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BANSHEE

Thoroughly proven and flight tested,
this ducted fan Delta is one of
the most exciting models

you'll ever fly.

By Captain C. W. Peake
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HE “Banshee” is designed to produce

something different on the flight line,
and has literally stopped the show when-
ever it has been flown. The basic design
was produced as a free flighter using Jetex
power, and a later version flew with minia-
ture single channel radio and two Jetex 350
units, but duration was naturally limited.

P. E. Norman had been flying single
channel ducted fan models in England for
a number of years, but even with a hot
engine, his best model weighed only 38
0zs., which would not permit multi installa-
tion. However, an American modeler
named Wayne Schindler had carried out
experiments indicating that Norman's prac-
tice of enclosing the fan completely within
the duct gave less thrust than a fan just
outside the duct inlet. This seems to be
due to the fact that a fan can be designed
to draw in air at the tips, rather than
throwing it off, and this characteristic can
be used to force more air through the
duct than is possible with a completely en-
closed fan. It also allows the use of side
intakes, leaving the fuselage free for the
installation of radio gear.

A test rig was set up, and a fan and duct
unit, built along Schindler's lines, gave
22 ozs. of static thrust. Past experience
indicated this should handle a model up to
about 3% lbs. weight.

The first D/F version (christened
“Screaming Meemie") weighed in at 57
ozs., and while successful, was underpow-
ered. The model shown is MK II, weighing
51 ozs., and while still requiring catapult
launching, is capable of loops, rolls, and
Immelmanns except in very hot weather
when power output is down.

Might be possible to counteract the
power loss with a good dose of nitro, but
I haven't tried it yet. It normally flies on a
10% nitro mix.

No thrust control is provided, as the
Cox 15 Special doesn’t take kindly to being
throttled down. Some form of air flow
could possibly be rigged in the duct, but
this is also a project for the future.

Flying-wise, it is a reasonably docile
beast when properly trimmed, but should
be allowed to fly at its own speed and
coaxed through maneuvers rather than
forced. Elevators should be treated with
caution. Don't attempt to drag it into the
air with elevator, as it is likely to sink back
on to the ground due to rapid drag rise as
the angle of attack increases. This is known
in full scale aviation as “the back side of
the power curve”, and is responsible for
sorme of ine changes ui iechniyue necessary
when converting to swept wing jets. Aile-
ron control also becomes very sloppy at
low speed.

This is not a beginner’s model, and no
attempt has been made to cover all con-
struction steps in detail. However, the
sequence given should enable an experi-
enced modeler to reproduce what has
proved to be a most spectacular airplane.

Select balsa carefully to keep weight
down. Hard 34” sq. for the spars and spar
joining triangles, and soft for the rest.
(Not “pulpy"” soft.)

Fan and duct assembly provide a good
starting point. Steps in fan construction
are detailed on the plans. Make sure all
nicks, scratches and tool marks are pol-
ished out, and the fan carefully balanced.
Also shown is the method I use to keep
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the fan in place on the Cox 15, If you
use another type of ¢ngine, make sure to
lock the fan securely, as the ordinary
method of attaching a propeller may not
hold the fan a1 the high RPM.

Use whitlever construction method you
can dream up to produce a repgsonably even
duct of 43¢ inlet and 3'.” exil (inside)
diameters. My own method was to use
two 15”7 balsa discs of the appropriate di-
ameters joined by o piece of straight 14"
dowel ubout 57 longer than the duct. This
was planked in the ordinary way with 1"
buadsu, the ends cut off with @ razor saw.
and the dowel and discs removed.

If you use this method, it ix wseful to
lake Iwo picces of cardboard about 77
square, cut & 44" diameter hole in one
und a 3% hole in the other, und slip them
over the outside. This will hold the duct
in shape while you sand the inside. Fill
with thinned Hobbypoxy “Sieff™ and paint
the inside black with Hobbypoxy cnamel.
The smovther the finish inside the duct.
the more thrust you will get. Leave finish-
ing the outside until the cone ussembly is
installed.

