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THE CONSTRUCTION

REPORT ~Oo 74.

OF MODELS FOR TESTS IN WIND TUNNELS. ‘

By F. H. NORTON.

. .

INTRODUCTION.

the general tendency of model makers, =peciaUy those who are ueed to working in
underestimate the accuracy required in the construction of models for wind t~el

tests.” In most patt-etn making au error of a hundredth of an inch is of no importance, but if
this error occurs on an aerofoil, the model is valueless for testing purposes. The model maker,
however, is not always h blame for tie errors in tie model, for these are often due to inaccuracies
in laying out the drawing of the model ta a small scale. Also models that are not of the proper - ~
size or weight are difllcult or impossible to test. For these reasons a large amount of time and
material has beau wasted in constructing mod~l perhaps weU fhishedj but unsuitable for
wind tunnel experiments. It is the purpose, therefore, of this report to describe the methc&, ““ -
materials, and sizes that have been successfully used in this work.

TYPES OF MODEL%

The type of model most abd in wind tunn~ is tie single aerofoil of standard size, for the
, purpose of detmminhg the aerodynamic properties of a certain section. Single wings are &o
tded with varying mpect ratio ~d plm formj ~d biplane and triplane combinations me
often tested without body or struts. The wings, whether tested alone or on a complete machine, “
r~uire the most careful reproduction of any. part of an airplane. If the aerofoil is thin it
should be constructed of a light ~uminum ~oy, = W wooden wings will not hold their shape,
no matter how carefully made, ~d it is ~c~t to fashn a spinme into the end. Thick models
like struts and propdler sections, however, are best constructed of wood. Metal aerof@s should
be constructed to witi 0.002 inch of the given ordinat=, and wooden ones to 0.004 inch.
The angle of incidence should not vary along the wing more than 0.1 of a degree, but a @ht.._ _
curvature along the span of the w@j giv@ ~ effmt of tiedrd or kathedral angle, does no
harm. Unless a wing is intended for a spmi~ @t, such = aspect ratio, it should always be of
standard size to insure strkt comparison betwean different sections. Ln 4-foot tunnels a
~tion 3 by 18 inches is used, and in larger tunnels corresponding siz~. ~enever @ssible the ‘
wing should be held by an end spindle, *aded dirmtiy kto the end of the wing if of metil,
one-third of the distance from the leading edge. (Fig. 1.) AU standard aerofoils should have :
square ends and an aspect ratio of 6.

------ —_

Bodies, floats, and huJlsare made of WOOd md need not be = accurately constructed as aero-
foils. The maximum error, however, sho~d be kept fiti 0.02 inch on large models and
0.01 inch on small ones. The spindle is usually attached to the body by scretig it into the -
wood, the spindle being made with ~ wood screw point. If the model is bu@ it should be
made of a light wood, hoUo~~ out to redum the w~gh~, as every piund added ti the model - ‘“
means an addition of about 3 po~ds to the w~ht on tie pivot point, for 2 pounds must be
added to the lower pmt of tie b~~ce in OrdW’~ keep the center of gravity stationary.

----

A complete model Shotid have a SP~ of about 18 inch= (not more than 21 @ches) for a
A-foot tunnel, and weigh not more than 3 pounds. It must not, however, be lightened in such
a way as to cause deformations at high velocities, T’& wings should be correctly aligned in
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incidence, stagger, wyeepback, and dihedrtd within 0.1 of a degree. The stabilizer should be
easily adjustable, and a line should be rn.arkedalong the-”propelleiaxis oh the aido of t+e body,
in order to facilitate lining the model in the tunm+ Jt has been usual to attach the spmdlo
dire+y to the.body of the &plane as shown in figure 2. This type of spindle, howa~er, crea~~

.-

a large disturbance of the air flow. that ~ hard to ~o~ct for, so _thatit seerqsbettm, whenever
possible, to attach the spide to the tip of the wing. (Fig. 3.) Mod* ~Otid have S~WUII
lined struts, but the wires are usually omitted, and unless the model is to be used for stability
teste the control surfwm need not be movable.

Model propellers are so similar to the full-sized ones that little need be said in regard to their
construction, They should have the same degree of accuracy as wooden aerofoils,

MATERIALS.

The materials used in constructing these models shodd be light and capable of holding their
shape, Thin parte Iike struts and wings are best co~tructed of metal, but the other park are
usually made of wood. Wings can be made of pure alufiinum, but this material is rather soft,.
and better results are obtained by using a harder alloy having
better machining properties. itfagrmsiwq cuts easily and
smoothly and is considerably lighter than ahuninumj but at ,
present is hard to cast without blowhol&, Perhaps the best
alloy for this purpose is the very common one “with 8 per cent
copper and 9!2per c6nt ahuninum. If it is desired to construct
a wing of great pe”immnencefor a standard, or for tests at high
speeds, it shoi!d be..mt from steel, but this is at present a

gq

FIGUBE 1. mmma. FIm?BE3.

rather expensive process. & aerofoiI for pressure distribution tests is best made of brass,
because of the necessity of using solder. Wings of a. more .or l= temporary character can
be made of plaster or wax as descri~d later.

