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FOREWORD 

The information given m this book should prove 
timely to many of us who had to switch to gliders for 
flying· fun. As you will find, the text is. rather general 
and you may not comprehend all of it 1at the first read­
ing. This is natural ·as you may not have had any pre­
vious experience with gliders. In time you should be 
able to connect your troubles with the information 
given. · 

When we started to write we had no idea of how many pages we 
would fill, and were rather surprised to end with as many as we did. 
It seems that as we went along we somehow managed to find more 
information in our accumulated flies and personal E~xperience than 
we suspected of having. Perhaps the fact that at one time we flew 
full size gliders, and made several tow-line gliders just before start­
ing on this book had something to do with the case. At· any rate we 
tried to anticipate all possible questions which you may have. 

As you will note, the book will be most useful to beginners and to 
those who do not have time to go deeper into the theoretical phase. 
We feel that in this case any builder who advancE~s to the Expert 
Class will be able to understand regular text books on aerodynamics 
and so satisfy his need. 

We started this book last March (1943), on the eve of our induc­
tion into the army. By strange coincidence we finished it on the eve 
of our departure for overseas. Some might wonder how we managed 
to do any extra work in the army. Well, there are lunch hours, and 
hours between Recall at 1700 and 0500 Reveille. 

So, if you find mistakes, remember tha conditions. We hope you 
will find this book helpful in making glider building and flying more 
interesting and exciting. 

Winter 1944 
Somewhere in U. S. A. 

ELMIRA, N. Y. ME 

FRANK ZAIC 
U.S. A. Air Corps. 

1933 



MODEL GLIDERS 
The events of the time point to the glider as the logical model 

to build during the war days. The fun of flying our own creation 
can still be had without using materials which are vital to our vic­
tory. A glider can be constructed from almost any kind of material 
on hand in about tialf of the time required for other types of models. 
It will also last much longe1· since its impact with the ground during 
an unhappy landing will not be as powerful as it is when power is 
used. 

The only difference between a glider and a power plane is that 
the glider utilizes the force of gravity to obtain forward motion 
while the power plane has the motor and the propeller. However, 
this difference tends to confuse many folks into believing that 
gliders are dangernus. Perhaps they still think that once the motor 
stops a plane drops like a rnck. Since some of us may be just at the 
threshold of this hobby it might be a good idea to review the theory 
of flight with specific emphasis on gliding. 



• 
THE ACTION OF THE WING 

The wing develops lift by reacting on the air molecules as it 
moves forward. This can be best understood by assuming that the 
molecules are standing still and that the wing moves against them. 
As the wing comes into contact with a molecule a reaction takes 
place. The molecule naturally wants to remain where it is and is 
stubborn about it . But the wing is more powerful and it keeps on 
going. The molecule has to give ground but not before he delivers 
his most powerful haymaker. Because of its tiny size the molecule 
may not have a strong reaction, but if we consider that there are 
7,000,000,000,000,000,000,000,000 air molecules in a cubic foot of 
air we can see that almost anything can happen. The net result of 
the wing reaction on the molecules on its lower portion is to obtain 
a certain amount of upward motion. The exact amount depends on 
how fast the wing reacts on the air and just how much downward 
the air had to move before the wing passed by. Greater the speed 
and longer the downward movement of the air so much greater will 
be the resulting lift. This then is how the lower portion of the wing 
develops lift. 

~------
~ 

The action of the upper portion of the airfoil is a bit more diffi­
cult to understand without having a certain amount of ae1:odynami­
cal background. However, the point is to reduce t he air pressure 
over the top so that the higher pressure under the wing will have 
an easier job to push the wing upward. The shape of the airfoil and 
placing of the wing at anangledoes this job for us. By combining the 
two actions we end up with lift. 

The wing develops lift all over its area, above and below, but it 
is not uniform all over. Some portions lift more t han others. Also 
the lift varies in its position when the wing is set at a different 
angle or when the air changes its direction as it does in a gust. The 
net result of this action is that we cannot pin the center of lift at 
one particular spot for ail possible situation. However, we do know 
that this center of lift moves forward when the angle is increased 
and backward when it is-.decreased. By using a stabilizer we can 
also make the wing fly at one particular angle. But more about this 
later on. 
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FACTS ABOUT GRAVITY 
Because the earth is such a tremendous mass of matter it has 

the power to attract or hold objects to itself. This power or force is 
known as the force of gravity. While walking on earth we take it 
for granted as nothing special happens. But if we were to walk off 
a cliff we would soon know what it is. Or would we? The next step 
i~ to find out the effect of gravity on objects which move through 

,~ll'. 

Discounting the effect of air resistance, the speed at which an 
object moves downward through the air can be found by multiply­
ing 32 ft. by number of seconds the object has been falling. If the 
object has been falling for 2 seconds, the speed at the end of 2 sec­
onds will be 64 ft. per second. If we want to know how far it has 
fallen we use the following formula: Distance = t/:! x 32 x (seconds) 2 

In our example we would have: Distance= 1f.2 x 32x(2) 2 or 64 feet. 
In actual practice the air resistance produces entirely different fig­
ures. A feather is light in comparison to its area or size and it will 
just drift downward. But if we were to take this feather and powder 
it and compress it into its smallest possible size, we would find it 
coming down pretty fast. - If rain were not held back by air re­
sistance, ordinary umbrella would only be good as a sun shade. 

Now that we have a vague idea of how the wing develops lift 
and that the force of gravity tries to pull alJ matter to its center we 
can start on how the glide develops. 

THE DEVELOPMENT OF THE GLIDE 
Let us assume that the glider has been taken up by a balloon 

and that it has just been dropped. At first it drops down on an even 
keel. But as soon as it speeds up under the effect of gravity the air 
molecules begin to react on it. Since the tail surfaces offer the most 
resistance they are held back. This allows the front of the glider to 
nose downward. As this happens the overall resistance of the glider 
is decreased considerably so that it can drop down at much greater 
speed. Before we know, the. wing and tail begin to react to the air­
flow just as though they were moving horizontally. As a matter of· 
fact if we were to place the various forces now in action such as lift 
and pull of gravity in their place, and then turn the sketch 90° we 
would have normal flight conditions. And as a matter of fact we do 
have flight conditions present during the dive. 

The next step is to bring the glider out of the dive and into its 
normal glide. Note the two basic forces now existing in the diving 
glider. The force of gravity pulls downwards, and the effect of the 
moving wing on the air is to develop side force which is normally 
known as lift. It is evident that the glider cannot dive straight down 
if there. is a side force. A compromise is reached in which the glider 
tends to move sidewise. But as soon as it moves into this new direc­
tion the angle at which the glider meets the air is changed as shown. 



Pull of 
Gr<lvity 

The glider reaches a balanced condition when the resultant 
produced by the wing and gravity provides just enough forward 
motion to enable the wing to generate "lift" equal to weight of the 
glider. Since this "lift" is angled to produce forward motion not all 
of it is utilized for direct upward lift. If it did, we would have per­
petual motion. If the glider is properly balanced it will hold this 
position. In case something happens to make it nose upward, t he 
forward resultant will decrease and with it the forward speed. 
When lthis happens, the glider will have less lift and the gravity 
will start to pull it down. This will change the airflow so that it 
will strike the lower position of the stabilizer which in turn will 
move the glider downward so that it can pick up its regular speed. 
However if the glider is not balanced and is tail heavy, the nose 
keep on going upward until all forward speed is lost, and the glider 
becomes like any other object, and the cycJe just described will be 
repeated. If on other hand the glider is upset so that it dives, the 
increase in speed will bring about the resultant which will tend to 
make the airflow strike the upper surface of the stabilizer which 
will pull the nose upward as described. 
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KEYS TO THE GLIDE 
The forces developed by the wing and the pull of gravity are the 

keys to the gliding. It is evident that if the lift were straight up we 
would reach a static position with no forward motion resulting from 
the set-up. This might be alright for a balloon but not for a glider 
which must move to enable its wing to produce lift. Yet the acme of 
efficiency is the vertical line. The closer we can get to it and still 
have for.ward motion so much better will our glider be. This is 
where the drag comes in. 

(The only. power possessed by the glider is its weight and height. 
Weight determines the pull of gravity which in turn determines the 
speed of the glider. The height determines the distance in which 
this weight operates. Therefore we should be economical with these 
two.) 

IOox. lOo~. 

Glide 5:1 

I .o"I-. 

The force which tries to hold the glider from moving forward 
is the reaction of air molecules against the moving glider. The val_ue 
of this force will depend on the "face" the glider presents to the 
airflow. Streamlined job will naturally present a better "face" than 
box type. Just how we penalize oul'selves by designing a lot of 
built-in resistance can be best illustrated by the following example: ' 

We have two gliders whose wing areas and weight, say 10 ozs., 
are similar. One has 1 oz. drag and the other 2 ozs. Since areas and 
weights are same, both gliders will glide at same speed and angle 
of attacks regardless of their drag. However, the high drag job 
will require a more powerful resultant to produce the needed for­
ward speed. This can be seen on the scale diagrams. The diagram 
shows rather small differences in the angle between high and low 
drag situations. Yet the angle of the high drag is twice that of the 
streamliner. This means that the streamlined job will stay up twice 
as long as the box. 

The actual gliding angle or ratio can be determined if we know 
the drag. Or rather if we know the L/D of the model. That is if at 
a particularspeedthe lift is 10 oz. and the drag is 1 oz. the L/D is 10. 
The gliding ratio would be 10 to 1. Note how this is proven in the 
force diagram. 
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DESIGNING THE GLIDER 
Too many of us simply take any old wing and tail and fuselage 

that happens to be around and call the collection a glider. In some 
cases the combination may work after a fashion. But to get full 
measure of pleasure we should build the glider from the beginning 
as a glider. Since at the moment there is not much of a selection in 
the kit market we had best try our own. 

',, y 

Since all other parts of the glider depend on the: wing area for 
their size and shape it is the proper thing to decide on the wing 
area before doing anything else. The Academy has several classes 
for record purposes. Whichever one you are going to pick, use all 
the wing area allowed. The efficiency of the wing and airfoil in­
cre2ses with size. Those who had experience in building large gas 
models can start with 500 sq. in. But for a beginner a 200 sq. in. is 
about the best. It gives good results and it is st ill economical. 
Gliders having areas less than 200 sq. in. do not seem to be so good. 
They loose the glider effect. They are more or less at the mercy of 
the breeze. Still they should no~ be forgotten. Especially if they are 
to be used in small fields. 

Once the wing area is decided upon the design outline can be 
approximated by using the following graph and tables: 

Fuselage Length ~Wing Area x 4. 

Ex: ~ 200 sq. in x 4 = ~ = 28 in. 
No need of ever making the fuselage longer than that given by 

the formula. In fact, if the Aspect Ratio is 12 :1 or over the fuselage 
need not be longer than 50% of span. 

Position of Wing· on Fuselage: Leading Edge should be at about 
25 % of foselage length from front. See sketch. We use this relation­
ship on our own gliders and have fom)d it good. It allows a good 

moment arm for balancing. (If weight is needed for contest it 
should be added at C. G.) It also makes smoother or streamlined 
outlines possible by having longer noses. Tail moment arm will be 
found sufficient. 



n 
Rudder Area should be about 10 % of wing area. In most cases 

this will be found workable. The correct area can only be deter­
mined during flight tests. Later on we ~ill describe symptoms 
which will show whether or not the area is correct. 

Stabilizer Area for a particular wing area can be found by con­
sulting the graph. Do not use stabilizers greater than indicated. 
Large stabilizers delay or need a lot of altitude for recovery from 
stalls or dives. More about this later. 

Dihedral: Personally we use 1 V2" under each tip for every foot 
of span. Ex.: 6 ft. span would have 9" dihedral. 114" is about mini­
mum for thermal hunters. Stay within these limits. Greater di­
hedral than 11/2'' is not needed. 

Recommended A:>lydihedroJ 
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~Gull 
Dihedral:, in 5ide ':Jk'd. 

A straight dihedral is best for gliders. It eliminates the poly 
dihedral break which weakens the structure and adds a bit of drag. 
If polydihedral is your favorite break up the wing as shown to 
obtain elliptical sort of dihedral. Gull dihedral is not recommended. 
It presents structural problems, harder to check up, and it has poor 
spiral characteristics. A inuch more powerful rudder must be used 
to obtain same turn possible on ordinary dihedral with small rud­
der. See sketch and note how only center section, with its short 
moment arm presents dihedral effect when in a side slip. Gull di­
hedrals are disappearing from modem soarers a3 the designers are 
becoming more and more familiar with spiral stability. More about 
the function of the dihedral later on. 

The information given should enable you to find the basic dimen­
sions of the glider you have in mind. The next step is to clothe this 
outline and to make ea'ch part as perfectly as you' know how, and 
also place it so that it will be at its best aerodynamical position and 
shape. To that end the following information is given. 
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WING SHAPE 
Although the super-soarers have long and narrow wings, or of 

high Aspect Ratio, the model gliders should not follow them to the 
letter. While a soarer may have span of 50 feet and an average 
chord of 2V2 feet, a model glider of similar Aspect Ratio, 20 to 1, 
would not do so well. We have to consider the effectiveness of nar­
row airfoils and the strength of long spars. From our experience we 
found that there is no need of having Aspect Ratio higher than 
14 to 1. -The decrease of induced drag after this value is not 
worth the structural troubles that always come in. -- According to 
tests, changing-from A. R. of 4 to 6 would be more beneficial than 
changing from 6 to 12. - As a matter of fact, many of the utility 
soarers have A. R. in this neighborhood, 12 to 1. 

Specifically, gliders under 150 sq. in. should not have greater 
A. R. than 8. The 200 s·q. in. jobs should get along nicely on 10 to 1. 
Larger designs may use the 14 limit. But whatever may be the 
Aspect Ratio on which you eventually decided always make sure 
that the tip rib is never less than 31/::/' wide. If the tip is rounded, 
carry out the straight line taper and note the size. -- Airfoils hav­
ing chords of less than 31/:!" seem to loose more in lift than you 
gain by having large Aspec1' Ratio. Always remember that any part 
of the wing which is not lifting is just so much drag. If you can 
make the part lift, the increase of drag will be slight, especially 
since the model may move slower. 

OUTLINE AND TAPER 
The logical outline is to have straight edges up to 14 span and 

then taper so that tip rib is about 1/ :! of the center i·ib providing 
it is not less than 31/~"· It is a good idea to use the leading edge spar 
without a break at the 14 span spot but bent it to shape. The bend 
should be gradual. Just use a piece of square stock to obtain the 
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natural curve as shown. The trailing edge may have a straight 
taper. But with a little more trouble a very effective shape can be 
had. See sketch. This shape has been adopted for the Thermic Series 
of Jasco gliders. It was originated by Wolf Hirth who designed the 
"Mimeo." Proportions are given so that it may be enlarged to any 
size. - The only trouble with curved edges is that the ribs have to 
be individually plotted. However, this is fairly easy if the method 
shown later on is used. If you have balsa available you can produce 
a whole variety of shapes. See suggestions. As far as aerodynamical 
characteristics are concerned all of them are of about equal value. 
If you are in a hurry, don't hesitate to make just a straight wing. 
Any kind of a wing is better than none. 

.22 ,,28 ·1 T AppYox. "Wolf" '4' Multiply Span t>y tf ~ OutU-1e , No~ Shown to f1nQ 
~ 0 airnensions _1 

,--

t I ~ ==3 
I[ _i [ 3,~ 7 f 

(Bent 

I I =-=-7 
A \so See P\ci'1~ 

I 7 
for- 0'41 \\ne~ 

The tips should naturally be well shaped. Both for sake of ap­
pearance and efficiency. However, if the wing has tapered tips, the 
tip outline is not as important as it is when it is a straight job. 
Although some of the present day pursuit jobs may have square 
tips, it is no reason why we should do likewise. They use almost 
streamlined airfoils and at low angles of attack. While models fly 
at high angles and many of the airfoils are undercambered. As a 
matter of fact, the main purpose of having large Aspect Ratio is to 
reduce the tip losses by having them smaller. Another reason is that 
square tips develop considerable drag when they are in a side slip 
and they tend to work against the rudder. If square tips _ were good 
we can be sure that birds would use them. 
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AIRFOIL 

SCHWEIZlE:R SGS 2 - 8 
U 5~5 Nl\CA 4412. 
Not< 1.,~idenc~ A1'\9lct. 

The main. reason that we suggest the above airfoil:; is that they 
show very good results at model speeds. Especially at high angles of 
attack. Since models fly at surprisingly high angles of attack the 
use of the above airfoils is necessary. For example, the angle of 
attack may be around 8°. Now place anyone of the above airfoils in 
this situation and compare it with some other· so called soaring sec­
tion. Note how smoothly the above series' flows into the airflow. 
While others separate the air and then force it down rather fast. 
However, we are showing several other airfoils which might strike 
your fancy. But always keep in mind that it is more important to 
have a stable and manageable ship than have the best airfoil on an 
unstable ship. - If the airfoil will cause construction troubles and 
tend to make the wing weak or warpish, forget the airfoil. Flying 
or towing gliders is not as simple as one may think. Gliders ~ be 
more exasperating than anything else you may hav~~ flown. It is 
sometimes just impossible to launch the glider to even see how well 
it glides. So start with flat camber to assure strong and true con­
struction. Then try a similar wing but with undercamber and see 
what happens. - When in doubt about airfoils, just place them at 
high angle of attack and see how the airflow is affected. A stream­
line section will be automatically out. The above airfoils also lend 
themselves to smooth leading edge covering, unlike some thick 
sections. 



ANGLE OF ATTACK RECORDER 
To find out more about the angle of attack, the writer made a 

device which records the airflow during the flight. See drawings for 
details. Note how the vane is locked during flight to retain the 
angle. Time was short and this recorder was only tested on the 
"FLOATER" which is shown elsewhere. The angle of attacks 
recorded was between 5° and 6°. Any attempt to make the glider 
glide slower by removing weight from front would cause a stall. 
Addition of weight to make it glide faster reduced duration as ex­
pected. It may therefore safely be said that the model was ad­
justed to standard, and that its stalling angle was about 7°. 

x. same j.em;/rf 

ltfe4svre '/ ~ Z f-o hn~ 
a.H1/~ of aff4.</.:. r" ·I· •-1 

/n4•~ I.tire on /'v,uo..9e 

The airfoil used was N.A.C.A. 6409 with flat bottom. However, 
we should not blame the airfoil for this low stalling. The model had 
light wing loading, 2 oz. per 100 sq. in. It was also large enough to 
make the airfoil efficient. All these factors caused the glider to fly 
slow, and it is a known fact that speed has a great deal to do with 
stalling. A stall will occur much sooner at low speeds than at high. 
At 100 M.P.H. the stall might happen at 15°, but under 15 M.P.H. 
the stall might be less than 10°. 

The wing loading is a fair indicator of the stalling angle, not 
forgetting the size or scale effect. Wings having a loading of 2 oz. per 
J 00 sq. in. might stall between 7° and 8°: 3 oz. per 100 sq. in. at 
about 9° to 10°. While heavier loading might increase the angle to 
12°. It should be understood that these figures are just guestima­
tions, and that they are based on the fact that an increase in wing 
loading will speed up the model , and thereby increase the angular 
range. 

This subje~t, low speed aerodynamics, it still at its beginning. 
Recorders such as shown should prove of great value. If any one 
of you tr~es it, the writer would appreciate reports. 
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LAYOUT OF WING'S OUTLINE 
When designing a new model :most of us usually decide on the 

·3pan first . and then by trial ar~ l error method determine other 
dimensions. Or_ we may start wHh .Irea and eventually reach the 
desired outline. This work can be greatly simplified by using the 
following formulas. These formulas are especially useful if we only 
have the wing area : :~nd Aspect Ratio figures. 

Span 
Aspect Ratio = 

Average Chord 
Span :. Average Chord X Aspect Ratio 

Span 
A \"erage c ~ )rd = ----­

Aspect Ratio 

.! 
Span = Area x Aspect Ratio 

2. 

Average Chord = 
Span 

Aspect Ratio 
Span Area 

Area 

Span ~'I Area )(Aspect Ratio Area= 
Aspect Ratio 

Area = Span x A \·erage Chord 

Examples: Wing Area 200 sq. in. Aspect Ratio 10 :-. Find Span 

5pan:iAreaxA.K. ... '4200,q.;,.qo > faooo • Approl( . .+5in. 

To find Average Chord: 5pan~45· Area- ~OO.sq.i11 . A.R . .,.,O 

A,1 Ch"' ~ - zoo~ 45'' or Av. Ch• ~ri~ 45 45-A C """· Span - 45 . . . A:-R IO• . · 

If the wing has no taper an:l has square tips, the chord will be 4 'lz " from 
center to tips. If it is tapered, the average chord will be equal to the suni 
from center and tip divided by 2. 

Average Chord= CENTER ~IB+TIP RIB 

Since in our example the average Chord is 4 'lz" the total of center and 
tip rib will be 9". This 9" can be divided in anyway desire:l.. You can have 
8" center and I" tip and still have same Average Chord, area, span and 
Aspect Ratio. However, since it is not aerodynamically advisable to use such 
small tips we should use about 3 'lz" tips. The center rib "ill then be 
about 51/z" 

I 
/ 

,.."""' 
.__ __ ___..:.._ ____ ..-=:lE!B~;;:;;.J •MoMllflv<f 
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Outlines that have straight center sections and taperej tips can be found 

jmt as easily. Although the process is a bit more involved, it can be solved 
by using the example shown as a start. The length of the tapers will have to 
be decided before solving the problem. The tip rib can be expressed in inches 
or In percentage of the center rib. If the wing is large and we do not have t() 
worry about the size of the tip rib we can use the percentage factor. If the 
wing is small and we do not wish to have tips less than S" we can use S", or 
whatever size we decide on, a01 the tip value in the problem. The ans\ver will 
give the center chord. Note that we are working only \\ith one half of the 
wing and therefore use only half of the area. 

Yz Area.=:100 sq. in. Yz Span= 22 5". Z= ll.25". Y=ll.25". X=Center Chord. 

I y 7{; of X ,, E.x """50o/o or- .5X -:# 

f--Z II =-----l_r- _!AREA~(ZJ(X)+Y(X-i;,y;X) I 
Tll J ~ 

L. ---------, 'oo: 11.zsx~ 11.2s(X-r~5><')#.2 
100= ll.Z5X+ 11.2.5( 1·t>C)#:3 100 ~ ll.25)( + U.25 (. 75)() #4 

100-...1LZSX+S.44XE-~l00 ... 19.69 ){ {*') x- ,•:,:9 -:::. 5"Ce.ntev- Chord 

In this example the tip turned out to be 2 Yz ", a bit on the small side. 
If we had used 603 the center chord wouU be 4.9" while the tip would be 
very close to 3" . more like what we need. 

By using this system to determine the dimensional phase of 
wing design almost any outline can be quickly worked out to fit 
most conditions. If your design calls for curved leading and trailing 
edges, draw straight lines through them so that you will have 
triangles and rectangles which can easily be "area'd." The areas 
excluded can be made· up by . including blank areas inclosed in the 
outline. 

If curves are your specialty, your best bet is to make use of 
the ellipse. The eJlipse can be varied in so many ways that there is 
no end to its combinations. A standard ellipse .has equal outlines on 
each side of its center line. Since the Center of Lift or · Pressure is 
found at about 30% spot behind the 1€ading edge, such a line will 
make the C.P. curve as shown. If this C. P. line is straightened by 
changing the ellipse we obtain a much more graceful shape. This 
outline can be obtained by plotting a normal ellipse and then 
changing or shifting the outline to suit the 30% line. However, it 
is much easier to use the method shown for developing such ellipses. 
By using this particular method, building up ellipses with equal 
span but different center chords or spacings, we can obtain the 
combinations mentioned. This particular method can also be applied 
to the development of graceful tips and other outlines. A rather 
"chic" wing outline can be developed by adding elliptical outlines to 
trapezoidial or triangular bases as shown. The formulas which will 
be found helpful in finding A1·eas and Average Chord of elliptical 
outlines are shown. The beauty of the elliptical development is that 
the outlines are automatically determined without depending on 
our supply of Fren<>h curves. 
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SPAR SPACING 
The spacing of spars should be approximately as shown. Note 

how the height of rib is used to obtain deep spars, and the posi­
tioning of multi-spars to cover high spots. Notch trailing edge to 
take end of ribs to facilitate assembly and increase rigidity. (An 
idea the writer presented a long time ago.) Try to have spar 
notches on ribs to fit spars snugly. If they are too large, cement 
will pull on ribs and develop camber which might cause warps. If 
you are able, center the spars. See illustrations for assembly 
procedure. 

f'--#o</.CH1 _ _..........-~ I 
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RIBS 
Ribs should never be spaced more than 35 % of Chord. (Ex. : 

4" Chord, the spacing should not be more than. 11/2".) Especially 
if the leading edge is not covered with sheet stock. Greater spacing 
allows too much paper sagging between ribs. Not only is the airfoil 
efficiency decreased, the rigidity of the wing is also lessened. You 
only need to twist a wing frame before and after covering to realize 
just how much we depend on covering to give us the strong wings. 
Just consider sagging as so much slack which must be taken up 
before the wing reaches its rigid conditions. 

No matter what material you use for ribs do not cut-out light­
ening holes or slot. This weakens the ribs too much. You would be 
surprised how hard the paper tries to bend them. The weight saved 
is very small when compared with the total weight, and saving 
weight on gliders which are usually under weight in such manner 
is rather silly. 
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The thickness of the ribs depends on the chord. Up to about 6" 

1120 Balsa or 1/32 bass or pine will be found strong enough if the 
recommended spacing is used. Beyond 6" and up to about 10" chord 
use 1116 balsa or 1/20 hardwood will do. Do not use plywood for 
ribs ; too hard to handle and edges are ragged. Cardboard or com­
position ribs are only good for holding airfoil shape and should 
never be used when strength is needed. A good shock will bend them 
beyond their elasticity point and a crease is made. It is possible that 
they can be used in combination with regular wood ribs·. Try 2 paper 
ribs between wooden ones. A strip cemented to side of paper rib 
might remove its major fault. 

If you have time, false or leading ribs will add smoothness and 
better looking edges. They are easy to make and cemented in place. 

During assembly the ribs may be merely tacked in place with 
cement. But after the assembly, go over all joints twice and coat 
with cement every side of the connection. 

Span 52k" 

length 28!" 

Holder of 

British Record 20 min. 7 sec. Designed by E. CHASTENEUF. Blackheath M.F.C. 
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WING CONSTRUCTION 
The formulas given will determine the dimensions of the wing's 

outline. By now you should also know which airfoil you will be 
using. The next step is to decide on the constrnction .. 

About 90% of the model wings use the simple spar construction 
shown. When using this type of constrnction be sure to use airfoils 
that have fairly thin leading edges so that the covering will not 
sag between ribs. 

N. A. C. A. 6409 is a good example of the pref erred airfoil. 
When the chord is 4" or under only one spar may be used. But for 
wider chords two spars should be used to keep the wing from 
warping and ribs from weaving. 
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Although there is no special formulae for finding the size of the 
spars a fairly good rule to follow is to use the following pro­
portions: 
Leading Edge: Square; Allow 1/32 for every 1" of center chord. Ex: 4" chord 

would have Ys" sq. Leading Edge. 
Main Spar: Height; 3/32" for every l" of center chord. Ex: 4" chord would 

need % " high or wide span. Thickness: 1/ 32" for every l" of center chord. 
Ex: 4" chord would need %1 " thick spar. 

Trailing Edge: Width; 3/32" for every 1" of center chord. Ex: 4" Chord would 
have % " wide trailing edge. 

When chord is such that the proportions will produce sizes that 
are not standard, use the next largest size. Also, if only one spar 
is used, it is advisable to have wider Trailing Edges, say 1/s" for 
every 1" of center chord. 

The proportions hold true even if we use more than one center 
spar. Just subdivide the value found into the number of spars you 
would like to use. Incidentally, when deciding on spars, make sure 
that they are deep. The height should be at least three times 
greater than the thickness. Example: 1/s" thick spar should be at 
%" high. If you like multi spar construction you can take the 
l/8"x%" and subdivide it into 6 per of 1/16"x1/s" which would be 
just right for 4" chord. If we wish to use two spars, a subdivision 
into 3/32"x%" front spar and 1/16"x3/ 16" rear spar would do. 
As you can see, the proportions are generous and sufficient 
strength will be obtained, providing that hard, 15 lb. balsa is used. 
If hardwood is used, you may reduce the sizes by 30 % . Simply 
multiply the answer given for balsa center spar by .. 07 and the 
correct size for hardwood will result. Leave the sizes as given for 
balsa leading and trailing edges when Chords are below 5". On wider 
chords the . 7 factor may be applied when converting to hardwood. 
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TAPERING SPARS 
When the wing tapers from center to tip, the spars need not 

start tapering until their top is about 3/32" below top of the par­
ticular rib. Then taper the spar to fit end rib and the rib where the 
taper begins. Taper in depth only. Not only is thickness hard to 
taper but it also complicates rib development. 

Personally we let the leading and trailing edges be of same size 
throughout the span. In some cases, such as Copland's wing, the 
edges have to be tapered both ways. This is done by tapering the 
stock to rectangular dimensions first and then cutt ing to shape. 
Be methodical and mark spot to which a particular curve extends 
before cutting, a small plane is the ideal tool. A template will be 
very helpful. The trailing edge is simply tapered to angle after 
basic tapering. Many builders are careless with trailing edges and 
make no effort to obtain the required taper but just round corners. 
You would b~ surprised how quickly an experienced builder can spot 
a careless one by the workmanship on the trailing €~dge. Make an 
effort to obtain the proper bevel or buy the pre-tapered stock. 
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The angled square spar seems best when the leading edge is not 
reenforced with sheet covering. It has good anti-crush characteris­
tics, and the angular cut on ribs keeps them in place. The shaping 
should be done after assembly to obtain smooth lines. Never use a 
spar set into a slot or cut-out. Although it may have seemingly 
good shock properties, it may crack on upward load, and it also 
provides poor covering base. Some other types are shown elsewhere. 
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TIPS 
The tip should be almost solid balsa and made up of :tewest parts 

possible. Do not use reed, bamboo or wire for outlines. A glider has 
no long landing gear and consequently the tips come in for rough 
treatment. Be sure not to have the tip stock grain parallel with the 
span as it is liable to crack. Use fairly thick stock, about the thick­
ness of trailing edge. Extend all spars as far as possible so that they 
may provide good cementing anchorage for tip stock. It is best to 
cement the various segments in place before shaping. The segments 
are determined by placing the stock unde1· the projecting spars and 
using them as guide while penciling the angles. If a drawing is 
used, place the stock under the tip and pin-point the angles. Note 
that a grnove is provided for angled leading edge. The segments 
should have squared edges to obtain good cementing contact. Shape 
to outline after cement has set well. Use template guide. Then finish 
by continuing the flow of the particular edge so that it will end in a 
rounded tip end. Use sandpaper towards end as knife cuts will be 
shown through paper. 

When using plain square tips cement a strip on the end as shown. 
This will prevent the paper from pulling the end rib "in" and caus­
ing sags and wrinkles. It also greatly improves the appearance, 
especially if the entire design is kept in that vein. Be extra generous 
with cement after finishing. In fact, coat the entire tip, top and 
bottom, with a cement skin. 

