber of 6 per cent of the
chord at 40 per cent of the chord from the leading edge, and
the thickness to chord ratio is 9 per cent. This camber of the
centre line is rather larger than is generally met with in
practice, but should prove quite useful for model work, although
high cambers generally have the effect of causing large centre

of pressure movement. From the N.A.C.A. repert 460 CL
maximum is given as 1'80, which value, when corrected for
model work, gives a value of 1'33. The angle ‘of zero lift is
—5'9 degrees, and the minimum value of CD for aspect ratio of
6 is "0100. L/D maximum is 21'6, and occurs at CrL 42,

"Thi_s airfoil is fully reported on in N.A.C.A. report 460.
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N.A.C.A. 6412
| 1 1
Station .. ... 0 ]1-25[2-5 50|75 [10 |15 l20 |30 |40 |50 |60 |70 (80 |90 |95 lwo
Upper surface .. | 0 | 273| 38 | 536| 6:57| 7-58 9'18I10‘34 1165 | 11-80 | 11-16 | 9-95| 823 | 6:03| 333 179! 0
Lower surface .. | 0 =123 ~1:64|~1:99 ~2:05 - 1:99 |- 1667 - 125 — 38|+ 20 -55| 78| 85| 73’ 39 -16’ 0

N.A.C.A. 6412 is basically the same airfoil as N.A.C.A.
6409, only the thickness to chord ratio is slightly greater,
being 12 per cent as against 9 per cent. The angle of zero
lift is —5'9 degrees, and CL maximum is 1'82 from the report,
which gives a corrected figure of 1'562. ‘This is a very high
figure, and shows that this is more suitable for slow flying

models than N.A.C.A. 6409. These two airfoils could be
used in a tapered wing using say 6412 at the root, and 6409
at the tip, and taking the average of the two values for CL

‘maximum. For an aspect ratio of 6, the minimum value of -

Cp is "0103. .
This airfoil is reported -in N.A.C.A. report 460,
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N.A.C.A. 6512
Station PR ' 0 125 25 | 5 75 110 15 20 ' 30 40 50 }60 70 80 |90 95  |100-
Upper surface .. | 0 2:57| 3:56| 5-02| 6:13| 7-06| 8-57| 9-69!11-07 | 11-56 [ 11-29 { 10-35| 8-76| 6-54| 3-68| — 0
Lower surface .. | 0 '-1-34/-1-82|-2-26 i— 2:43 |- 2-45|-2-27 |-1-91 ‘ — 98- -06|4+ 71| 121} 1-39| 124} 72| — 0
| .

This section is rather similar to R.A.FF. 32, as the centre
line has a camber of 6 per cent of the chord, which occurs at
50 per cent of the chord, and a thickness to chord ratio of 12
per cent. CL maximum from the results given is 187, and
corrected for model work 1'50. This value is very good, and
should prove very useful. The angle of zero lift is —62

degreés, and the minimum value of CD occurs at this value
for an aspect ratio of 6, and is ‘0119. L/D maximum is 206,
and occurs at an angle of attack of ='4 degree at a CL of
‘42, This airfoil, as can be seen, is more suitable for models
in which stalling' speed is of primary importance, and for
further details N.A.C.A. report 460 should be consulted. -
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N.A.CA. 6712

’ T
125! 25 | 50| 75 |10 | 15
2-36| 3-28| 460| 5-61

_1-50 |- 2:03 |~ 259 |- 2-89

Station e
Upper surface ..

o oo

Lower surface .. - 3-:02

6-44 7~7Si 8~75'10'O7 10-70 | 10-80 | 10-44 | 967 | 8:02| 4-88 | 2:71| 0
'—3-01 [— 2:80 1—1-99

130 140 [s0 le0 |70 lso foo. |95 |00

92|+ 19| 131 234| 273| 188 | 1:02| 0

This is another of the freakish type of airfoil sections, as
the centre line has a camber of ‘6 per cent of the chord, and is
situated at 70 per cent of the chord. The thickness to chord
ratio is 12 per cent. This airfoil section has the characteristics
of an ordinary section, with' Haps depressed and, as such,
may cause stability trouble in models. A model with this

section should .have a slightly larger tail-plane area than
normal, but if this is done the performance should be quite
good. CL maximum is corrected from 205 to 145, and Cp
minimum for an aspect ratio of 6 is '0119. The angle of zero
lift is —7'3 degrees.
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N.A.C.A. 8318
) | j l ‘ | T T