Wood to be used for thick wings agd. bodi~ sho~d be welj seasoned and clear. & the
expense for material is very small compared with labor expense, o~y the highest quality stock
should be c.onsideredti .The wood for aerofoils need not be light, but rather hard and CIOSO
grained, such as maple, beech, boxwood, or holly, The maple is the easiesttoprocure and it is
quite satisfactory when the stock is selected.

‘WOODEN AiROFOILS 0)? CONSTANT SECI’ION.

The process of making a 3 by 18 jhch aerofcil @I: be .d~cribed, .&e method, how~ver,
applying to any size of wing. Th& procgs hti beeh succe@uUy used for several years by Mr.
Edward Tighe, model maker for me Massachusetts Institute of Technology. It should be
remembered that, although wood can be worked to a.very thin section, it will not hold its shape
unless of. cons.klerable..thickmw,and the.use of ti wQQd@ wrofoi]s is not @ bq recommended
where any permanency is desired.

A &inch board of weheasoned maple is cut along the grain into narrow strips that are
planed ~-inch wide. Every other strip is reversed and ten &inch strips placed together with
two face strips ~-inch wide. This reversal of strips eliminates any tendency for the blank
to curl, as each strip pulls in the opposite direction from its neighbom. The strips are placed
in. a drying oven and heated to about 100° C., spread with hot glue, and clamped togetherl



FIG. 6. FIG, R
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with heavy blocks on each side ti that the total length will be under even pressure. The blank
is left in the clamps for from” 12 to 24 hours. It is then allowed @ age for a few weeks to take
up any initial warp (fig. 4). k the hardened glue, adhering to the faces. of the blank quickly
dulls edge tools, it should be removed as far as possible”with a glue scraper.

Both faces of the blank are now made flat aiid parallel on’ a pl~ner. It is of the utmost
importance in this work to keep all tds sharp, and the importance of always removing the
same amount of material from the opposit~ faces of a piece of stock should also be emphasized,
for if this is neglected the material will always curl toward the face from which the larger
amount of stock is removed. When both faces are true one edge is squared up on the planer
and the ends are trimmed off on the circular saw, making the Mank ready for cutting to the
desired section.

h accurate outline of the desired section is drawn with India ink on white paper on a
15-inch or a 30-inch chord, using a medium fine line. This drawing is carefully stretched on a .
board and photographed on a process plate to a 3-iich chord. If this negative is printed on
contrast paper a fine black line should result on. a white background. The error in length of
the reduced section should not be more than half a hundredth of an inch, which may require
smeral trials in focusing. The print is trimmed and fastened to the end of the bkmk, pref-
erably with vegetable glue. (l?&. 5.)

A saw table is set up with a sharp, rather fide, rip saw, hollow ground but having no set.
The trued edge of the bhink is placed against the saw Wide and a light cut is taken along one
ftice of the wing, and the depth is gradually increased until the saw just touches the black line
on the photographed section. The guide is ‘-
moved along about the width of the saw and @e
cut repeated, with a proper depth to touch the
section at the new point. A magtiffig glti.
is useful to accurately gauge the depth of. the --”
cut. Nter a few cu~ ~av~ been made in this I I
manner the blank is turned over and the same

rlam ‘i.

operation is repeated on the back, ~ order b prevent warping. This procwe is continued until
all the wood has been removed except a few ridgw to support the blank on the saw table.
Tkee ridges are now removed and the blank is re~dy for trimming. (Fig 6.)

The wing is held down to the bench by brads ~ the end and the irregular faces are wedged
up in order to prevent strain as shown in figure.7. The terracee left by the saw are carefully
ph-meddown with a fhe set plane until the groovw.just disappear. A convex plane is required
for concave surfaces, but should be sharp gnd s@ tie, as the maple may b.e somewhat cross-
grained. The surface is next scraped tith sti~.or gl=s b take out any lumps, i&rubbed down
with fine sandpaper, and the leading arid trafig edges rounded off. After the ends of the
wing are squared off to the proper length, the surface is filled, given two coats of shellac, and
rubbed down with pumice. ” (Fig. 8.)

H this work is done carefully, the aerofo~ fi nowhere have an error of over 0.005 inch
and the average error will be much smaller. It should be noted that any number of wings
of the same section’ may be cut from one phot~mphic section by running several blanks
through the saw at each setting, cam be~ ~:en to have the blanks of the same thickness.

WOODEN AEROFOILS OF VARYING SECTION.
,,

Wings that do not kve a co~tant s@ion are much more dfictit ti construct than the
usual type. They, may, of course, be worked down .by template in the same way as a pro-
peller blade, but as this is, at best, a rather long and inaccurate process, a special machine has
been developed for this purpose. The principle of this machine consistg in guiding a revolv-
ing cutter along a predeterfied c~e by mea~ of an adjustable template. A genersJ.view
of the ‘machine is shown in figuree 9 and 10. + iron bed plate (a) is mounted on the cross
feed of an engine lathe, the overhan~ ends pl?~died bY guides “(K) which rest on the ways,
but allow the wing bed b be moved latw$W’ ~d 10W~U~~~Y ~ the same way as the tuol

-.