" ,, z 
a Dutch sailplane, 

6 feet. 
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CENTER SECTION & SPLICING 
Center section splice, as well as all other splices, should be re­

enforced with gussets on both sides. We must not depend on regular 
model cement too much. If only one gusset is used and the cement 
cracks between spars, the entire load is placed on the gusset. Use 
hardwood or plywood for gussets. Hardwood, bass o:r pine is pref­
erable as plywood has two grains and we must be sure that its outer 
grain runs spanwise. Reasons for using hardwood are . that such 
gussets will flex under load instead of cracking as balsa is liable to 
do, and that the thinness of hardwood makes a better looking job. 

Use 1132 or 1120 stock for gussets for wings up to about 5 f t . 
span. 1/20 to 1/ 16 stock for larger wings. Use plenty of cement and 
form tube-like layer around the splice. Keep the wing in the di­
hedral "jig" while the cement is setting. Although the cement may 
be perfectly dry on the butt joints, the new cement used for gusset­
ing will dissolve it and the two halves might come apart if care is 
not taken. It is a good idea to gusset one spar at a time and let the 
other spars keep the shape. 

Single q(.,(.S!iel' Br~ tt .s Eo. ,,.;1y 
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In some cases the spars may be spliced by overlapping as shown. 
Note two types. When using "one above other" splice, it is advisable 
to assemble the two portions in a jig so that both halves will be 
similar. Note that "side by side" splice will require change of spar 
slots on the ribs. 

Cement fairly large corner blocks at leading and trailing edge. 
connections, and on the corners of square tips. You will find that 
edge connections will spring open after only a few hard landings 
unless they are strongly reenforced with corner blocks and cement. 
Butt joints are never strong. 
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You will find that paper on center will soon be torn and shredded 

by rubber unless it is reenforced by covering the center section with 
sheet stock or cementing several strips at high spots and critical 
points as shown. Sheet covering is easy. Use 1/ 20 balsa or 1/32 bass 
or pine stock. Start at leading edge. Make sure cement is set before 
bending sheet over carved ribs. Butt joint the next sheet to the 
first. Overlap trailing edge. Trim sides or ends to center and to 
second rib with scallops at edges. Fit the other side to obtain snug 
butt joint. Use same procedure on bottom. Sandpaper all over to 
remove irregularities and apply a coat of cement over all joints. 
Note that center four ribs are cut a bit smaller to allow for s}J.eet 
thickness. If strips are used the size will depend on the size of the 
wing as it determines the amount of rubber necessary to hold it in 
place. Use 3/32 sq. Balsa or 1/16 sq. pine for wings up to about 
300 sq. in., and 1/8 Balsa or 3/ 32 pine for wings over that area. 
When using strips double cover the center area for more protection. 
Also reenforce trailing edge to prevent rubber bands from cutting 
into it. 

It is sometimes necessary to have flat lower center section on 
"V" dihedral wing for mounting. When the mounting area on the 
fuselage consists of a small flat cross brace, the wing portion can be 
made as . shown. This should be built-in rather than made after 
covering. The covering will streamline the edges. When covering, 
attach paper to 3rd rib so that the paper will be able to adjust itself 
to the circumstances. Although a more rigid mounting can be ob­
tained by making the lower center portion as shown. The first 
method works well when rubber holding bands run over the center, 
but when two sets of bands are used it might tendto rock and swing. 
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TWO PIECE WING 
If at all possible make the wing in one piece as a two piece wing 

presents quite a problem. However, if you must make it in two 
pieces, try the following system. If convenient make the center sec­
tion flat as it will simplify the job. Also design the glider with the 
wing held on with rnbber so that it may "fly off" in case of hard 
landing and prevent the load of sudden stop from breaking the con­
nection stubs. 

The problems involved in two piece wing is to make the connec­
tion rigid, unbreakable and easily worked. Nothing can be so exas­
perating as having the glider with broken connections before get­
ting a chance to find out how it performs. Practically every builder 
thinks of tubes and dowels. In most cases they proved to be disap­
pointing and this combination is not recommended. The dowels 
break too easy, and during the breaking process they usually bend 
the tube so that it makes i·eplacement a major operation. If the rod 
does not b1·eak a good shock is sure to bend the tube and so locking 
the connection. Round metal tubes also present fixing problems and 
they have a habit of becoming loose. Therefore, do not use tube and 
dowel combination except on small wings which could be made in 
one piece ill first place. 

The connection which we used successfully on a 100" Span wing 
is shown. The stubs were made from 1116" dural, and the boxes 
from 1/ 16" plywood. After making the stubs and boxes, cement one 
set first and let the cement set. (Be sure to have the wing lined up 
for trneness). Attach the seco11d set, but instead of tying with 
thread use rnbber bands. Before the cement has a chance to set 
move the halves in and out so that the second set will adjust itself 
to the front one. If you are satisfied and the wing is trne, let cement 
set. Complete by wrapping second set with thread and be generous 
with cement all over. Hardwood, oak, maple or ash may be substi­
tuted for dural stubs providing it is thick enough, almost the thick­
ness of the spar. If the dihedrnl starts at center make wood stubs 
as shown to a void sharp corne1· weakness. 

If you are handy with metal work you may try the connection 
shown. The reason for bringing them above and below the surface 
is to obtain better i·igidity as well as making it easier to fix together. 
The upper portion may be covered with a sb'eamlined cap. Care 
should also be taken to p1·event the lower pm'tion from ripping parts 
of fuselage during shocks. Good brothers successfully used this sys-
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tern on the 8 ft. radio controlled gas model wing. However, the 
landing gear helped in absorbing the landing shock and also kept 
the wing above the ground. It is advisable to use hardwood spars 
and plywood reenforcement at point of attachment. 

When the wing is fixed to the fuselage we have a nice1· pr,oblem 
on hand. In the above the wing could swing and fly off on landing, 
but in this· case when the wing hits an obstacle it will swing the 
entire model around, and if the fuselage is held back something will 
crack unless provision is made to have the wing separate itself from 
the fuselage. Shown are several methods. Since we have not tried 
them personally we cannot tell you how they work. As you can see 
the idea is to provide rigid foundation yet allow easy separation 
when the wing hits. Note: When designing such wing for fuselage 
connections be sure to allow swinging clearance for stubs. Use rear 
stub for a pivot, and see if the front stub clears its hole. Also try 
to have as much space between stubs as possible to obtain better 
rigidity. All stubs should be made of hardwood and should fit snugly 
the hardwood lined boxes 01· slots. We now leave you to your prob­
lems, as we believe that you are an experienced builder, otherwise 
you would not be trying this. Very often we find that making some­
thing special takes almost as long time as the entire model. 

.. ALBATROSS" 
'42 In. win& span 

b'J THE MODi:.l ~OP 
Newco.stlc-v"-T"ne 

A seven foot sailplane 

with no balsa in its 
structure, by 1. Temple· 

in England 

A six-foot wing span 

by Mr. R. Bowyer 
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SPECIAL WING CONSTRUCTION 
Shown are several types of wing constructions which are used 

by more advanced builders. Note that the main emphasis is placed 
on the leading edge which must be strnng to take shocks and form 
smooth surface for aerody nomical reasons. Sheet covering and cap­
ping add considerable strength and rigidity although it more than 
doubles the construction time. 
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Use light 1/20 balsa or 1132 bass ·or pine sheets for covering 
leading edges of wings up to about 8 ft. For large spa11s use 1116 
balsa or 1/20 hardwood. Start by cementing the sheet to the lead.edg. 
Make sure that every portion is well cemented before bending to the 
ribs. Use pins to hold sheet in place. Sand sheet edge to conform to 
rib's curve. It is best to overlap the i·ib and leading edge junction. 
If sheet is brought to the edge there is a good chance that the sheet 
will break away. Personally we prefer to cap ribs to take care of 
the sheet edge over the ribs. If ribs are cut to take care of the sheet, 
start work on ribs. We also sand sheet between ribs to obtain a 
smooth continuous surface after covering. Without sanding the 
sheet edge presents a corner. 

Do not cover wings with sh~ets. You will be disappointed. It is 
practically impossible to obtain smooth surface unless you plank 
with at least 3/22 strips. And every change in weather will warp 
the wing. Same applies to solid balsa wings unless a good finish, 
about 4 coats of dope, is applied. 
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PLOITING AIRFOILS 
Airfoil plotting is simple once you have taken the trouble to 

work out an example. Since airfoils for models are rather small :in 
comparison to full size we have to be very accurate when drawing 
the graph as the lines come rather close. You will need a drawing 
board, T square, ruler, triangle, 3H pencil and a French curve with 
flowing lines. You may use any kind of ·paper for practice or if you 
intend to use a metal template. But for fast work plot on 2 or 3 ply 
Bristol Board or similar style of paper. Your art dealer knows what 
you want. A good notebook cover will do. You will be using this 
paper for template. So use your judgment. 

The first step is the construction of the graph. Let us assume a 
nice convenient chord like 5". Draw two vertical lines 5" apart and 
then a base line as shown. We must divide this 5" space into a cer­
tain number of spaces as indicated by the left, or"% Chord Station" 
column on the coordinate's table. In case of N.A.C.A. 6412 we have 
18 spaces. But if you will notice we have 10 basic 10% Chord spaces. 

Since 5" is 100% Chord in this case, 10% is 1/2". So we sub­
divide 5" into ten 1//' spaces and number them from 0 to 100 as 
shown. Find this number in the left column and note which numbers 
are still missing. Most of them will be found between 0 and 10 be­
cause it is between these two points that the airfoil makes -a sharp 
downward· and upward bend and consequently firn~r plotting is 
needed. However, before adding these lines subdivide into halves the 
following spaces: 0 to 10, 10 to 20, 20 to 30, and 90 to 100. Then, 
subdivide 0 to 5 and 5 to 10, and finally 0 to 21f2. Number them. 
Note that you have now all stations. 

The next two columns provide us with the positions of the upper 
and lower cambers. For example at the 30% C station 1:he upper 
curve is 11.65% C above t he base line, while the lower curve is 
.38% below it (or -.38). We could multiply the chord, 5'! by these 
percentages and get .58 in. for the upper curve and .. 19 in. for the 
lower and then measure off these distances. However, to do same 
for all stations is a "long job. A simpler way is to draw horizontal 
lines spaced 1 % Chord apart. Start by drawing a horizontal line 
10% Chord (or V:2'') above the base line. Divide this space into 
halves and number the two lines 5 and 10. It is now necessary to 
divide the space between 0 and 10 into ten 1 %C spacies. Do this by 
angling the ruler until you have ten l / 16th between the liries. Pin 
point at the l/16th point and add two extra points above 10 and 
below 0 to take care of all requirements. Draw horizontal lines. 
through points and number them as shown. This completes the 
graph for plotting a 5" Chord airfoil. Try one! 
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AIRFOIL FOR TAPERED WING 

The best way to obtain true airfoils on a tapered wing is to plot 
each one individually. The job is not too long if a method is used. 
The idea is to make all coordinate graphs first and then plot. The 
graph can be made fast for a straight tapered wing by drawing as 
many base lines as there are ribs and also have them evenly spaced. 
Be sure that the large ribs do no interfere with each other. Measure 
out the center or largest rib. Next measure out t he tip rib, but 
before placing it on its base line note the spar posit ions. If the spars 
run straight, even if its only one, draw a line to represent an edge. 
Now you have a definite place for the tip rib. If the spars angle or 
bend the position of the tip rib depends on its position behind the 
front line. Divide the tip into ten spaces. While at it you might as 
well make the finer subdivisions on both center and tip rib. The 
size and spacings of the in-between ribs is found by connecting sim­
ilar spots on the end ribs and making small cross marks on all the 
base lines where the ruler or T square edge crosses them. Using 
these cross marks draw short vertical lines. Next mark the 10% C 
spacing on .edge of paper and mark the 10% thickness line position. 
From now on it is same as described. You may use the ruler or cone 
idea for finding the 1 % spacings. When graphs are finished, plot 
the curves. 

After plotting locate the spar positions. This can be done by 
referring to the plan view. Dividers are best for this work. Draw a 
small vertical line on each rib. Then add the t h ickness line. The 
height of the spar will depend on the thickness of the ribs. As we 
mentioned before, the spar should be never less than 3/ 32" below 
top camber. So determine at which rib this happens while spar is 
at its full depth. Then find the allowable depth at tip rib. Make a 
side view drawing of the taper over the plan view. This will pro­
vide the depth of the spar for each rib. Simply transfer the dimen­
sion to the rib drawing. Also drawn on the individual ribs the lead­
ing and trailing edges. This will determine the exact template out­
liner. Note: Be Sure to add 1/20 to trailing edge to allow for notch­
ing, and if center or leading edge is covered allow for the sheet 
thickness. The ribs are now ready . to be cut out and used for 
templates. 

When the plan form is irregular, curved or elliptical the airfoils 
will have to be individually graphed and plotted. Use plan view for 
chord dimensions as well as for all others. In this case the cone idea 
will come handy in subdividing different chords. 
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SIMPLIFIED TAPERING 
One method which we use on straight tapers and when lower 

camber is flat is to plot the la:r:ge airfoil first and then the tip within 
the large one. We position the tip rib to correspond to its position 
on plan view. The next step is to divide the space between the edges, 
leading and trailing, into as many spaces as there are spaces be­
tween the ribs. You can now draw-in the cross section of the edges. 
To find the outline of the in-between i·ibs connect the similar points 
on the cambers of the large and tip rib. Subdivide this line, using 
the cone method, into as many spaces as required. Each mark on the 
line will represent the upper limits of a particular rib. Now connect 
the appropriate points to obtain the outlines. Number the ribs so 
that you may keep track. Find the position of the center spars. 
Draw their cross section and also number them so that you will not 
cut wrong slots. 

Similar idea is used when the airfoil has under camber, except 
that the tip airfoil is centered in the large one. Connect similar 
points and subdivide as explained to find the outline points for all 
ribs. Arrangement of spars will have to be determined individually. 

It is a good idea to make a tracing of the above rib development 
as the original will be destroyed during rib cutting. 
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The method in cutting ribs from such plottings is as follows: 
Trim with scissors the large rib. Cut out the leading edge "V" if 
angled spar is used. Cut off trailing edge portion, allowing for notch­
ing. Do not cut out center spar slots. Lay the template over the rib 
stock. Pin point the top corners and two sides near the base of the 
rib slot. This will locate the slot which is cut out after the rib is 
cut out. Carefully guide the razor blade around the template so that 
the paper will not be cut. All this while press firmly on template to 
prevent shifting. Cut as many ribs of this size as . required. After 
this is done cut to the next outline and carry on as described not too 
far into the night. 



37 

OTHER TAPER METHODS 
One method, d'='veloped by Roger Hammer, consists of slicing 

upper and lower camber outlines in form of strips. Then by cutting 
off excess at trailing edge fairly good job can be obtained. We have 
never used it so we cannot give exact details but we imagine that if 
center and tip ribs are made first the taper of the spars can be 
found. Note the overlap at the trailing edge. 

Another method which he used made use of full size template. 
First cut the upper curve. Then mark off the chord of the smaller 
rib. Find the inner point of the trailing edge and mark off the thick­
ness of the trailing edge. Superimpose the leading edge of the tem­
plate over the partially cut rib and using the leading edges as a 
pivot swing the template upward until the trailing edge mark is 
reached. Cut along the lower camber to face the rib. As you can see 
every rib will have to be individually fitted . It seems to lend itself 
well to the design which only has leading and trailing edges for 
spars. 
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Roy Ma1·quardt desigr.ed a special airfoil for thin wings and 
which only needs to be cut at the trailing edge for tapering. See 
sketch. Then we have a method which is illustrated at least once a 
year in every magazine. In this case the large and small ribs are 
plotted. Then the required number of strips is rigidly held between 
them. Cut off surplus while using the end ribs as guide. Make two 
sets, one for each half. 



38 

TRACING RIBS FROM PLANS 
The best method is to have a piece of new carbon paper between 

the outline and the rib stock. u~e a fine point, but not needle sharp 
as it will tear the paper. Use pins to hold the three parts together. 
Make sure that the grain of the rib stock runs parallel with the rib 
outline. As before, spar outlines should be pin pointed to get good 
results. 

RIB STOCK & CUTTING 
The recommendations for rib stock still stand, but we failed to 

mention what grade of wood to use. We also mentioned, while dis­
couraging lightening of ribs by using cut-outs, that the ribs have 
to withstand considerable compression under the proper tension. 
Therefore try to use stock which is cut along the quarter-grain line, 
the line radiating from center outward. You can recognize such 
stock by its speckled surface and its stiffness against tubular bend­
ing. This also applies to pine or basswood. When balsa is used the 
stock should be of medium weight, 8 to 9 lbs. per cut. ft. Heavier 
stock makes rib cutting more difficult. 

While cutting ribs, or any irregular outlines, consider the grain. 
Always cut away from the center of the high point to prevent tear­
ing off parts. While cutting upper camber, cut in direction shown. 
Follow same procedure if the lower surface is cambered. See cut 
directions. This is especially important when wood is hard and 
grainy. You can do almost anything with soft balsa. A sharp cutting 
edge will also make the work easier. You should have no trouble in 
cutting bass ribs up to l/20th with razor. 

If you are cutting ribs from printed sheets, just follow the above 
instructions. But if you are using a template you will have to be 
more careful. First be sure that template does not shift after cut­
ting has started. Use pins if convenient. Pin point the spar slots as 
advised. We usually cut the leading edge "V" and then the upper 
camber. If we slip, we can always move down andl try again. The 
lower portion, being straight or almost so will naturally be easier. 
In cutting spar slots, cut the horizontal cuts first. This will provide 
a stop as well as prevent the rib from cracking and bending into a 
"V" when razor is pressed. Use blade at angle to cut. 
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THE FUSELAGE 
When laying out a fuseiage remember that the ideal glider would 

be a flying wing and that anything added to it is just so much drag 
which will decr~ase its performance. 

The International rules, as ours did up to 1942, call for (Length 
/200f cross section. This is about right as it makes it possible to 
design strong structures and still retain full size resemblance. It is. 
hoped that our present (Length/100)2 will be changed as soon as 
possible. Seems rather strange to take off all restrictions on gas 
models with so much surplus power and pile it on gliders which are 
handicapped right from the start. 

As you can see from the plans shown elsewhere in the book, 
there is a large variety of fuselage designs. Beginners should nat­
urally start with simple framework. Although pod and boom looks 
easy enough to make, if it is not recommended for beginners be­
cause of experience required in carving, shaping and finishing balsa. 

The pod and boom (especially for (L/200) rule) is the logical 
choice from aerqdynamical viewpoint. It supplies all the essentials 
with minimum of drag, especially skin friction. No matter at what 
angle the fuselage may be angled to the airflow, the drag will still 
be less in comparison with conventionals.' However, one should be· 
careful how to use this combination. While going through -the 
"Thermix X" series and also several boom gas jobs we found sev­
eral important facts about this combination. 

The boom should always be solid; made from very hard balsa 
or even bass or pin~. A tubular boom·, alt4ough lighter will break 
or crack very easily, and paradoxily enough, because of its stiffness. 
This can be explained by the fact that when a glider hits head-on 
the weight of the tail tends to crush the tube. If the force is a 
direct compression all may be well, but this seldom happens and the 

\mpact inertia usually whipsthe boom to one side. If the tube is equa­
diametrical throughout the break will occur near the pod as this is 
the place where the inertia of the tail has the longest moment arni. 
This means that the force is concentrated on a very small spot. As 
you can see only a small portion of the tube is brought under full 
stress and it's no wonder that the tubular boom snaps. Tapering 
the tupe helps only in reducing weight where it is not needed but 
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the weakness of having too little material where the stress is ap­
plied, and stiffness, the real danger, is still there. Of course when 
the size of the tapered boom is increased so that it begins to look 
like a regular fuselage, the circumstances are different. But, then, 
the job is no longer in the pod and boom class. 

In contrast a solid boom is flexible. This means that when the 
tail whips the boom, the flexure will absorb the inertia over the en­
tire length of the boom. By the time the load comes close to the pod 
its full force is expanded. If there is still some left the so.lid cone of 
the boom will distribute the load to more material than possible in 
a tube. 

Crack~ . 
~ -~ 

When using boom and pad you can use the dimensions given for 
the "Thermic X" designs. They proved strong in most cases. Small 
pods can be carved from single blocks. Make them extend more than 
on "Thermics" so that less balance will be used. Large pods can be 
built as shown. Do not use stringer and bulkhead pods. They crack 
and crush too easy. Planked pods will do. Note the basic design of 
the "Thermic" and how every need is taken care of. It took a lot of 
jiggling. The aerodynamical points wili be taken up later. 

PLOTTING THE FUSELAGE 
The plans offer a large variety of fuselage designs from which 

to choose. Still it's a good idea to know how to develop a fuselage. 
Most of us have an idea what we want, but we still have to draw 

it up, and find out if it can be made. But no matter what ideas we 
may have we still have to stick to the basic layout of surfaces. Let's 
start on a simple job. 

From our table of proportions we determine the length of the 
fuselage. Once this is known we can easily find out the required 
cross section area and also the position of the wing. So draw the 
base line, measure the length and draw a ver tical line at 14 length 
to indicate the position of the leading edge. 

The next step is to draw a full size pattern of the cross section. 
If it is rectangular a ratio of 2 :l will do. That is, the height to be 
twice of width. You can of course change this ratio to suit your 
design. (We will treat other shapes later on). So far we have enough 
dimensions to box the fu selage. 
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From aerodynamical viewpoint the ideal outline would naturnlly 
be streamlined. However it somehow does not seem to fit the pic­
ture which we .usually associate with gliders and we tend to modify. 
Of course, if you would like to see how it would look, plot one from 
ordinates given elsewhere. Remember we said about compression 
and expansion of the 1 % space to fit conditions. 
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We usually assume that the high point should be at the 14 line. 
Also, we raise the cente1· line slightly to obtain a more pronounced 
bottom cui·ve. Now draw straight lines from 14 spot to ends to get 
an idea of the outline. If you are satisfied, take a squai·e strip and 
try to obtain good, natmal cui·ves by bending and holding it in 
place with pins whi le penciling the curve. 

While laying out the fuselage avoid straight lines and try to 
have outward curves. This will make the frame rigid and also as­
sure tight covering. As you may know, wood has very good com­
pression charncteristics so that when the shrinkage of the paper 
pulls the longerons inward it places them under compression and 
nothing happens, and the paper will become tighte1· because it can­
not bunch. Since paper acts as bracing a tight paper means rigidity. 
If the longeron is strnight the pape1· is liable to pull it out of line 
enough to spoil the covering and lessen the cross b1·acing characte1·­
istics. Also when a fuselage is loaded or bent, the outward curved 
longerons will be kept from cracking by· the pape1·, while an inward 
cm·ve will crnck. 
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The front is usually shaped with French curve. At this point it 
is a good idea to decide on the type of nose to use, balsa block or 
rounded with stiff paper. Also check the curve and see if you can 
follow it with the longeron. If you cannot, you may have to use 
sheet stock. When us~ng sheet"shapers~remember that they cannot 
be bent in plan view. The rear portions need not come together as 
we need strength and rigidity for carrying the ta il surfaces. In 
some cases the longerons may be bent into a sub rudder, and when 
joining the two sides, glue the lower longerons together. However, 
when the longerons are heavy they are liable to pull the rear out of 
shape, and so be prepared to use diagonals. 

E __ fL-------------

After the side is outlined, determine the position of the uprights. 
Their spacing will depend on the size and strength of the wood and 
local conditions. They have to be spaced closer to take care of ext ra 
load or where longeroris comeclose. If the longerons have no outward 
curve the space may be about 10 x size of longeron (10 x 'A\ = 114"). 

· If the wood is hard balsa or bass the spacing may be a bit greater. 
On curved portions you may 5poce as high as 16 x size. Where the 
curve is sharp you will naturally need closer spacing and also 
diagonals. 
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The actual spacing should be started with an upright at the 14 
spot over whi"h the leading edge rests, and another at the trailing 
edge. This will take care of rubber band stresses. Divide the in­
between space as per recommendations. Use close spacing at the 
very nose. Have even spaces behind the trailing edge until you get 
near the tail where the longerons come close. 

The plan view is drawn next. Work one side first. When it looks 
good, make the other side like it with help of dividers or marked 
paper edge. Extend the upright lines from side view to make cross 
braces. Also plot lower plan, if difficult. 

At this time you should also determine the construction of the 
tail surfaces and how they will be fixed to the fuselage so that extra 
strips may be shown on the drawing. 
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HALLER HAWK. Sr. 

LONGERON DIMENSIONS 
If ha.rd balsa is used, use 1116 sq. up to 10" lengths, 3/82 sq. up 

to 20", 1/8 sq. up to 30", 5/32 sq. up to 40" and 3/16 sq. up to 50". 
If bass or pine is used take off 1/32 from the particular balsa size. 
Use same size for uprights, diagonals, cross braces and other needs. 
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ASSEMBLY 
To prevent cement sticking to plans, rnb Ivory soap or parafm 

over the joint portions before beginning the assembly. To assemble; 
lay longerons over plan, and hold in place and to curve with pins. 
Measure up-rights and cut two to snug fit. If the fit is forced, the 
longerons will bulge after the pins are removed. Cement all sheet 
shapes in place. Let cement set well, and remember that the cement 
next to the plans is not dry. So be careful when removing· from pin­
jig. Make the other side. 

Cut all cross braces before assembling two sides. Measure the 
space between longeron edges and then subtract two longeron thick­
nesses to obtain correct size. To assemble sides star t with widest 
cross braces which will be found around 14 spot. Cement top and 
bottom. Let the cement set and make sure that sides are perpen­
dicular to the board. It is a good idea to add temporary dia·gonals to 
hold fuselage "square". Then slip several rubber bands over center 
to prevent "springing". Bring ends together and cement the nose 
pieces. Hold in place with r ubber bands. By doing this you will have 
less trouble in keeping the fuselage straight. Now start cementing 
the remaining braces in place. You will have to use more bands to 
keep longerons pressing on braces. 
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RE-ENFORCING SIDES 
The nose of the glider has to take terrific punishment, and if 

the nose is not made extra strong it is liable to let go and let the 
longerons spring apart. One method of re-enforcing is shown on 
"Floater". Here 2-ply Bristol Board paper is cemented to sides and 

used to give smooth nose curve. Before cementing them in place, 
make a balance box as shown. This will also contribute to the gen­
eral strength. If a solid balsa block is used have the paper board 
overlap it to obtain better grip. The bottom, and wherever you may 
grip the fuselage, should be covered twice. Run a center skid after 
covering. 

MORE FUSELAGE PLOTTING 
There is no end to the variety of fuselages we can design. Just 

by adding a cabin effect to the above plain fuselage we have a dif­
ferent design. The basic fact to remember in designing is to keep 
the longerons unbroken as far back as possible. Think twice before 
cracking one to obtain a window effect. Always "add" super­
structure to the basic frame. "Thermic 50" is a good example of 
this rule. The framewo1·k is symeti·ical on all sides, except plan 
behind wing, yet by addition of h'iangula1· bulkheads and side 
stringers we get a good shape. 

In designing new outlines follow the procedure given. After find­
ing the main cross section, drnw the basic framework. Then outline 
the actual shape, and the plan view. Make the two sides of the basic 
frame. The triangular bulkheads are plotted by taking the height 
from side view and the width from plan view: all the dimensions 
needed fo1· constructing a triangle. Allow for longerons and string­
ers when making the bulkhead. On "50" the front top is rounded, 
and the wing rest is also specially shaped. In most cases it is best 
to shape to fit. It could be plotted by method shown later. Very often 
we let the celluloid decide the shape. It's best to follow celluloid's 
naturnl cm·ve than to cut it into strips to fit. Afte1· all bulkheads are 
plotted, assemble the fuselage as described. 
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When the fuse lage is round we only need· side view to obtain the 
various diameters. If it is elliptical we can use a set system which 
will give us similar ellipses. Position of stringers can be found by 
triangles. In case the fuselage does not have similar cross section 
throughout we have to plot mdividual bulkheads. This is done by 
drawing couple side and plan views. Then draw two sets of center 
section. Place front section in one and rear section in the other. 
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Remember to use cente1· lines. From the drawing find the height 
and width of each bulkhead. Divide the outlines of the center and 
end bulkheads and connect them with lines. Divide these lines into 
spaces equal to spaces between the two bulkheads. If there is a 
peculiar curve the spacing will have to conform to it so that it will 
be "ft.owed" smoothly. If you plan to use center keel, mark its slots 
on each bulkhead so that the bulkhead will be in same position. Also 
draw radial lines to mark position of stringers if used. 
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DIAMOND FUSELAGE 

There seems to be no end to the variations possible with diamond 
fuselage. A square job when set on edge looks good, especially if 
wire wing mounts are used. Do not raise the wing higher than neces­
sary to clear the fuselage. You can also cut out a wing's rest as 
shown providing you have enough cross section left. You may also 
try making heavy wire saddles with which to connect the two halves 
as shown. But this is actually harder to achieve than one can im­
agine. When using wire saddles be sure to cover sides with sheets 
to prevent tearing. If wing mounts are used do not make the bars 
longer than necessary. See suggestions. 

In making true diamond sections use bulkheads to simplify the 
work. If cross braces are used you will have to fit each one indi­
vidually to fit conditions. A refined method of this construction is to 
use capping strips as shown. Bulkheads are easily plotted from side · 
and plan-view. Use rectangular longerons, to allow rounding of cor­
ners. Bulkheads can be made in one or two pieces. Two piece kind 
will allow jig-board assembly. When curves are sharp, make use of 
diagonal braces or cut the curve from sheets. Here again you can 
complicate the design by rounding sides and using stringers. Just 
plot the bulkheads as shown. As on all fuselage designs, also be sure 
to have· sturdy nose and keel. Also do not raise the wing higher than 
necessary. Pylons have no place on gliders! 
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MONOCOUQUE FUSELAGES 
Monocoque fuselages a1·e undoubtedly the strnngest of the lot. 

Although the advanced types require exceptional workmanship and 
quality material almost eve1·y one can assemble flat sided designs. 
Lef stake a square 01· diamond job with symmetrical sides. Plot one 
side and cut four patterns ·from medium I/20th balso 01· 1/ 32 bass. 
Cut as many bulkheads as needed. We usually space them 2". Be 
sure to make the bulkheads with one side a bit sma1ler (1110" to be 
exact) so that sides will ovel'lap. Assemble two sides, starting from 
centei· and working towai·d ends. Then cement top and bottom pat­
terns. Use rnbbe1· bc' nds to hold them in place. If patterns are well 
made the fuselage will be perfectly strnight. Sandpaper check for 
uncemented cracks, dope and cover with paper. 

The next step is to build "shaped" fuse lages, such as shown, 
which have four or more sides. P lot the bulkheads by using side and 
plan views. Assemble with "easiest" sides fi rst. Yo may have to 
use stringers 01· longerons to obtain extra cementing area. 

Covering rounded sections is a hit hardel'. No trouble should be 
experienced if the cente1· line is straight so that the compound curve 
is slight. But as soon as the cente1· is cm·ved v.re have compound 
cm·ves which require mo1·e cai·e. Sta1t by cementine, fl.at sides and 
h'im thei1· edges so that they overlap halfway ove1· the longerons. 
If the sheet is wide enough you can cover the entii·e cm·ve at one 
time. Sta1t by cementing it at the center. When dry, press sides 
down and hold in place with rnbber band while h'imrning the edges 
to fit. Hemove bands, coat a1·ea with cement and again press side 
down and hold in place with bands and pins. When set cement and 
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trim the remainder portion. Note how the cross section is designed 
so that all joints will be over "flat" area and thereby avoid sharp 
corners. If the wood is light you should have no trouble in covering 
compound curves if you do it gradually. Balsa will adjust itself to 
gradual curves; just keep it under constant pressure with rubber 
bands. 