Station .. .. -0 125, 25 |5 | 75 110 15 |20 [30 [40 |50 |60 ‘70 80 |90 |95 {100
Upper surface .. 0 . 550| 697 923 10-97%12-40‘14-53 1594 17-00 | 16:57 | 15:34 | 13-49 | 1104 | 8:02| 4-41| 2:39| 0
Lower surface .. U -1:33 —1-86!- 2:35 - 242 ~2:34 ~1:94 - 149 |- 100 | - 86 |- 55|~ 25 |- 04|+ 03|~ -01|- -08| 0

This airfoil is rather a freak, and as such is rather a

. gamble; althcugh ir may prove very successful it may also be
exactly the opposite. The mean camber line has a camber of

8 per cent at 30 per cent of the chord, and the thickness to

chord ratio is 18 per cent. CL maximum given in the N.A.C.A.

report is 1'59. which gives a figure of 174 when corrected

for model work. However, I think that it might be advisable
lo use a figure of 160, as readings on this airfoil may be
regarded with suspicion. The angle of zero lift is ~72
degrees, and the value of CD at this angle is about ‘013, This
airfoil is reported in N.A.C.A. report 586. .
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Station e .. 0 1-25| 25 { 50 | 75 |10 15 I20 1 30 40 50 |60 170 80 90 95" [100
Upper surface .. 73| 210} 3-04) 442| 5-41)| 6-22| 720 7-94| 838| 817| 7-66 6-76‘ 562! 4-20) 2-48| 1-50| 50
Lower surface .. l ~33| -17{ -03} -03} -25{ -60| 1-15 1’59i 2:00| 216} 1-94 1'62' 1'16' <77 -40| 20| -00
This airfoil is one of the older designs of airfoils, and. 32 per cent at CL maximum, and at 56 per cent at ‘25 CL
may not have sufficient thickness for efficient use. CL maxi- maximum, CL at L/D maximum is ‘39, and the angle of
mum is 1'21, which occurs at about 14 degrees angle of attack. attack at L/D maximum is 4 '8 degree.

L/D maximum is 226, and Cp minimum is "0117. C.P. is at Data has been abstracted from N.A.C.A. reportv 352.
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US.A. 27

. ; | ]
Station .10 1:250 2.5 | 5 7-5 110 15 30 40 50 60 70 80 90 95 |100

, | | .
Upper surface .. 1’77i 3-80 5-071 694 8-221 9-19|10-50 | 11-37 | 11-97 | 11:68 | 10-86| 9-54 | 8-08| 6-10| 3:69| 2-26 67
Lower surface .. 1~77i -50% 36 19 -10; 02) -+10| -36| -93| 114} 75| 28} -06| -01| -12} 33 65

This airfoil, which is of fairly early design,, has quite a
good performance when corrected for model use. CL maximum
for full scale work is 171, and 141 for model work. CL
maximum occurs at an angle of attack of 20 degrees. L/D
maximum is 21 at -+ 1 degree angle of attack, and CL of “4.
© C.P. movement is not large, being from 40 per cent of the

chord at L/D maximum to 30 per cent at CL maximum. The
minimum value of CD for an aspect ratio of 6 is "0098.

The angle of zero lift is at —4'7 degrges angle of attack.

‘Data on this airfoil may be obtained from N.A.C.A. reports
628 and 352. ) :
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U.S.A. 35a
[ i | | ;

Station .. ..l 125 25 5 7-5 ' 10 ! 15 20 [ 30 40 J 50 60 ] 70 ! 80 ' 90 .95 13100
Upper surface .. | 4:33| 809 9-54|11-81|13-58 14-85| 16-60 17-73 | 18-46 17'89| 16-2113-83 1111 7'88i 431 1 2:391 43
Lower surface .. | 4-33! 1-62] 1-00 46 22 ’ -10 -00{ -08 1 24 -40 ‘ -58 -66 I -60 ‘\ 50, 32 , ‘191 0

This airfoil has a very large thickness to chord ratio,
namely 18'22 per cent, and should prove very useful in thick
wings. CL maximum is 1'51. This occurs at about 19 degrees,
but the peak of the CL curve is very flat, and between 16
degrees and 20 degrees. There is very little change in the
value of Cr, which should prove very useful to designers of

. duration models. Cp minimum for an aspect ratio of ‘6 is

'0121. L/D maximum is about 18, and eccurs at about —2

degrees angle of attack, and a CL of '43. The angle of zero

lift is —80 degrees. The centre eof pressure moves from 50

per cent at L/D maximum to 34 per cent of CL maximum.
Data is abstracted from N.A.C.A. report 628.
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U.S.A. 35b

25| 25 | s | 75 ’10 15

Station.. .. ..| 0
)2'76 515, 6-11) 7-52| 865!