—.—
—.

-.

—

--

-.

.

.—

.-

-.

..-. -—.—.. .. . . .



8 ANWl,KCREPORTNATIONALADVISORYCOl&lKITmEFOEAERONAUTICS.

“ post. The wing bhmk (1) is screwed to the surface. of this bed. A. brass bar (b) @ fas@ned
to the front of the bed plat.a,and carries26 micrometer screws spaced 1 inch on centers. Thcse
screws are +inch, 40 threads, with a spherical top and a 5&t00th gear pinned to the lower end.

. -

[
<

a 9
.- =___ >...... .

1 ~c ~d

-MachineFor Cutting Mode/ Aerofoik

Fmum10.

In order to make the setting of so many screws quick and accuratq a direct reading counter
was geared directly to each one aa shown in figure 11. This device saved much time and many

A41cromet%r D=&,/&

FIGURE11.

. . . . . . ---w. II

Ljhm3t%ol’? of c’u&m-
FIGIJBE 12.

mishlw, for 410 settings are required for each surface of a wing. A steel spring (c) rests
on the rounded tops of the screws, forming a smooth adjustable guide for the shoe (d), which
has the same radius Qf tmnature as the cutter radius (3-inch}. A spring &nch-wide and



F[G, 13.

F[G. 14.

FIG. 15,
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o.038-inch thick was found best suited fov. Ortiary. work. A frame (h), pivo~d at (i)) and
holding the :-horsepower motor ~ allows the cutter (m) to move only in a vertical direction.
The cutter is made to follow the curve of the spring by the guide (d), which reaia lightly on
it. This is adjusted vertically by the screw (e) for cutting wings of uniform section (when
the spring is horizontal) and for setting the cutter to the proper height after sharpening. For
cutting wood a two-bladed cutter +inch wide is driven at 5,000 revolutions per fiuti by ‘“ ‘“-

—.

a belt directly from the motor.
The materiaI best suited for making models that me tested soon after completion, just as in

the case of thick wings of uniform section, is laminatad maple, and the blanks are made up in —
the way described fo~ such wings in the preceding section of this report.

I
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The blank is screwed down to the base plate with 5 machme screws and the back is cut
by starting+ inch from the leading edge of the blank and taking a cut across with the micrometer
screws set for the first row of ordinata The wing is moved laterslly to the next position,
and another cut taken. (Fig. 12.) This is repeated until the whole surface is cut. Thee or
four ridgee should be left on the back of the wiqg in order to support it evenly when cutting the
other face; also a groo~e sho~d be cut for tie spindle. Thti blank is then turned over and cut
in the same manner on the other side. The surface is then an even set of tarraces (photographs
of the blank in this condition are shown in @s. 13 and 14).

A wing of constant section is made in the same way except that the steal spring is kept
horizontally on the bedplak and the cutter is adjusted in height by the screw (e). Thii
required only one-twentieti of the settings used by the varying section wings.

l?iguras 15 and 16 show an attachment for cutting wings with a varying chord Wd straight
lines from an ordinate at the center section to a corresponding ordinate at the tip. The guide

l#5+K?+2*2
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rests on the straight bar (c), as onIy one-half of the wing can be cut at a time. The blank is
screwed to the pivoted btwe plate (B) swinging about its axis (h). It will be noticed that the
intersection of the leading and trailing edges prolonged (i) is opposite the hinge (g]. With
this arnmgement it is only necessary to set the ordinates for the mean chord, as the others
are automatically obtained from these by swinging the tip of the wing in the opposita direction
from .tho movement of the cross -slide when setting the cutter for the mean ch=. Tho scalo
(e) is used to determ.im this distance. Wings having curved contours and tapering plan form
can also be cut, but require a large amount of computation.

When the section is completed on the machh,
the ends are trimmed off, allow~~ a Iittlo extra hm.gth
to prevent rounding off the corners. Tho wing is
clamped down on a block of wood and the terracw
me planed down as &scribed before. The piano
used for this purpose should be small enough not to
cover up the part worked on. Tho plane can bo

l?IQuBE17. ground concave or cogvex to fit irregular surfaces.
The surfaces are then fiished in the manner already

described for wings of uniform section. The spindle is now screwed on, and any holes or errors
in cutting are filled up with beemwx, (Fig, 17.) ~ may sound like a rather long and
complicated process, but a wing can be cut and finished in 6 to 8 houm, a shorter time than
that usually required to work out the ordinates.