When covering round or elliptical fuselages you will need at least 
six splicing fongerons. (Once we covered an elliptical job with four 
3" wide sheets. The wood was perfect and it took us twelve hours 
to complete just the cbvering). Start by cementing two opposite 
sides. (It is understood that bulkheads are held in position by cen­
tral keel which may be removed when job is done). Use pins and 
rubber bands to hold sheets in place while cement is setting. Trim 
edges to half way mark on longerons. Other sheets are first fitted 
to edges at center. With center fix, work towards ends, trimming to 
fit by feel and gradual cutting. Do not worry about small cracks. 
They can be filled with balsa dust and cement mixture. Sand lightly, 
dope and cover with paper. 

P/otl-in9 2-3 Ell ip.se 
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Now we come to planking. Do not attempt planking unless you 
can get extra light balsa strips. The best size is 3/32 x % cut from 
5 lb. stock. Plot bulkheads and hold them together with center keel. 
Cement side strips first, then top and bottom. Use pins to hold them 
in place. Now you can cement other strips as you see fit. If the front 
has a decided curve, pre-taper the tip of the strip. At the tail end 
the strips are tapered to fit by drawing a straight line as shown 
and then.cutting off the surplus. Complete the job with medium and 
fine sandpaper and the job looks as though it was carved. Fill crack 
with dust and cement. Dope and cover with paper. 
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CARVED FUSELAGES 
Carved fuselages are seldom used on gliders except in pod form. 

When carving pods or any other parts use step by step procedure. 
Outline side and plan before rounding corners. When pod is extra 
large cement several blocks together. Finish with medium and fine 
sandpaper, dope, woodfiller and gloss. 

MOLDED FUSELAGES 
Molded fuselage is something we still talk about but never get 

around to actually making one. It does require considerable amount 
of preparation and at the same time we are not sure of the results. 
Evidently, the future of molded fuselages and other shapes depends 
on the commercial people. 

We could repeat instructions given by some magazine writers, 
but as we have not personally tried the idea we are r eluctant to 
repeat. So far we made a plastic banded balso prop blade and had 
good results. 

The base of molded . fuselage is plastic cement such as "Weld­
wood" and "Cascamite". Such cement only need addition of water 
to be ready for use. They harden in a few hours, but it can be 
accelerated by holding the work near a radiator. The material used 
is ordinary drawing paper which is cut into str ips. The form should 
be carved from bass or pine, well coated with parafin or wax to 
prevent sticking. Soak paper strips in the cement mixture and lay 
over form. After enough layers have been applied set the work 
aside. Note when the cement is almost hard. Slit top and bottom 
to remove form. Recement and cover slit with a strip. 

Finish with several layers of colored dope which should be used 
to fill up the paper edges. If you are :::·eally interested in knowing 
more about it, try it! 
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WING MOUNTS 
The importance of having the wing anchored cannot be over­

emphasized. During the towing period the wing is under severe 
strain and poor anchorage may allow the wing to shift enough to 
rnin the flight. 

To obtain good anchorage we need good wing rests or mounts 
and tight rubber. On flat fuselages the problem is simple as we 
have a large flat surface for wings with flat center section, and 
widely separated rests for "V" dihedral. It also simplifies rnhber 
holding. Note how this is done. In the rear the rnbber bands are 
looped to preve_nt loss, and in front the projections are set at angle 
so that the wing will release itself on hand landing. 

When the wing mount is streamlined we can use only one fasten­
ing to preserve clean lines. When we use a single fastening- we must 
make sure that the wing rest is wide at center and that it cooperates 
with solid parts on the wing, such as spars 01· ribs. 

A flat center wing tends to wander if not held tight. In such 
case we must either provide a stop or alignment combination be­
tween the wing and fuselage, or between wing and rubber. In first 
case; a groove on the fuselage cooperating with a rod on the wing 
will do the trick. In second case; confine rubber between stops, so 
that the rubber will swing the wing back into position. The first 
case is more positive. 

Although wing mounts have been mentioned before, it is aired 
again so that you will realize their importance. Therefore, when 
designing a fuselage make ~mre that the wing will have a good base. 



WING'S INCIDENCE 
We have Proved with the Angle of Attack Recorder that models, 

including gliders, Jly at high angle of attacks, at angles on ve1-ge of 
staJJ. Because of low speed, the high angle may mean only 5° to 6° 
with stal/s at 7° to 8°. This means that the wing will be inclined 
5° to 6° to the aii-Jlow. Now, if the wing is set at D° in 1·elation to 
the fuselage we have a situation as ilJustrated. It is evident that the 
fuselage wiJJ offer tremendous drag unless it is of pod and boom 
type. To get rid of this drag we mei·eJy mount the wing at highe1· 
incidence, at an angle which almost equals the angle of attack. Of 
course if we knew the exact angJe of attack, and at what angle the 
fuselage has its lo West drag we would na tural/y use • uch i nforma­
tion and arrange Pl'ope1· angular differences between the wing and 
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fuselage. As the matter stands now You can safely use 5° incidence, 
and unde1· no circumstances make it Jess. If the glider happens to 
have staJJing tendency You should correct it by additional nose 
bal/ast, changing the stabilize1· setting or moving the wing back (a 
p1·ocedure Which is not recommended). If you deci·ease its incidence 
You wiJJ be bringing the fuselage into higher drag position. After 
aJJ, the wing may have been tI-ying to move at too high angles 
hrought about by Poor balancing. So, when designing wing rests or 
mounts do not forget to incorporate about 5° incidence. It may take 
a While before this fact that models Jly at high angles is known to 
all. Those who know the facts ai·e ah-eady making use of them. Also 
remember that models ha ve always Jlown at high angle, but we did not know it. 



HIGH WING 
We are passing through the super high wing area. It seems that 

many boys think that by just sticking the wing up a few more 
inches all their troubles will be solved. But as many of you may 
have found out, it proved to .be a rosy dream. The super high wing 
is especially evident on gas models. It was found that by raising the 
wing, high power could be controlled on small models. We could go in­
to details and show that it was the re-arrangements of various parts, 
brought about by the high wing, that actually did the trick. For 
example, high wings make it possible to move it over the motor so 
that the C.G. could be closer to the trailing edges and so bring about 
lifting tail conditions. Also the large dihedral used and the fin-like 
pylon in combination with slim fuselage and small rudder brought 
about right spin conditions under power. But the high wing also 
had looping tendencies, C.G. back, low thmst - - line and high 
drag point doing the work. So, by combining right spin with a loop 
we have a climbing right spiral. A familiar sight, no doubt. And 
another familiar sight was a right spin without the benefit of the 
loop, or loop without the benefit of the right spin. Something did 
not click. We only have to look at the outstanding rubber designs 
to se~ that super high wings are not essential. Remember Copland 
and Cahill? And most of others had wing vn fuselage. Also, most of 
the full size gliders have mid wings. There must be a reason. 
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The main argument fo1· using super high wings is that pendulum 
stability is obtained. We do not claim that this is not so. However, 
the actual value of this stability is so small that it is not worth 
creating more drag to get it. Let us find the C.G. position. Find 
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vert ical position of C.G. by holding under wing. Hook tail with a 
plumb line as shown. Where the string crosses the vertical line, you 
will find the exact C.G. spot. In most gliders this will be found 
unde1· the wing. This is logical if we break up the C.G. into wings 
and fuselages. See diagram. In many cases the wing weighs VJ of 
the total. This means· that if you raise the wing 3" you will raise 
the combined C.G. 1". Then if you consider that the model will have 
to get out of trim to obtain the pendulum stability you will find that 
the active stabilizer will be on the job so that the model will not get 
out of trim. As a matter of fact, if we were to analyze the situation 
that occurs during a thermal flight you will find that pendulum sta·­
bility is bad business. During thermal activity the glider naturally 
noses down. See what effect high wing has. It tends to bring the 
model up and thereby increasing the load on stabilizer which may be 
close to stall. If you have a high wing model that begins to gallop 
while on way down through thermals you now know why it does it. 
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One of the few sailplanes with folding wings is the "U of D" 
designed and constructed at the University of Detroit. 
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Note what happens when the wing is lifted higher. Although the 
drag value may be same, its moment arm is longer, which means 
that more powerful counter forces will have to be applied. Take 
concrete facts for an example. A wing that lifts 10 oz. has LID of 10. 
This means that drag is 1 oz. Now place this 1 oz. in the diagram 
and work out the moment arms and you. will find out what a high 
wing can do to decrease efficiency. Then place a no-dihedral wing 
over the C.G. spot and note the difference. So, stick to wing on 
fuselage. But be sure to reason it out for yourself so that you will 
know the reason and will not just take our word for it. 
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You may wonder why we may seem to be so anti-super high 
wing. Actually, every model that has fair dihedral and is set on 
fuselage is a high wing job. The center of lift and drag will nat­
urally be found somewhere between the tip ,and center, near the 
wing's C.G. spot. If the dihedral is 6" and the wing has no taper, 
the center of lift and drag is 3" above · the center section, definitely 
a high wing condition. Now, let's draw the forces active during the 
glide. Note particularly the wing's drag. Note that it is above the 
C.G., and that its tendency is to nose the model upward. This ten­
dency has to be brought under control. This can be done by moving 
the wing back so that part of its lift will be used, or we may add 
weight on nose, adding weight means more lift must ·be made, or 
we can increase the tail's incidence to develop more lift. In gen­
erating lift we get drag. So, to balance the high drag point of the 
wing we generate more drag. 
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THE STABILIZER 
The purpose of the stabilizer is to prevent the wing from "un­

stabling" the model. As you know, when the angle of attack is 
increased, the Center of Lift moves forward and the lift is also 
increased, and thereby the wing obtains a longer moment arm about 
the C.G. with which to nose the model upward into a stall. If the 
angle of attack is decreased, the Center of Lift moves backward 
which shorten the moment arm and thereby promoting a nose dive. 
To prevent the wing from doing such foolish things we use the 
.stabilizer. 
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The action of the stabilizer can be best understood by assuming 
that the C.G. is under the Center of Lift, and that the stabilizer is 
neutral or that it has no effect while the plane is flying normally. 
For some reason the angle of attack is increased. This means that 
the Center of Lift will move forward. As soon as this happens the 
balance is broken and the wing will try to swing the model into a 
stall. But this does not happ~n because the heretofore neutral 
stabilizer now has a force. The new airflow, besides acting on the 
wing also acts on the stabilizer so that it develops an upward force 
which counters the effect of the wing. Under most cii·cumstances 
the small force produced by the stabilizer multiplied by the long 
moment arm is stronger than the effect of the wing about the C.G. 
so that the wing or the plane is brought back to its original position. 
If the model hits an up-current, as in a thermal, the model will nose 
downward under the force of the stabilizer which acts as a vane. 

If on other hand the angle of attack is decreased, the Center of 
Lift moves behind the C.G. tending to dive the model. The new air­
flow also produces a downward force on the stabilizer which will try 
to nose the model upward and out of the dive. 
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This set-up of having Center of Lift over 01· near the C.G. is 
present on full size planes, and the small stabilizer, when compared 
with models, will have no trouble in preserving the balance. Since 
the balance is delicate, a slight change in the stabilizer, made by the 
elevator, will change the direction of the plane very easily. 

On models we have a different situation. The center of Lift is 
quite a bit ahead of the C.G. This means that the stabilizer is always 
carrying some part of the total load. It can do so by being rather 
large in comparison with full size; 40% of the wing area being com­
monly used on rubber models. 
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However the real difference lies in the fact that full size planes 
fly at about 2° or 3° angle of attack. This means that the wing is far 
from stalling and the stabilizer will have ample time to bring it to 
normal, and only 1 ° more or less may be needed to develop enough 
corrective force. But in models the wing borders near stall and only 
1 ° may separate it from the stall. Therefore a small stabilizer may 
not be able to correct the situation in time. Also during the recovery 
from the subsequent dive the model will gathe1· inertia as it is being 
nosed upward so that when the aerndynamical balance is reached, 
the inertia may again carry the wing into a stall. This is evident by 
the galloping action which can only be cured by decreasing the in­
cidence of the wing, without making any other chatjges, which will 
decrease the angle of attack. This will increase speed, but decrease 
duration. A large stabilizer will naturally react sooner and more 
powerfully and thus keep the wing under control. This then is the 
reason why models use larger stabilizer than regular planes, and 
why flying scale models give us so much trouble. But we should not 
be surprised, they were made to fly at low angle, while models must 
fly at high angles. 
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It might be mentioned that there is nothing wrong in flying at 
high angles. As a matter of fact, easily prnven by figures, the 
duration is much better at high angles than at low. Of course, if 
you want speed, that is another matter. The trouble is found within 
ourselves by treating models as though they were flying at low 
angles when they are actually flying at high. 

Our proportion chart fo1· stabilizer area calls for decrease of 
area (on wing percentage) as the area of the wing is increased. The 
reason for doing this is to make the glider more maneuverable. We 
found if a large stabilizer was used on a large glider there was a 
tendency to have the stabilizer cany considerable load by having it 
set almost at the same incidence as the wing. This means that there 
is little left for stabilizing effect, and the glider may stall without 
being stopped. During the recovery dive the wing and stabilizer 
might reach a balanced condition so that there is no recovery from 
the dive. Sometimes it also happens that without any seemingly 
reason the model will nose over into a dive without zooming out of 
it. All this happened to us. The cure was a smaller stabilizer, one 
which compared with the table, and setting it at lower incidence 
than the wing. 
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The reason that large stabilizer area works on smalle1· models is 
that it is less aerody nomically efficient. Also a smaller glider weighs 
less so that it does not build up large inertia which would carry the 
glider beyond the balancing point. Also, because of its size, the re­
covery dives will be much smaller. 

We found these facts by experience, and although the explana­
tions might not be clear to both of us, follow the graph and design 
your stabilizers accordingly. Just remember, that a small stabilizer 
will bring about faster and shallower recovery, but it will call for 
finer and more critical adjustments. Also note at the beginning how 
the stabilizer works during the dive and how it brings about the 
glide. 



ANGULAR DIFFERENCES BETWEEN WING & STABILIZER 
One of the basic design principles is: Never allow the stabilizer 

to stall. If the wing stalls and looses lift, only the front portion of 
the model will drop and proceed to assume normal angle again. But, 
if the stabilizer also stalls, the tail also drops and the the plane 
loses forward speed and its airplane characteristics. If a lifting 
stabilizer is overloaded and is bordering at the stall, a slight upset 
might cause it to stall, with the result that the wing will also stall. 
This being one reason why regular planes are not allowed to be 
designed with lifting tails. 
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By having the stabilizer set at lower angles than the wing we 
can be almost sure that it will not stall before the wing does. Be­
cause of the wing's . downward, even 0-0 setting will provide 
angular difference. However, this is dangerous as the wing may not 
supply the necessary downwash when it is stalling. Therefore it is 
advisable to provide at least 2° to 4 ° of constructional angular dif­
ferences between wing and tail. Use 2° on small models and 4° on 
large ones. Although the final setting will be found during test 
flights. 
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SHAPE AND CONSTRUCTION OF STABILIZER 
Read the chapter on wing and consider that practically every­

thing recommended for the wind also applies to the stabilizer. How­
ever, in most cases it is not practical to have high aspect ratio stabs. 
Ratios of 4 :1 to 6 :1 are the rule. Use the smaller ratio for small 
models, below mo sq. in., so that you may observe the 3" minimum 
chord rule. 6 :1 should satisfy most of the larger designs. 

The wing outline should decide the stab's outline so that they 
may complement each other. You can see how a combination of a 
tapered wing and straight stabilizer looks. So, if the wing is tap­
ered, the stab should follow suit. If the wing tips are round or 
square, stab' s should be likewise. Also the leading edge on a tapered 
design should sweep back more than the trailing edge. Sweep back 
gives the impression of forward motion. You will find that most 
pleasing lines are those which "lean" forward and just radiate with 
"speed lines." 

While outlining the stabilizer keep m mind that there should be 
at least two unbrnken spars extending from tip to tip to prevent 
warping. Pel'Sonally we keep Jhe trniling edge and one cent.e1· spa1· 
unbroken, and let the leading edge sweep back for tapel'. See out­
line suggestions. Use methods described fo1· wing in obtaining ellip­
tical outline or tips. 

The size of the spars may be lighte1· than that recommended for 
the wing. But do not stint on the leading and trailing edges and tips. 
Cover center section with sheet stock 01· cement cross strips to pre­
vent tearing of pape1· when using rubber fo1· fixing. 



61 

AIRFOIL FOR STABILIZER 
Like on other types of models, use regular airfoils of Clark Y 

or flat bottomed N.A.C.A. 6406 or 6409 variety. Streamlined sec­
tions may be used if the glider is designed for speed, scale or start­
ing, and should be used in combination with C.G. close to Center of 
Lift. You can try under camber to obtain more lift, but better try 
the standard first and see what the change will do. Under camber is 
hard to keep without warping. Flat sections should only be used on 
small gliders as we need at least one vertically set spar to prevent 
curling. 
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POSITION OF THE STABILIZER 
The first consideration in positioning the stabilizer is to have 

rigidity. This means that it should be attached to the top of the 
fuselage, in a slot or on the bottom. Some might want to place it 
midway or on top of the rudder. Reason being to have smoother air­
flow. Structurally this is a bad spot. Also if we consider that the 
fuselage is pretty slim, when compared with full size planes from 
which the information was taken, it should be evident that the 
stabilizer gets plenty of undisturbed air. To avoid blanketing of the 
rudder, only the top position will not do that. Also consider, espe­
cially if the rudder is cemented to the stabilizer, that after testing, 
it is best to cement the stabilizer solid to preserve adjustments. 
By having the stabilizer in a slot or on the bottom we can make the 
rudder integral with the fuselage and still have a removable stabil­
izer which can be used as a dethermalizer. The fore and aft position 
is determined by the fuselage. Try to have it back as far as possible 
but still retain good mounting. Read "wing mount" paragraph to 
find out how to obtain steadiness. 



RUDDER AND SPIRAL STABILITY 
The rudder can make or break a model. Since WE~ do not know 

how to determine its exact area we must learn to recognize the 
symptoms or instabilities which are brought about by wrong pro­
portions. 

The purpose of the rudder is to make the model have a definite 
objective, which may be a straight line or a circle. We can easily 
achieve a straight flight, with or against the wind, by increasing or 
decreasing the area. By having extra large area the model will face 
the wind. because as soon as it tries to turn aside t he large area 
behind the C.G. will swing it right back as shown. To fly with the 
wind we use a small rudder to make sure that the frontal area is 
more powerful. Although we may · launch such a model into the 
wind, the large frontal area will swing it around so that it glides 
with the wind. If it attempts to tum, the large frontal area will 
prevent it from doing so. 
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AS soon as we decide to make the model tum we get into a dif­

ferent problem. Here the dihedral of the wing, and rudder work 
together. This combined action is rather complex and we will start 
by assuming that the wing is flat and that it has no dihedral effect. 
We set the rudder to turn. This will cause the fuselage to pivot 
about the C.G. but not cha1~e its direction as we have not intro­
duced a side pulling force. The rudder will rotate the fuselage until 
it reaches a balanced condition in which the frontal and rear areas 
balance each other. Note the position of the rudder . Of course, if 
the rudder is turned sharply it will tend to spin the model and 
thereby losing flying speed. Here, then, we have the rudder adjusted 
for a turn but all we get is a sort of a skidding forward motion. 
Now let's bririg the dihedral into the picture. 
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AIRFOIL FOR STABILIZER 
Like on other types of models, use regular airfoils of Clark Y 

or flat bottomed N.A.C.A. 6406 or 6409 variety. Streamlined sec­
tions may be used if the glider is designed for speed, scale or start­
ing, and should be used in combination with C.G. close to Center of 
Lift. You can try under camber to obtain more lift, but better try 
the standard first and see what the change will do. Under camber is 
hard to keep without warping. Flat sections should only be used on 
small gliders as we need at least one vertically set spar to prevent 
curling. 

: ·-fJ 
-= 

Q 
.~ LJ 

~ 

/J 1 j Bktnke</ only 

Wilen 5-fttP..:5-fal/s 

POSITION OF THE STABILIZER 
The first consideration in positioning the stabilizer is to have 

rigidity. This means that it should be attached to the top of the 
fuselage, in a slot or on the bottom. Some might want to place it 
midway or on top of the rudder. Reason being to have smoother air­
flow. Structurally this is a bad spot. Also if we consider that the 
fuselage is pretty slim, when compared with full size planes from 
which the information was taken, it should be evident that the 
stabilizer gets plenty of undisturbed air. To avoid blanketing of the 
rudder, only the top position will not do that. Also consider, espe­
cially if the rudder is cemented to the stabilizer, that after testing, 
it is best to cement the stabilizer solid to preserve adjustments. 
By having the stabilizer in a slot or on the bottom we can make the 
rudder integral with the fuselage and still have a removable stabil­
izer which can be used as a dethermalizer. The fore and aft position 
is determined by the fuselage. Try to have it back as far as possible 
but still retain good mounting. Read "wing mount" paragraph to 
find out how to obtain steadiness. 



RUDDER AND SPIRAL STABILITY 
The rudder can make or break a model. Since w~ do not know 

how to determine its exact area we must learn to recognize the 
symptoms or instabilities which are brought about by wrong pro­
portions. 

The purpose of the rudder is to make the model have a definite 
objective, which may be a straight line or a circle. We can easily 
achieve a straight flight, with or against the wind, by increasing or 
decreasing the area. By having extra large area the model will face 
the wind . because as soon as it tries to turn aside t he large area 
behind the C.G. will swing it right back as shown. To fly with the 
wind we use a small rudder to make sure that the frontal area is 
more powerful. Although we may · launch such a model into the 
wind, the large frontal area will swing it around so that it glides 
with the wind. If it attempts to turn, the large frontal area will 
prevent it from doing so. 
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As soon as we decide to make the model turn we get into a dif­

ferent problem. Here the dihedral of the wing, and rudder work 
together. This combined action is rather complex and we will start 
by assuming that the wing is flat and that it has no dihedral effect. 
We set the rudder to turn. This will cause the fuselage to pivot 
about the C.G. but not chail;e its direction as we have not intro­
duced a side pulling force . The rudder will rotate the fuselage until 
it reaches a balanced condition in which the frontal and rear areas 
balance each other. Note the position of the rudder. Of course, if 
the rudder is turned sharply it will tend to spin the model and 
thereby losing flying speed. Here, then, we have the rudder adjusted 
for a turn but all we get is a sort of a skidding forward motion. 
Now let's brirtg the dihedral into the picture. 



As long as the model faces the airflow the dihedral has no effect. 
But as soon as the rudder swings the model as described, the di­
hedral becomes active. A~ the model swings into the skid the wing 
is exposed as shown. Note how much greater is the angle of attack 
on the right wing. As soon as this happens the right wing will begin 
to rise and rotate the model. When this is done the lift is no longer 
vertical but at an angle. Solving this angular lift by parallelogram 
we find that we have a force which tries to pull the model to side. 
Placing this force in the plan diagram we see a difference. Without 
the dihedral effect the rudder just rotates the model about the C.G. 
but with the g~nerations of side fo1·ce by the dihedral effect we also 
have a force which changes its direction. So, when all is said and 
done, the rudder does not do the actual turning, but it does bring 
about conditions which bring the dihedral into the play and with the 
resulting turn. · 
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You may recall a light plane design which had fixed twin rudders 
and turns were made by operating only the ailerons. In this case 
they banked the wing and so producing a side skid. As soon as the 
skid started the airflow changed so that the fixed rudders tried to 
face the plane into the new airflow which was in direction desired. 
This kept on as long- as the ailernns were operated. 

All this means that both rudder and dihedral (which auto­
matically produces banks) are needed to obtain a turn. Also that it 
may be done by operating either one of them; rudder with dihedral, 
and ailerons with fixed rudders. Regular planes use both to obtain 
smooth turns without skidding which is present in other cases. On 
models we can get turns by adjusting rudder, warping one wing or 
offsetting the wing as shown. 
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The trnuble comes when the rudder is too small or too large 
when used with a particular dihedral. (When we mention small or 
large rudders we actually mean the area behind the C.G. in i·elation 
to the frontal area). When a rudder, or area behind C.G., is too 
small we have trouble right from the sta1t of the tow. As we tow 
the glider we suddenly find , it swinging from side to side until it 
eventually swings over into a dive. What happens is that when the 
model is being towed the glider's direction changes constantly so 
that the airflow hits it on the side and skid conditions are present. 
Let's "face" the prnblem. See drawing. 
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Evidently the right wing will try to rntate the model and the 
more powerful frontal area will try to bring the glider into greater 
skid. The result is that the model wi11 hang. As it begins to slide 
downward the airflow changes so the left wing now has greater 
angle and it swings the model back again. This may repeat several 
times with banks getting steeper until the model is completely out 
of control. If we did not have the tow line pulling such side to side 
swinging would kill speed and eventually end up in a stall. But by 
having a pull on the tow line the model eventually dives. This hap­
pens when the bank is almost vertical as shown and the pull of the 
tow pulls the nose downward. With very little vertical lift left the 
glider has no choice but dive, the wing's force providing the zoom­
ing effect. Actually the action may be more complicated, but we do 
know that it happened because the area behind the C.G. was too 
small. When you see this in your model, i·elease the tow and add 
more rudder area as soon as possible. 

When the rudder is too large we do not have towing problems. 
The large rudder simple "faces" the glider into every new airflow so 
that the dihedral of the wing is never given a chance to act with 
power, and we have no trnuble in getting all of the altitude we can. 
You may have trouble on fast test flights. See towing paragraphs. 
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STABILITY IN TURNS 
We have shown how the rudder and dihedral cooperate in pro­

ducing a turn. Very often the turn develops into a spin or stall 
instead of a circle as it was intended. The cause, again, can be 
found in incorrect rudder area. After the glider is released from the 
tow the turn adjustments will begin to function. With fine adjust­
ments it may be possible to get stable flights with a small or large 
rudder providing the air is calm. But if it is turbulent, which it 
usually is during the better part of the day, the glider will naturally 
be thrown about. 

If during the tussle the model should happen to get into a skid 
or side airflow, the subsequent action will depend on the area of the 
rndder. If the area is too small the model will swing away from the 
airflow and the inside wing will raise and most likely start the 
swinging which is characteristic of small rudders. If the rudder is 
large the model will face the airflow and proceed to make its turn. 
However, if the model is thrown into a steep bank the results will 
be as follows: Small rudder will most likely cause a stall. The nose 
will rise and the tail will drop. The wing will make an effort to raise 
itself but lack of forward speed will end the effort. In case of large 
and rear area, the tendency will be to swing the model into the new 
airflow, regardless of the position of the model at that time. With­
out side airflow the wing will not have a chance to bring the model 
to a level position. The model , because it -lacks good vertical force 
will continue to slip or skid and producing more side airflow for the 
rudder to bring the model into, the first result is a spiral dive. Now 
that you know how much trouble an incorrect rudder can cause, you 
will realize the importance of having it correct. Also that a model 
which may behave well in calm weather will become hard to handle 
under normal conditions. 



RUDDER AREA 
We wish that we could give you a definite formula for finding 

the rudder area, but all we can suggest is to start with 10% of wing 
area, and then watch out for signs which will tell you whether or 
not you need more or less area. You may try side pattern idea~ 
Make a side view of the model, including dihedral, on a stiff paper. 
Locate on it the C.G. position. Cut out the pattern and with a pin 
find the "C.G. of the pattern." If the balancing point is few inches 
behind the regular C.G. point, the rudder area is considered good. 
If the balancing is further back cut off some area from the rudder. 
In case the point is close to the C.G. add area to the rudder. How­
ever, you will still have to depend on test to find out if you were 
right. 
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RUDDER OUTLINE 

The effect of Aspect Ratio is similar as on other surfaces. But 
in consideration of the side-flow effects and stalling possibilities, it 
seems best to make the rudder of law A. R. It is quite possible that 
low A. R. will allow greater plus-minus leeway in rudder area. If a 
dorsal fin is used, the rudder should not be considered as end to it 
as shown, but it should have a definite outline of its own. An A. R. 
of 1112 or less is a good start. As a rule, personal opinion or "artistic 
instinct" will usually dictate the outline. We try to have the leading 
edge angled, although a distinctive shape can be had with straight 
edge. Look up some full size planes and pick out the outlines you 
like. 
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POSITION OF THE RUDDER 
The logical place for the rudder is on the top of the fuselage ; 

not only for structural but also for stability reasons. In looking at 
the side view of a skidding model we can see that everything which 
is below C.G. will tend to act against the dihedral effect. A low 
rudder definitely acts against the dihedral. Those of us who have 
tried low rudders have nothing encouraging to report. Besides, low 
rudders rip off too easily. 

SUB RUDDER 
Sub rudders are now incorporated on almost every design. They 

act as tail skids and also allow smooth outlining. It is evident that 
the sub-rudder acts mo1·e like a dorsal fin than a regular rudder 
because of its low Aspect Ratio layout. A sub rudder is a good thing 
to have. Might mention that the writer started the trend when he 
copied the Bowlus- Albatross's rudder way back in 1S34. 

TWIN RUDDERS 
Twin rudders lend a certain air of distinction to a model, but 

that is about all. They may increase the efficiency of the stabilizer 
by acting as end plates. But since we already use large stabilizers, 
this advantage is not great enough to make up for certain dis­
advantages. (Speaking for models only). 

Personally, we wish that we could use twin rudders as they 
simplify tail construction. But we had enough experience with them 
to come back to single type. It was found that twin rudders need 
about VJ more total area than a single type. This seems logical when 
we consider that smaller rudders have lower Reynolds Number, or 
scale efficiency, and all around tip losses. Ordinary rudder has only 
one tip for tip losses, while twins are usually made to have four 
tips. Although twin tip rudders do help the stabilizer, a slight in­
crease in its angle makes that up. Perhaps the greatest objection 
to twin rudders is that it is difficult to keep them adjusted, or know 
just how they stand in relation to the rest of the ship. A single 
rudder can be easily checked by sighting along the fuselage, but 
twins complicate this procdure. A slightest ·touch on the stabilizer 
will mean that both rudders move and thereby increasing the pos-
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sihility of having excess contrnl. It is hard to keep from using balsa 
sheets for twin rndders. We have already pointed out the disad­
vantages of using thin sections fo1· rndder." Then we also have to 
consider how well would the twins behave at high angles of side 
drift; their stalling is a good possibility. 

If you are minded to use twins, rnmember that their total area 
must be YJ greater than that of a single type: Use regular stream­
lined airfoil and built-up construction: Be prepared to cement the 
stabilizer permanentnly in place: Have contrnl tabs: Remember the 
flight and glide characteristics which show up rudder conditions. 
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RUDDER'S AIRFOIL 

Since the rudder plays a vital part in flight, its every detail 
should be carefully considered. Although balsa sheet rudders might 
be easy to build, they should be a voided, and a regular streamlined 
and built up section used; and not too thin at that. This fact can 
he best illustrated by noting a flat and a streamlined section in an 
airflow. When the airflow is direct, the streamlines may be as 
shown. Note that they follow very closely along the sul'face of the 
flat surface but tend to separate near the trailing edge of the thicker 
or streamlined section. With the airflow following its surface so 
closely along the chord, a slightest change or warp on flat section 
will mean some sort of a reaction. While on the streamlined section 
a 8light change or warp will have very little effect. Since it is desir­
able not to have very positive rndder action while the model shifts 



. .,. 
from straight flight into a side drift for torque or stability control, 
the streamlined section is the one to use. Or we may say that the 
streamlined rudder allows the model few degrees of right or left 
leeway without being too sudden in forcing the model into the air­
flow. Since it is necessary to have fairly large rudders on models, 
this leeway is desirable. It is also evident that rudder adjustments 
will be less critical on streamlined type than on flat surface. 