Upper surface ..

9-45 | 10-56

l 1128!1176 1142 10-33| 8-81
Lower surface l 2:76 1-O3| 63 28 '14' 07 -00

05| 39 ~4s[ 42| 35| 20| 124 o

1 | i

130 i40 50 |60 170 180 190 |95 |100
7-08| 5-02| 2:72| 1-50| -25

This is a very similar airfoil to 35A, but the thlckness to
chord ratio is less, namely 11-61.

It could be used with U.S.A. 35A in a tapered wing with
advantage.
© Cr maximum for full-scale work is 181 and for model
.work 144; it occurs at an angle of attack of 20 degrees. CbpD

maximum for an aspect ratio of 6 is "0087. L/D maximum is
217, and occurs at about-0 degree at a CL of “4.

The angle of zero lift is —5'2 degrees. The centre of pres-
sure moves from 45 per cent of the chord at L/D maximum
to 30 per cent at CL maximum.

The data is taken from N.A.C.A. report 628.
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EIFFEL 400.! T =
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EIFFEL 400
Station .1 0 | 125 l‘2-5 5 ’7-5 ilo | 15 20 30- | 40 50 60 70 80 |90 95 ‘100

Upper surface | 4-80| 6-63 | 7-48 | 877 | 9-79 10-5 111-85 112-50
Lower surface | 4-80{ 3-39 | 2-85 : 203 | 141 ll‘OO ‘ -43 l 10

13-10 (12-60 |11-60 | 9-90 ! 8-0 5-80 | 31 1-69 ;0-00
10 | 0-80 | 1-30 | 2-00 -| 2-40 | 2-20 | 130 | -71 lO'OOO

This airfoil should be most useful to aero-modellers. The
section has been widely used in Germany for use in gliders.
It should prove most useful to designers of duration models,
having a CL maximum of about 1714 and a L/D maximum of
about 22. CL ‘maximum occurs at about 12 degrees angle of
attack, and I./D maximum at about —'5 degree at a Civof "5.

Cp minimum is about ‘013 and appears to occur,at about —40
degrees angle of attack when Cr="21. The angle of zero lift is
about —7'0 degrees angle of attack. Centre of pressure move-
ment is unfortunately large, as is common with this type of
airfoil, but can be compensated for by a large tail surface.
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GOTTINGEN 387
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GOTTINGEN 387
i ] .

Station .. ..| 0 | 125 25 | 5 7~s[10 s 120 |30 |40 |50 |60 |70 =80 90. |95 100
Upper surface .. | 320| 625| 7:65| 9:50| 10-85 | 11:95 | 13-40 | 14-40 | 15:05 | 14-60 | 13-3511-35| 8:90| 6-15| 325| 1-75| -15
Lower surface .. | 320 130| 105 55| 25| -10| 00| 00| 20| -40| 45| 50 -45\| 30| 15| 05| ©

This, as with several other Gottingen sections, is quite a
favourite with modellers, and has a CL maximum of 170,
corrected to 1'45, Cp minimum for an aspect ratio of 6 is
0097. The angle of zero lift is —6'6 degrees. CL maximum

occurs at about 18'5 degrees angle of attack, and L /D maximum -

is 205 at about —1 degree at a CL of ‘4. Centre of pressure
movement is fair, as at L/D maximum the C.P. is at 46 per

cent of the chord, and at CL maximum it is at 32 per cent of
the chord. The thickness ratio of this airfoil is 14-85 per cent
of the chord, and so no trouble about spar depth need be
experienced. Data on this airfoil has been published in several
places; the figures given are from N.A.C.A. report 628. Fur-
ther data may be obtained from R. and M. 1706, N.A.C.A.
reports 352 and 628.
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GOTTINGEN 398
| i ] |
Station .. ..| O ,1-25'2‘5|5 l7-5 10 |15 |20 |30 |40 {50 160 |70 {80 |90 |95 |10
Upper surface .. | 3:74 6-20] 7-40 9-17'10'37 11-25|12-53|13-34| 13-80 | 13-34 | 1227 10-63 | 8-53| 6-12| 3-40| 192 40
Lower surface .. 3~74j 1-89| 1-28 -69| -35 18 -03 ‘00| -05 17| 27 33| -35 27 13 06| 0