The cone is carved from soft balsa and
hollowed. Six flow straighteners are
spaced at equal imervals around the
cone just inside the duct inlet. From edge
is 7. from the inlet. Four flow straight-
eners are fitted wilh rear edges at the duct
exit. ANl straighteners are cut from 19,
balsa, are 1" wide, and sanded o stream-
line section. Cut slots in the cone and glue
flow straighteners in place. When dry. cut
i skot ot the buse of euch of the forward
ones, amd damp and mold them to an
angle of about 30° into the direction of fan
rotation. These act as guide vanes for the
air leaving the fan, Trim the ends so that
the whole assembly may be inserted in the
duct, Fill. sand. and paint black, and glue
in place. The duct will now be rigid enough
for you 1o work comfortably on sunding
the outside.

Adrframe.

The heart of the airframe is the 1.
plywood crutch. If you use a different en-
gine, adjust the engine space and bearers
to suil. Pluce the engine in position on ihe
crutch and outline the mounting lugs. Cut
away so that when installed the engine rests
on the bearers, not on the crutch.

Your building board should be large
enough 1o accept the entire wing (at least
36” squared. ind an outline drawing of the
top view iy reguired. Place the drawing
on the board. cover as usual with waxed
paper, and lightly nail the crutch in place
with three or four fine nails.

Butt join enough sheets of 1y,

2 balsa

APRIL 1968

1o cover complete wing outline. Grain
runs parallel to leading edge. Draw and
cut 1wo outhines to exact size for bottom
sheeting, and two oversize for top sheeting.
MNote that top sheet must overlap R1 far
enough to meet fuselage plunking.

Cut all ribs 10 shape. R1 s ¥
R2 through RS 134", and R6 is 1", No
spar cutouts are shown, as the angle of
the spar 1s such that cutouts are in o differ-
ent place on either side. Place rib in
position on edge over plan, mark spar
posttion on ecach side, draw lines at right
angles to lower edge of rib, and <t to
spir depth at angle shown by vertical lines.
Noteh bottom only of tip rib. as rib s not
deep enough te take two notches, Top
spar is butl joined 1o tip rib.

Lay boltom sheeling on plan und glue
to edge of plywood crutch. Lightly draw
spar and rib locations on sheeting, Glue
" sq. lower spar in position on sheeting.
Glue filler strip along trailing edge. bevel
rib edges to match, and ghue ribs in posi-
tion. The filler strip serves to fair the lop
sheet down on to the plywood crutch, and
it piece of 144” balsa cut to the shape of the
rear prong of the crutch is glued in place
after the top sheet to produce o smooth
transition from tlop shect to crutch,

Bevel front ends of ribs Lo correct angle

lo butt firmly against leading edge. which
is cul from 1} balsa, and pers from
916" at roat end of . at tip. Glue leading
edge and top spar in place, und bevel (op
of leading edge to receive lop sheeting.

Repeat for other wing. Note that spirs
and feading edges extend across fuselape
and are joined in the center with & triangle
of 13" hard balsa.

Assembly at this stage should be firmly
pinned to board. Install aileron and eleva-
tor bell cranks, noting that clevator cranks
must be arranged so that bolh clevators
move in the same direction. Instull push
rods of %5,” diameter wire. Light wire is
adequale since there is little or no “push™
function — mostly “pull”. Plywood guides
should be glued to ecach rib,

Where push rods extend through trailing
edpe, cut small grooves in the filler strip,
deep enough to allow top sheet o be glhied
along filler strip over the rods. Alfter fitting
top sheel a slot is cut 1o enable the push
rods 10 be lifted enough 1o ulign with con-
trol horns. A small piece of nylon or
plastic tubing is slipped over the rod and
glued into the slot to form a guide. and
the slot below the guide Glled with o halsi
strip.

If you prefer to ~heet the top in seclions,
it 15 posaible W sturt al the truiling edge
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and install the guides as you go, without
notching the filler strip. The push rod and
bell crank assembly shown was designed
for use with reed equipment and Annco
servos, but thanks to the ingenuity of Mr.
Bonner, the Banshee has now gonc pro-
portional with a Digimite 4-RS, and the
same linkage works well. The ship was
designed before flexible cable and nylon
guides were readily available, and the whole
installation could be easily changed to
lightweight flexible cable and guides.