Aside from having better aerodynamical conditions, a stream­
lined airfoil allows sturdy and rigid construction which keeps its 
line-up. In contrast we have flat balsa rudders which may warp 
between home and the field, or whenever the temperature changes, 
01· it might develop small warps which are difficult to find. An 8% 
C thick streamlined airfoil should fill the need. 

DORSAL FIN 
As we watch the big planes develop we noh~ how the top of the 

fuselage is changed by the introduction of fins which are similar to 
dorsal fins found on fishes. The idea behind these fins is to compen­
sate for poor fin quality of streamlined fuselages. In noting the 
lift and drag characteristics of streamlined bodies whose cross sec­
tions differ, we see that a round fuselage develops very little lift as. 
it presents a 'fair' section. But a square fuselage shows a certain 
amount of lift with definite Center of Pressure. Since this Center 
of Pressure of Lift is near the 35·% spot, or behind the normal C. G., 
we may conside.r it as a force which is aiding the rudder. Also, such 
'low aspect ratio' bodies do not have their stalling points at normal 
angles of 15 °. In fact, they ney.er seem to stall so that we may de­
pend on them having some force at all times. 

The reason that dorsal fins are used on streamlined fuselages is 
as follows: When a plane is swung violently so that it gets into large 
skidding angles, the rudder may stall and thereby lose the only anti ­
skid force. We can just picture such an incident. As long as the 
rudder had normal aerodynamical reaction it tried to bring the 
plane into the prevailing airflow and out of skid. But as soon as it 
stalled, its force was ·suddenly cut down to practically nothing and 

~%ft<Zgi~ d // 
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there was nothing left to prevent the plane from continuing its 
initial sweep. All this is possible where weight is large and the 
initial upsetting force great enough to overcome the weight and so 
start a momentum which may be too great to be stopped with or­
dinary rudder. If the fuselage is square we can see that it will still 
exert some anti-skid force even though the rudder may have stalled. 
By using a dorsal fin, we are, in a sense, using a low aspect ratio 
surface and with it the prolonged "under" stall. By noting how the 
fin merges into the rudder we can see that only a small portion of 
the rudder may reach the actual stall so that the plane will be kept 
safe in acute side-skid angles. It should be evident that in a straight 
flight, the dorsal fin has very small additional drag with exception 
of skin-friction. 

c 7 
--==<] 
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The use of dorsal fin on multi-motored planes can be best appre­

ciated by noting what happens when one of the motors cuts. The 
more powerful side would naturally tend to swing the plane around. 
If the action happens suddenly, the pilot may not have time to press 
the rudder bar, or for that matter, the rudder and fin area might 
stall. By using dorsal fin, the rotating action is automatically slowed 
down and the plane may never reach the danger zone. 

In applying the dorsal fin to models we have to consider the 
design. A square or diamond fuselage has no need for it as its body 
has inherent dorsal fin characteristics, boom jobs have a definite 
need for it. This applies both to stick models and current gas jobs 
with very slim fuselages. In fact, any model which lacks the essen­
tial side areas for skid control, may need the dorsal fin. The writer 
has not as yet fully investigated dorsal fins in practice, but logical 
reasoning presented above should make all of us give more thought 
to dorsal fins. 
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RUDDER CONSTRUCTION 
While designing the last few gliders we evolved the rudder struc­

ture shown. It is easy to make, yet it has good appearance. The tri­
angular base provides the needed rigidity, and the extension of 
leading edge and rear spar through and along the rear of the fuse­
lage to provide excellent anchorage. If the model is small, the rud­
der may need only the leading and rear spar. For larger job it is 
advisable to use a short spar at the base, especially if a slot is made 
for the stabilizer. If the rudder is attached to stabilizer be sure that 
it has good anchorage. Overlap spars and avoid butt joints. Use 
corner blocks where needed. We usually assemble various parts be­
fore cutting to outline. Sub rudders are usually shaped from soft 
balsa or outlined with strips as shown. Gradual shaping is preferable 
to abrupt type. Note different methods of hinging and holding tab 
in place. If at all possible fix the rudder to fuselage. It will save you 
lots of trouble, and you can also do a good job of fairing it while 
covering. 

LANDING GEAR 
Very few gliders use landing gear. If they do, it is usually in 

form of single wheel. The best type of wheel to use is the air wheel 
because of its good shock absorbing qualities. If wood or solid rub­
ber is used make sure that the attacking wire acts as a spring. The 
wheel should naturally be placed ahead of the C.G. Just a bit behind 
the leading edge of wing seems to be a good spot. Be sure to re­
enforce structure arnund the wheel. 

By all means use a skid, even though a wheel is used. Cement 
it after covering. It will strengthen and save the lower surface of 
the fuselage. 
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"V" TAIL 
We tried "V" tails and found these workable. See "50x", al­

though we did not do enough experimenting to find out which is 
better. In laying out a "V" tail consider it from plan and side views. 
Plan view should be about the same if ordinary flat stab was used. 
And side view should be equivalent to rudder area. If you want to 
see how it works look at it from side flow. See drawing. The dihedral 
effect will be present. The tabs work as shown. Inverted "V" is out .. 
It may give the side force to take care of the rudder needs, but its 
dihedral effect is counter to wings. Note mounting. Cement in place 
if possible. To find out if the dihedral is too large or small follow 
the instructions given for regular rudder. Low dihedral will produce 
small rudder symptoms and etc. 

Boom °F!Ume 
Novnf1ngs 

t 

NOMAD 

57-foot span 

Lieut. Robert Stanley. 
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TOW HOOK, FLYING AND TOWING 
The most critical period of glider flying is the towing. This is so 

because the glider must be adjusted to make fairly small circles, yet 
it must be towed straight into the wind to achieve maximum alti­
tude. Then, also, the duration in many cases will depend on the 
height to which we can tow it. The problem therefore, is to counter­
act the circling tendency and at the same time attain maximum 
height. The answer to both problems lies in the position of the tow 
hook in relation to the C.G. 
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To obtain maximum altitude the hook should be as far back as · 
circumstances permit. The idea is to set the entire glider at very 
high angle of attack and practically kite it upward. If the hook is 
too far forward, the towing line will soon pass through the C.G .. 
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about which the wing and taii are balanced, and only by increasing 
the towing speed can more height be achieved. See diagrams. While 
if the hook is too far back the pull of the tow would soon be behind 
the C.G. and the glider will try to loop and slip the tow line. Evi­
dently the correct position will be found somewhere between the 
two extremes. We made several trials and found that for most con­
ditions positioning the hook on the 45° line to the C.G. will do. 
Winkler, a German glider expert, recommends 60° position. This 
works in calm weather, but not in a breeze. 45° will work in a fair 
breeze, but windy or gusty conditions call for more distant spacing 
at about 35°. To solve the change of wind problem, the obvious thing 
to do is to have two hooks. 

fb~/l/O'I~ duri11!J 
tow w/µm 11~'n..f 
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Having the hooks at about 45° position we were able to get the 
gliders practically overhead. All this was accomplished with very 
little running effort. After the initial takeoff the gliders would climb 
by merely walking the tow. In some cases the pull was so tight or 
strong that we had to walk towards the glider, or back to the take­
off spot to ease the pull. Perhaps the design, generous dihedral and 
10% rudder had something to do with getting 100 ft. heights on 
100 ft. tow. If you have trouble getting altitude, try changing the 
tow hook and place it further back. There is absolutely no reason 
for . high speed running all over the field. 

To take care of the turn or circling adjustments we have to 
counteract them during the towing period. There are four. main 
methods by which this can be done. One is to use a timer as sug­
gested by Frank Ehling to actuate the rudder for turning after the 
towing has been done. This naturally calls for close timing. Another 
method (a French idea) is to have the tow hook pivoted so that it 
will pull the rudder . tab for a straight flight while under tow pull. 
As soon as the tow is eased or dropped, the rudder returns to its 
circling position. This method requires a certain amount of mechan­
ical work.which every builder is not able to do, and there is always 
a chance that the system will break down somewhere. By placing 
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the hook off center, the pull of the tow counteracts the rudder ad­
justment. This idea was suggested, after use, by Henry Stiglmeir 
in 1938 Year Book. As you can see by the diagram the side hook is 
placed on the side s~e o.s the turn. That is, if the turn is to the 
left, the hook must be on the left. We use this particular set-up 
and have found it very satisfactory. Without much effort you can 
try the effectiveness of side hook by having center hooks in line 
with side hooks. Henry Struck invented the "golf stick" or tem­
porary rndder area device which drops off with the tow line. See 
sketches. Counter turn adjustments may be used if area is not 
effective. It seems to be one of the best methods of controlling the 
rudder turn during the tow, four 
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The turn adjustment can also be controlled after a fashion by a 
technic in towing. If the glider is set for a right turn set the tow 
so that the prevailing breeze will strike the glider at an angle from 
the left side. The towing .will have to be done cross wind at start. 
As you can see, the side breeze will tend to turn the glider into the 
wind, and thereby counteract the right turn rudder. When using 
this method, not recommended over the systems described, you will 
have to act fast as the model will soon face the wind and the rudder 
will take over. If the air is still you can "manufacture" side wind 
by running in a circle while towing. 

While towing do not let the glider have the upper hand. In time 
you will know exactly what to do no matter how the model may 
behave. If the glider tends to swing to one side and does not come 
back to normal, run into opposite direction to provide counter force. 
In most cases, tLe glider will recove1· and start to climb again. It 
may be a good idea to tie the towline to the hook and just "play" 
with the glider like a kite to find out what you can do. Of course, 
if the glider is still out of control when coming closer to the ground 
release the line and let it recover by itself. We are, of course, assum­
ing that the glider is in good flying condition. An unstable model 
will do things despite whatever efforts we may make. 
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ADJUSTING 
The first test should be made by hand launching from a small 

rise, if possible, after adding enough balancing weight to bring the 
C.G. near the trailing edge. Do not make any other adjustments 
aside from balancing. The purpose of this test is to find out glider's 
inherent characteristics. If it tends to turn without having any tum 
adjustments, try to find out what is the cause. If it has a turn, you 
might as well leave it in, unless it is too sharp. 

As with other models we adjust until the glider is slow, and just 
a slight change would cause it to stall. (A logical proof that models 
fly at high angles, bordel'ing on stall). You a1·e now ready to try 
towing. For this initial tow we use· a special testing hook which is 
almost on the nose of the fuselage. The reason for usmg a hook so 
far forward is to avoid the steep climb which regular hooks provide. 
As you :may have learned, the first tow flight is very critical as al­
most anything may happen because we have very little control dur­
ing the steep climb, but all this is changed when nose hook is used. 
Not only will the glider tow be almost horizontal but the model will 
also stay level as the tow moment arm will be helping rudder keep 
the model straight ahead and so counteract whatever turning ten­
dency there may be. It will also take care of slight rudder turn 
adjustments when we reach that stage. 
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Have someone hold the model level and about shoulder high, and 
rather loosely so that it will slip out of the grasp when it is pulled. 
Check for wind direction by noting the sag of the towline. Correct 
until the sag is straight down. Slowly take up the slack and start to 
move. Your helper should move with you until he feels the model 
lifting out of his hand. Look over shoulder and see what is happen­
ing and act accordingly. If you use nose hook you will only be able 
to tow up about 30 feet which is about all you need. The glider 
should dip down slightly after release and assume a steady glide. 
If it does not, note the particulars and make corrections. In case it 
has a natural turn, leave it alone if it is mild. The next test is to 
make the glider circle. Adjust rndder for left turn, if side hooks 
are on left side, and tow by nose hook. The circle should be fairly 
sha1p before trying rear books. (In case the natural turn is right & 
it can be tightened with rudder without trouble, move side hooks 
to right side). When you are satisfied, try rear hooks. 

Relea..se 

'10/a/L/fl 

Slrdigl!-T!iqhl- .Banked 

It is best to use 35 ° side hook for start. This will be easier to 
control than 45 ° hook, and side hook will take care of rndder turn 
adjustments. Tow the glider up about 50 ft. or just under the point 
where it may give trouble. In case you have failed to make turn 
adjustments you will find that the glider will dip and zoom after 
rear hook tow. A turn adjustment will eliminate the dip as the wing 
will bank into a turn as soon as it is released. You will find that the 
speed and glide will be faster in turns. This is caused by the bank 
as all of the lift is not upward. Remove some clay until satisfactory 
glide is achieved. Increase the altitude, and then try the 45 ° hook. 
If the glider is propel'ly proportioned, the behaviour will be just 
about like described. If you have trouble reread the stabilizer and 
rudder paragraphs to find out what is the cause. 
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The stabilizer is used for adjustments when the glider behaves. 
queerly and ordinary balancing does not seem to work: For example, 
the glider may release from the tow and into a normal glide. Sud­
denly it whips into a stall and then into a dive, or it may dive with­
out stalling. If we correct it by adding weight we find that it be­
comes faster and definitely out of balance, and if we remove ballast 
we get an actual stall. The correction should be made by giving the 
stab more negative angle. Although this will cause a stall, it will be 
such that it can be corrected by adding weight to nose. The trouble 
may have been caused by too delicate balance between wing and tail. 
By giving tail more negative the balance is no longer delicate as the. 
stab is functioning as a stabilizing unit. When the model dives in a 
sort of inverted loop, the stabilizer is too large and it has too much 
power about the C.G. under certain conditions. By increasing its 
negative angle the trouble may be overcome. Here again we advise 
you to read up paragraphs on stabilizer. 

c: ; 
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TOW LINE AND PULL-OFF 
The strength requirements of the tow line depend on the glider .. 

Up to about 150 sq. in. wings #8 thread is strong enough. Use kite 
string for towing gliders having spans up to 6 ft. For larger jobs 
use fish line which you know is stronger than kite string. Our record 
rules allow maximum length of 100 ft. International rule allows 100 
meters or about 315 ft. For your own enjoyment, sky is the limit. 

Tow loop is bent from piano wire, about .025, to shape shown. 
This guarantees quick and positive drop-off. To assure fast and 
complete disengagement of loop from hook, tie a bit of tissue paper 
or a ribbon of cloth about 6" ahead of the loop. As soon as the line 
slackens, the drag of the tissue will pull-off the loop. Thank John 
Zaic for this idea. At the handling end of the line attach a short 
dowel for sure gripping and to act as a base for winding up after use. 
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OTHER LAUNCHINGS 

Hill Launching·: Most of the German gliders were designed for 
hill launching. The aim being distance and duration. The launch 
procedure is simple; just launch into wind over the valley. Unless 
a glider is designed for such flying the results are disappointing. 
Most of our gliders are much too light and are too stable for hill 
work. They would be thrown back into the hill, or would circle mi­
til they are back on or over the hill. 

For hill launching the glider should have fairly high wing load­
ing so that it may have enough speed to make headway against the 
breeze. Once it is far enough from the hill almost anything may 
happen. Many designs try to glide into the wind to get over the 
valley. We should have no trouble making such glider. The real 
tl'ouble comes in finding a hill which is bare of trees so that a glider 
may be recovel'ed undamaged. The hills used by Germans are ideal 
for such flying which may account for development of special hill 
launching glidel's. 

~------
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Hi-Start Launch was imported from Germany. It is a combina­
tion of catapault and towline launching. By using light l'Ubber, the 
tow is fairly slow and glider has no trnuble in reaching altitudes 
equal to length of string. After you had some experience you can 
add more l'Ubber and get higher altitudes due to extra speed. 

Some of you may have tried this idea and have been disappointed. 
This was probably caused because the l'Ubber was too powerful. 
Use smallest amount of l'Ubber possible; just enough for the glider 
to stl'Uggle up. We use about 25 ft. of l'Ubber with 75 ft. of towline. 
Use single strand of the following sizes of l'Ubber for paiticular job: 
1/16 flat for up to 150 sq. in., 11:1 flat up to 350 sq. in., 3/ 16 up to 
500 sq. in., and 14 for la1·ger jobs. By using such light l'Ubber you 
cannot harm the glidEr. Yet the1·e is enough power to apply a steady 
pull on the string which is a ll that is needed. After you have proved 
to yourself that Hi-Start is practical you can slowly add more power. 
See sketch for general set-up. Use side hook and othe1· adjustments 
as already described. 

Hi-Start is especially fun in calm weather. By prngressive ad­
justments you can make the glider ci1·cle back to you at the starting 
line. It is thrilling to watch your ship climb up and automatically 
take care of itself, especially if you are reluctant to l'Un. 

Winch Towing: Some of you might like to try winch towing. 
The idea is to wind 01· r eel t he line to obtain fo1·ward speed. It does 
complicate a rnther simple or clear cut towing job. Europeans go for 
it in a strong way. Some of them have winches fixed in front of them 
so that they have some contrnl. But of courne, you just can not drop 
the line when the ship gets out of contrnl. See several methods of 
making winches. 

Catapa.ult Launch: This type of launching is too severe for built­
up gliders. The i11.itiaJ speed is just too high. It can be used for all­
balsa gliders designed for· such: fl ying. There a1·e several methods 
of making or holding the catapault.. See sketches. Beca use of high 
speed and sha1·p point of t he fuselage, this launching should be 
treated cai·efully and done in cleared area. Per sonally we are not 
crazy about it as it is one of those brute power prnpositions which 
is hard to keep under control. You can try launching i·egular hand 
launched g1idern by using low pO\Yel'. Note the position of the hook. 
This gives high speed and prevents looping. 
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PLANE TOWING 
To those of you who may want to try plane towing the following 

information sent to us by Richard Cooper of Mason, Mich., may be 
just the thing to start you off. He states: 

Use about 40 ft. of tow line. Fasten it on to the plane at the cen­
ter of its wing. (It will not work anywhere else). The hook has to 
be placed at the tip of the glider's nose and shaped as shown. The 
launching technique is as follows: Throttle the motor to about a 
half, col'l"ect plane and glider with tow line. The fellow with the gas 
job and the glider holder should start running at the same time. 
This must be done or the tow ring will fall off the hook due to its 
design. The glider should be held lightly. The gas · job is released 
first , and the plane should pull the glider out of holder's · hands. 
This usually happens as the plane begins to climb. The glider will 
almost always fly above the plane, but the tow hook position will 
prevent too high a position. Use about 30 to 40 sec. motor run. 
When the motor cuts the plane will nose down while the glider will 
fly at its flat gliding position as the ring falls off the hook. It was 
found that if more than 2/3 throttle is used with 40 f t . tow line the 
glider swings from side to side sbwing up the climb. (Buzzard 
Bombshell powered with Ahlsson 60 special and Thermix 50X used 
when the above facts were found. On 30-40 sec. power run the 
glider stayed up 31;2 min. after release). 
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The information given just about covers the need. The hook-up 
front brings the "pull" through the C.G. at normal flying position 
and so minimizing the kiting tendencies. This hook position also 
counteracts turn or rudder adjustments. Fastening of the tow line 
on the plane's wing eliminates the diving force which would be 
present if the tow was tied to the tail end. See sketches .. Throttling 
down to transport like flying for towing is really the sensible thing 
to do. If you wish, you can use timer release, on plane or glider. 
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BALANCING AND BALLAST WEIGHT 
Modelling clay is the best material to use for balancing. It can 

be used for finest adjustments as it can be easily broken up. How­
ever, in many cases, especially on jobs over 300 sq. in., the balance 
box is too small to accommodate all of the clay needed. In such cases 
use metal. Lead is preferred since it can be easily cut, or nails, nuts 
and bolts. Use just enough clay to hold metal pieces from shifting 
or rattling. For fine adjustments use clay. 

Since most of th.e gliders, even after additio11 of balance weight, 
are still too light for record or contest flying, provision must be 
made for adding ballast weight. The best place for this weight is on 
the C.G. spot so that there ·will be no changes in any of the. bal­
ances. Make a strong ballast box as shown. Use clay and metal mix­
ture to bring the weight of the glider to the requirements. 

B<l1etnre~sa~~~_. .. ~,_..,...,. __ __ 
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TESTING IN THE EVENING 
Most of us like to test the models towards the end of the day 

when the air has calmed down. But as you have undoubtedly found 
out, the evening adjustments do not seem to work during the 
warmer and livelier part of the day. This is caused by the following: 
The calm evening air makes it possible to adjust the model very 
close to the stall without getting into trouble. When this setting is 
used during the livelier part of the day, the model will usually stall 
and adjustments have to be made all over again. Also, towards the 
evening the air becomes moist. This moisture · in the air causes the 
paper covering to loose its tautness, and the covering becomes 
wrinkled and sagged. This decreases the lift considerably, and we 
have to move the wing forward, take off balancing weight or make 
other adjustment to prevent steep glide. When this setting is used 
during the latter part of the day, the wing develops more lift than 
it did in the evening and it will naturally tend to stall the plane, and 
we have to start making new tests during the best flying part of the 
day, mid-morning. 

Under such circumstances we should not depend on evening 
tests which are made for evening conditions. To test in the evening 
for regular flying we should adjust so that the model has more 
speed which means that it is not close to a stall under moist air 
conditions but will be during latter periods of the day. As it is, the 
main reason for testing in the evening is to test for spiral stability. 
If the model is spirally unstable it will show up whenever we fly. 
These, then, are the reasons why many models which behave well in 
the evening prove to be a di'sappointment the very next day. 
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HAND LAUNCHED GLIDER 
The preseJlt rl.esign is a far cry from the 1930 job with its nar­

row and flimsy wing. If the 1930 glider were to be launched in a 
modem manner it would just disintegrate. It is quite possible that 
the modem glider had its start when John Zaic developed the side 
throw which pe1·mitted full use of arm's strength without causing a 
loop or breakage. P1'ior to that we usually launched them straight 
ahead and hoped that the loop would be small. To keep the glider to­
gether during the· side launch, described later, the wing gradually 
assumed the present comparatively low aspect ratio form. In fact, 
the entire strncture was thoroughly strengthened. 

The basic design is illustrated by the numerous plans shown else­
whei·e. The smallest of Joe Hervat's designs is probably the best to 
follow if you are just starting advance glider work. (New-comers 
should definitely start with smaller and simpler designs, which will 
assure fail' flying no matter how the glider is made. Its like com­
paring a training plane with supe1·-pm·suit job). It seems to perform 
well under severe "human" handicaps and its spiral stability is 
exceptional. The basic design has been pretty well standardized. 
Aspect Ratio is low, between 4 and 6 but the wing is usually ellip­
tically outlined to obtain all possible aero-dynamical efficiency. 
Greater Aspect Ratio might result in wing breakage. The stabilizer 
is around 33 % of wing area and is also well shaped as you can 
obse1·ve from plans. Here again the i·udder area is an unknown fac­
tor, but 7% seems to be an average. You will have to check the 
flight b see where you stand. The fuselage is about equal to the 
span, and the leading edge of the wing is set from lJt to 112 of length 
from front. The shape of the fuselage may be more important than 
we may think. We should expe1·iment more with fairly large frontal 
area as practiced by Joe Hervat. By having large frontal areas, the 
area of the rudder will not have to be so critical, and side slipping 
or skidding action will be dampened or slowed down. Use about 1 V:/' 
dihedral under each tip for every 10" of span. 

MATERIAL 
Having proper material to work with just about cuts the build­

ing time in half and also assures good flying. The wing should be 
made from semi-quarter grained, 5 to 6 lbs. balsa. Full quarter­
grained stock is too brittle and cracks easy under adjustments or 
landing shocks. While annular ring type tends to work too easily. 
In-between grain is just about i·ight. Stock lighter than 5 lbs. is too 
weak, except for indoor gliders, and it very often cracks near center 
joint. Tail surfaces should have similar grain and be slightly heavier, 
7 lbs. Its grain should be even and should have no warps. For fuse­
lage, use the hardest stock you can find, 15 lbs. is good, or you can 
use hardwood. 
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CONSTRUCTION 
The wing is the main element and you should be prepared to spend 

considerable time on it. Practically every glider uses airfoil with flat 
lower surface. The section developed by Jr. Aero Supp. is as shown, 
and only corners need to be rounded to obtain airfoil shape. How­
ever, as the chord decreases towards the tips you will have to plane 
to shape. If only ordinary sheet stock is available, make every effort 
to obtain airfoil sections. Plane the sheet to section similar to 
JASCO'S before· rounding corners. Using cardboard template out­
line the wing tips. Plane tips to airfoil shape. Sand smooth with 
medium, 6-10 and 10-0 sandpaper. It is best to cut now the wing in 
half, and after making certain that both halves are similar, angle 
the dihedral edges and cement them together to the desired di­
hedral. When angling for dihedral use the suggestion shown to as­
sume perfect fit. The tail surfaces are cut to outline before sanding. 
While sanding, thin the trailing edges to obtain fair streamlined 
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section. The fuselage is also first cut to outline and then the corners 
are rounded or shaped to obtain tear drop section. Cut a "V": groove 
on the fuselage where the wing rests. Coat all cement are.as with 
cement so that it will have a chance to sink into balsa. You may 
start assembling by cementing the stabilizer first so that you can 
use it to line-up the wings when their turn comes. Add more cement 
to form fillets and spread it about an inch from the points to. 
strengthen the wood at the critical spot. While adding cement, be 
sure that the original cement does not loosen up. Silk strips over 
wing joint help considerably in preventing cracks. Finishing is done 
as described elsewhere. In a nutshell; use plasticised dope, such as 
Glider Polish, on thin surfaces. On fuselages anq fairly strong 
wings you can safely start filling pores with plasticised wood filler 
such as JASCO type, and finish with Glider Polish. Note leading 
edge reenforcements. 
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REPAIRING 
When repairing use cement sparingly so that it may dry well 

throughout. Do not be tempted to try if it is ready too soon. Use 
bamboo strips and silk to hold parts together. 

ANGULAR SETTING 
The advanced gliders use 0-0 setting. This makes it possible to 

launch the glider to great heights as the glider has ·arrow-like 
characteristics. However, the setting calls for critical and expert 
adjustments, and conditions for longitudinal or up and down stabil­
ity are poor. Such settings require time and long distances to re­
cover, and spiral dives are a familiar sight during hand launched 
glider flying. The beginner should keep away from this setting, and 
set the stabilizer slightly negative, about 1/32" for each inch of 
stabilizer's chord. This will make the adjustments less critical and 
the glider will have that swinging motion which can be easily con­
trolled by addition of clay. 

BALANCING WEIGHTS 
Modeling clay is best. If too much clay is needed to balance a 

part icular job, use metal which should be imbedded in the fuselage 
and cemented in place. Leave the glider slightly underbalanced so 
that final adjustments can be made with clay. 
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LAUNCHING 
Making the glider is only half of the job. The other half is to 

get it up high with no other means but your arm. As you will find 
out, hand launching a glider is an art which requires practice. It 
comes to some naturally. To others a bit harder. And to some never. 

We find it rather difficult to explain the launching method. The 
entire motion is complex and you simply have to find out your style 
by yourself. For the amount of effort exerted the best launching 
angle is 45° straight ahead. However, this is impractical as we must 
have circling adjustments on the glider, and they would cause a dive 
to side soon after launch. Still, the idea is to come as close to this 
criterion as possible and still retain control. 

The adjustments depend on your hand dexterity. If you are 
right handed, adjust for left circle, using rndder and wing warpage. 
Apply adjustments gradually. Launch into a right turn. The result 
will be a right spiral climb and a left glide. The beginner, using 
negative stab angular set-up should start by launching with under­
hand throw. Hold the glider naturally and crook the hand at the 
elbow just enough to bring the wing a bit off the vertical line. The 
fuselage should point up a bit when i·eleased. The releasing moment 
is critical. It should occur when the arm just about reaches its 
maximum forward point. After that the a1·m slows down and begins 
to swing inward. The exact point will have to be determined by 
yourself. 

As your launching improves and you know how to adjust, point 
the fuselage upward at higher angle. You will also automatically 
reach the overhand, or baseball, launch. When launching at high 
angles be sure to hold the glider in a bank to take care of the turn 
adjustments. Dick Everett cuts a round notch in the wing in which 
to rest the index finger to obtain extra power, sort of sling-shot 
effect. Through the entire hand launch glider career be prepared 
for complete wash-outs, and also for out-of-sight flights that you 
will cherish for years and years. 
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PUSHER DESIGN 
Frankly, we have very little of proven data on pushers as very 

little technical work has been done on them. However, we can use 
logic and whatever we may know about model aerodynamics to work 
out some general rules. 

In contrast to normal design, the elevator on a pusher must al­
ways carry a load to maintain stability, and the elevator must stall 
to bring about a balance after an upset. If a pusher design had C.G. 
under center of wing's lift and a neutral elevator a change of airflow 
would work as follows: If the angle of attack is increased the Center 
of Lift would move forward and tend to swing the nose up. While the 
elevator will do likewise with its newly made lift. If the angle of 
attack is decreased the C. L. moves back, tending to dive the model, 
and the elevator will be helping it by its negative force. See 
diagrams. 

c 
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If the elevator lifts under normal conditions, same condition as 
described_ will follow after a particular upset. An increase in angle 
will give the elevator longer arm, and to the wing shorter causing a 
stall. While during a decrease in angle, the moment arm for the 
elevator will be shorter, and wing"s longer resulting· in a dive. The 
cure for such condition is to have the elevator set so that it stalls 
beforethe wing does. In fact, the elevator should be working on the 
other side of the lift curve at which an increase of angle would 
decrease lift, and a decrease in angle will increase lift. We know 
that we are working in close quarters but that is the way the pushe1· 
seems to work when it is flown without operating controls and must 
have inherent stability. When the elevator works normally in such 
a stalling condition, the wing should still be a few degrees from its 
stall. Therefore we may say that the elevator should be set at an 
angle 2° or 3° greater than the wing. Since the elevato1· will be 
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working under stalling condition it should be set on fuselage to have 
the airflow parallel. A 7° incidence is a good comprnmise. Setting 
the wing 3° less we would find its angle of incidence to be 4 °. A set­
up which probably none of us have ever used, but one which logic 
and knowledge of model aerdynamics prnves. 

It is hard to say just how large we should make the elevato1·. 
Since rules penalize us according to the wing area we should try to 
use elevators as large as possible. However, the larger elevators will 
cause us more trouble than smaller. For example, a large elevator 
carries quite a load, and when it stalls completely, the sudden re­
lease of the load will cause a sharp dive. And during the recovery 
from the dive the large elevator may swing the model into another 
stall. A smaller elevator will have a light load so that a sudden stall 
will not be too upsetting and the elevator may have a chance to 
recover with small loss in altitude. Also, a smaller elevator will have 
lower aerodynamic efficiency and the stall may not be sharp so that 
it will be able to work on the change of lift sign as shown. Now 
that you have an idea what may happen, suppose we start with 
about 30% of wing elevator and then be guided by tests. 
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Spiral stability is as much of a prnblem on pushers as it is on 
other designs. And because of its peculiar design most of us are 
rather helpless in analyzing its action during tests. So that in most 
cases either we hit on a lucky design or on a "lemon" as we seldom 
know what is wrong when we have spiral troubles. 