The ordinates for these wings can be scaled off from a draw& on a 30-inch chord to the
neamt cmdmndredth inch which givm the ordinates for the model to a thousandth inch,
As this is a rather long process, it is best wherever possible to make a single drawing and to
proportion the ordinates of all sections ta this with a slide ruIe. _

Tho advantage of this machine is that it cuts a wing from the ordinahs and rcquirw no
small scale drawings or templfites. The machine described was designed to cut wooden aero-
foils, but there is no reason why a stiffer and heavier machine couhl not be used to accurately
cut aluminum or steel wings of either constant or varying section,

METALAEROFOILS. I 1

The majority of aerofoils are beet constructed of
aluminum and very satisfactory ones have been made of
this material by the following method. Steel templates
are made to fit the upper and lower surfaces, from one-
sixtaenth inch tool steel worked by hand to within 0.001
inch of the given contour, The two halves are fitted FIounE18.

together w shown iu me 18. ~t k” welI to “check the dimensions of the templates on a
ditiding eng@e before proceeding furt&er. A block Qf. aluminum, preferably rolled stock, is
trued up on one side to a plane surfaoe. This surface is then clamped down to the bed of a
smalI planer, and the uppgr surface isylaned_ do~ to ~itti about. .a hundredth of an inch of
the finished size of the wing. The upper surface is now worked down by hand with file and
scraper, @ng the plane stiace as a reference, until it everywhere fits the template. This
must be done very carefulJy by a skdled worlun.an, and requires considerable time (from 30
to 100 hmrs). The Jmver surface is now worked “down to fit tho second template, using the
upper template as a reference. In this way the wing is made straight and of uniform thicknos
The ends of the wing are milled oil square, and one end is drilled and tapped for spindle.
This method should give a wing that is everywhere within 0.002 inch of the given dimensions.

bother method, applying mainly to brass and steel wings, makes use of a milling machine
in the following manner: A slab of rolled brass or steeI is trued up on one face and soldmed
h a trued heavy block $hat is f@med on the bed of a miIling machine. The cutk!r is sot
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down until it just touches the lower block, and the edge of the w@ bhmk is squared off. The
cutter is now.moved inward 0.05 inch and raised an amount detqnined by a table of ordinates
for the section.. These ordimtee are scaled offofadrawingt610 times scale in the same.way w

.—
—

for the wooden sections. A series of cyti. ~e taken .WW the wing until the upper surface is
completely formed, leaving two narrow ridge to determe the original surface. The blank

.- -.
“.

is unsoldered from the lower block, and the cut surface is fled with solder or lead and fastened
down to the block, with the other face up, taking care that the”ridges on. the cut surfaca are in
h contact with the block. The squared edge of the bhmk is now lined up &refully with
the milling machine ways, and the second surface is cut in the same manner as the first.After
unsoldering the wing from @e block all p~sible solder is wiped off, and the blank k ready
for finishing. This @ done by filing down the tarraces until the grooves have just disappeared,
which should leave a smooth and accurate surface. This method reqyirw no templates nor
as much skill as the preceding one, but is considered unsuitable for alumiuum winggj as this
metal does not hold solder, nor can it be machined to the finished size without the danger of
tearing.

Brsw wings can be cut with a one-toothed formed cutter, but it do= not pay to make a
cutter unless sevend wings of the same section me to be made. It k also rather dif%cult-to
get a smooth surface with this type of cutter.

-.....—.

mmltE 19. FIQm 20. FIGUEEm

As the wind speed in which aerofoils are tested is increased beyond 100 miks an how
it is necessary to use steel for models in order to prevent excessive deflection of the wing.
Although it has apparently never been tried, it is probable that some method could be devised -“
for machine grinding steel.wings on a surface grinder to a high degree of occuracy.

,- .-—
OTHERMETHODSOF MAKINGMIROFOILS.

It is sometimes convenient to make aeroifoIs up in a quicker and lew permanent manner,
when they me to be used only for one test soon after construction. It is also desirable to be able - ‘“- “ ““’
essily to make a small change in some particular region of the wing without making a new modeL
The following methods have been used succeaefully here snd abrmid, but csn probably be
improved on by more extensive use.

The following method is used for making complete aerofoils. Two channel-shaped metal
fksks, with upper edges mschined sre fitted together with dowel pins, as shown in @me’ 19. -.
Two accurate t+nnplates(positive) me made to the sectional form of the wing, with lugs at @e
end to fit on the flask snd guides to keep it square. (See fig. 20.) The ffesks are now ~ed with
well-cakined plsskr nf Paris that hss been mixed into a rather thkk pssta. The templates are
used ss scrapem ta roughly form the wet plastir to shape. After the plsster has set, the tem-

—. .

plates csn be ~d to fhish the molds down to the correct size. A very good finish can be ob-
tained in this way, but the finel fnish should not be given until the plaster is dry or the shrinksge
may distort the molds. The surfaces sre now paint+d with linseed oil and the flssk is clamped
together. One end is plugged snd a spindle held in the correct position. me spindle may well
run completely through the wing as reinforcement. The mold may now be filIed at the top with
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a thin mixture of plaster or by some melted wax which pos.esses wmsidarable hardness and
strength when COO1.After the mixture is set the wing is removed and the upper end trimmed
off to the proper length. If carefully made the model should have a good finish and be, ini-
tialIy atl east, quite accurate. The wing WN not be very permanent and should be tcstad soon
after completion. Also it will not pcsees su.fhient strength to make it availablo for tests at high
speeds.