Another Gottingen airfoil similar to 387, but with a thick-
ness to chord ratio of 1375 per cent. CL maximum full scale
is 1'68, and for model work 138, which is slightly lower than
387. CrL maximum occurs at 18'5 degrees angle of attack.
L/D maximum occurs at approximately 0 degrees. angle of
attack, and has a value of 20 at a CL of about '4l. The angle

of zero lift is —60 degrees, and CD minimum is ‘0094 for an

aspect ratio of .6. This value is slightly lower than 387, and

shows a suitability for a faster flying model. C.P. moves from

43 per cent at L/D maximum to 30 per cent at CL maximum.
Data has been extracted from N.A.C.A. report 628.
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GOTTINGEN 413
-
GOTTINGEN 413

‘ — ‘ )
Staion .. ..| 0 | 125/ 25 |5 |75 /10 |15 }20 30 |40 |50 |60 170 lso |90 |95 l100
Upper surface .. | 5:93| 8891024 11-75‘12-94'13-91 1531 1612|1693 | 1585 1415 | 1185 | 92| 611| 305\ 156 -16
Lower sutface .. | 5:93| 3:23| 2:32 1-56' 95| 49| 09| 00| 18| 59| 97| 135 140, 134 94| 59| 0

i i 1

This is rather a thicker section than 387 and 398, having
a thickness to chord ratio of 16'45. The disadvantage of this
airfoil is that there is a great decrease in thickness towards
the trailing edge, which does not allow of great spar depth.

Cr maximum is 1'61 for full-scale work, and 1'31 for models.

CD minimum for an aspect ratio of 6 is ‘0104, and L/D maxi-
mum is 20 at CL of 42, and an angle of attack of —2 degrees.
CL maximum occurs at about 20 degrees angle of attack. Angle
of zero lift is —7'7 degrees. Data has been extracted from
N.A.C.A. report 628.
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GOTTINGEN 426
] 1 |
Station .. .| 0 125 2.5 | 5 7:5 |10 15 [ 40 50 '60 {70 180 90 95 100
Upper surface .. | 35 56 | 6:65| 82 | 94 110-35|11-85|12-85]13-6 |13-15]11 75| I 765, 525 2-60 1:251 0.
|
Lower surface .. | 3-5 1-6 1-35| 1-05 75 6 , ~35, ‘151 0 } ~15i 35' 65 1 -85 l -60 2351 O

This is a very suitable airfoil, which should give“a very
good performance, and I propose to give a rather fuller account
of its characteristics. All characteristics may be used' directly

after aspect ratio corrections, as all values relate to an aspect ,
ratio of 6. At —6 degrees CL="072 and Cp="0212. At —33

degrees, CL="272, and- Cp ='018. L/D maximum occurs at
—'5 degree, and is 196 when Cr='487 and Cp='0248. At
437 degrees, CL="80 and CD="0464. At 7'9 degrees CL=
109, and Cp='0796. CL maximum=128, and occurs at 13 7
degrees when Cp="1612.
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» - 1

GOTTINGEN 436
. i

Station . .. 0 125! 25 ! 50 | 75 ’ 10 ‘ 15 20 - l 30 40 50 60 70 80 90 95 {100
Upper surface .. | 2-66:| 4-53; 5-54| 7-00} 8-11 i 8:98110-16 | 10-82 l 11-08 {10-55| 9-60| 8-28| 6601 4-70| 2-64| 1-54 ‘43
Lower surface .. | 2:661 1-21 -79 | 37 151 051 0 Y 0 0 0 0 0o 10 "0 0

This airfoil has, like the Clark Y, a flat under surface for
a portion .of its profile, which makes construction of a model
wing easy. )

Cr maximum, full scale, is 1'68, and, for models, 1'24. CL
maximum occurs at about 185 degrees angle of attack, and

Cp minimum, which is ‘0083, at about — 4 degrees. The

angle of zero lift is —4'4 degrees, and L/D maximum is 21'8, -
and occurs at ‘8 degree angle of attack at CL of °38.