We can find out if we made a proper distribution of side area 
when we test the glider. If it persists in facing the wing with slight 
rudder adjustment; the area in the rear is too strnng. And if it 
travels with the wind the frontal area is too large. This follows the 
weather vane rule. The col'l'ection, naturally, is to add more side 
area on the weaker side. (It is much easier to add than to .remove) 
until small rudder adjustments will be effective. The next question 
is how large should the rndder be, and where should we place it, in 
front or behind the C.G. Before we answer this question, let us make 
a rough layout of the d~sign. 



Wing design should follow the recommendations given under 
wing design including the amount of dihedral. The fuselage length 
may follow the formula given for the standard design, but % of 
wing span seems good for almost all cases. The outline and shape 
will depend on your ability and time avail2.ble. The main problem 
will be the elevator and wing mounts as they are at the extreme 
ends where the fuselage tapers to points. So keep them in mind 
when designing the fuselage. Shown are several suggested designs. 
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The position of the C.G. or rather the point where it should be can 
be approximate if we know the area of the surfaces. If the elevator 
is 30 % of the wing, it will carry at least ,Y3 of the total load. Placing 
this in a diagram \Ye find t hat the C.G. should be ,Y3 of the distance 
between the center of lift of the wing and elevator in front of the 
wing's C.L. Actually, it may be closer to the elevator since it is set 
at higher angle of incidence. Having C.G. near the wing and the 
large portion of the fuselage in front of it, we will need extra side 
area in the rear which can be included in form of a rudder as shown. 
However, the rudder should not be large as the wing has rudder-like 
correction when in a side slip. Although the elevator has similar 
effect in opposite direction, the wing may be more powerful, hence 
the caution. So sta rt with about 5% of wing area. This should have 
some turn effect when used to test during early trials. Do not fix 
rudder to wing, twin or single, as you have no way of checking the 
line-up of twins, and every time the wing moves the rndder adjust­
ment is lost. Also, twin rudders, no matter where they are along the 
wing, have same effect as ff they were placed on center. See 
sketches. As you may realize, when working in an unknown field it 
is best to have as fewer problems as possible. 
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Mount the wing and eievator without allowance for balancing 
by sliding them back and forth. The longitudinal balance should be 
achieved by adding weight where needed, or, as a second · choice, by 
changing incidences. The model will usually be underweight, so do 
not worry about the balancing weight. The built-in incidence should 
be about 4 ° for wing, and 6° for · elevator. By having wing and ele­
vator in a fixed position, tracking down trouble will be so much 
easier. 

The elevator may have an area oJ about 30% of wing as a start. 
Dihedral angle may be same as on the wing. No need of having 
more as the wing has enough dihedral effect. It is also better to use 
fins for side area than to increase the dihedral. As you can see from 
the diagram, part of the dihedral action works as rudder in side slip. 
So, if the model tends to fly with the wind, hard to control circling 
during windy period, or tends to skid and nose up into stall, de­
crease the elevator's dihedral. Use Aspect Ratio of about 6:1. 
Airfoils on the pushers should follow the following rule : Use early 
stallers on elevator and high angle stallers on wing. It seems that 
under cambered airfoils stall at lower angles than those having flat 
or conv~xed lower surface. Therefore, use undercambered for ele­
vator. You might try N.A.C.A. 6409 as is for the elevator, and for 
the wing modify it by having flat under surface. Or you can use 
R.A.F. 32 for elevator and Clark Y for wing. 

Use side hook towing procedure. The tow_ hook should be on the 
45° line as shown. Since we cannot predetermine the C.G. until after 
hand glide tests use some sort of a movable hook. After C.G. is 
found, cement two hooks, one at 45° and the other slightly ahead. 
As you know, you will have to use opposite rudder to counteract side 
tow. We believe that we have covered most of the points by which 
you will be able to tell what is causing the trouble. Above all do 
not be afraid to experiment. 
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We wish that we could make a pusher to test all of the state- , 
ments made, but at the moment of writing Uncle Sam wants most 
of our time for more important business. If you try a pusher job, 
let us hear from you. 
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The Sun Spot, built by Robert Auburn of Buffalo, is basic­

ally of Franklin design and has many refinements which 
place it in the class of a semi-sail plane. 46 foot gull wing 
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FLYING WING 
We are now entering the field which is visioned as being the la:::;t 

word in efficiency, but which is still far from perfection, namely, 
the "Flying Wing." Although many successful men carrying 
"wings" have been made, they were all of experimental nature and 
with one or two exceptions none went beyond that into regular 
production. In time, when sufficient capital is present to cover the 
initial high cost of experimenting and production we may see the 
"Flying Wing" come into its own. 

As you may know the main problem with "wing~' is its stability. 
To appreciate the value of standard tail surfaces, remove them and 
see what happens. Then you will know what we are up against when 
we try to incorporate all the functions of the tail in the wing itself. 

Longitudinal stability · is obtained by having the wirig swept­
back, and setting tips at lower angles than the center portion so that 
the angular relationship between center and tip wiil be as shown. 
This layout is similar to our standard arrangement except for closer 
coupling. By balancing and adjusting so that the tip will be neutral 
during flight we can keep the Center of Lift travel under control 
and thereby obtain automatic longitudinal stability. 
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We do not know the exact angular difference between center and 
tip on full size wing and we hesitate to guess. If we did know, it 
probably would not help us much as model wing will be flying at 
much higher angles because of our adjustments to get lowest pos-
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sible sinking speed. Assuming that the stalling angle will be around 
8° we should figure that the flying angle will be 6°. So that we may 
get good control, the angular difference between tip and center 
should be 6 °. This will assure prompt correction on part of the 
tips if wing wanders away from 6° position as the tips will be nor­
mally neutral and any change in airfl<;>w will make the operate. 
It might be mentioned now that flying wings should be adjusted to 
fly a bit faster than regular models to keep from being too close to 
the stalling angle. 
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Since so much depends on the position of the Center of Lift we 
must use airfoils on which the C. of L. tends to remain in same spot. 

Airfoils such as M-6 have the desired characteristics. See M-6 
graph and note the C. P. (Center of Pressure, same as Center of 
Lift) curve and how it tends to be at the same spot through a large 
angular travel and actually reverse its traveling in comparison to 
undercambered airfoil. While talking about M-6 type of airfoils note 
that C. P. (or C. L.) is closer to the leading edge than on other air­
foils we use. This means more balancing weight to bring the C. G. 
under the C. L. 
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Sweep back is ncessary to obtain stabilizing effect of the tip. 
The "sweep" may vary from 15° ·to 30°, depending on the expected 
C. of L. travel. If we use wide center chord, we should expect greater 
C. of L. travel so that the "sweep" angle should be greater. While 
if constant chord is used then the sweep back may be around 15 ° 
as the C. of L. movement is small. You can make a fair estimate of 
the C. L. position by finding the center of the lifting ai·ea and then 
locating the spot according to the C. P. graph. See drawings. Note 
how only that part of the wing which contributes lift is used. 

For a start we suggest a constant chord outline. This will sim­
plify work, but still give you experience. After that you can make 
whatever shape you wish. If you plan to follow a bird wing shape, 
be sure to follow the angular setting as shown. This compares, 
after a fashion, with the actual angular arrangement as found on 
bird's wing. When using tapered wings remember what we said 
about using chord smaller than 3", and tip chord being t/ :! of center. 

-»;f e .P. PO.S/ 'r/ON 
llF. /lfEA# CNlt'.eZ> 

\ 

dS6 AIVN7" c. ~ c~ ~ -
$77t:W /h'.ST&.D D/:" d 

C .P, ~/7"/11/V .?N 
rA.P6t, S..V~44CK 

..$/~~£ ,A/~THt:1,/J ~ 
lJcT.?:,/!/#f/#/#'7 TH/!' 
C'.~ JVS/T/t7/Y 17.IJ.I' 
T,4~,l!L'.!) 10'/Y~.5 

li'-'?U T#c /l,D,l'Z"J:. 
e,A .t>tUt ,)/.&'# o,.,:-
T#E £/VT/££ #//¥6" 
P,.Y T//L' c:£NT.Flf! ,e/8 

/#£ c. 6 .5;41~?".D' .8£ 
lW£ct'"EZ' .¥/ T# M.IYtfS 
C',P. /#STPZJ o,r C'E,,Y TC-1'2 
S.CCT/ON 



9ff 

The angular change of the tip should start at about 1/6 of span 
from tip. Bring about complete change as soon as possible while 
still retaining smooth lines as the angle changes. This is done by 
gradually changing the airfoil shapes from that used at center to 
streamlined tip section. This change may be done by plotting every 
rib, 01· shaping the ribs between regular and tip af ter assembly. 
Use closely spaced ribs to make covering easier. The simplest 
method is to make the wing in three sections. Center to have regu­
lar airfoil, while tip sections will be streamlined. Connect them with 
a flat plate between them to take care of the trailing edge gap. If 
you like, you can use rod and tube pivot to make adjustments dur­
ing tests. 

When thinking about dihedral we should be sensible and stick 
to ordinary "V" design. Just remember that we are just beginning 
to develop model "wings" and we must not complicate the design. 
(One of the reasons why we have been able to keep ahead in model 
design is that our models have been simple and built from balsa. 
We did not have to spend months making one model, only to have it 
crack up, as many boys did on the European continent). Rumors 
have it that Northrop "wing" wing tips are going up. Place this 
design in a side airflow and you will see that downward angled tips 
tended to neutralize t he dihedral effect. Whenever in doubt, just 
place the model in a side airflow position and take a look along 
airflow, and see how the model will behave with your particular 
dihedral. We do not see any need for using more dihedral than we 
do on ordinary models. So, use 1%." to ll/2" for every foot of span 
under each tip. This amount of dihedral should be enough. If you 
have spiral stability troubles look for the source elsewhere than 
insufficient dihedral. 
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Somehow Spiral Stability determines the outcome of practically 
every flying machine. It is one stability which cannot be bottled and 
poured out as needed. The "wing" is no exception to the rule, and it 
usually gives us more trouble than other designs. 

In analyzing the "wing" for directional stability we find that it 
has a certain amount of it due to the· sweep back. See sketch. The 
left wing (a) will develop slightly more lift and drag than the right .. 
This is due to the fact that the air flowing over left side will act on 
smaller chord than on the right side although their thickness is 
same. As far as the air is concerned both wings have similar areas 
but right has' lower Aspect Ratio and thinner airfoil in proportion, 
two facts tending to lower lift. The result will be that the left wing 
will tend to lag due to greater drag and rotate the "wing" as shown. 
So, although the "wing" may have no dihedral or rndders it will 
try to swing into the airflow due to sweep-back. The action is similar 
to that developed by the dihedral as you can see, except that it has 
lower force value. 1° of dihedral will be as effective as 10° of sweep­
back, and the only reason we are using sweep-back is to get long:i­
tudinal stability through tips. 
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For all we know, not being in position to make tests, the "wing" 
may not need any rudders. Its dihedral might have all the direc­
tional effect we need. In fact we have a suspicion that we have too 
:much rudder effect by the way some "wings" tend to face the wind 
or spin very easily, two sure signs _of too much rear or rndder area. 
More about this later. · 

When we use tip rudders we have additional elements tending to 
bring or keep the model out of side slip or skid. Although the rnd­
ders may be way out on the tips, they actually have small moment 
arms. Since the drag value of each cancel each other we only have 
"lift" effect left. When this is diagramed we get results as shown. 
A rudder placed a bit behind the center would have the same power. 
In some cases the rndders are set to converge as shown. When the 
wing side skids the inside rudder has greater angle with which to 
develop corrective forces. As you can see, the rnddel'S tend to bring 
the "wing" into airflow without rolling it as the dihedral 01· sweep­
back does. 
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As you have been shown, we may replace the t ip rudders with 
one center rudder wit hout losing anything by way of longer moment 
arm. So, as far as we are concerned, we believe that if rudder is 
needed, .we might as well have it at center. It will simplify construc­
tion, adj us ting and conecting. 

L1f+~~~~~~-

We have no idea about the size of the rudders as we have a feel­
ing that they cause spins. Still we have to conform to present trends 
until we know better. So, start by using about 5 % of wing area on 
each tip rudder, and about 8% 'if one center rudder is used. But be 
prepared to remove them completely and actually add frontal area. 
We would like to try center layout as shown. This will provide us 
with side area similar to that found on standard models. It should 
slow down spiral action, and also make exact rudder area less criti­
cal. It will simplify finding correct distribution of side area while 
testing as it will be easy to add or subtract area. It will also provide 
fuselage effect, and base for skid and two hooks. 

Testing: Hand launch and add balancing weight until a smooth 
glide is obtained. Try tow by using front test hook which will pre­
vent steep climbing and side dives. After release note the behaviour. 
If it stalls, add more weight. If it is fast but flat, leave it alone. 
"Wings" should be flown few degrees from the stalling angle which 
means that they will be faster than normal gliders. If there is a 
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breeze, check for directional side areas; straight into the breeze 
glide means that rear area is larger than frontal; while a turn so 
that it flies with the wind means that frontal is larger. Correct on 
spot for too much frontal area, and make further check flights for 
rear area. On the next test try slight turn adjustment. If it takes it 
nicely, all is well, and you increase the turn adjustment until you 
have fairly small ·circles. If it does not take slight turn adjustment 
and the glider persists in facing the breeze, you know that rear area 
is too large and part of it will have to be removed, because if you 
force the turn with large rudder adjustment you may cause it to 
spin. A left rudder will cause a skid to the right. As the right wing 
on the ship backs into a left turn, the model may start a left skid 
in which too large rear area will cause a spin. It might be mentioned 
at this point that as the glider makes tighter circles part of the ver­
tical lift is lost and we may have to remove some of the balancing 
weight to retain the original glide. However, this will depend on the 
position of C. G. with respect to Center of Lift. If G.L. is behind 
C. G., weight will be removed; C. G. under C. L. no change; C. L. in 
front of C. G. add weight. After trial tests and corrections have been 
made, try tow hooks closer to C. G. Remember that side hook will 
work in same manner as on regular design. 
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So, as far as we know this is about all that can be said about 
"tailless" gliders. Remember to fly them at higher speeds so that 
you will keep them from stalling. And that spins can be controlled 
by proper distribution of side area, and that it is our opinion that 
most of the present designs have too much rear rudder area. 

We did not try to go into the construction angle as this is well 
covered elsewhere. In time, after more of us have tried "flying 
wings" we should have more concrete information to pass on to new­
comers. If you are planhing a powered job, our advice is to make 
it first as a glider. To test for torgue control, have a timer release 
a weight which is attached to left wing by a string. This will pro­
duce same reaction as if the motor was running. The thrust line 
should go through C. G. or slightly above it. We sure would appre­
ciate hearing from you if you are .experimenting with "wings." 
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"CLIM S\N~'' 

THERMALS 
Sun is the cause of thermals, and thermals are the cause of 

experts. Of the two facts, we are primarily interested in the first 
one, how the sun manufactures thermals. The second may become 
evident to you soon enough if you practice what we preach. Now 
to thermals. 

The story begins eal'ly in the morning, while the sun is still 
resting behind the horizon. The grnund is covered with dew, and 
Water vapor in the air has almost reached the saturation point, and 
in valleys and gullies the mist is thick. Soon the rnsy tinted sky 
over the eastern horizon heralds the rising sun. Then comes the 
sun itself and soon its ~arm rays are dispersing the damp coolness 
of the night. Higher and higher climbs the sun, and warmer and 
warmer becomes the day as the rays of the sun are more direct. 
And before we know it the blue skies are filled with peaceful looking 
white billowy clouds. Little do we realize the enormous power used 
used during the intricate process of theii' manufacture as we watch 
them drift slowly away. 

It is during the cloud fo1·ming prncess that the thermals are 
made. But before we go on we have to understand three forms of 
heat transfer, or how the heat is taken from spot and brought to 
another. In the Physics text books you will find them listed as con­
ductivity, convection and radiation. Heat transfer by conductivity 
is self explanatory. If we were to heat one end of a metal rod, the 
heat will spread towards the other end. By convection the heat is 
transferred by air. For example, the air above a stove is warmed 
which causes it to expand and become lighter than the cooler sur­
rounding air, so that it rises upward and carries the heat with it. 
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Transfer by radiation is a bit harder to understand as it is in the 
same class as electricity and light. The rays from the sun come to 
us at the speed of 186,000 miles per second, and pass through the 
outer empty space, and then through our own atmosphere, and 
eventually striking the ground and stirring up its molecules into 
electronic dance. The air itself does not seem to have enough sub­
stance to absorb the sun rays, but the ground does. 

Although the sun sprays its radiation equally over the ground, 
the time required to warm it up depends on the condition of the 
terrain. Water, marshes and tree covered earth will absorb a tre­
mendous amount of heat with very slight increase in their temper­
ature as the heat is transferred throughout the medium. The pres­
ence of water in green vegetation likewise requires more heat to 
raise the temperature than if it were dry. While plowed and ripened 
fields, flat sand or similar areas, buildings and many other dry ter­
rain need much less heat to increase or raise their temperature. 
The heat remains on the upper surface and is only slightly trans­
ferred further downward. So here we have conditions which prelude 
thermal activities, a difference in temperature close together. 

b'j Hor5\ Wink!Qv-
.-- :::=:> 

As the air above a good "heat reflector" is being warmed up it 
begins to expand. At first the expansion takes place very close to 
the ground; like bubbles on bottom of a kettle before water begins 
to boil. Then one bubble toins another and so on until the bubble 
reaches considerable size~, but it is still held earthbound by the 
cooler air around it. However, the bubble finally has enough balloon 
like buoyancy to break through. As it leaves the ground, the cooler 
air which is over poor "heat reflector," blows in to take· the place of 
the escaping bubble. The process continues and the bubbles are 
sometimes released in a definite time period. As they float upward 
they may contact the preceding one so that there may be a con­
tinuous upward movement. 
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While the ground was warming up the air above it, the dew and 
the mist evaporated. That is, the increase in temperature raised the 
saturation point so that the water vapor took its invisible gaseous 
form. As the warm air bubbled upward it naturally took along this 
water vapor. But as the warm air kept rising it was slowly being 
robbed of its heat by the surrounding cool air. With no means to 
keep it warm, the rising air eventually becomes as cold as the air 
around it. When this happens the water vapor again reaches its 
saturation point and mist is formed. More vapor is brought up by 
the warm air so that eventually there is. enough mist or fog to be 
evident to us on the ground as a cloud. The size of the cloud depends 
on the thermal activity over a particular area, and general weather 
conditions. Wind will naturally tend to scatter or mix hot and cold 
air so that chances of forming a large cloud are slimmer. The part 
of the cloud building process which we use is the upward moving 
column of warm air. 
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If it takes a glider 1 minute to glide down from 100 ft. its sink­
ing speed is 11; 2 ft . per second. So that if such a glider blunders 
into a thermal which is rising 1112 ft. per second we can see that the 
glider will remain at the altitude at which it hit the thermal. If the 
vertical speed of the thermal is more than l l/2 ft . per second the 
glider will rise, and if it is less the glider will sink. This fact, the 
rise and fall of the glider due to thermals, should be evident to all. 
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When a model gets into a mild thermal the situation passes un­
noticed until we begin to realize that minutes are piling up and the 
model is still gliding. But when the thermal is powerful we can see 
the action as it occurs. The model suddenly noses down and the 
circle tightens so that it looks like spin, and before we know it, the 
job is gone out of sight straight up. At one time when this hap­
pened we used to say, "Look how powerful is the thermal. The 
model is diving yet it keeps on going up!" However, a bit of thinking 
shows that this is a normal reaction. Let us say that the speed of 
the glider is 10 m.p.h. or 16 ft. per sec. And the rise of the thermal 
is 10 ft. per sec., rather on the powerful side. Placing these figures 
in a diagram we have a new airflow direction as shown. Rather 
steep. However, this condition may never be reached because as 
soon as the glider noses downward under the influence of the ther­
mal the forward speed is increased so that instead of being 16 ft. 
per sec. it may be 20 ft. per sec. Placing this figure into the dia­
grams we can see the difference: With increase of speed, which 
varies with strength of the · thermal, the turn adjustments we may 
have made for normal flying will be that much more powerful so 
that the circle will be of much smaller diameter, and chances of 
actual spinning are good if the model has delicate spiral stability 
balance. From the information given so far we can say that when 
the thermal is mild the reaction is almost unnoticed. But when it is 
powerful the glider will nose down, speed up, and tighten its turn. 
Since · the thermals have limited dimensions the value of tight 
circling is self evident. Hence the reason for our stressing the spiral 
stability in the design section. 
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How to find thermals? Now, that is a question! As we have seen 
the thermals build-up over quick heating areas·. Also that they are 
sort of squeezed away from the ground by the incoming cooler air. 
If the conditions are calm the ship should be launched so that it 
will be released over the point where it will have a chance to circle 
inside of thermal. In case there is a slight breeze the thermal will 
rise up at an angle as shown. The release should be made slightly 
downwind of the area. Since the clouds are the result or a finale of 
the thermals, we should find thermal action under it, providing the 
cloud is not old and is not passing out. Figuring on wind and height 
of the cloud the launch should be made to intercept the thermal as 
shown on diagram. But who will tell us the air speed and the height 
of the cloud? So we st ill have to hunt. Naturally the best time would 
be a bit after the cloud has passed the overhead spot. Powered 
models have a much better chance to catch thermals because of 
their ability to achieve altitude higher than 100 ft. maximum pos­
sible with 100 ft. of tow line. The higher the model so much better 
are its chances. The diameter of the thermal is greater, and the 
model has so many more circles during which to make contacts as 
it grides down. • 
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So, as you can see the best bet is to keep on launching all over 
the field and observe where the thermals are best, and then concen­
trate on that spot. The facts we have told you may be true but 
thermals are invisible and we simply have to grope around for them. 
If we were flying a regular soarer we would feel them, and by fast 
action get into the thermal and start spinning to stay in it. 

TIME FOR THERMALS 
From experience and observation we found that the best time to 

go thermal hunting is- between ten and one. This seems logical. It 
takes a few hours to heat up the air so that it may expand and 
bubble up. After One many of the poor "heat reflectors" are warm 
enough to heat the air. Without temperature differential the ther-
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mal' s action stops. Of course, the action continues on into the after­
noon, but the thermals are comparatively rare when compared with 
m:d .. morning when they are bubbling all over the field. They also 
seem to be much higher in the afternoon so that low flying models 
can't catch them. Just check your own experience. Also, after lunch 
the wind has a habit of pick1ng up speed and scattering the thermals 
all over the landscape. So, if you want action, be ready to fly by ten. 
The chances of getting thermals after twelve are slimmer and slim­
mer. In the morning they are more numerous and also lower. So, if 
you are anxious to become an expert, come prepared to fly before 
~n. -

When the sky is overcast so that no shadows are found, thermal 
conditions are just about nill. The thick blanket of clouds seem to 
absorb most of the sun's radiation so that not much is left over for 
ground to do its work of producing differences in temperature. Also, 
on some days when the sky is clear and sun seems extra hot the 
thermal conditions are not as good as one would expect. On such 
days you will find that the barometric pressure is low and conse­
quently the humidity is high. The thermals that are formed do not 
rise very high and the models that catch them soon come down after 
passing the edge of the field. It seems that the high humidity, or 
water vapor concentration, absorb part of sun's radiation and so 
raising the temperature of air without depending on the ground. 
Of course, the ground still does its part, but it is less effective and 
is unable to start powerful thermals as described before. You may 
recall such days. They are hot and uncomfortable. You get sunburnt 
before you know it. You would expect big doing on such a hot day, 
but flights are not exceptional. 

Although most of us may associate summer time as the only 
time that thermals are with us, the fact is that they exist all year 
round whenever the sun has a chance to heat the ground, and the 
air is calm so that whatever thermals are formed will not be scat­
tered by the wind. So do not be surprised to find them during cold 
winter days. Just remember that they depend on the difference of 
temperature of ground area. It makes very little difference what the 
actual temperature may be. However, it is evident that during late 
autumn, winter and early spring the ground is pretty well soaked, 
and good "heat reflectors" are few and far between. 

We could go on talking about thermals, but we believe that you 
now have enough information to get an idea of the trouble mother 
nature has to go through to make someone an expert overnight. 
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DEFLECTED WIND 
The early man carrying gliders depended entirely on ridge de­

flected wind to stay up longer than the natural glide period. The 
action is simple; the hill causes the air to flow along its contour. By 
placing force diagrams in different spots we can see that the "rise" 
will depend on the angle and velocity of the defected wind. If the 
sinking speed of the glider is equal to the "rise" it will remain level. 
If it strikes or glides over other spots the results will depend on the 
particular condition. Note how the "risers" change strength at dif­
ferent points from the hill. also how the glider noses down to adopt 
itself to the new airflow. 

Although we may not do any ridge flying with model giiders, 
except for launching from local embankments and dieared slopes in 
parks, it is still a good idea to know how the wind behaves when it 
strikes on obstruction. For example: We may have a large hangar 
or building near the edge of the field from which the wind is blow­
ing. The air will flow over and around such building and meet in the 
rear. However, the airflow is pretty well messed by the time it leaves 
the building. This mass of turbulent air may travel over the entire 
field, upsetting whatever models may be found on its path. Such 
conditions exist whenever an obstruction is present, and the re­
sulting turbulance will be evident for a long distance from the cause. 
If the field is bordered with houses or trees you should expect strong 
turbulences nearby. So when flying, look into the wind and note the 
terrain and how it may effect your flying. After judging the condi­
tions, act accordingly. 

~~ 

Now that you know how "uncalmn really is the air you can see 
why we stressed stability as much as we did. And why we place the 
stability factor above all others. No matter how streamlined a model 
may be, if it lacks stability, it is useless. Also, we can now see why 
heavier or faster models seem smoother. They simply pass through 
minor disturbances which would cause trouble to light floaters. By 
careful observations you should be able to learn more about the 
movement of air caused by thermals and obstructions. 



DETHERMALIZING 
Who would have thought way back that some day we would be 

racking our brains how to bring the model "down", rather than how 
to bring it "up". Since the the1·mals are just about the same as they 
used to be for thousands of years, it must be the improvement in 
the model that is causing us so much trouble when a good model 
meets a friendly thermal. Since the dethermalizing era just began 
to blossom on eve of the second World War, we have a rather lim­
ited number of methods, and we still have to find the pe1·fect method 
which would be simple but positive in operation. Shown are several 
methods now used and which we1·e collected or edited by Carl 
Goldberg in Model Airplane News. A model may be dethermalized 
by having it go into a steep spi1·al, stall, do a falling leaf or by 
parachuting. 

Steep spiraling is produced by forcing the \ving into a steep bank 
in which a great deal of vertical lift is lost. This can be done by 
rudder or wing tip tab which would bring the dihedral of the wing 
into play as described under i·udder section. If Schwab method is 
used the weight on tip will cause side slip conditions similar to those 
found while the model is under power so that you will have to think 
where to place the weight. If it helps the rndder turn adjustment 
you may expect prompt descent, but if it is opposite to turn adjust­
ment you may expect much slower action. So if rndder is set for 
right turn, cement the thread to right wing for fast action. In any 
case the model is liable to come down in a nasty spiral dive if the 
rudder is too large, (one way to find out how it would behave under 
power). But the fact that the weight, spool, hangs down about 150 
ft. gives the model time to recover after the spool touches the 
ground. When using spiral methods be prnpared for unhappy land­
ings as you are treading in the spiral stability field where anything 
may happen without your knowing how it did. 

"7Vbes~ t RE./ea...se ~-,, 

. -~ ~~ ~ ~ ----~£~.~- \~~--=\'.'. . Pubber ~~~ ah 
~~ ~ 

1~~::;:--:;;~:~~Rt1Poer ~ :::--;;;~ 
h I hy ~nla ;z:/(2h ll.5Ed Q/l one r~ only /' Y -r 

5).>oo! . _n __ _ 
"' 

l.hy Schw;b 



108 

Carl's dethermalizer is about the best in the stalling "class". 
It is fail'ly simple and it has been thoroughly tested. You can deter­
mine your own final "upsetting" angle. Flaps do not seem to be 
effective enough.- both on wing and on fuselage sides. Writer's tests 
agree with Carl's on this. Chester Lanzo's hinged wing fairing is 
probably the best bet in the flap field as it has both stalling and 
retarding tendencies. It is also easy to make and operate. It is quite 
possible that if the rudder were flattened against the stabilizer we 
might get good "falling leaf" descents. Dick Everett suggested re­
leasing one of the wing's edges to prnduce a dive or a stall. 
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We wonder what would happen if both the wing and tail were 
released completely, but held to fuselage with string. We could also 
modify Ehling's 'lizer (anyone else calling it so?) by hinging stab's 
tips so that they will swing down to form extra rudder area, and 
also decrease stab's area and so producing a straightforward or into 
the wind mush. The reason for having the tips swing down is to 
simplify hinging due t o flat lower sul'face an dto make sure the tips 
do not swing upward in case something goes wrong. The stall or 
mush can also be caused by shifting weight to tail. This can be 
easily done by,~ying the weight to a string and string it up front. 
It may be in form of a streamlined bomb, if you like, or boxed in­
side. We haven't tried it, but you can very easily. It sounds good, 
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especially for gliders where balancing weight is used. In fact this 
shifting of weight may be the thing as it simplifies the construction 
of mechanism. All you need is a release on the trap door, or rack. 
If it is used for spiral control, tie string to tip as on Schwab's. It 
might be helpful to have a bit of rnbber tension when using trap 
door to assure operation. 

Parachute has its points, but as Carl pointed out, the chute may 
not have enough sinking speed to take care of more powerful ther­
mals. Of course, one should never overlook its stunt value. 

OPERATING MECHANISM 
The dethermalizer will be as good as the mechanism which op­

erates it. Therefore, every effort should be made to have positive 
control from the timer to the :lizer. The timer itself has enough 
power to operate almost any design, but very often considerable 
amount of power is lost by the timer and 'lizer connection. If thread 
is used and has to be "bent" use eyelet rollers, bell cranks or at 
least metal bearing surfaces as the thread is liable to cut into the 
wood and wedge itself. Wire connection should also be bent with a 
bell crank. Trigger releases or wherever wire control is supported 
should be guided by eyelets or tubes to assure smooth and positive 
control. When a strong hinge is needed make one as shown from 
tubing and wire. Cloth may be used for light hinges. 
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The timer should be fixed where it can be readily controlled and 
repaired, be in most direct line to the 'lizer, and operate by pulling 
the connection line if possible. (The problem here differs from the 
original purpose of the timer, to cut off current). When the fuselage 
design· permits, the timer may be fixed inside, close to one side, and 
~erviced via a trap-door. The timer can be set by remote control as 
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shown with aid of "U" yoke to which control line is also fixed. In 
fixing the timer remember that it will be rough work so use two 
bulkheads for rigidity. Ordinary cement will suffice providing anti­
pull strips are cemented over the face as shown. If obtainable, small 
nuts and bolts will be ideal for the job. Do not forget to have a small 
ring at the free end of remote confrol string which you can slip 
over a stop to keep the timer "set" without attention. It is so much 
easier and quicker to slip off the ring instead of a thread loop. If at 
all possible mount the timer internally as it will simplify the work 
beyond belief. 