Another method of making ph@er wings has been devised by the tirtiss C!Q. An iron bcd
having two trued ways (fig. 21) is nearly filIed with a mixture of parallin and Montan wax.
When cold the wax k-scraped down with a positive steel template to fit one surface of the wing.
The template is carried on a carriage and can be gradudly lowered as shown in f3gure22. When
this surface is completed a thin layer of wet phstar is spread on the wax and a sheef-eteel core
is pushed down to correspond with about the center of the wing, more plaster is added h the top,
and is allowed ta set. Before it becomes completely hard the template for the other surface is
fastened in the carriage and the plaster is scraped down to size, the template being set to give
the correct thickness. These wings can be ~de quite thin, but are not strong and must be
handled with great care, and it is neccmsary to support them with a center spindle.

When it is desired to make a series of changes in only one face of the aerofoil, it can be most
conveniently done by taking a metal wing having the desired permanent surface, and with the
other surface cut below any desired change on this part. Negative tamplates are made of thin
sheet metal for all the desired forms, cut to slide over the leading and trailing edges, as shown in
figure 23. The wing is placed in a shallow trough that fits-the pl~form of the wing and enough
malted beeswax is poured over the desired surface to Nl it abova any desired contour. When tho

FIGUBE22. FIGUBE23.

wax has fully cooled it can be soraped down to the required size by tamplata. The template may
be held by hand, but a more satisfactory job can be done by hokling it in a milling machine and
_ the model under it. In this way a very excellent surface can be formed equal in accuracy

.

and finish to a wooden one. The wing must be tested within a few hours of the time it is scraped
in order to be sure thab the wax does not deform. The same metiod can bo used with pImticine,
but this matiial does not give w good results as the wax.

BODIES AND HULLS.

The construction of bodies and huUs requires lew accuracy than win~”, so that it will bo
necessary mere]y to outIine the general methods used in their making. Large mod& should be
cut to 0,02 inch aud small ones to 0.01 inch of the given @nemiou. For a 4-foot tunnel, no
body should be more than 36 inches long nor 5 inches in diameter nor weigh more thin 2 pounds,
so that it is necessary to holbw aIllarge models. The best woo@ to use for these models is white
pine or bay mahogany, woods that are light, easy to work, and not liable ta warp.

Small bodies may b~ made of one piece sawed out to the correct pro~e in two planes, as
shown in f3gures24 and 25. The edges cut off in the tit sawing are lightly bradded on to the
body in order to sheady it when sawing the second side. The four sides aM &en p]~~d down

acxuratdy to size, and by the aid of @mpla@s b= corge~ .Me.workod off with plane or spoko-
shave. The surfa& is &h scraped and tied mth shellac rubbed down with pumice and oil.
If a fuseIage has a spinner on the nose, it is best to turn this part down separately on a lathe and
dowel it on to the fuse~~e, working the squared block down to the spinner. Cockpits should be
cut to at least half the depth of the body, but no deta.ikinside, such as the seat, need be included.
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Wind shields, however, should be put in place and knobs representing the men’s heads fastened
to the rear of the cockpit. ,

Large bodies (over 18 inches long and 2* inches in diameter) should be made hollow. This
is best accnmpIished by cutting out a series of lifts from thin stock (i inch). These are sawed
out and pIaned accurately to outline and the whole set glued together with hot glue, being held
in alignment by dowel pins on the
base plate as shown in figure 26.
When the glue is hard the pins can
be cut off flush and the outeide
surface of the model phmed down
smoothly to the contour lines of
the lifts. This method gives a light
and accurate model requiring few
templates for *. A line
should always be marked on the.
side of the body parallel with the FIWJBE!26.

propeller axis, in order h aid in
lining up the model.

Flying boat hulls and seaphme floats me constructed in the smne way and require no special
comment .

STABILIZERS.

Stabilizers can be worked out of aluminum in the same way as aerofoils and require the
same degree of accuracy. If the stabilizer is thin it will not be too heavy if made of brass,
whioh is preferable to alumimm.in everything except weight.

It is important that the stablizer maybe easily and accurately adjusted for angle of incidence.
A maximum adjustment of 5 degrees is sticient, but all mechanism for the adjustmmt must
be in the body that it may not disturb the air flow. It is also desirable to have both halves of
the stabilizer turn together.

A satisfactory and simple method is shown in figure 27. The two halves of the stab&zer
me mortised out and fitted inta the sides of the brass cylinder (a) with brass pins (b) all filed

a
FIWBE 27. FIQVBE 28.

flush with the stabilizer surface. The brass cylinder is a friction fit in the split ring (c) screwed
into the wood of the body.

In figure 28 a similar arrangement is used except that a tier and more positive adjustment
is assured by the two adjusting screws (a) passing from the bottom of the body to the sides of
the brass cylinder (3). Figure 29 shows a way of adjusting a stabilizer that rests on the top
longerons. A grooved brasss plate (a) is set in the tap of the body, and a rocker on the lower
side of the stabilizer rests on it. The angle is changed by adjusting screws at (c) and (d).
Another method, figure 30, has the stabilizer hinged at (a) and the upper edge is held up agahist
the screws (b) by springs. By adjusting these screws the angle is changed.