The important point is that whatever
system you use, il must all be securely in
place before the top sheet goes on. This
includes having the push rods between bell
crunks and servos cut to correct length,
us once the 1op sheet is on it is difficult to
find the bell crank neutral. While the top

Cooling air scoop, fuel tank installation,
Note engine cover clip lying on wing
root. If hatch cover tends to sag in mid-
dle, k" dowel pegs hold it up. Old lid
serves well as starting pulley.

20

is open and accessible servos ¢an be placed
in position and rods cut to length without
difficulty.

The leading edge should now be pinned
down with pins angled in from the fromt
50 thal top sheet can be placed over them.
All inside pins should be removed. Double
check for pins inside, as it is mosl frustrat-
ing 0 get your top sheet nicely fitted und
find you're still pinned down wnder that
top sheet you have just put on so carefully!

Top sheet can now be affixed with a fair-
Iy slow drying glue, plus pins, weights,
fingers, thumbs, loes, etc., to bend the
sheet to conform to upper rib shape. Start
at the trailing edge and work forward. A
slow drying glue gives you a bil more time
in case you have to rip it all off and start
agatn! This is one of those poinis at which
you swear off models forever.

The works. Note switch location. Annco
servos now replaced by Mr. Bonner's
“real small” contral muscles, Pressure
line vent to left of engine.

P.S. If you huve used my trailing edge
grooves, don't glue the push rods in ‘em!

After you have stopped cursing model
planes in general and ducted fan delias
in particular, cut the bulkheads to shape.
F1 through F7 from %" balsu. F& top
from 14" ply, and F8 bollom from 1"
balsa.

Glue two strips of 1% balsa 3" wide
on edge against the leading edge immedi-
ately above the points where L. E. and
fuselage planking meet. These two strips
should project forward so that they can be
bent to conform to the forward shape of
the fuselage, and they form, in fact, the first
of the fuselage planking. The top halves of

(Continued on Page 85)

Underworld secrets revealed! Undercar-
rioge, lower intake screen, blocks for
take off dolly. Also antenna for reed re-
ceiver. Put proportional antenna to top
of left fin, away from servos and engine.
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F1, F2, and F3 are pinned in place over
the plan, and the two strips bent as de-
scribed and glued 1o these bulkheads. If
your building board is 36" square like
mine, this nose section will have to be
supported on a separatc piece of board.

Glue remaining bulkhcads in place be-
tween root ribs. Remove nails from crutch,
and plank top of fuselage with 1" balsa
from F1 to F8. This is largely a “cul and
try” operation 10 fuir planking smoothly
into wing. Cracks can be filled with
“Stull”.

The moment of truth has now arrived.
When dry, the whole assembly can he un-
pinned and lifted from the board. (I told
you to take all the pins and nails owt from
underneath.)

Glue servo rails in place, If you were
smarter than 1 was when 1 built mine. the
rails could actually be included in the ply-
wood crutch,

Epoxy engine bearers in place under-
neath crutch. A couple of screws behind
F8 will strengthen the joint and hold the
bearers in place until the glue dries. Re-
member that the whole engine and duct
area becomes fairly saturated with fuet, and
glue and fuel proof accordingly.

Glue bottom halves of bulkheads in
place. and plank botiom of fuselage. If
you use 32" planking forward of F35, and
15" aft of F5 except for a 2-inch wide strip
along the bottom, a layer of fiberglass can
be nicely blended into the thicker planking.

With engine and fan in place (use blind
nuts on mounting bolts) insert the com-
pleted duct between cruich prongs. Duct
inlet should bhe %4 1o 14 behind rear
edges of fun blades. Center duct behind
fan, align with reference line, and glue
securely in place.

Recess planking and outside of duct inlet
T40” to accept intake screens. (Upper intake
screen is also the cover for engine and fan
arei.)