" This airfoil seeins to have the characteristics suitable for a
faster type of model, and owing to the profile should be useful
to beginners. :

" The data is abstracted from N.A.C.A. report 628.



38 AIRFOIL SECTIONS
i T "~
GOTTINGEN 532 =g
o
—
P - { ||
—— -
GOTTINGEN 532
] l ' ‘
Station .| 0 ] 1-25| 25 5 7-5 10 ‘15 30 40 !SO 60 70 80 ‘90 95 100
Upper surface .. | 245 585 7-05| 855 965]10 55 11-60 | 12- 25 22+75(12-05[10-70| 9:00] 7-10] 490 260! 1-40 20
Lower surface .. | 2-45 ’ 1'15i -80 -50 '30’ 00, 25 65| 1-05¢ 1-35) 1-50| 1-35 '80‘ 45) 0

The performance of this airfoil is extremely good, but model-
lers may be troubled with constructional difficulties, as the
section narrows down considerably towards the trailing edge,
but, if modellers can overcome this they should be well repaid.

CL maximum has a full scale value of 191, and a model
value of 1'61. CL maximum occurs at about 20 degrees angle
of attack. L/D maximum is 22, and occurs at —'5 degree
when CrL=42,

The angle of zero lift is —61 degree, and CD minimum for
an aspect ratio of 6 is "0088.

So far the characteristics seem to be ideal, but C.P. movement
is fairly large. At L/D maximum C.P. is at 48 per cent of the
chord, and at CL maximum 31 per cent of the chord. This will
necessitate a larger tail-plane.

Data is taken from N.A.C.A. report 628.
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= GOTTINGEN 602 i ==
= 4
GOTTINGEN 602
] : ‘
Station ] 0 1-25 | 2'5 5 75 10 15 20 30 40 50 60 70 80 90 95 !100
Upper surface | 2:50| 400 | 485 | 6:20 | 7-05 | 7-75 | 8:80 | 9:45 {10-00 | 9-80 | 9-10 | 8-00 | 6:55 | 475 | 255 [ 135 , O
Lowersurface' 2-50| 1-48 | 1-15 75 50 40 -20 0 40 65 | 1-00 | 1-25 | 1-15 | 1-00 60 -30 0

The profile of this airfoil, which is one of the Gottingen
sections, so useful to aero-modellers, has been modified slightly
by giving the under surface a slightly greater camber than is
usual. It is claimed that this increase in camber will improve
‘the performance of slow-flying' models. This can be easily
understood, as, in fact, the increase in the camber of the

under, surface increases the camber of the centre line, which
generally increases CL maximum. Usually this procedure
has the disadvantage of increasing centre of pressure move-
ment, but this can be rectified by giving the model a slightly
greater tail area. The profile shown is that for the modified
airfoil.
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pont
S/KORSKY GS—/
S N
SIKORSKY GS—1
_ Station R 1-25| 25 5-0 ' 7-5 |10 15 iZO l30 40 450 60 70 80 90 '95 100

500 7-46| 845, 979, 10-81|11-66112-92|13

Upper surface ..
500 | 2-83f 2-06 1'20! 69| -38 -08

Lower surface ..

-68 | 14-15|13-59 | 12-30 | 10-47 8-29l 576| 298| 1-49| 0
00| 25 66 97| 1-11| 1-05; -83 -99| 261 0

This is a very similar airfoil to the Sikorsky GS-M, but is
thinner, having a thickness to_chord ratio of 13'9. Cr maxi-
mum is given in the N.A.C.A. report as 178. Correcting
this value for model work gives a value of 1'41. For an
aspect ratio of 6 the minimum value of CD is ‘0086. The
angle of zero lift is —6'8 degrees, and L/D maximum 21-2, at
an angle of attack of about —1'5 degrees, at which angle CL

is equal to '40. The centre of pressure movement of this
airfoil is very similar to that of Sikorsky GS-M; at CL
maximum the C.P. is at 31'5 per cent of the chord, and at L/D
maximum it is at 48 per cent of the chord. One of the main
features of the Sikorsky airfoils is the blunt leading edge, -
which is rather like some of the Gottingen sections. The data’
on this section has been- abstracted from N.A.C.A. report 628.
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r
SIKORSKY GS—M
—
Sy
SIKORSKY GS—M
Staton .. ..| 0 | 125 25| 50 | 75 |10 }15 30 40 [s0 60 |70 80 |90 |95 100
{ i
Upper surface .. | 5:58| 861 973 |11-30{12:60 |13 62»1529;1625‘1672)1610 145112181 942| 6441 337| 177] 09
Lower surface .. | 558| 318, 219 115 50° 18| 00 26 143 175| 180 1:64 123 65| 31| 09
! [ : ! !