When the timer i:3 mounted in manner similar to ignition con­
trol we complicate the mechanism as the power "stroke" is outside 
of the fuselage. To bring the power to the 'lizer we can mount an 
extension as shown, use levers or have the timer set off a trigger 
which would release some other power for action. See illustrations. 
Since timers differ in design of "power stroke" you will have to use 
your judgment which contrnl is best. In some cases the control 
stroke may be short, while in others long. If sho1t movement is 
needed on full stroke, provide for log with slack. Whenever possible 
use wire for control line as thread has "give" which complicates fine 
adjustments as you may well know. 

The timer should be mounted on the unit on which the 'lizer is 
fixed. If the 'lizer is on fuselage, mount timer on it . If on wing have 
time1· on it. In some cases it might pay to mount the timer in a 
streamlined blister. Also, try to operate with t r igger control to 
avoid fine adjustment with the contrnl line. It is much easier to 
make accurate and exact mechanism at the timedhl'nb'rthe 'lizer. Be­
sides a trigger may release more sudden power than possible by the 
timer. 
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WOLF GI 

b1 Wolf Hirth 

SPECIFICATIONS 

Wing span-45 ft. 
Length-20 ft. 
Wing area-162 sq. ft. 
Aspect ratio-1: 14 
Empty weight-290 lbs. 

Useful load-200 lbs. 
Total weight-450 lbs. 
Gliding angle-17:1 
Sinking velocity-3 ft. per sec. 



The K.I.M.-3 is better known as 
the two-seater "Stakhanovetz", with which 
the present world distance rec6rd for 
multi-place gliders was made by Pilot 
Kartasheff and his passenger, who soared 

· 400 miles from Moscow to Tcheinigoff on 
July 22nd. The most notable feature of 
this high performance sailplane is the 
pronounced sweep forward of its wings, 
which allows perfect visibility for both 
cockpits, something that cannot be claimed 
for any other two-seater. Straight dihe­
dral is used with the wing tip deflected 
downward to prevent tip and aileron dam­
age. Although further details of the con­
struction of this unusual design are lack­
ing, the specifications and performance 
figures are as follows: 

Span: 66.6 ft. 
Length: 26.7 ft. 

Wing area : 235 sq. ft. 
Weight empty : 616 lbs . 
Gross weight : 968 lbs. 
Aileron area ( 1 f : 

14.8 sq. ft. 

Elevator area: 
22.5 sq. ft. 

Rudder and fin area : 
11.2 sq . ft. 

Cruisin~ speed: 47 mph 
Stalling speed: 32 mph 
Gliding ratio : 1 :25 . 5 
Sinking speed: 

2.1 ft./ sec. 

THREE. VlfW 
or 

K.1.M.-3 
·srAKHANOVfTZ• 

TWO-PLACf 
.,ICH PfRFORMAl1Cf 

5AILPl.ANE. 

The H-17 Utility 

1• •• 

~ ' ....... -._ .. ,~ .... ,.... .......... ~~.-....,.._. 

~ : I : : 

___,_.,., 

_ _,_.,,,,, 

c·--· J 
:,_ JIO _j 

SPECIFIC..\ TIO NS 

Span-32 ft. 
Length-15 ft. 
Wing area-JOO sq. ft. 
Wing loading - 3.5 lbs. 

per sq. ft. 
Cord-; ft. 1 in. 
Aspect ratio-11 
Wing scction-G-535 
Empty weight-145 lbs . 
Normal gliding speed-

35 m.p.h. 
Gross weight-345 lbs. 
Useful load-200 lbs. 
Gliding ratio-I: 16 
Sinking speed-3 ft. per 

sec. 
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KOLlBRl 

by Blessing 

SPECIF I CA TIO NS 
Span .... . ~9.ft..~!~ 12 m. Loading ...... 18 kg/m. 2 L/-,bs/~y. -N. 
Length ... 19."=t~~.I~ 5 m. Weight empty ... 106 kg. ~33.lti 
Height .. ~ft .. ~;., .9 m. Gliding ratio ...... 23:1 
Ar~a .. .f9.7t4 .~1 .. ft: 10 m. 2 Sinking speed . 75 m./sec. _:_2~Hpec. 

p 

A 8 C SAILPLANt. 

•tfllG &•CA ITS SQUo'M. 'UT 

urr.p1"' um;1 •.u9 1»1 
AIUO!l NA C A llll CCNJU 

M.!1...!.!! 
#[l(i.Mt rw" >O()LU 

'll!CIGMT UjWWO 470 L•S 
W(IC.1-tl"I:" ~'001 271.. 8 } 

:,::~,;.;'" :C~02 s n UR"'St"c · -
GUOl!!G ANGLI 18 10 I 

Alt(• 1"91!1ZOl'ITAL SJllilf"ACU 22.JSQrT 
~.., '<IUnK:.AL St#"lilCC.S 1J+)QrT 

AlltU Al\lf!ONS $YM'AC U H !Qf! 
~ 

~-· - '48°6" 

The A.B.C. Sailplane 

- ldro" 
!- ,.,,5'9" .. 

I 

't 

jpo..r'\ 4&}.·'1. 
l..t1t':)th 1qft 
Ch...-A. 4lft: 

b_y Arthur Schultz 
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THERMIC "SO" 

RECORD GLIDER by GERES 

EXTRAS 
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HOW TO KEEP THE FAMILY HAPPY 
Since one has to live with his family, it is advisable to cause the 

least amount of trouble possible by being neat and considerate. A 
go.od way to keep everyone happy is to work on a large board. Not 
only does this board hold plans on wh1ch to work, but it can also be 
placed out of the way when the working hours are over. There is 
no need of wasting valuable time getting the table re-set every time 
you want to build. Just bring the old board down. 

In selecting the working board keep the future in mind. If you 
plan to make large models, obtain a large size board. Although a 
drawing board is the ideal, any clear and level plank will do. Since 
one has to push pins into it to hold the work in place, be sure that 
it is made from soft wood. Keep away from composition or plywood 
boards. 

WORKROOM 
For those of us who are not blessed with special workroom or a 

basement, the kitchen is about the best place for working. Aside 
from having the refrigerator handy, this room is usually so organ­
ized that all utensils. are behind glass or closet doors. All surfaces 
are of paint, "tile or linoleum. This means that balsa dust or shavings 
cctn be easily gathere~ together after the work is done in the wee 
hours of the morn. When doing an unusual amount of carving, use 
a large paper bag under work so that shavings will drop directly 
into it. A large waste paper basket is a good companion to the 
working board. 

Some of us are able to work in our own room. The only trouble 
that we may have is that w~ are liable to develop slovenly habits by 
letting the room get out of control so that mother will always by­
pass it during her cleaning tours. Therefore, try not to work where 
balsa dust or shavings have a chance to lodge in curtains, bed­
spreads, carpets or spots which need stooping for sweeping. We are 
sure that if you are considerate you will have no family troubles. 
If you happen to be one of those folks who blame the family for 
being unable to build, look at yourself for the basic source of trouble. 
As a rule, every family is proud of extra work done by its members. 

LIQUIDS 
Quality liquids have fair odors, and the family soon grows ac­

customed to them. Therefore check your liquid supply and use only 
those which have inoffensive odors. To prevent spilling or over­
turning, use containers with wide bases, such as cans. All containers 
should be kept. closed to prevent evaporation and air-contamination. 
The accumulation- of solidified liqmd on container's opening can be 
cut off with a sharp razor. The .critical period is the doping time. 
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Try to do this when the family is out. Perhaps if you mention the 
fact that you plan to dope your model on a particular day, they 
might ta!rn the hint and go to the movies. When using the thinner, 
work near window or some other well ventilated spot. Of all liquids 
used for model work, the thinner is the most serious nose-offender. 

CLOTHING 
So far we have failed to find anyone wearing an apron or smock 

while working on models. Since hands do get cluttered up with 
cement, dope and such, it is a very comfortable feeling to be able 
to clean the flngers by wiping them on trousers. Therefore wear 
clothing which can take it. White ducks are fine. If by chance some 
liquid drops on your best, thinner will usually remove the spot. Be 
sure to do so before sending the suit to the cleaner as some of them 
are not prepared to handle nitrated spots and they are liable to rub 
the spot too much. 

SCALING PLANS 
When working from full size drawings one should have no trouble 

in keeping to the exact dimensions. But when working from small 
plans it is necessary to draw full size outlines. When making full 
size outlines it is not necessary to draw all details. A wing, for 
example, only needs single lines for spars and ribs. In case of 
fuselage, draw the inside outline so that you can use it as a guide 
for cutting the uprights and for placement of outline pins. Inci­
dentally, when cutting the up11ights, make two of each so that iden­
tical sides may be had and time saved. When it comes to tip out­
lines and such, lay out the shape on stiff paper which can be used 
as a template. lt is too difficult to make two identical shapes with­
out the aid of template. Also make full size drawings of all wire 
items. Never try to fit celluloid over curved portion without first 
making paper templates which can be cut to shape without fear of 
ruining valuable celluloid. Once the cement touches celluloid, it cuts 
into it and ruins its transparency. 

TOOLS 
As in every field, it is the man behind the tool that counts. A 

model may be built almost completely with a single edge razor or 
razor knife. However, work will be found easier if the following are 
found on the table: Sharp knife which can be used for prop carving, 
small block plane needs only to be tried to make it indispensable, 
several grades of sandpaper, good round nose pliars ($1.00 up), soap 
or wax, steel edge ruler, "T" Square, triangles, French Curve, com­
pass, drawing paper and thumbtacks, soldering iron, small vise, good 
soft brushes, hack saw, hand drill, files and many other items which 
one picks up during. the building period. Sharp razor or knife or 
block plane is most essential because balsa wood is too soft for 
dull edges. 
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THE BEGINNING 
Be sure to check over the supplies for their quality and useful­

ness. To prevent the work from sticking to the plans due to the 
dripping of the cement, coat all cement-point areas with Ivory soap, 
polish, candle or parrafin. This arrangement, however, will prevent 
the cement which is next to the surface from setting. -So be extra 
careful when removing the work from the pin-jig and do not give 
it the famous static test. 

When anyone mentions the long time required to build the model 
we wonder -if the drying of the cement was used- as an excuse to 
catch up on magazine reading. You will be surprised how fast a 
1nodel can be built if the drying interval is used to work on some 
other part. 

Specific construction highlights will be found under their par­
ticular headings. However, we would like to mention that you 
should not hesitate to change any construction which does not seem 
right. Some kits have very wide rib spacing. Use more ribs. Others 
have stringers lie flush with the bulkhead which makes an awkward 
appearance when it is covered. Sand smooth all knife or razor cuts 
which will be covered as the paper has a way of revealing the tiniest 
'Crack. Also be generous with the cement at vital parts. As you 
will find out, model cement is not an ideal adhesive for model work. 
Its only advantage is fast drying. Now that you have the proper 
atmosphere and advice, we will leave you to your trials and 
tribulations. 

TEE MATERIALS 
After a builder has built several models he begins to get curious 

about' the supplies he uses. At least that is the way we used to feel. 
When one begins to research into the supplies' background he finds 
that the whole world contributes material to the model airplane 
builders. Balsa wood comes from Ecuador, from a spot right on the 
equator and due south of New York City. Rubber is gathered in the 
jungles of Brazil. Cotton, which contributes cement and dope, comes 
from our own sunny South. Prior to 1939 the music wire was im­
ported from Germany where it was converted from Scandinavian 
ore. We now have domestic wire. At one time Japan supplied the 
entire lot of covering tissue and silk. Now, luckily, we have domes­
tic tissue which is superior in many way to the Japanese. Domestic 
silk has also taken place of Japanese silk. Aluminum comes from 
all over the globe. So, the next time you are looking at your won­
derful model, consider the number of men, ships and trouble in­
volved in the manufacture and production of the material from 
which the model was made. It is hoped that you will not bring their 
efforts to a mediocre end by poor workmanship and designing. So 
that we may be able to make better models more easily, the basic 
materials used for model work are hereby described in complete 
detail. 
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BALSA WOOD 

Balsa is particularly adapted for model work because of its light­
ness and structure. It is made up of countless number of ·air cells. 
Like a bunch of tiny reeds cemented together. It is a natural mono­
coque construction. Such structure produces exceptional rigidity 
with low weight. It also allows the cement to flow into the cells and 
secure good anchorage. The trapped air helps in setting of the 
cement. 

BALSA GRAIN 
When a balsa log is cut in half it discloses a cross section pattern 

similar to regular trees. The only difference lies in the rate of 
growth. In common with ordinary trees, balsa possess.es the well­
known cut characteristics. For example, if a tree is sliced so that it 
produces a continuous plank or veneer, such a plank can be · very 
easily bent into very small diameters. It seems that by bending 
along a year's growth, the difference in texture is null. But if a 
plank is cut right across the log, such a plank will be exceptionally 
rigid and it will tend to crack before it will bend. In lumber circles 
such a cut is known as quarter-cut (because if .a log is spit into four 

· quarters the grain will be as shown) and it is used for table tops 
and other items which must not warp. In the model world J ASCO 
has tried to simplify the various cuts by referring to them as "A," 
"B" and "C" cuts or grains. · 

Balsa sheets cut along the A-A line follow a year's growth and 
their composition is more.or less uniform so that it is especially suit­
able ·for tubular work. C-C .cut provides lam~nar-like structure 
which is ·very stiff and rigid. B-B has the in-between characteristics. 
The specific uses for grain cuts are as follows: 
"A" Cut: Can be bent considerably without wetting. Moistening 

will make it exceptionally pliable. It can be recognized by its 
velvety feel and ease of bending. 

"C" Cut: Should be used for ribs, bulkheads ·(which need not be 
laminated). Ribs cut from "C" will hold shape exceptionally welt 
so that such ribs may be cut from lighter and thinner stock. It 
has large speckled and glazed surface. 

"B" Cut: Used for balsa sheet leading edge covering and such. 
Since srp.all sizes get preference when it comes to grain-grading 
in the factory, most of the thicker sheets will come in this cut. 

\ l\\l l \l\h\\I\ 1\\\1\l ll\\\\\1~ 
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WEIGHT-GRADING 

Although balsa is known as the lightest wood, it varies in weight 
from 3.5 lbs. to 20 lbs. per cu. ft. It was found that its weight is a 
good indicator of its strength. Two spars cut to identical dimen­
sions will vary in strength according to their weight . That is: Spar 
cut from 12 lb. stock will be twice as strong as one which is cut 
from 6 lb. balsa. If we compare two spars which have same weight 
and similar type of section, we will find that their strength is the 
same, regardless of their actual dimensions. Ex : 1/8 x 112 spar cut 
from 12 lb. stock will be just as strong as a spar cut to 11/64 x 
11/16 from 6 lb. stock. 

HARD AND SOFT BALSA 
There is, however, a distinction in the type of strength offered 

by hard and soft balsa. Spars cut from hard balsa will bend almost 
twice as much as same strength spars cut from lighter stock when 
similar loads are applied. This follows the regular beam formula. 
The lesson for us in this case is to use small and hard balsa spars 
when a great deal of energy has to be consumed. That is, when a 
wing tip hits the ground, a spar made from light balsa might snap 
at a comparatively small bending moment. While a harder and 
:svnng1er but smaller spar will absorb the shock by its ability to 
flex a longer distance. This follows the Energy Law which states 
that Energy = Load x Distance. By using this criterion we can clas­
sify balsa as to its specific use according to its weight. The 
Color-Code indicated below was adopted by the Jr. Aero. Supp. Co. 
Many other companies are now using the idea and the colors are 
pretty well standardized. 

BALSA COLOR-CODE 
LIGHT NATURAL : 3.5 to 5.5 lbs. Used almost exclusively for 

indoor work if stock is clear and without cracks. Perfect grade 
rare; about 10 bd. ft. in 1,000. Secondary light grade -used for 
monocoque planks. 

YELLOW 6 lbs.: Glider wings, planking, cowlings, fillets, fairing 
and wherever low weight bulk balsa is needed. 

ORANGE 7-8 lbs.: Light stringers, leading edge covering, strong 
tubes, ribs, "Ritz wing," bulkheads, all balsa constructions folder 
prop blocks, outlines and where normal strength is needed. 
Better to use thick Orange ribs than thin Green. 

RED 9-10: Large spars, outline trailing edges, strong ribs and bulk­
heads, husky prop blocks. A good all around grade. 

GREEN 11-12 lbs.: Longerons, spars, strong bulkheads and nose 
plugs. Good all around stock for strips. 

BLUE 13-14 lbs. Small size strips and spars which have to take 
punishment. All small strips (1/16 sq. and such) should be hard. 

BLACK AND HARD NATURAL: 15 lbs. and over. Used for gas 
model work, glider fuselages and tail booms. 



1&:1 

SECRET OF FINE WORKMANSHIP 
One secret of fine workmanship is to use light and generously 

sized balsa wherever work is exposed to view, such as wing tips, 
cowlings, and balsa covering, and also where accurate shapes are 
needed. It was found that when balsa has to be cut by a template 
guided razor, hard grade will tend to divert the blade into the grain 
line away or into the template, and thereby making the job more 
difficult. No such trouble will be found when cutting light balsa. 
Since we have so many ribs in a wing, we can be sure of this chord­
wise strength without making the ribs from hard stock. Be sure 
to use "C" cut. When using balsa sheets for covering, use at least 
1/20 stock. Thinner sizes which are difficult to obtain true, will 
tend to sag between supports and provide very little leeway for 
sanding rough surface. By using thick but light balsa, the work 
can be sanded evenly and smoothly so that the job will look fine. 

STRENGTH NOTES 
Balsa is strongest when under direct compression. Just think of 

how much strain a rubber model fuselage has to sustain. As long 
as balsa is under direct compression it will be very strong, but as 
soon as it bends out of line, its strength drops off rapidly. Balsa will 
crush instead of cracking if the distance between supports is not 
greater than 8 x its smallest dimension. Ex: 1/8 sq. should be fixed 
every l" to obtain maximum load possibilities. Beams must be used 
when there are long distances between supports. Multi-spar wings 
call for close rib spacing to preserve the small spars. In fuselage 
construction we get around the above limits by prebending the 
longernns, and prevent them from bending out under load with the 
covering. It is evident that they will not come towards center. 

SURFACE FINISH 
To obtain maximum strength all balsa material should have 

smooth and polished surface. This follows the general aviation rule 
which states that all corners must be rounded to prevent tiny cracks 
from developing into larger cracks, and surfaces polished for the 
same reason. So that you may judge this point for yourself, take a 
smooth sheet of balsa, run a tiny pin scratch across it, bend the 
sheet until .it breaks. Nine times out of ten, the break will happen 
at the scratch. Now, it is difficult to obtain perfect surface on balsa. 
(JASCO, however, has developed a special saw blade which does 
produce fine surface. Although we are not permitted to describe the 
basic design of this saw,. the idea behind it is to produce powder-like 
saw dust which does not lodge in the saw teeth and thereby not 
scoring the balsa as it is forced through the cut.) Therefore, if the 
wood is used on important spots, be sure to sand it smooth. A warn­
ing about sanding. Rough sandpaper cuts rather deep and breaks 
up the surface into countless scratches. #2-0 is a fair grade for 
rough work. Use 6-" 1 f)_Q for finishing. 
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SELECTING BALSA . 
The balsa business is highly competitive so that some of the 

stock is not exactly as we would like to have it. Therefore, it is to 
your advantage to find a model shop which specializes in special 
contest halsa service. The next step is to find out when your local 
shop receives a new shipment. Stock up as much as your purse al­
lows. Note how you can determine the Grain-cut by the surface 
appearance. If you make a fairly large purchase, the dealer will 
not be apt to put you into the "fussy" class, a classification every­
one should try to avoid. A good mark of an expert builder is his 
ability to "see" good balsg when .he sees it, and the eagerness with 
which he stocks everytime he runs over a good selection. It might 
be mentioned that you should try to obtain your sheet wood in 2" 
width. 3" is difficult to cut to true dimension throughout the length. 
The saw that cuts 3" has to be almost twice as thick as the one that 
cuts 2". Also, the grain and strength of a 3" sheet may vary a great 
deal on the same piece. Since so ·much balsa is wasted into sawdust, 
practically no manufacturer is foolish enough to discard uneven 
cuts and poor quality. If perfection is desired, be prepared to pay 
about 500% more, something no model builder is prepared to do. 
You should expect good quahty and workmanship on 2" since it is 
much easier to handle. 

LIQUIDS 
The basic ingredients of model airplane liquids are nitrated cot­

ton and solvents. Now, cotton is made of cellulose (an amorphous 
white carbohydrate (C6H1005) isometric with starch, insoluble in 
ordir.ary solvents, and forming the fundamental material of the 
structure of plants) which is insoluble in ord.inary solvents such 
as acetone or lacquer thinners until it is treated with nitric and 
sulfuric acids. After the cotton is treated it ::Jtill retains .its physi­
cal appearance but it becomes a powerful chemical "stuff," and it 
can now be dissolved in acetone or other solvents. When the nitrated 
cot ton is dissolved it just "disappears" but it produces a solution 
which when exposed to air will result in a clear and hard skin of 
celluloid-like substance. 

The difference between the Wt.rious liquids used by the model 
builders depends on the amount of nitrated cotton (and its "num­
ber") used in relation to the solvents, and also on the addition of 
other ingredients for special requirements. 

CLEAR DOPE 
Ordinary dope is a simple solution of nitrated cotton, solvents 

and plasticizers which provide flexibility. 

CEMENT 
Cement is similar to clear dope except that more cotton is used 
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per a given total. It may be mentioned here that model cement needs 
air to set. We can see this if we note that the solvent has to 
evaporate before the cotton will solidify. Therefore, when making 
laminations, do not work on them until the next day. In fact, 
model cement is poor for lamination work. Better use one of the 
new plastic power types such as "Weldwood." 

BANANA OIL 
About same as dope except that it is thinner and contains a com­

bination of solvents for specific reasons. It will leave a thin hard 
and flexible skin. 

COLORED DOPES 
Mixture of clear dope, colored pigments and gums which pro­

duce gloss. Colored pigments are made from clay which has been 
color treated and all that goes with it. 

GLOSS SOLUTIONS AND LACQUERS 
Basic solution of clear dope, gums for gloss, and plasticizers to 

prevent cracks when the surface is exposed to air and sun. 

MICROFILM SOLUTION 
A special mixture similar to lacquer. However, its plasticizer 

quantity and quality is carefuliy balanced to produce flexible film 
without tackiness. 

HOW DOPE TIGHTENS 
The clear dope tightens the covering by "wetting" the fibres so 

that they can work as explained under water doping. Besides that, 
the dope tries to maintain an unbroken surface while the solvents 
are evaporating and it follows the law that the shortest distance 
between two points is a straight line. When the dope is dry, the 
covering is more or less saturated with a celluloid-like structure. 

Pigments and gums act like plasticizers by contributing bulk to 
the solution. When the solvents evaporate, these additions stay 
with the cotton. By being intermixed with them, the cotton looses 
its contractlng propertie~ by loosing connections with itself, so to 
speak. This is why color dope is more liable to loosen the covering 
than tightening it. Also, such solutions are considerably weaker 
than straight dope. Just remember the behavior of the cement 
when you tried to cement a joint which was covered with colored 
dope. There is not enough cotton to affect a good junction. 

WHY DOPE AND CEMENT BLUSH 
Whenever a rapid evaporation takes place considerable amount 

of heat is being used up. Therefore, when the solvents evaporate 
from the dope or cement, the temperature of the dope and the air 
above it is lowered. All ends well if the air is dry. But if the air jg 
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not dry but has an overabundance of water vapor in it (humidity), 
the result of cooling the ail' will be to make the water vapor con­
dense into liquid water on the surface of the cement or dope. Since 
moisture on the surface of the wet dope or lacquer precipitates the 
nit rocellulose out of the solution, thus giving the white appearance 
known as "blush". 

The quality of the dope or cement determines the conditions un­
der which blushing will occur. Good cement and dope will not blush 
under normal conditions. While poorer grade will do so almost 
every time. Temperature and the humidity of the air are the de­
ciding factors. If temperature is low and humidity high, except 
blushing galore. If temperature is high and humidity is low, dope 
all you can. Offhand we would say that good conditions exist when 
the temperature is around 75° and the humidity is 40 % . Next time 
you have trouble with blushing, check the humidit y and temper­
ature charts in your local paper. Rainy days are bad for doping and 
cementing unless you work in a heated room. Try not to use gas 
01 electric heaters to keep the humidity low. Always remember that 
model liquids are high inflammable. If you have any sense of re­
sponsibility, always keep a pail of sand handy, especially if you are 
working on gas models. 

Gums and plasticizers retard blushing by obst ructing or slowing 
down the escapment of the solvents so that they have to take more 
time to evaporate out of the solution. 

HOW THINNER REMOVES BLUSHES 
When we apply thinner over a blush we can see that its action 

i& to dissolve the dope or cement, and as the dope redries under 
more favorable conditions, the blush disappears. Removing blush 
from colored dope i~ more trying as the thinner tends to spoil the 
surface. It might be ment ioned that blushed dope or cement is much 
\veaker than normal. So try to use the better grades which tend to 
blush only under abnormal conditions. 

BALSA FILLERS 
The purpose of t he filler is to even up the surface of the balsa 

by filling- up the grain dents. There are many commercial prepara­
tions which can be used on hardwood and metal, and even on balsa 
if weight is not important. But if weight is important, use a filler 
especially designed for balsa, such as JASCO Wood Filler . This 
particular filler is composed of plasticized clear dope so that it will 
not warp thin balsa, and the "filler" portion is made up of white 
powder which "takes" to dope. It might be mentioned1 that this par­
ticular filler was developed by Roger Hammer. 

HOW FILLER WORKS 
The first layer lays an even skin over all. This must be sanded 
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until the wood is exposed. Shallow grain holes are now filled. See 
sketch. Keep on adding more coats with intermediate sandings u~­
til all holes are completely filled. Be sure to sand well or you will 
find yourself with lumps here and there and everywhere. ~emem­
ber that the purpose of the filler is to fill the pores, and that it needs 
work as no filler will do the job by itself. It is best to sand after 
every coat. 
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PREPARATION FOR FILLING 
Before applying filler, coat the surface with one or two coats of 

clear dope. This will saturate the balsa with dope and prevent the 
filler from going deeper than necessary. (If surface is thin and 
liable to warps do not use dope.) The first two or three layers of 
filler should be sanded with dry paper. After that, if you are sure 
that the surface is water-proof, use wet sandpaper. This will make 
it possible for the paper to bite deeper without becoming ·clogged. 
Warning: If the water seeps through the upper coat, put the work 
a way to dry because the filler will- peel off the wet or moist balsa. 
You are now ready to apply colored dope. 

COLOR DOPING 
Colored dopes are basically made up of clear dope and pigments 

which are made from colored clay. As -a -1·ele, colored dopes are too 
thick to be used directly on the model. Thin them about 50%. 
About two coats will suffice for paper trimming or coloring. Be sure 
to apply one or two primary coats of clear dope before using col­
ored dope. (Use colored paper whenever -possible to save weight.) 
When trimming, be sure to use masking tape which should be firmly 
patted against the surface to prevent under creeping. 

In Color Doping balsa, prepare it by applying one or two coats 
of clear dope, several layers of wood filler, and then the colored 
dope. Use a good, soft _sable brush. Apply two coats. Let them set 
well. Sand down with W /D carborundum paper such as 360A. When 
all is smooth and worked down, apply two more coats. Always be 
sure to let every coat dry well before adding more. Otherwise you 
will be working on gelatin-like matter. Four coats will do for or­
dinary work. After slight sanding with 360A, finish with 400A. 
Although colored dope has a gloss if it is not sanded, it is of flashy 
type which does not look good. Therefore, after sanding with 400A, 
apply two coats of Banana oil, gloss solution or clear lacquer. Rub 
off the "flashy" look with some rubbing compound. Bring out that 
hand rubbed lustre with a polishing wax. Note: Use wet sandpaper 
to prevent rising of "heat" blistel·s. 
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STRIPING 

It is easy to make pin-stripes and scallops by using Scotch 
Masking tape. When using tape be sure to tamp or press it well 
against the surface so that the dope will not leak under it. Use 
fairly thin coats. If a dark shade is applied on a light background 
about two coats will do. Remove the tape while the dope is still a 
bit sticky, after allowing about ten minutes for setting, so that the 
dope will ease down at the edges and eliminate the ridge. However, 
if the tape is removed too soon, the dope is liable to flow off the line. 
The nature of the tape a1lows formation of sever~ curves. Jm;t try 
it and be surprised. It can be obtained in model shops fn 5 cent sizes. 
For economy, buy it in a paint store in larger rolls. 

DOPING THIN BALSA 
Ordinary dope warps thin balsa. But since some protection has 

to be applied, and the surface fuzz laid low, we can use ·dope which 
has been plasticized. Castor Oil and Trycresyl Phosphate make good 
plasticizers. Commercially, such items are known as Glider Pol­
ishes, a trade name originated by Jr. Aero. Supp. Co., which also 
developed the first solution suitable for glider work. Glider Polish 
may be spread over the surface. with fingers. In fact, light balsa 
may be treated by pouring a narrow stream of Polish along the 
span, and then spreading it over the entire area with fingers, and 
keep on rubbing the area until the polish has dried. This will pro­
duce a fairly good finish. Slight touch with 10-0, sanded side first, 
aud then the paper side, will fini~h the job. Sandpaper suitable for 
rubbing down are graded from G-0 to 10-0 in the dry type, and 
360A to 400A in W /D. Coarser papers will not do. 

POWDER CEMENTS 
Recently, several new types of powder glues have been placed 

on the mal'ket. They should not be confused with casein type. The 
new type is· of plastic rosin nature. They are especially suitable for 
model work because they require very little water to bring them 
into proper consistancy. Ordinary casein glue requires too much 
water for balsa . .Water tends to flow into the wood and make the 
joint uncertain. Another advantage of the new plastic glue is that 
it sets surprising:y fast, especiall.y if the woi·k is held over heat. 
Commercially these new glues are known as "WELDWOOD" and 
"CASCO MITE." . 

We have used this type of glue for lamination work and consider 
it superior to ordinary model cement. It has a good future, espe­
cially if we have trouble in getting regular cement. Try it. 

BAMBOO 
Bamboo used to he a vital item in model building. Its specific 

use was for wing tips, landing gears and bent ribs. Balsa now dis­
places it almost entirely, except for landing gear where wire is used, 
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and for holding the rubber motor in the rear. When you have an 
occasion to use bamboo be sure to use that portion which is next to 
the glossy side. This portion is the strongest and it can also be 
bent a great deal. Although it may be purchased in several strip 
forms, the best size is 1/16 x 114 because it may be stripped by your­
self. There is a definite technique in stripping even strips. Start by 
stripping the piece in halves. Then keep on reducing· each half into 
halves until the desired size is obtained. The inner white portion 
can be removed by bending it away as the knife is moved down. In 
fact, one can control the stripping procedure by bending away the 
side which is getting too wide. 

Although it is possible to bend bamboo without heating it, the 
best results will be obtained by shaping it while it is warm. Bends 
made without the aid of heat have to be fixed at several spots to 
prevent warping. Soldering iron or electric bulbs will be found very 
handy. By gliding the strip over the hot iron it is possible to ob­
tain all sorts of bends. It may also be heated by holding near open 
flame such as candle. Be careful not to char the bamboo as it will 
loose its strength. Pre-bent strips will offer very little trouble when 
c~menting. Be sure that all bamboo ends merge evenly into the 
balsa portion. 