—

.-

.-

..-;.
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. . .
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A templato should be provided with every model to fit the stabi.lizcrin order to Iinc it up.
The back of the template should be parallel to tho stabilizer cord,

CONTROL SURFACES.

If it is desired to use the model for stability work, the ailerons, elevator, and ruddm arc
rondo movable. The simplest and most satisfactory way to accomplish this is to cut the surfficcs.

FIU7EE29. mmm w.

with a very line jeweler’s saw, beveling the inside edges and inserting several pieces of soft
brass wire as dowel pins, This allows the surface to be held in any position without danger
of its turning. The size of the wires and their spacing depend, of course, on the size of the rnodol
and the velocity at which it is tinted. @%. 31.).. ,

CHASSIS.

The wheels when small may be. turned out of solid maple, but if the wheel is to be tested
alone, and is therefore large, it shotid be glued up of pine laminations and left h@ow. The
laminations are sawed out roughly on the bandsaw, glued together,
and then the whole is turned Up and pomed on a lathe. A cross
section of such a wheel is shown in me 32. The spindle is attached

I?mJKE31.

PIGUEE33.

ta the center of the
wheal by screwing
it into a brass
socket, let in flush
with the surface.

Large struts
should be made
with the same de-
gree of accuracy as
woo den aerofoils
and oan be made in
the same way.

FIWBE 33.

Small struts are made of metal, usually lrass, in the follnwing way, if great accuraqy is desired.
A rectangular strip of brass justlarge enough to contain the strut soc~on is soldered to a licavy
block of metal, and is lined up truly on the miller bed. A series of cuts am now taken along
the strut with the corner of the cutter just touching the contour of the section, inscribed on
the end, leaving a short uncut section at the other end in order to hold the strut square
when this side is soldered to the block. The cut surface while still on the block is carefully
filed down until the cutter marks have just disappeared, leaving the surface smooth and true,
The strut is turned over and the operation repeated on the other side. If this is carefully dono,
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an accurate strut will remdt, but if greater precision is desired the cutter may be set by the -.

micrometer head to a given set of ordinates, in the same way used in Cuttig mrofoils.
The axle is usually made like a strut and the wheels are pinned to the ends. Shock

.

absorbers are fastened to the axle just inside the-wheels with pins or glue, and are of strexm-line
form in most modeLs. (l?&. 33.) Where the shock absorber oh the ftil-sized machine is T, __
unstreamlined it may be reproduced on the model by winding .a hard cord or tie of suitable
size about the axle.

RADIATORS.

Although radiators are usually constructed of a solid block of wood, or are omitted alta-
gethar, there is no reason why this important portion of the structure should not be represented
with fair exactness. This is acoompkhed by using a fine gauze screen, or, bethr, a perforated

— ..

brass plate having the same resistmce in proportion to a flat plate of the same size as has the
full-sized radiator. Ih order to get the proper rmistance the radiator and flat plate of the same
size are mounted on oppositi sides of a freely turning spindle, but at such a distance as gives a
balance when the proper resistance of the radiator k reached. A short dummy aphyile must ‘“
be provided to,counter balance the great= length of the spindle attached to the radiator. The
holes in the radiatur are gradually enhwged U@ it balan~ the plate. A modeIJ N 4Fi radiator
is shown in figgre 34, monntad for balancing: The ratio of resistances between the radiaturl and
a flat plate of the same size ranges roughly from one-half to two-thfidsj depending on the type
of the radiator. A nose radiator should have a motor behind it and au outlet for tho air in
accordance with the large machine. A Hispano Suiza motor and radiator model ‘is shown in

—

figure 35.
THE COF/i& MACHUWL

The completeness with which the minor parts of the airplane are reproduced on the model
depends largely on the purpose for which it is testad. I?or instance, should the-model be used
only for determining the balance of the machine and the stabilizer seikingj all small parta may
be omitted, as they will not aftect the balance appreciably. If, however, the model is used to
determine the performance of the full-sized machine, or to obtain scale corrections, such parte
as exhaust staclw, control arms, shook absorbers, etc., should be attached. To have strict
agr~mt -withthe full-sized machine, wires and fittings, which furnish a large portion of the
total drag, should be placed on the model, but, because of the difiigulty of reproducing the
wires and fittings on small models; and because the small wires do not have a resistance pro-
portional to their size, wires have been omitted on practically all modeIs. With a tractor-
type radiator, the passage for the air to escape around the engine should be of the same pro-
portions as in the full-sized machine. It would be very desirable to employ much larger models
than are used now in order that all details might be included. With a 6-foot model it should
be possible to very closely defxmnine the performance of any new machine.