This airfoil section is a useful section, and should prove
especially suited to thick wings, having a maximum thickness
to chord ratio of 16:05 per cent. CL maximum is 1'69, taken
from the N.A.C.A. report, and when this value has been
corrected for model work a value of 1'47 is obtained. Angle
of zero lift is —7'9 degrees. The minimum vatue of CD for an
aspect ratio of 6 is 0101 and the maximum I./D ratio is 20,

and occurs at about —2 degrees angle of attack when Cr="46.
Unfortunately, the movement of the centre of pressure is fairly
great, as at C1. maximum C.P. is at 32 per cent of the chord,
and at LjD maximum at 47 per cent of the chord from the
leading edge. Data on this airfoil has been obtained from
N.A.C.A. report 628, :
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! 1]
J| { 1477
)
=
S TAE, 27 Ems:
- £, £2/A -
& ﬂ.
I
e ——
ay -
-
S.T.Ae 27a
1 ! i ]
Station ..l 0 1-25( 25 ] 5 75 |10 15 520 ‘30 40 50 |60 70 80 !90 95 ‘100
Upper surface .. | 500! 7-57| 9-10|11-20|12-73|14-00| 15-96 | 17-34 | 18-:00 | 17-34 | 1600 | 14-00 | 11-20| 8-00| 4-44| 2-30 12
Lower surface .. | 500| 270| 2-03| 1-20 65 -30l -00 ~30| 1-80| 3-00| 3-80| 440! 4-50| 3-80 2~30l 1151 0

This airfoil seems, from theoretical considerations, to be

certainly one of the most suitable for slow flying models which
has been produced, as, when the value of CL maximum has
been corrected for use in model work, a value of 187 is
obtained, and this is”extraordinarily high. The minimum
value of Cpn is "0137 for an aspect ratio of 6. This value is
very high, but is compensated for by the high value of CL
maximum. I/D maximum is about 178, and occurs at a

value of CL of about ‘5, at an angle of attack of —3 degrees.
Cr maximum occurs at about 145 degrees.

Centre of pressure movement is fairly large, as at CL
maximum it is at 37 ‘per cent of the chord, and at 60 per cent
at /D maximum.

The maximum thickness to chord ratio is 19'8 per cent, and
the maximum -camber is 8 per cent of the chord. The angle
of zero lift'is —10'2 degrees.

This airfoil is reported in N.A.C.A. report 628,
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Py
-
=n N. 22 e
N.22
‘ .

Station N ¢ ‘ 1-25} 25 | 50 | 75 |10 15 20 30 40 50 60 70 | 90 l 95 }100
Upper surface .. | 3-37; 5-58| 6:66| 825 9-33/10-13|11-28|12-01|12-42|12-01|11:04| 9-57| 768 551’ 3-06 173| 40
Lower surface .. 3-37] 170 1-15{ -62 -32 ‘16| -03 00 -05 15 24 30 32 24-‘ 12‘ 05 ] 0

This is an airfoil which is similar in characteristics to 21, and occurs at 0 degree angle of attack .at a Cr of ‘4.
C72. Cp minimum is "0089 for an aspect ratio of 6. .

. . . The centre of pressure moves from 43 per cent of the chord

Cr maximum is 172 for full scale work and 128 for model at L/D maximum to 30 per cent at CL maximum.

work, and occurs at an angle of attack of about 185 degrees. The angle of zero lift is —54 degrees.