COVERING MATERIALS 
Paper is the most _popular covering material, and it is always a 

source of surprise to us that paper can take as much abuse as it 
does. Regular model paper, both domestic and foreign has good 
strength characteristics, can be easily applied and cost is low. Of 
course, we should watch out and not use colored tissues which are 
us~d for wrapping presents. Silk is also ttRed by those who can afford 
it and know how to apply it; although by using the technic de­
veloped by Paul Plecan the covering end is easy. 

At one time we had to depend entirely 0~1 Japan for model tissue, 
and it '"·as a my~tery to us why no domestic manufacturer produced 
model paper as the mal'ket was large enough. Luckily for us few 
years ago a couple of companies did take trouble to develop domestic 
model paper. Perhaps the best known brand is the "SILKSP AN" 
which is manufactured by the Aldine Paper Co. of New York City. 
In answer to our request for technical information on paper, Mr. 
Walter T. Cusack, Manager of the Aldine's Industrial & Technical 
Department, sent us the following reply: 
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Until recently, covering paper was supplied exclusively by Japan. 

The paper situation has now changed, and the story connected with 
it is very interesting. Without covering material, obviously a plane 
cannot fly. With rubber powered models, fabric is of course out 
of the question for the weight would prevent the plane from staying 
in the air. Since the very beginning of model aeronautics, Japanese 
tissue paper has been the only material which Jirad all of the essen­
tial properties for a good covering. Naturally one wonders why 
American paper was not good enough. The answer to this is that a 
very light weight tissue is necessary. Furthermore it must be 
extremely strong. This property is essential to prevent ripping by 
strong air currents when in flight, and a complete wreck of the 
plane on landing. No ordinary American paper possesses these 
qualities. 

Japan makes paper from native fibres usually of the Mulberry 
family. These fibres are very long and thin. Consequently when 
made into a sheet of paper, the give it great strength. Furthermore 
they spread evenly into a fine mesh to form the finished sheet. In 
the United States on the other hand, the fibres of Spruce, Fir and 
more recently Pine are most commonly used in paper making, but 
their thickness and shortness prevents them from providing the 
strength found in Japanese paper. Even pulp produced from cotton 
or linen rags cannot be made into a sheet of satisfactory char­
acteristics. 

On the face of it, one would think that the cont inuation of model 
aeronautics would be bound to a foreign country for paper. The 
leading kit manufacturers conceded this, for they sent out hundreds 
of letters to American paper mills and tried in many ways to get 
a domestic source of supply. The only success they had was in get­
ting some papers that could be used on gas model planes where their 
excessive weight could be carried without serious difficulty. 

Finally American ingenuity succeeded in accomplishing what 
seemed impossible. Experienced model builders gave advice, support 
and encouragement to the Aldine Paper Company when we set out 
to produce a paper that would meet their specifications. After the 
groundwork was laid, these modelers tested and passed advice on 
samples given them until such a paper was gradually evolved. It 
required ~pecial vegetable fibres, equipment and processing to get 
the desired results. However, they have been obtained. What is 
more, the product in its present form has improved on the imported 
paper because it is more uniform, stronger and absolutely insoluble 
in water, having been treated to withstand most solvents. The 
builder can soak it in water and apply it like silk. 

The development has been well named, "Silkspan," and applica­
tion foi· registration of thi~ name h<ls been filed with the U. S. 
Patent Office. The prncess by which it is made has alrea<l~, heen 
patented. This 11ew American paper is ma<le in two weights and f'our 
colors in a<ldition to white. 
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Paper manufacturing is a detailed procedure but roughly, the 
pulp or base fibre is mixed with large quantities of water so that 
the relationship of water to fibre is less than one part of fibre to one 
hundred parts of water. This flows on to a rotating or traveling wire 
screen of very fine mesh. The water drains through the screen and 
the fibres remairi on its surface. These wet fibres are lifted from the 
wire and canied thrnugh a series of felts a·nd driers to ultimately 
emerge ·as a finished sheet of paper. In ordinary paper making, this 
process is canied out at high rates of speed. However, in the manu­
facture of "Silkspan" where the fibres lay upon the wire f01m such 
a delicate and thin . web, the process is much slower and difficult to 
manipulate. What is more, a high speed operation could not pos­
sibly produce uniformity, essential to a satisfactory model airplane 
covering paper such as "Silkspan." A slow moving, closely contrnlled 
operation on patented equipment with special fibres not employed 
in ordinary paper making prnduce "Silkspan." 

As every model airplane builder knows, it is possible to put the 
covering on in a relatively loose state and then shrink the paper to 
tightness thrnugh the application of water. This phenomenon is 
brnught about by the characteristics of the fibres. Water will cause 
them to swell. Their expansion in breadth is made up by a shrinkage 
in length. lTpon drying, they do not regain their original dimensions. 
All paper making fibres will do this. The chemistry and physics of 
this are still more or less theoretical. However, this is what happens 

".Silkspan" is insoluble in \vater. The reason for this can only he 
partially explained. Ordinary papers are held together by sizing 
compound or binders 01· different varieties. If th~se are left out, as 
with blotting paper, the strncture is very much weakened. What is 
more, when watel' is placed on ordinary papers, the sizing is dis­
solved and the fibre so lubricated that they slide away from each 
other very readily and the paper breaks down. "Silkspan" is so 
manufactured that water has no lubrication action upon the fibres 
to permit them to slide apart. The method of imuq.rting this re­
markable characteristic to the paper cannot be divulged and we 
must ask you to excuse us from giving any further details. 

Perhaps your publication might be more in tune with the times 
if some mention were made of the effect that the war is having 
on our paper. In the first place, shortages of raw materials made it 
very difficult for us to maintain uniformity of quality. This makes 
it impossible to give you any table of ph~sical charact~ristic~, 
weight, strength, etc. What is more, the .eqmpmer~t on .which this 
paper is manufactured is also engaged 111 manufact~1:mg pape.rs 
which are very essential to certain war uses. In add1t1011 to this, 
new specialty papers which we can prnduce are finding- their way 
ido the war program. Consequently, we must do everyth~ng: we can 
to get the maximum amount of production from our mach11ws .. To 
do this, we have eliminated all colors in "Silkspan" for the duration 
of the war. 



172 COVERING PROCEDURE 
Covering is an art which can be easily acquired after few trials 

to find out how paper can be worked, and by following a definite 
procedure. Before attempting to cover, coat the framework with 
dope. This will keep the adhesive dope on the surface and also pre­
vent water soaking if the covering material is used wet. 

As a rule, the top of the wings is covered first. Cut the paper so 
that it will overlap edges about l". Be sure that the grain runs span­
wise. Paper shrinks most along the grain line. If the grain is chord­
wise, the shrinking effect will try to pull the paper into shortest 
possible distance between the leading and trailing edges with con­
sequent deep sagging when the job is completed. Use regular dope 
as adhesive for light tissue, and half-half mixture of dope and 
cement for gas model grade and silk. 

Start by tacking the paper to the middle of the center rib. When 
this is thoroughly dry, coat the end rib over its complete chord. Fix 
paper to it so that it will form a smooth triangle between center and 
top rib as shown. You may have to hold paper in place with hands 
while blowing on the adhesive dope so that it will set f~ster. Once 
this is done, lift up the t riangular flaps and coat the edges wit h 
adhesive and pull the paper tight from tip rib to\\''ards the center. 
If the wing is longer than the paper, repeat in similar manner. Trim 
overlap with a sharp razor so that they will overlap only about 1/s". 
Brush-dope such overlaps to the spars. Note that there is no need 
of fixing the paper to every rib. When doping, the dope will flow 
through the paper and cement it to the ribs. 

The tips always present problems as the paper must cover com­
pound curves. If "Silkspan" is used, moisten the area and carefully 
pull the overlap so that the wrinkles disappear. If regular Japanese 
tissue is used, cut several segments. Then cement the segments from 
the trailing edge to the front. See _sketch. 

Flat surfaces should be treated in similar manner. Although 
most any method will do. 

On unde1·-cambered portion of the wing, the paper must be 
cemented to every rib before water· doping. This can be best done by 
cementing the tissue along the center of the wing. See drawing. 
After this has set, each half may be tr~ated individually. If curve 
is deep, the going may be gradual to accommodate the paper to the 
curve. By dividing the camber, the job is so much easier. 

Double tissue covering is exceptionally strong, pleasing, light 
and smooth. The first layer is applied as described. Finish it com­
pletely with water and clear dope. Apply the second layer in identical 
manner, but have the grain run chordwise. Spray with water and 
finish with dope. 

COVERING WITH WET PAPER 
For best results cover with dry paper. When paper is used wet, 

it tends to sag much more between ribs after it has been doped than 
normally. HO\vever, there ar~ many jobs which cannot be done any 
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other way. This is especially true for round fuselages, fillets or sharp 
tapers. Use "Silkspan." Soak it in water and squeeze off the excess 
water. Use cement-dope mixture for adhesive. Such cement has 
slower drying quality which allows it to penetrate deep into the 
wet paper. When using -wet paper, it is possible to work in small 
sections. Do not worry if the cement blushes and turns white. 
Whiteness can be removed with thinuer when the paper is dry. 

COVERING WITH SILK 
Covering with silk used to be quite a job before Paul Plecan 

found out that by using wet silk the most severe curves could be 
covered with ease. Use the same covering procedure as given for 
tissue. You might have to wet the silk several times before you are 
finished. Be sure to tap over the cement area so that the cement 
will ooze through. Wings and other fiat areas are easy. You might 
have trouble with pylon and round fuselages, which we can cover 
with one piece of silk. Use plenty of pins to hold the silk in place 
while you pull out the wrinkles. The reason that the wet silk can 
be worked so well is that when silk is wet its threads can slide 
over each other without friction. Dry silk threads present consider­
able amount of internal friction and a pull to eliminate a wrinkle 
may effect a large area when only a small portion has to be 
corrected. 

DOPING 
Water doping is essential after the covering is completed. Water 

tends to loosen up the internal stresses incurred during the cover­
ing and allows the fibres to set themselves according to the new 
loads. As you have already been shown, water also makes the paper 
fibres swell and so causing shrinkage upon drying. Use a good in­
sect sprayer to do the sraying job. As a last resort, a piece of ab· 
sorbent cotton may be used to make the paper wet. Since most of 
our fingers will have cement edges, it is dangerous to touch wet 
paper with them. 

In a good many cases only one coat of dope is necessary to 
preserve the tightness and close up the pores. But as a rule, two 
coats are used. It is not advisable to use more. The paper might 
become too brittle and tear when the model makes a hard landing. 
Silk can stand about three coats. This warning can be more clearly 
understood if we realize that dope is nothing else but celluloid in 
liquid form. When it dries, it grips the paper fibres in a solid sheet. 
So that when a tear starts, it is very easy for it to continue as only 
one fibre at a time is attacked. The action is of shearing type against 
which the fibres may not have strong resistance. As you probably 
know, after several months the wing covering becomes brittle be­
cause the plasticizer has evaporated. So do not be too anxious to 
put on many coats. Just try tearing an undoped silk and compare its 
resistance against silk which has been doped. Usually Bamboo paper, 
and silk sometimes, has to be sanded with fine sandpaper to remove 
fibre ends which stick up after doping. 



173 

COLOR VISIBILITY FOR MODELS 
Red may be the best color for auto signals, and orange yellow 

or vermillion orange for aircraft visibility. But this should not lead 
us to think that they will also be best for models. It is true that as 
long as we can see the actual color, the visibility of the mentioned 
colors may be best. But models are small and they 'soon pass beyond 
the point where the color can be recognized. Beyond that point the 
colors merge into shades of black and white. For example: Dark red 
may become dark grey. While yellow may become light gray. There­
fore, it seems. that· we should be more concerned about getting the 
contrast of shades on our models rather than high color visibility. 
Bob Copeland uses black fuselage and rudder, and white wing and 
stab. Such a contrast shows up black against the white cloud, and 
white against blue sky and green ground. Dark blue fuselage and 
rudder, and yellow wing and stab serve some end. Dark red will tend 
to give dark shades. The Placement of colors can be reversed of 
desired. 

In checking over the colors available in model tissue it seems 
that only black, white, red, yellow and blue can be used for shade 
contrast. Orange is much too pale, and like green, neutral. 

Visibility depends on the size of the object. We should there­
fore use the full span of the wing or length of the fuselage as the 
shade carrier. If we were to break up the wing into two color halves, 
we may be only able to follow one half of it which would cut down 
the distance. It is all right to run a trim line or a sheet covered 
leading edge along the front of the wing, providing it is not too 
wide. We only have to uotice ~amoftaged planes and ships to see how 
visibility may be lessened by breaking up the colors. 

We have a slightly different problem when we use colored dopes 
because they have solid matter which may give the surface a light 
color yet present a dark shade when held against the light or sun. 
For example: A wing doped with white dope may have enough 
opaqueness to cause a dark shadow underneath. Evidently, the shade 
value will be no longer light, but dark. We must remember that 
when the model is flying it · is almost always between the light 
~ource and the observer, rather than being seen with the light 
behind the observer. Therefore, if you expect to use the color as a 
light shade visibility aid, use just enough color dope to color the 
surface without making it lose its transparency. 

SUN FLASH VISIBILITY 
The visibility of sun flash dazzle was impressed on us while we 

were still youngsters. A bright shine way out in the fields would 
turn out to be a tiny piece of glass, rather than a diamond as we 
had childishly expected. The basic reason why a sun flash is so 
visible is that it consists of sun rays which ai:e reflected by the glass 
or polished surface. Our eyes are normally adjusted to subdued light 



176 

so that a pure sun ray has a very powerful impression on our vision, 
and we have no trouble · in seeing a weak flash a mile away caused 
by an object which we cannot see across the street. 

Some of us have tried to utilize this sun flash to aid model 
visibility. But there are many conditions which must be met to 
make it a dependable means. The sun, reflecting surface and the 
observer must be in exact coordination. If the model is between the 
sun and observer no helpful reflections are possible. A curved reflec­
tion surface provides better flash possibilities. 

To be successful in obtaining sun flashes we must use good re­
flect ion surfaces. Ordinary silver dope will not do as· it is made up of 
aluminum powder which break up the surface. Metal foils are best. 
Apply them with rubber cement which is best for this purpose. A 
good place to put them is on the curves such as the leading edges 
of the wing and tail, so that the chances of catching sun are in­
creased. A metal foil streak line along the fuselage will help. A star 
or other insignias placed on wing and fuselage will also increase the 
chances. 

COLORS AND COLOR MIXING 
Red, yellow and blue are the primary colors. The secondary colors, 

orange, green and violet are produced by mixing the primary. That is, 
red and yellow give orange; yellow and blue give green ; blue and red give 
violet. The tertiary colors, citron, olive and russet, are produced from 
four parts of orange and one part of .green for citron; four parts of 
orange and one part. of olive for russet; four parts of green and one of 
violet to make olive. The above colors, with white, black, gray, silver and 
gold are all that are necessary to make the modern industrial colors 
ordinarily used. Varying the proportions in mixing the colors "will throw 
the re.sulting color to t he shade desired. That is, if a light orange is 
desired , use a larger proportion of yellow than of red. For a dark orange, 
ti se a greater proportion of red, and so on. • 

Mixtures of colors to get certain results may be tabulated as follows: 
Black and Red make Brown White an'd Black make Gray 
Blue, Red, White make Lavend.er White and Yellow make Straw Color 
Green and Yellow make Pea Green Blue and Red make Purple 

Blue, Red, and Yellow make Olive Drab 
In mixing colors, add the darker shades to the light, as it takes a 

great deal more of the light shade to lighten a dark color t han it does of 
a dark color to darken a light hue. A little experience in mixing and 
tinting with the shades of color that the painter may have available will 
enable him to match most colors quite successfully. 

SELECTION OF COLOR AND COLOR COMBINATIONS 
The selection of colors and color combinations for aircraft should be 

guided by ( 1) durability of some colors as compared with others, (2) 
visibility of the colors in the air and on the ground, and (3) pleasing 
color harmonies. · • 

Greens, oranges, yellows, dark grays, aluminum and certain shades 
of non-fading reds (like Stearman Vermillion and Fokker Red) give 
better hiding and protection in strong sunlight. 
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White, light cream and light grays "chalk" more readily and hide 
poorly. 

Dark blues, particularly, tend to brittleness, and should be used only 
over black undercoatings. Light blues tend to change shade on exposure. 
Some light reds and maroons, especially, as well as purple, are subject 
to fading. 

All of these colors are used with satisfaction, but as explained, some 
are far superior in lending lengthy life to the finish. 

NOTE: In the event that reds or light maroons are used as the final 
color, it is recommended that an under coat or ground coat of orange be 
u8ed to assist the reds or maroons in hiding or producing a more uniform 
<lepth of color. If dark maroons are used a~ a finished color, it is recom­
mended that a little black pigmented dope be added to the first coat of 
this color. If dark blues are used, apply a ground or under coat of black 
pigmented dope before applying the blue. 

It is, of course, understood that light colors should never be applied 
over dark colors as it will be almost impossible to eliminate the darker 
shade no matter how many coats of lighter shades are used. Therefore, 
two-tone jobs should have their lighter color applied first and then "i:he 
darker shade. 

VISIBILITY TABLE 
The following visibility table, as published by the Physical Society of 

London, showing the effective range of auto signals: 

Color Range in miles C.Olor Range in miles 
Red 3-3.5 Yellow 1-1.5 
Green 2.5-.1 Blue .5-.75 
White 2-2.5 Violet .5-.75 

Orange yellow to vermillion orange colors have been commonly ac­
cepted ..... cter many tests in actual aircraft operation as the most visible 
colors contrasting with land, sky, verdure and water. These colors are 
also durable and resistant to fading. It is small wonder then that they 
are so popular, combining as they do·the safety factor of extra visibility 
and longer life. 

Another interesting table by Le Courrier, taken from the "Scientific 
American," may prove valuable to those using planes for advertising 
purposes. It gives legibility of various color combinations: 

Legibility 4 Blue White 9 White Green 
Order Decoration Background 5 White Blue 10 White Black 

l Black Yellow 6 Black White 11 Red Yellow 
2 Green White 7 Yellow Black 12 Green Red 
3 Red White 8 White Red 13 Red Green 

A listing of color combinations selected by a leading color expert 
specializing in color schemes for aircraft: 
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SOARING IN A fhanae'lcloaa 
Henry Stiglmeier 

Friday, April 25, 1941, at the Fourth Annual 
Soaring Meet at Arvin, Califaiflia, I got off 

on .a winch tow at 12: 17 p.m., in my Baby Aloacross 
sailplane, and skirced the foochiJls for five miles in search 
of a thermal. Three hundred feet above the ground I 
found a weak upcurrent, and worked up to 1,200 feet 

. alcicude. Since my goal was Arvin, ten miles distant, 
and return, and I coul411 nor gee higher, I sec out towara 
Arvin. I worked two thermals to the last ounce pf .lift, 
and started back from Arvin with about 3,000 feet alti ­
tude. Thermals were scarce on the recurn trip and I flew 
in almost a straight line at a speed of about fifty-five 
miles per hour to a small cloud forming over the take­
off area. I found a thermal there and I decided to earn 
some points on duration rather than to land, since I 
COIJld not see any other sailplanes in the air. 

tlouds were forming rapidly every~here in the vicin­
ity. In a shore time I was under the cloud base at 6,500 
feet altitude. Rain was falling from some of the clouds 
over the mountains to the East. I flew in and out of the 
cloud base a few times to 7,000 feet alticude and then 
flew west to some smaller clouds. It was difficult to lo­
cate the upcurrents under the clouds, but I finally got 
up to the base of one again. If I could only get a couple 
of thousand feet higher. I thought. The same day I had 
had my first glimpse of the thirty-jnch gold trophy of­
fered for the best altitude of the contest. The memory 
was still fresh in my mind. The best height to date was 
about 9,000 feet. 

I rose into the cloud and flew straight until I came 
out of its side. The altimeter read abour 7,800 feet above 
uke-off. I flew along the edge hesitatingly and then 
curned into the cloud again. I came our into the end of 
a cloud valley with about 9,500 feet. Only large white 
clouds were visible banked around me. About l ,OdO feet 
more, I thought, and turned back into the cloud. 10,000 
feet came with .satisfaction. At I 2,000 feet, the wings 
were dripping wet. Ir was like flying through a fog. 
Ac 13,000 feet, ice began forming on the wings. I tried 
to fly straight west to get out of the cloud, but the air 
was so gusty I could not hold the course. Ac 14,000 feet 
hail peckered the windshield like popcorn in a tin skillet. 
Then the ship starc.ed in a series of dives and stalls 
which I could not stop. I gave up the idea of trying to 

get out of the cloud and scarred circling. I thought I 
was turning left but the turn indicator showed right. I 
relied on my instrument and flying was smoother. I held 
open the wing spoilers, and searched for a downdraft in 
which to spiral. I had visions of meeting hailstones as 
large as plums and air as rough as a bucking horse if I 
got much higher. With joy I found a downdraft but it 
didn't last long. The sailplane and I were going up higher. 

I released the spoiler control, but it didn't move. Ice 
had frozen the spoilers in the open position. The wind­
shield was covered with ice. I could see only through 
the sides. The hail came in surges, and sprayed through 
small cracks onto my lap. My shore-sleeved sport sh irt 
was not very warm. 

At 15,000 feet the hand of the altimeter completed 
one revolution. Boch pellet-type rate-of-climb indica­
tors had ceased functioning. Two boles of lighming flashed 
by, giving me light shocks from the control wheel. Then 
the whistle of the wind ceased and the ship hovered. Here 
was a c'iance to put the plane into a spin. I pulled the 
control wheel back all the way. Then the ship seemed co 
foll , but the airspeed increased slowly. Soon I noticed 
that the airspeed showed zero. k had iced up coo. The 
ship did not feel like ic was spinning, but rather just 
circling. I held it in a right turn, and centered the ball 

Author and Ship after Fli9ht. 

bank indicator. The altimeter hand was well on its second 
revolution. I wasn 't interested in it any more. Enough is 
enough! 

I cook a few deep breaths of air. Ir seen;ied fresh 
and cold. Doubtless ehe thin air at this high altitude 
was affecting me. I moved my fingers to keep up the 
circulation. My arms felt heavy. The hand on the alti ­
meter had remained at 18,200 free for some time. I 
waited and hoped for the end, whatever it would be. I 
had not moved the controls for some time and it occurred 
to me that they might be frozen fast. Carefully I tried the 
rudder. le was sciff1 In a few moments I worked it loose. 
I did likewise with the elevators and ailerons. There­
after I kept moving all the controls slightly and the 
ship responded sluggishly. 

Since I had been flying blind for some time (about 
three quarters of an hour ) I could easily have drifted 
over the mountains. I did not relish the thought of hit­
ting a mountain peak which stuck up into a cloud. I 
watched carefully out of the side of the windshield where 
there was no ice. After a while I saw spots--actually 
white spots in the gray fog of the cloud. I blinked my 
eyes, and then the .spots disappeared. While puzzling 
over this, I suddenly came out of t he base of the cloud. 
Then I realized I was over a snow-dotted mountain top 
and_ nor very far from it. As the ship turned I saw more 

mountains and then a patch of green in a valley . . Im-
mediately I headed for it and nosed the sailp)ane '"dOwn 
for more speed to get away from the mountain. I tried 
co open the cockpit hood but there was so much ice 
around it that I could not swing it open. I managed to 
gee a two-inch crack to peer through, and while maneu­
vering the ship so I could see better, a cluster of ice, 
which had begun melting, swept through the crack into 
my face. My glasses were fogged and I had to remove 
them. 

Soon I was over the valley and began to fly in circles. 
Loud cracks could be heard about every five seconds 
from the ice melting off the nose of the glider. The plane 
responded to the controls better as the ice melted. It 
seemed as though the ship was coming back to life and I 
was tempted to try to stay up and fly back to the takeoff. 
However, with the instruments our of order, mountains 
all around, and my goose pimples, it was easy to forget it. · 

I surveyed the ranch below for ditches and fence 
posts while I descended. The landing was made on high 
ground in deep grass. I certainly felt good to walk on 
the ground again. 

~Oa7.in.J MAY-J.UNE, 1941 



ELMIRA to LEWISBURG I.~· 

by Richard Johnson 

July 13, of the National Contest looked like 
a good soaring day. The cumuli were build­

ing up nicely. My ground crew and I rolled the "Baby 
Albatross" out of the hangar to the starting line and we 
installed the bar~raph ·as we waited our turn. As the 
ship ahead of me took off, I put on my parachute and 
climbed in. Just before the take-off, the barograph wa~ 

. turned on and the crew put the hood on. It was only about 
I0 :30 A. M., but I wanted to get off early so that I could 
get my 5 hours duration for a Silver "C" license. 

There was no slope wind, but there was a good cloud 
about a mile and a half to the northwest "Of the take-off 
field. I got a good tow to about 500 feet and then headed 
for this cumulus. The air began to get rough . and the 
variometer showed a 10-foot per second rise, but I lost 
this without gaining altitude. I was then about 400 teet 
above the._¥alley and I fouQd only down currents under 
the cloud .so I landed in the :emergency landing field. My 
crew was. '<!6wn in 15 minutes with the· trailer and we 
quickly disassembled the "Baby" and returned to the hill. 
In the meanti"me several ships got away. 

As I took off the second time, there was a slight breeze. 
At 150 feet on this tow, the winch was pulling me 65 
MPH which was IO MPH faster than .I had ever flown 
the ship and the air was rough so I quickly released and 
glided co the edge of the hill. With the light wind I 
was able to hold my own. About 5 minutes later a Sch­
weizer 2-place cook off and made a rum over the ridge 

· then landed. I was beginning to lose altirude and when 
I goc below the top of the hill, the air became violent. 

·The Walters variometer went from IO foot per second up 
. to 10 foot per second down. There was not much chance 
of geccing back to the top of the hill so I followed the 
ridge east in the direction of the airport in the valley. 

About a half mile down the ridge I was able to rise to 

abouc 200 feet above the hill on the slope wind, which 
was smooth and pleasant co fly in. I hit a 10 foot per sec­
ond lift once, but I thought it was only tlie slope wind 
until 1 saw a "Wolf" circling above me. I quickly found 
the life again and circled it to 2700 feet where it weak­
ened. In the meantime, the "Wolf" went north in the 
direction of the ridge. I had cold my brother who was my 
crew chief that I would go south if possible, so I headed 

'. for the best cloud in that direction. I found that there 
were down currents between the thermals for the rest of 
the flight which made me s.tay with the thermals until 
they were dead. 

I kept on going like this and while I was trying to 
gee lift over some mountains about IO miles oonh of 

, Williamsport, I saw a "Minimoa" come from the direction 
of Elmira. I tried co follow it, bur he soon was out of 
sight. By chis time I was ac 1800 feet and I needed 
altitude badly. I soon found a weak thermal and circled 

· it for half an hour before I reached the cloud ba<>e at 52()( 
feet . I then headed for W 1lliamsport and flew m sonic 

. light lift for another half hour over the city at 4500 feet . 
Ir was the nicest part of the flight. As I cruised around, I 
could see sailboats on the river far below. 

Rich .. d Johnson (right) with crew at Elmir• 
Loom it 

I then headed for some:: clouds co the south and found 
the lift weak. I wanted to be sure of staying up my five 
hours and the sky beyond was clear so I stayed with these 
clouds for the next hour and a half without geccing to 
their base. All the cumuli during this flight were nearly 
flat and the lift was never strong. 

After I passed the . five hour mark, I flew south to get · 
as much distance as possible. When I got down to 2000 
feet, I did not find the regular down currents between 
the thermals as I had on the previous part of the flight .. 
Instead, I flew at zero sink fOr long periods at a time. ' 
At 500 feet I picked. out a clear field. I was very careful 
to approach it right. I went over the fence at five feet . 
and at the same time the left wing tip touched the outer 
leaves of a tree beside the fence, but no damage was 
done. 

Within a few minutes, the owner of the field was out 
and drove me co his house co telephone Harris Hill of my 
location. My crew started out shortly after I had taken 
off and they went south, calling back to Harris Hill by 
telephone· every hour. When they made their last call, 
they were within five miles of my landing place, Lewis­
burg, Pa. 

(Ed. Note-The flight described above won for Rich­
ard Johnson his Silver "C" soaring certificate. He arrived 
ar the Eleventh Annual National Soaring Contest with a 
glider, plenty of enthusiasm, but no licenses. He success- . 
fully passed his CAA private glider pilot's test, won his 
"C" early in the meet, and he finished third in the con­
test.) 

Lace Tuesday afternoon, Richard Johnson of Los Altos, 
California, the youngest pilot entered in the contest, age 
17, earned his "C" license. This flight marked the begin­
ning of a sensational performance by this pilot . 

~Oa'l.m:J AUGUST-SEPTEMBER, 1940 



And this is how a pelican slows 
it s flight on a sweeping turn. 
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A see. gull slowing its speed with 
back-swept wings and heavy dihedral. 
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And here we have a pelican glid ing to a landing with negative ditiedral : 
and flexed , wing tips. ~he wings are compressing air _ against the water. 

by RAOUL J. HOFFMAN 
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G6ttin,;;en 602 
Lower 

Upper Mnr. Mod. 
o 2.so 2.~o 2.c:;c 

1.25 4.oo i.48 l.~ 
2.5 l .85 .1.1~ 1.1' . 

i--~~~~~~-.This section is used exten- =-5'"::-+--.=-:1 ·~20~+--:..•7~·c:j~-~·7......:.c 
sively on rubber and glider ~7~·~5::.....+___,·~.o=~~~~·~i:;o:.=--+-~·~i:;c:~ 
models, large or ~mall.Very ~~~-+---±~·±7"'"--l'1--~·..:..:.4o-1--~·4C~ 

llaJ"Quardt S-2 good results on small slow ~:~ .20 .20 
~ Unner Lower ships because of small drag ~~~~'--+-1~0~.~0~0:...+-.-0-,c-4--~--0 o.o o.o increase owing to scale .. ef-~ 4 .o-=---+-==-.:.;_80;.;...+-~_~,~c~--ll:~~~,c:j:..1 5 2.35 -1.50 feet.Concave recommended for , 0 10 _2, 1 _00 10 4.llO -1.c1n amall light models.With flat ~-+--1E-=-•=--+--s.::?"--f--".......,.:..>::..1 
20 6.'i o 1. 1 o .undercamber for lift stabi- ~g-+-.-.;;r.-•..::0.:::0-4-__.-~~:.L...'1--.:!L&1 -.=2'-c; 
-iiO 7 .E > ~i' o 11zers .-----Van Hat tum • c:;c; .4' l.ll:l 
w 8. 4.' o ~~-=----+--=--"'·~ 7rj-+--·~i,;.;:1<~-=1i.o;:;;o~ 

>V 2. c;c; • S< .60 

; g ~: , i: ~ J =-
1

5,,..5,__4---1-:;....:;3;..::;5 ___ .;;....~-o--_.;;..::~;._ 
I 0 s. 0 2 .60 I I ~---..._-___........_ "----,---+--+---+--~ 
~ 3. o .90 ,1 --+- I ~ I I 
o 2.00 -i.oo .v.......-1 __.l--- I I 1 --+-=~ l 

100 o.oo o.oo ·--~ I ., I I ' 
IO llJ • 4'1 S'o llJ TO "" Decimal Equivalents 

IL .015625 ~ 
732 .03125 l~ 

.046875 ~ 

.515625 % 

.53125 

.546875 ~ 
1/16 .0625 

3/_ .078125 ~ 
732 .09375 

.109375 JM 

1/s .125 

SL .140625 %4 
732 .15625 

.171875 l~ 
3/16 .1875 

. 203125 l~ 
~ .21875 

.234375 1~ 

% .25 

.265625 1JM 
~ .28125 

.296875 1%4 
5/i& .3125 

llL .328125 2~ 
732 .34375 

.359375 % 
% .375 

.390625 ~ 
l~ .40625 

.421875 2'1,-t4 
7h.& .4375 

5/_ .453125 ~ 
1732 .46875 

.484375 3~ 

112 .5 

9/11 .5625 

l~ 
.578125 37,-t4 
.59375 
.609375 3~ 

.625 

.640625 ·~ 
2~ .65625 

.671875 % 
11/16 .6875 

.703125 ·~ 

.71875 

.734375 4JM 

.75 

.765625 4%4 
% .78125 

.796875 5~ 
13/16 .8125 

.828125 ~ 

.84375 

.859375 ~ 

.875 

.890625 5JM 
29Az .90625 

.921875 5%4 
15/16 .9375 

1 

.953125 6~ 

.96875 

.984375 % 
1. 