The wings of the model should be made of aluminum or steel by the methods described
above, but usually with such a chord as to make the model some dtite scale of the f&sized
machine. The size of the model sho~d be proportioned to the size of the tunnel, and the weight
should be kept as low as possible consistent with stiffness at the maximum speed at which
the model is b be run. Care should be taken on every part of the model to insure accuracy,
finish, and sufficient strength to allow of handling.

When the wings are cut to the proper section, the plan form of the wing is laid out on the
lower surface of each, with a fine scratched line. The outline is sawed roughly to size and then
fled squarely to the line. By the aid of templates the ends are rounded off in the correct
manner and carried snmothly into the finished surface of the w@. Wings having dihedral
can be cut three-fourths through at the center section with a tie saw and the wing bent to
the proper angle by means of templates. Sweep back, if present, is best accommodated by
cutting the ~g in the center to the proper angle on the milling machine and halving the pieces
together, as shown in figure 36. ‘J!hepoint of attachment of the struts is marked on the upper
surface of each wing, and by means of tapered blocks the strut holes are bored and tapped. _..
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(Fig. 37.) It is important that the direction of the holes be tapped exactly in the direction
of the strut or it will be impossible ta line the machine up closely. Also the threads in one
wing should be right&anded and in the other lefthanded. Anothec method of fastening
interplane struts is to thread the ends of the struts and drill the wing, holding the strute to tho
wing with countersunk nuts, as shown in iigure 38. This ZJ1OWSthe use of strc~-ke stits,
but they must be cut correctly to length aa little adjustment can be made after assembly.

mo

0

~IGullB&S. FIOUEE37. Fmum! 39,

Interplane struts having no incidence wir= on the fulLsized machine, as in the portal, I or K
trusses, are made of a single piece of brass on the model and formed accuratdy to fit the surfacea
of the wing. They are fastened with flat-headed screws passing through the wing, as shown
in figure 39. This completes the work on the single wings.

The chassis is fastened to the body, either by pinning the struts into tho body with pins
that are continuations of the struts, or by bending the struts sharply as they meet the body
so that the face of the strut is parallel tith ~e side of the body rind is mortised in flush with
the surface and held ~y a small wood screw. If the lower wing passes through the body, as is
generally the case, an accurate section of the wing is marked on the body, and with a fine band

FIGURE39. Fmrrm 40.

saw the wood inside this sectiou is cut away, with an entrance cut at the trailing edge. The
lower wing can be slipped into this opening and mrewed firmly in place by two wood scrmve
inserted from below. ShouId the wing pass below the body, it can be held by long, slender
wood screws passing through the wing into the body. The wing is held away from tho body
the correct distance by stream-lined spacers, as shown in figure 40.

The empennage is attached to the body, the leading edge of the stabilizer square with
the axis of the body, and the fin and rudder parallel with the line of flight. The tail skid is
usually made from the same piece of rnetal as the b.

The body strute to the uppsr wing are attached in the same way as the chassis struts and
are held at the other end by machine sorews passing through the wing into the upper end of
the strut. The interplane struts are made of a piece of steel wire cut ta the right length and
threaded on the ends with left and right threads. It is stream-lined when in place by a brass
fairing.

The model is now re&ly for lining up, a process that must be done with the greatest care,
in order that it may be relatively as WO1llined as the full-sized machine. In order to do this
the fuselage is clamped securely to a plane surface, right side up and with the propeller a.-.-is
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horizontal. A pair of similar templates are now made that will go under the chord of the
upper and lower wings on either side of the body in such a way as to fix the angle of incidence
of’ each, their stagger and dihedral. The position of th=e tetiplates is shown in figure 41.
The interplane struts are now put in place and approximately adjusted, and the lower plane
is set to its correct angle d incidence by shimming where it passes through the.body. With

.-. .

the aid of the templat= the upper wing is adjusted by turning the struts, the opposite threads
on which enable them to act as turnbucklea, titil the wings are correct in all ways. The

~r3UBE 41.

brass fairinga can now be attached with a soldering iron. They should sII be h-ml up along
the axis of the body. It is well to cheek up the alignment of the machine after mounting it
on the balance in order to be sure that there is no error of more them on+tenth degree at
any point.

. .

The spinde is sometimes attach~ by screwing it directly inti the wood of the body, but if

.-

the model is to be used several times a metal sooket is b=t inserted in the -wood, as shown in
figure 42. This type of spindle, however, is rather unsatisfactory aerodynamically because of
its interference with the wings and because it is d.iilicilt to detarmine its effective resisi%mce;
that is, the resistance which should be subtracted from the total resistance to give the true
rdstance of the machine. A better way is ta screw the spindle into the tip of the wing. If
the forces are large, it is necessary to insert a steel socket inta aluminum wings. (li’ig. 43.)

e
~GVB!3 42. Emum 4a.

AEROFOIMFOR PRIMSURE DWIIUINJTION.