The stall is very sudden on this airfoil. I./D maximum is Data is abstracted from N.A.C.A. report 628.
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N.60

[N

| I
Station 0 125} 25 | 50 I 7-5 |10 15 20 30 |40 50 ‘ 60 |70 ' 80 - l 90 ‘ 95 00
340} 5:60| 6:76| 824, 9:33|10-14|11-32|11-98| 1241 1 1203 111:06, 9-55.| 7°66| 5-50! 3-04 1 1-72 40

Upper surface ..
3"40‘ 191! 1-46 %‘ 62| 401 150 -04] -64, 22 '48! -71] -78} ~64} '37| ‘191 0

Lower surface ..

This airfoil is similar to N.22, but has a slightly higher The angle of zero lift is —55 degrees. ' L/D maximum is
CL maximum. CL maximum for full scale work 1s 1'73, and. 21'2, and occurs at 0 degree angle of attack, and a Cr of
this ‘value, -when corrected for model work, gives a value of "~ 4. The centre of pressure moves from 44 per cent of the
129. The minimum value of Cp®for an aspect ratio of 6 is chord at L/D maximum to 31 per cent at ‘CL maximum,

-0090. The data  has been abstracted from N.A.C.A. report 628.
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ey

C.72

125 25 | 50 | 75 10
555 | 6:51) 7:89, 8:85| 960/1069
1-

92| 147| 93| 64| 43| 16

Station

Lower surface .. i
1

1o !
Upper surface .. I 3-4 :
| 349]

: , i
15 20 |30 [40 [s0 60 |70 |so oo |95 |[100
1136|1173 | 1141 | 1053 915 |

03] 00| 21| 59| 85, 91|

7-36] 523| 2:80| 152! 10
72| 40| 21| 0

This airfoil has a very high CL maximum for full scale
work, but does not seem quite so suitable for model work.
However, it should be used in faster flying models. Cr. maxi-
mum for full scale work is 1'74, and, when this value .has been
corrected for model work, 130 C1. maximum occurs at an
angle of attack of 185 degrees. (n minimum for an aspect
ratio of 6 is -0087. I./D maximum is 21'2, and occurs at 0

degree angle of attack, and a CL of ‘4. The angle of zero
lift- is —56 degrees. The centre of pressure moves from 43
per cent of the chord at L/ID maximum to 30 per cent at CL
maximum. This airfoil stalls very suddenly, so care must he
taken with the stability of the model.

Data is abstracted from N.A.C.A. report 623.
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= N MARQUART s-2
pd A ™ o~
- = § i = = -
MARQUARDT '§—2
. B : . [ . |
Station .. 0 | 125 |25 5 7-5 10 15 20 30 40 50 60. l 70 ! 80 l 90 ’ 95 100
Upper surface | 0:00| — — | 235 — | 440 — | 670 | 7-80 | 830 | 790 | 690 | 5:60 ‘ 3901200 | — | 000
Lower surface 1’0.00 — — 1\—1'50 — ~=1-00 — |+1-50] 3-50 | 450 | 450 ' 3:90 r2~60 | 90 !l~1~00 \ — ‘ 0-00
I ! i

This airfoil seems very well adapted to model use, and seems coefficients, but should imagine that owing to the profile the

to resemble some of the earlier R.A.F. sections. Unfortunately performance of slow-flying models equipped with this airfpil

I have been unable to obtain information regarding the should be of the highest.



BE ORIGINAL!
DESIGN YOUR OWN WAKEFIELD MODEL

with the aid of this book

THE BOOK OF WHICH 2,000 COPIES WERE SOLD
IN THE FIRST MONTH OF PUBLICATION !

A masterly treatise by the First Prize Winner in the Com.
petition organised by ke Aero-Wodeller in 1938 for a
Wakefield Design. The book contains 50 pages, with over
20 diagrams, graphs and illustrations, and is printed on art
paper and bound in a stiff card cover. There are three
reduced plans of modern Wakefield designs included in the
book, and full-size plans for these can be obtained from the
offices of Fhe Aero-MWodeller. Allen House, Newarke Street,
Leicester, for 1s. each, post free. Size B} in. by 5% in.

Postage ang Packing 24.

GET A COPY DIRECT FROM THE PUBLISHERS
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THE HARBOROUGH PUBLISHING CO. LTD., ALLEN HOUSE, NEWARKE ST., LEICESTER
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THE HARBOROUGH PUBLISHING CO. LTD., ALLEN HOUSE, NEWARKE ST., LEICESTER

IF YOUR SON IS JUST STARTING

TO BUILD MODEL AIRCRAFT
GET HIM A COPY OF

An ABC of Model
Aircraft Construction

It is an extremely well-written book, intended primarily as an
Elementary Instruction Book for the Beginmer. It is profusely

illustrated with many plans, diagrams and photos.