RA.F-32. ~ M·o Oh Peu]e 94 

~ 1g :~ :~ 
~ ·O . 4320 .005 

4/0 . 4000 .006 

~1g : ~~~ :~ 
0 .32~U . 009 

I .3000 .010 
2 . 2760 .Oil 
3 . 2520 .Ol t 
4 . 2320 .013 

5 2120 .OH 
6 19:IO .016 
7 . 1760 .. 018 
8 . 1600 .020 
9 . IHO .022 

10 . 1280 .02~ . 
n . 1100 .026 
12 . I0-10 .029 
13 .0920 .031 
14 . OX()() . 033 
15 .0720 .0:4;'; 
16 .0&10 .037 
17 ,Q.;60 . 0.1~ 
18 .0-IM .0-11 
19 .0400 .0-13 
20 .0360 .045 
21 .0320 .047 
22 .02SO .0-19 
13 02~0 .OJI 
t4 .0220 .OJ5 
25 .0200 . ~9 
26 .011;0 . 063 
27 OIM .007 
28 .0148 .071 
29 .0136 .075 
30 .0124 .oso 
31 .0116 .085 
32 .OIOS .090 

33 
34 
35 
36 
37 
38 
39 
40 

.0100 

.0092 

.008-I 
0076 

.0068 

.0060 

.0052 
00-18 

.095 

. 100 

. 106 

. 112 

. 118 

. 124 

. 130 

. 138 

JIM!• of ••ot1on: McBride B-7 
Wind nloo1t7: _ 7 f.p.s. 
A.R. test eeotion: 3.44 
Tested by: MoBrid•, Karoh 1932 
Where tested: Winnh •f Can. 
~ 

a:EJ1film1mmmum_ c-

o'/. 6./. 10. 20. 30. 40_ 
o.o 2.~ 4.40 6.70 7.80 a~ 
~1. 60. 70. so. 90. 100. 
7.90 690 f>.90 3.90 2.00 0.0 
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Sto. up r. L'wr. 

0 0 
l?S i!. 73 - l .i!3 
i!.5 380 -1.64 
5.0 5.36 -1.!J!J 
7.5 6.57 -i!.05 
10 7.58 - 1.99 
15 !J.18 -1.67 

! 11,+ I ltHll 
0 20 4() 60 80 100 

l'ercenf of chord 
$~ ~~7: : 'JZ i--.-.-.-.-~-.-.-.-.. -.-.---1 
30 11.65 - .38 I. 8 
~rn1z :~ H -+-++---ti,.lll>.dl'And;;U+-t-H-t--H 

~g m "~f H--+~c:~F~"""'f'>'~~r-...~-+-+-J-, 1.6. 
80 603 . 73 ' ? ~'....... )( • '" 90 3

.

33 

.
39 
~tll~ti):j:tftltt=t: l .

4 ,!£ ~ ~~ r-: ~~;I- ~ ' ''-L'i 
100 - 0 , • ' c 
L. E. Rad.: 1.58 IJ-l-+-+-+-+-l"- '-t-'- ·,ieR--.:1-·.....,,+-t-1 /. r.j 

~~"~:;:!;·~~!I ' "---- . ~ 0 c:· cho7'tt: 6/ •o J ..,, ..... .::'.. /. \I w ~ 
J a .c.po5ition --->-- - 8~ 

~:=:.:::i:1::~:.:-+-+-i-1.r ·1 y -:::- c..::-:::: . 6 8 
1-+-+-_...,,,.._..._.-+--+c:;=_ ~: 7 -L ~ - -?: ~ 1~ ->-- ~ 
r-1-+-,.-w

1
+-t-t-t--r*--- - - .8 - -3 - - .131 - >-- .4 -.J 

n +·- -1.0 - 2 -- 1.135 - >-- _
2 

Wl~J.;,l-f-/+-+-1 Air!o i/. N.A .C.A. 6412 
1"11'-f-+--+-+--+ Size : 5 "x 30" Ve l ( fl.js ec.)'69 -.2 
h-s-+-'~-t-- Pres.(sfnd. aim.) : 1/4 to20 
f---t-+--+-+-4 Tesf: VD. T. 1165 Do le:B-34 _ 4 Where tested : L .M.A.L. · 

0 

-8 - 4 O 4 8 12 16 c O 24 28 32 

. //~~=~~~~=~~=~~~~=~~--.-11r.-4_r~•_;_T*_..;-_•..;_:;_•~_, 
I I · 1Test I I I 

. I 0 1-+--+-+-+-t--tll-+---1111-Reyno/ds Num+b_et--r-ttt11t-1cr+:-<r-1 

. w -r-t I-""~----~:~~~ +-t-t-WH~-1'1"1t-1 

: 
: 

+ 
I 

c.f ~ ,_ H 1-"" x-----------_I, 270,000 
.... ..os.- .- 1-"-+------ 545,000 +-t-t-9HHt--tHlt-1 

I 

<:: l '11'----- --- 334.000 +-+--+-*t<c--tr-.......,lt-< 

-!! 01 ~ o------ 167,000 +-t-t~-r.--t'-1T-1 
I! 1: •' 

~ t \ ' ~--------82.500 +-if-+..,..-t-9--tt_, 

8.06 ' \ v------ -· 41,800 ....___+--..... ~--....o+-4 
·v 
g-, 05 f-+-+4-tt-~, *,-+--l-+--+-+-+-+-+---t--t-+--t--l-1tt--::--11't"1"'""1 

{) \ 

. ' 
.! ' 

~ . 04H-+~~~-+-+--+-+-ll-+-+--t---+-r~-f'-1~1r-tt-1-t-t-1 
~ , ~ \_ ., '9 

: ' 

~.03H-+-t-<'~·~·~~~'io.,'-'d=±--1~-t-t:::t'iii'l'l,'-t-~1'h'~'~/r-t-r~ ,, ~ vr-. v -:_·,r: ·'I' - -- i;>r- ~ / 
. 02 H-+-+-1,~Dk±J~_f-1"'1oj.--..J..;.j.....r_~1-1-~:...-.~~~t-l~-+~ 

.o, tt!t~~~;;;~~nut:t=1=1 
u 01-+--+-+-+-t--t-+-+--+-+-l-+-+--+-+-1-t-t---t---+-i--1 

~-. / H-+-+--+-+-l-+-+--+-+-l~-+--+-+-1-t---+--t-+-t-1 
-..: 
~ - . 2H--+-+-+-+-l-+-+--+-+-l-+-+-h+-r,~,;riol"::.9~....-f~-+--1 
c: - 3 t-r-r-1- Airfoil: N.A .C.A. 6412 
~ · ,_,_ ,__.. 1- Dofe: 8 -34 . Tes f : V.D.T.1165 _ 
~ __ 

4 
Resul ts corrected lo 1nfmde ospecf rotKJ 

Angle of affocl< for infinite ospecl ratio, d , (deqrees ) 
-.4 -. 2 o .2 .4 .6 .B 1.0 1.2 1.4 1.0 1.8 

Liff coefficient. C, 

i~ ;~ ai n:m m 
7;g ~:~~ :J~ a 20 40 60 eo 100 
15 7.89 -i!.88 f>ercen f of chord 
~g Z:~ :Hti h -.----,--,----.-,--,--,..---,-...-..,.--.--1 

::g ug =~~. ~-+-+--+-+-1--+--+-+--+-t--t---+--1 2. 2 50 ·s. 1s - 1.40..-

~ rn : '1~ H--+-+-+-+-l-+-+--+-+-1-t--+-1 2. 0 
80 .<f.89 - .39 f---t-+-+-+-+--1--t--+--+--t-1--t-t--I 
90 2. 71 - .i!i! 1--+-+-+-+-+--1--t--+---t--t-1--t-t--1 I . 8 
iii w <-:: 111--+-+-+-+-+-i--t-~--t--t-1--t-t--1 
100 - 0 1 ~ 1.6 
L.E Rod.: 1.58 J---HH~J.:?.tlli~rat:-!-+-+-H--1 
~: ;:;:·~.~tl--+-1--+~l if--"++-'.Pc .... ~~-t---t---+-"H I . 4 
chord: .<f/ i!O ~· ,,. ""I • 

:· - .... ~~ ' ' ' , ~ /.2 (..j 
'I' ..... ~ ""' ~' - ., )( ~-

111 ,N 'v. u.:--._:.o. 1. 0 ti 
v - - .,,.. .U 

~ . 8~ J /' a .c.posifion ,_ - ->-- 0 ~,' I .r _ y_ ,__.. ·Cmac. - >-- .6 1J . 01 
' o-0. 8_ 2 _ ,:. 0.088 _>-- .;: " ~== 1 :~ - ~ --: -= :g~1 ->-- . 4·~ " OH-+-+--+-+-l-+-+--+-+-l~-+--+-+-1-+--+-+-+-H 

: i-~=---~: 'J' ~ =~~ =-::g~~== .2 ~ -1 ~~"+'+-~-ll~liP"-~ ... ~_,.,_,.._M~~~H 
J I ' ' <,.: tttt11ttt!j!t~~a·"~.Jl~~""'~jj ~ 0 ~ - .2 

j' Airfo i /: N.A .C.A. 4412 v 
't • Size : 5 "x30" Ve /. (f f / sec.):69 -.2 ~ - 3 r-1-+-+-+-..__,_,__ ...._~+-''--'-~-+--'-~--1--'--4-L--< 

,;j I Pres.(stnd. aim.) : 1/4 f o20 ~ · ,__..,_,_,_ Airfod: N.A .C. A. 4412 

11 r:t:/-e~~~~:~S,~. M.A . f~fe : l-J
4 

- .4 ~ -. 4 ~~~+--- 'J::ii~s~~;.:ected to in[~7/e' :f;~?;;,io 
-8 - 4 o 4 B tc 16 co c4 _c8 32 -.4 -.2 o .2 .4 .6 ._ 8_ 1.0 l 2 1.4 1.6 1.8 
AnglL! of alfack for infinite aspec t rot10, a. (degrees) Lift coefficient, C, 

AIRFOIL FORMULAS 
The Lift and Drag fo r mulas to be used with the a irfoil charts shown a re 

as follows: 
Lift (In lbs.)-CL x P / 2 x S x y 2 
Drag (In lbs.)-Cn x P / 2 x S x y 2 
CL -Lift Coefficient Cn-Drag Coefficient 
P -Density of Air (.00238 st 15° C. & 760 m.m.) 
S -Area of Surface in Squa re Feet 
V -Air Speed in Feet per Second 
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'iiiii=~~ u_1~1+_1¥ffl 
7.5 .150 -3.150 ~ . . IDE 
10 .SIR -3.SIR 0 20 40 60 80 100 
15 .009-4.009 Percen t or chord 
~g~~~ =~~~ ........... ~~~~~~~~~-~-< 
::g~~~ :::}~~ /. 8 
50 ?911 -3.971 
~g ?.~~ ::rnJl--+-+---+--+-.._, .......... -+---+--+--t- •-+-< 1.6 
80 1.96 7 - I. !J6 7 1--+-+---+--+-..-_,1--+~---+--+- • -
SO l .08f; - l .0801-+-+-+--+-+-f-+-+-+--+-+- 1-+--l /. 4 
,:, i~=i~<f!'!'lt--r--\--jf-+-<'J-·--l--+--1---jl -!--l--+-+-I 

P'':'~. c~~:....Ra_d...1 .. ~. ~:.....8_9-1--t--t-t--i:"t-il:.~f--t-+-+-+--t-f--t-! I. 2 (,J 

~i' ;:, ~--+-J.. . --+--+--+-i-+-+--i • 

~ -~~,, !'>'.' 1. 0~ 
r_"'";.:!91~ ~ --...:... : ~ 

::=:=::=:=::~J;~ .. jf"-_:'-j.-1. Cl-~-'f: q - -I="! . B~ 
: l',J ~?pos;iio~ ~,_== .6 3 

J
1 1.r y c ~-

1-+-+-+--+-+--hl'f-+o---+--+-+I. 0 = 5 =- :::- 0 .,~ < = = 
,J l!r--1.0 4 . - .001 ·

4
-..J 

,_.-+-+--+--+r.,....-+--+ x-- ---- 1.8 - 8 · - 0 - -
>-+-+--+-+ -,• --+-+-++ ---1. 7 - 13 . - -.001 - - .2 , 

0 
>--+---+-_...,.'+--< Airfoil: NA .C.A . 0009 
>-+--+--+1.._.... ...... Size: S"x30" Ve/.(fl./secj:68 - 2 
1-+-+--+-+-i Pr.es.(slnd. aim) : 1/4 fo20 · 
,_._..-.--+--+Test: V.D. T.11.34, 11.36 _ 4 

Where tested: L.M.A.L . · 

-8 -4 0 4 8 12 16 20 24 28 32 
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. I 3 :::::::::_:-=.:-=.'=..1 -,;1 _:-1 7i-~r5-,~-=-·,r---t'=-,.,-r,--•t---rtt1,~~..,1;_ .... t--_;-_..,;_ .... t--_;-~ 
· 12 __ I I I Reynolds Num-+-b-+er-++HI '.-1--+-1-+-+~-1 

.11- ~===--~Hi~ggg:=:::=::,1:~::=::=:::=::=:: 

. /0 - +--- · -- 648,000-+--+-++lf'f+-+-+--+-+--f----I 
v-- ------ 329,000 +-+-+-ta '*"-+-1-f-+-+--i 
0- - ---- 165,800-+-+-+-~'· ·~f-1--+--+-+-l 
;::=--=--=:.==~~~gg--1-+-+-~'~f-9'-+-~1~•.+-l 

.09-
,f -

~ .08- I:• c ...... -+-+--+-+->-+-+- +---+-+->-+-+ ...... ++-+-....... -++-+-< 
~ I 

~ . 07t'titr-t"-t--+--t--t-t-r-t--+--+--t-t-+~,:tr<-t.r-+-+--+-++t-'t 
g .06H11t-r-t--+--t--t-t-r-t--+--+--t-t-+ttt-,,H-+--l---l-Y-++-t 

. ~. os~~,+--1---1-+-+--+-+-1---1-+~-+-+1,........4-+-1---1-*-H---1 i> l ,. 
~ . 04f-+~,tt--l---l-+-+--+-+--l---l-+-+--+-~~, ......... .+-;1-141~f----I 

~ ~ l { 

t . 031-t~·~~\-ft;1M17-:::t-"--'f"--"t-{c.l::::f-+--+-¥-/~'~'·4-~/~Jf1f-/+-l--1 
\, 'i--~... -v----·TJ" .... , ~,... 

. 021-t-+,'rt-,,¥,...._rf"+""{l--,+-1--1-+-+":+,J~~~l~~,~~-+-+-l--1 

ht::"~~---~s~n++m .O/f-T 

• Ot---T~.+--... +e+--tp...+-;-..,.+-o~~'Wll>J+.at-2r~~~-+-+-+-t-1 

~-./ l-f-+--+-+-+-t-i-+-+-+-+-H!~'?"~gµ.t-i-+-+-+-+-t-1 
8 -. 2 f-+- +-+--+-+--1-+-+-+--+-+-f-+-+~-+-+-f-+-+-+-1 

L 3 f-+-+-+--+-~ ....... -+-~-+-~ ....... -+-~-+-~ .................. ~ 
~ · ,__,__ __ Airfoil: N.A .C.A.0009 

~ - . 4 -- - - l/:lii~s~~;;ectef'fo5/,ef'f;,f,{~';~f ~:f;o 

An9/e of a(lack for infinile aspect ratio, a. (de9rt!!es} 
- .4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4 /.6 l .lJ 

Liff coefficient, C, 

E xam ple: 
S -Area, 288 sq. in. or 2 sq. ft. 
V -Speed, 10 M.P.H. or 14.67 Ft. per sec. 
P -.00238 (P/ 2= .00119) 
CL-Lift Coef . a t 8° , Gott. 497, -1.1 
CD-Drag Coef. at 8° , Gott. 497, - .10 

Solving : 
Lift -1.1 (Coef.) x .00119 (P) x 2 (sq.ft.) x 215.1 (V2 )-.56 lb. or 9 oz. 
Drag-.10 (Coef.) x .00119 (P) x 2 (sq.ft.) x 215.1 (V2 )-.05 lb. or .82 oz. 
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~fi'ii = H111 I HI 
~g g~~ :!; = 0 20 4() 60 80 100 

~If:~ d:J 1-+~~~~~"~"r~c-•~n-f _of~ch_o~r~d-......-l 
4011.40 0 2 .2 
~~z:~~ z 
70 7.35 0 
80 5.i'Z 0 
90 2.80 0 
95 /.49 0 
JM .12 0 

t-t-t-+-t-t~~~~~~llitll~'+-''~;4~~~.+-11-+-+-1~f 
H-+-t-r,r,iWJ;i'&..,..d~=>.f',.,":l,>t--.. ~~~t<+-+-H 1. 8 

L.E. Rod. : 1.50 
1--r-.-r"T-r~r+-ti• f'.1/ff-~l-:'-,:fi...'-N•~:o.:::1'~~~,!--1'~~1H-I 1.6 

H+-t-H-t--+-+.11-lli~K-rH._-+._-! __ :+~~--~""::m"'!'b':~~-+-H t. 4 

. I-# I I .1 I I I I I I I I I I 
I I I .J I TesfReynolds Number-t-tll-t-tll-+-41 

. 13-~ -o---3,75e,ooo• '1--· ··-···-2!J7.ooo·­
-- - t:i.----3,060,(JOO' V--··--·· 137.000 -

. /2-,_ ->t-----------1,830,000" T----··· !J!J,000 -
-i---+-----l, 170,000· J.---- --51.000-

.11-~-v-··-··-775,000· ;:; 
__ o-----4!JO,OOO• ++;' 1-+--t--+-1-+-t---+-<1--+-l 

.r 10 -~ ..._f- '(a.c.10 position ffor-+tt+--t-11-+Jt+-+-t-+-+-+-t 
l..l. · \ wing with s/ot-+......,..1-+-t-+_,..-+-......,-+--+-+-< 

l 09 ;r :'fr:1. 4-+-1t-1-+-+-+-11-+-+. r.,l',+-<)-+-i 

~ l \ 
8 .08 t:: .. 

~.07 ·~ '" I 
{ 

I 

I 
~ : 
r; 

~ 

~::::~::--1+-tA+.,·:~,ff-!:;~7"f-/-t-H-+-t-+-''~:::li<:l> . ..J. ~d--112 ~ 
r- M~ 1. 0~ 

1-4--+--+-~i-.•A-+-l-+-t---t-+-t--+--+-+-4--+--+-~ . 8~ 

to6 ·~ ,' J.t ../,, I .~ 
.,. I ; ~ . 05 ~I.a.. J 

e ~ 11 '·-~-· .'; , r j_ 
q,:.04 'I '• .:a, -1-<.-·i---n" 

l 

J 8 ~=±=tti=f~~'!l~~'1;~~~~~~~5==tti=tj .031- •."":. 
i-+-++-r1 ,-r-t-t-t--t--t--Jr-+-+-+-t-t-+-+-t-t-+~ .6~ 

. 021-+-t-+-t-t-t--t--t--Jr-+-+-+-t-t-t-+-t-t-++--t-4~ 

1-+-+-~~-lt-+-t-t-t--t--t--Jr-+-+-+-t-t-t-+-t-t-+~ .4~ 
. O/t-t--+--t-+-+-+-t--t-1t-+-+--t--t-t-t---t-+-+--+--+-+-+--+-~ 

J 
.2 

0 
1-+-t---t-t-1 Airfoil: Clark Y w!fh Hondley-fbge slot 

1--+-+--+-t-t~'::;.i;x,,3; ;,m.) : ,/4~t~//ecJ:6!J - .2 

'-+-+--+-..-. ':t:/e V,~~~e~4,f .M.A.'f fe :6-32 -.4 
-8 -4 0 4 8 12 16 20 24 28 32 36 
Angle of attack for infinite aspect ratio, a , (degrees) 

I q, ~~~-·c Im ,..... P).a
1
, ;" 

1 r~. f- H _ 0}~ 30· 
: %":,~rRs"'i.: ct:o io_~~l" 

Pi.of below c, 0 20 40 60 80 •'VJ 
- .054c. .(}tl.5c. - Perce,..,f of chord 
_ Pi.of off L.£. 1-+~-...-~-'£>->-~~~~,.....j 

- ':J4;;~040c.1-+-++-+-!.,~~~r+-+-l-+-+-+-H2. 2 
_ Pivot below c, 1-+-+--+-~-++-iH-+-41-+--t--+-l-l 

- i1'; cd;!/}g;:~ t-+-+--+..g>-1::.,.....;,....:,..·:,, -+--+-+-<>-+-+-1 2 0 
_ ment Qf'lt}le 

+3lr / \I 
w__::::;...:...,........-+--+-+-1...,1,~~,...µ,.1:~....+-+-~-+-+-l /. 8 

;f" ·'"' I'!. '"b t-t-t-+-t-t-t--t--r,fk=,.ll'..*fU:;t"-"!<-;-'t\i.~ld-t-t-t--t-1 /. 6 

''I L ~ ' ' 1-4-t---t-+-t--+-~,ll"-i-t---t--+°rr" L\t+,-t---tt,-+'rl-c+-i-1 /. 4 

<--4--+--+-t-+-+-j~~......--+-......... -+--+-+-<1~'-, ......... r-.. __ +-+-< /Z~ . ~ 
1-+-+-+-1-+~, . ......+--+--+-+-+--+--+-~1-+-t--+-1-+-i I . O.l,! 

rr .el 
JI 

/, 
. 6~ 

1-+-+-~~··+-t--+--+-+-+--+--+-~-+--t--+-1-+-+-+-t .4 

t-+-if"~tt-+-t-+--t-+-1-+-t--t-1t-+-+-T-+-t-+--+-1 . 2 

~ 

J 
0mmm~~--·•-"-"' 1_~_::_ i-. / ,f_ ~...,, i 

I) 

~ -.2 f- _ Airfoil: Clark Y with Handley-Page slol(i;.A CA. TR.4tXJ) 
t: Dote: 6 -JZ Tesl:V.O.T. 848 
~ _ 

3 
~ - Results corrected to infinite aspect ratio 
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4 
!: _ ,~ ~ deflected .JO", Oofe 7-35, 8-35, Test:V.DT.1278 

Tested: L.M.A.L., V.0.T.1278 - . ;i · ._f- Results corrected to infinile aspect rofio : 

·16 -12 -8 -4 0 4 8 12 16 20 24 -.z 0 .2 .4 .6 .8 t.O l.Z 1.4 1.6 /.8 2.0 2 .2 2.4 
Angle of otfocl< for infinifc aspecf ratio, a, (de9reesr Liff coefficient, C, 

F1ouu 23.- N. A. C . A. 23012 wllb eiternal..Urloll llap deftecled 30". 
Main winK section .•.•••. . . . .. .•.. N . A. C . A. 23012 Main wt111 cbord, <1 .. . ••...•...... .. . . ...•. 0.833< 
.Flap section . ........ .........•.. N . A. C. A. 23012 Flap cbord, <1•0.ll<1 ••. . . • •..••. ••... •...•••.• le'lc 

CONVERSIONS FORMULAS 

Multiply No. of Ft. per sec. by 0.6818 to find M.P.H. 
Multiply No. of M.P.H. by 1.467 to find Ft. per Sec. 
Multiply No. of Min. by 1.136 to find M.P.H. 
Multiply No. of M.P.H. by 88 to find Ft. per Min. 

Datum cbord, <•<1+c.. 
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These Lift and Drag fo r mulas can be used as shown for the airfoil charts 

which have L/ D, CL and Cn curves on same graph; and when Aspect Ratio 
similar to test is used (On Gott. 497 A. R. is 5 :1). When we change the A. R. 
we have to subdivide Cn into its two components, Induced (Cni) and Profile 
(Cno) drag coefficients. Most of the N.A.C.A. single graph charts show only 
Cno (Profile). To find Cni (Induced) we use the following formula: 

CL2 

3.1416 x Aspect Ratio 
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Use the Aspect Ratfo of your wing and not the test wing's. By adding the 
resulting Cni to the Cno as given on the graph you will have the Cn for the 
particular Aspect Ratio. 

To correct for Aspect Ratio when using th ree graph charts (such as Gott. 
497) we have to first separate Cni from Cn to find Cno of Profile Drag Coef. 
This is done by using the Cni= 

3.1416 x A. R. 
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Angle of affack for infinite a:1pect ratio, cto (degrees) Liff coefficient, C, 

20., PROTRAC:TOR 

of test wing formula. When CD is found, subtract it from CD. The result will 
be CDo. Make a list of CDo values found at different values. Next, find CDi 
for the Aspect Ratio you are using. Use the CL as given on graph. Add the 
resulting CDi to the CDo to obtain total CD. 

If you actually work out several problems, using different Aspect 
Ratios, you will find the efficiency value of high A.R. The Induced Drag de­
creases with increase og A.R. Consequently, if there is less drag we need less 
power. In a glide, this means flatter glide. On a power plane ''"e can fly further 
with same amount of fuel. 

REYNOLDS NUMBER 
Here are two facts which place limit on Aspect Ratio, structure and 8cale 

effect. Structure is obvious. Scale Effect is a bit harder to understand without 
some aerodynamical background. It has to do with the number of air molecules 
being "pushed" or "affected" in a given time. The number of molecules acted 
upon in a given time is controlled by the chord of the wing and speed at which 
it moves. By using the following fo1·mula you can determine the Reynolds 
Number of your wing: 
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Reynolds Number-6,300 x Speed (Ft. per Sec.) x Chord (in Feet). If you 
are using one of the N.A.C.A. airfoils, which has several curves at different 
R.N., pick the one which meets your needs. Naturally, the R.N. will vary from 
center to tip if the wing is tapered. In some cases the tip may be so small that 
the R.N. will be very low. 

The recommendations given in this book for Aspect Ratio are practical from 
structural and aerodynamical viewpoint. If the area is low, we obtain higher 
R.N. by using wider chord or lower Aspect Ratio. If the area is large we do 
not have to worry about the R.N. as we have fair chord at higher ·A.R., but we 
do make sure that the wing will be strong enough to keep its shape. When 
using small area it is best to worry about R.N. rather than A.P. The 3" or 
31h" minimum chord recommendations was made by the wr iter many years 
ago. It was a sort of a guess which later tests seem to ]Jave proven as a fact. 

DA VIS AIRFOILS 
Some of you might wonder why we did not include a few Davis sections. 

The main reason is that those we would include would be similar to the 
N .A.C.A.'s shown without having characteristics charts. Those Davis sections 
shown or described in some magazines have never been tested in wind tunnels. 
Rather the Davis formula was used so it· produced the particular section. So 
jf a Davis section looks like one of the N.A.C.A.'s you might as well use the 
one you know something about . 

Truthfully, we are not very familiar with the Davis airfoils which are made 
from a · formula which will provide an airfoil for a· particular or special con­
dition. We believe, we have an idea of the principle involved in its design. It 
seems that the main idea is to have the leading edge enter the airflow at most 
favorable positions when the plane is flying at its cruising speed so that it will 
have the lowest possible drag for the amount of lift generated. 

The airfoil is then so designed, that the median line is an arc which is 
tangent at the leading edge, and whose radius depends on the conditions. The 
thickness about this median a rc is also determined by the for mula. The aero­
dynamical characteristics are found by standard airfoil formulas which can 
predict the characteristics pret ty close to actual without making wind tunnel 
tests. Naturally, after a particular Davis section has been developed from the 
requirements it is tested in a wind tunnel. In a way we may say that the 
Davis airfoil Formula can be used by a designer to develop a specific section. 

If you would like to design a "Davis" wing, or airfoil use the following 
procedure: Decide on the chord and angle of attack and make the layout shown. 
Draw an arc so that it will pass through "a" and "b", and be tangent to base 
line, and whose r adius will "radiate" from somewhere along the tang~nt line. 
Now take a streamlined aidoil and plot it around the arc. You· can thicken or 
thin it for structural purposes as shown elsewhere. The result will be an air-­
foi l, which will be most efficient at that particular angle of attack. 

The airfoil plotting shown is more -or less our idea of how we can design 
an efficient airfoil, and for all we know, it may follow the Davis principle, 
which we would like to study more thoroughly and hear from someone who 
knows more about it. 

The informat'ion just given on airfoils is rather limit ed, but if we know 
model builders and their disdain of theoretical facts, it is about all that is 
needed iii this book. 
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GENERAL INDEX 

Adjusting, 76-78, 87 
Airfoil Plotting, 30-37 
Airfoils, Glider, 14 
Airfoils, 94, 181-187 
Angle Protractor, 187 
Angle Recorder, 15 
Angular Difference, 59 
Aspect Ratio, 13 

Balsa, 161-164 
Bamboo, 168 
Bird Flight, 180 

Center Gravity, 7, 53-55 
Color, 175-177 
Covering, 169-174 

Dethermalizer, 107-110 
Dihedral, 11, 63, 65 
Dope, 164-168 

Ellipse, 18 

Fin, Dorsal, 70 
Fuselage, 10,. 39-50 

Glide, 7, 9 
G1ider Designs, 10 

H. L. 84-86 
Pusher, 88-92 
Wing, 93-99 

Launch, 76-82 
Liquids, 164-165 
Plans, Glider 

H. L., 133-143 
Indoor, 92 
Large, 150-156 
Special, 147-149 
Soarers, 12-132 
Tailless, 143-146 

Ribs, 19-20, 38 
Rudder, 10, 62-72 

Spars, 19-24 
Stabilizer, 56-61 
Stability, 62-65 

Thermals, 100-105 
Tow, 76, 78,82 
Turn, Anti, 74-75 

Wing, 6, 12-13, 16-17, 20 
23, 26-29, 51-53 

Wind, Ridge, 106 
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CORRESPONDENCE 
Although we would be more than glad to correspond with any­

one interested in gliders, we cannot make promises of prompt reply 
under the circumstances. 

Send mail to: 
Model Aeronautic Publications 

203 East 15th Street 
New York 3, New York 

It will be forwarded to us wherever we may be at that time. 
Would especially like hea ring how some of our suggestions worfted 
o_ut and about new ideas which you may have developed. 

So until next meeting, "May the thermals be at your beck and 
call!" 

FRANK ZAIC. 

Uy KECEL & Li\l lTENlli\llN from "MODELLFLlJC" 
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