It is sometimes neeessrq to know the prassure on each portion of the surface of en
aerofoil in order to determine the manner of loading. In order to do this a large number of ‘
small holw are bored into the wing at right W@ to the surface and each in t~ co~ectd.
to a pressure gauge. As this requires a long time and the connections must not be allowed h

.

intmfere with the air flQw,the following methods have been adopted:
A method devised by the National Physical Laborakmy consists in cutting a series of

grooves along each surface of a brass wing at right angles to the chord. They are about &
inch wide and deep, and are spaced closest together where the pressure gradient is steepwt,
but 10 or 12 rows is sufficient to each surface. A piece of &inch steel hypodermic tube in
each groove and smoothed off flush with the surface with solder. (Fig. 44.) A “seriesof holes . “
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are now bored along the tubes, on half the span only, as the wing is symmetrical. These holes
should be spaced nearer together at the wing tip than at the center. They should bo bored
with a No. 70 drill and aU burrs carefully removed. The tubes should project about + inch
beyond the wing tip on the side away from the holee in order to mako connections with rubber
tubes and yet not interfere with the air flow on the side whom the pressure is being takm. .
(Fig. 45.) The other ends ~ the tubes wo filed flush with the surface, but m left open, so that
a cleaning wire may be pushed through the, tube. The wing is placed in the tunnil, mndeach
row of holes is cmnectod to a tube of a multiple manometer, Every hole in each row must
be closed except one, which is open to the manometer. This can be done with plasticino, but M —.

FIQURE44. FIQURE45. .

this material is rather dii%cultk remove better rwults-are.obtaind by using becmvax melted into
the holes with an eloctric soldering iron. The iron must be kept at the proper tcmperaturo
to insure good resnlti, for if it is too cold the wax wiIl not close the holes tightly, and if it is
too hot the -mm will run in and fill the main tubes, Should this happen a fine piano wiro
can be forced through the tubes to clear them, The holes can also be scaled by smaU disks
of tissue covered with shellac. Care shoukl be taken at each clmnge of holes, to bo sure that
each hole that should be open is clear and that alI the others me closed. This is easily dekrmincd
by blowing against the wing at each hole with a smalI rubber tube and watching the manometer.
There should be no deflection except at the open holw,

Another method devised in this country, although requiring a little more work on tho modol,
his- the advantage- that iticm be Wed ou thinner sections, M ailerona ~d tail swfacm, ~~

gives smoother mu-faces, Two blocks of brass ahout--
~ inch thick and of sufficient size to construct the
wing, are trued up on one face. Thcae ftice+sme hen

FIQURE46.
groi%xl. a&corr&ponding @tancw.. along the span .
under each row of holes. The groovea can be cut

with any cutter that wiUgive a square or circular hole when the two halves are placed togothe.r.
The blocks are carefully tinned and are soldered face to fncc with &inch aluminum wires in the
grooves to prevent the solder filling them, The wires can be removed, Ioaving a seriesof clear air
passages. Holes are noiVlored thfou@ tlii iving from face to facOwith HNo. 70 drill, as shown

● in figure 46. The dir&tion of the holes.ehould be closely normal to the finished surfaco of
the wing. The block can now be placed in the milling nychine and worked down as doscrhd .–
before. Small nipples are soldered b the end of the air passages on tho opposite side of the
win~. from the holes for the attachment of rubber tubes, running clear of the modc+l. Small r
tube should not be used any further than necessary, as it has a heavy damping offoct on the
gauge,

When. ikis desired.~~ invwtigate the pressuro on a “;ntrol”~~ace tll~“holes and passages
. . - _-

are made in the same way, but it h now impossible to take off the pressure on tlm sido of tlm .

machine opposite from that on which the pressure is measured. In order to reduce the inter-
ference to a minimum, fine steel hypodermic tubes me carried out=semral inches from tho
end of the wing befor~ the rubber tube is attached, as shmyn in figure 47

.
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MODEL PROPELLERS.

Model propellers are so similar ta fuWsimd ones that the same methods of construction
apply to both. The method most generally employed consists in making a series of templates
to fit both upper and lotier surfaces of the blade at a series of stations along the radius. The
position of these templaiw should be fixed by screwing “them to .a plate squarely and with
their proper spacing. This allows all the templates to be applied ta one face at a time. A
series of laminations is glued to the proper thiclmms and cut out to the given contour. The
blades axe then worked down by hand to fit the templatw, a rather slow and inaccurate
method, but the best that has been used. . . . ..

Another method consists in gluing up laminations that have &st been cut to the exact
size. The blades are then trimmed down to the contour I&s, thus detmmining the blade.

.

It is diflicult to accurately cut the tip of the blade in this way, as the distance between
laminations is large in this region.

All model propeUers are laininatad b. prevent warping, the best woods b~ pine or
mahogany, unless the blade has any thin seotiona, when a ckmr-grained woud like maple is
better. A four-bladed propeller should have each pair of laminations halved together rather
than to hake the whole propeller, in order to give a more uniform support to the blade.
Each propeller should be carefully balanced and finished with shellac. A steel hub can be

.-

bolted to the propeller in the usual way. From the aerod~amic standpoint, it is desirable
.—.

that the fuWsized propeller and the model be made from the same material and by the same
method, as the deformations of the blades of the two at like peripheral speds sh~~d then .
be identical.

.,
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