“An AB.C. of Model Aircraft Construction ™ deals solely with
the rubber-driven duration model, and ewvery aspect of the construc-
tion is dealt with in detail. The book contains over 100 large pages,
is printed on art paper and bound in a siiff card cover. At the
end of the book there are twelve full-page plans. Whilst the majority
of these are simple duration type models, there arve also plans for
an easv-to-build seaplane, an experimental one-blader, and a speed
maodel ¢ Universe Express.” Size of boel 11 in.x 8§ in.

Obtain your copy from the publishers.




AN AUTHORITATIVE GUIDE FOR
RECOGNISING BRITISH, FRENCH, AMERICAN AND
GERMAN MILITARY AIRCRAFT

Contains photographs and plans of 39 of the most modern fighter
and bomber aircraft of the Air Forces of Great Britain, France,
America and Germany. Plans are all to the popular 1/72 scale
and are suitable for the “solid” or " flying scale™ enthusiast. 27
single-page plans of fighters and single-engined bombers, and 12
double-page plans of twin-engined fighters and bomhers with a
photograph, performance figures, dimensions, etc., of each,
Beautifully produr.ed on art paper, bound in stiff card cover illus-
trated in full colours. Size 11 in. by 84in. Over 100 pages.

27 SINGLE-PAGE FIGHTER 12 DOUBLE-PAGE
PLANS BOMBER PLANS

bupumann: * Spitfire.” Curtiss Hawke 75a. Bristel ** Blenheim."
Hawker * Hurncant Messerschmitt B.F.W. Bristol " Beaufort.”
Hawher ** Henley."” M.E. 109, Vickers ** Wellingten."”
Glaster '" Gladiator." Heinkel 112. Armstrong-Whitworth
Boulten and Paul ** Defiant.” Henschel Hs.126. * Whitley,""
Blackburn ** Skua.*” Morth American BLA.S0. Handle Png: *Hampden.'”
Blackburn ** Roc.” Grumman F2-Fl. Potez 6}.
Fairey ' Battle,” Curtiss P.40. Amiot 370,
Fairey ** Albacore.” Seversky P.35. B.E.W. Me.110.
Gloster " F5/34." Douglas 8a. Heinke] He. 11k,
Westland ** Lysander.' Curtiss Wright 2. Dornier Do 17
Bloch 151. Curtiss Y P.37. Darnier Do.215.
Dewaoitine 510, Curtiss " Helldiw Curtiss A-18.
Morane-Saulnier 406, uni:hl-Slkm'!Fiv 3 B. 2U 2

PR.ICE

3/6 THE HARBOROUGH PUBLISHING

COMPANY LIMITED,

R Tt ALLEN HOUSE, NEWARKE ST. LEICESTER.

Postage and Packing 4id.
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THE DESIGN AND CONSTRUCTION OF FLYING MODEL AIRCRAFT
- By D. A. RUSSELL, A.M...Mech.E.

" This book is invaluable to the enthusiastic aero-
modeller. It is a complete treatise written in
easy-to-understand language supported by clear,

EK\CE well-drawn sketches and many hitherto unpub-
P lished. photographs. Everything touching upon
ﬁ ’ (b’ " the latest practices in the construction of model

aircraft 1s thoroughly explained. Heré are some
of the points the book covers :

and

postad® bd.

packing Airfoils.) Airfoils and Fuselages for
Monoplanes and Biplanes. Drag. Control
Surfaces. Aircraft Performance. Air-
screw Design. Airscrew Performance.
Rubber Motors. Testing Power-driven
Airscrews. Wind-tunnel Testing. Wing
Construction. Fuselage Construction.
Landing Chassis, Tyres and Wheels. The
Mounting of Engines and Accessories.
Engine Testing and Tuning. Flying the

Model. .
The ideal book for the petrol ’plane enthusiast. The cock ey

is printed.an fine art paper, thread sewn, and is bound .

in full cloth with stiff covers. Size 8} in. by 5}in. Over .

250 pages. The dust cover is in full colours.

_Harb’orough Publishing Co. Ltd., Allen House, Newarke St., Leicester

I N s i i i