Cut screen frames from 4" ply and
epoxy screens inside. Support in approxi-
mite semi-circular shape until glue dries
to prevent glue cracking when screen is
bent over intake area. Exact frame shape
may vary with individual construction tech-
niques and varying material thicknesses,
and you may find it easter to make the
screens first and then cut the recesses to
fit the screens.

Paint and finish inside of lower screen
and underside of engine area before glu-
ing lower screen in place. Upper screen is
held by the two aluminum sirips epoxied
1o fuseluge sides and upper wing surface.
The edges of the screen frame slip down
inside the strips, and a wire clip inserted
through the cooling air scoop holds the
screen in place. The screen is readily re-
movable for engine starting. With the Cox
15, a small hole is necessary in the top of
the screen to clear the tip of the glow plug,

Engine may now be removed untit mode!
is complete.

Cut cooling air slot in top of planking.
Line cooling atr puassage wilth 14" balsa
to prevent fuel entering the fuel compart-
mentl. Some oil will find its way through
the fced line and pressure line holes, but
if the cooling air passage is not lined, the
fuel compartment quickly becomes oil
soaked. Make a small scoop from 14"
aluminum and epoxy in place. Exacl scoop
shape is not particularly important as long
as some air is directed down on to the

cvlinder head.

Round off leading edges. Cut fins from
1 balsa and add 144" ply doublers to
lower portions. Conirol surfaces are also
cut from 1" balsa, and 1447 fibre control
horns glued into slots. The rather odd con-
trol horn shape provides the necessary
differential movement. The 14" ply strips
prevent the surfaces from splitting in the
vicinity of the horns.

After wing, fins, and control surfaces are
sanded, hinge surfaces to wing trailing edge,
and lightly glue fins to wing tips. Light
gluing recommended here, as in a hard
landing the fin will simply scparate from
the tip., whereas if heavy gluing is used it
takes half your wing tip with it.

Sand, fill, and finish as desired, always
with weight in mind. Neo tissue or silk
covering is used on the model shown, which
was filled with “Swuff™” thinned to brushing
consistency, and sprayed with white Hobby-
poxy enamel. The fuselage forward of F5
below the line of the wing lower surface
is covered with very light fibre glass, and a
two inch wide strip of the same material
exlends along the bottom from F35 right
to the rear of the duct. This enables the
model 10 be flown without undercarriage
if desired.

Detachable  undercarviage  details  are
shown on the plins. A single 4-40 bole
holds the forwurd leg and six small wood
screws with three aluminum clips hold
cach rear leg. Wheel size is not important,
but use thin wheels rather thun balloon
wheels to reduce drag. The undercarringe
shown is surprisingly unobtrusive, and de-
tracts little from the uppearance in flight.
It is readily removable by loosening the
bolt and sliding the forward leg out, and
unscrewing the screws on the rear legs.
Removul of undercarriage weight and drag
resulls in a corresponding increase in per-
formance. The plywood strip carrying the
catapull hook is retained by re-tightening
the bolt, and four small streamlined blocks
{(two of which are clearly visible in the
underside photo) serve to prevent fore and
aft movement of the dolly used for take
off.

Carefully cut hatches from receiver and
servo compartments with a razor saw. 1
ind that finishing before cutling hatches
results in better fitting hatch covers. Strips
of 13" x 142" balsa glued along the inside
edges of the hatch covers form small
flanges or lips which can be gently sprung
into place under the planking, and the
covers will then remain in place without
external fasteners.

Hatch covers should be as large us pos-
sible. The outlines shown provide sufficient
access to the receiver compartment 1o cn-
able the inside hardwood steip for the un-
dercarriage 10 be installed without difficulty,
and the hole for the fuel tank can be cut
in F7 through the servo haich. The tank
can then be installed through the servo
hatch without requiring u third hatch ubove
the fuel compartment. A two oz. tank
provides duration enough to leave my
nerves in tatlers,

Use pressure feed for consistent running.
I put an old free flight cut-off valve in the
pressure line to vent the line quickly in
case of a false start. This prevents filling
the crankcase with fuel.

Mount servos on 13" plywood plates,
which are then glued or screwed to servo
rails. Receiver and battery pack go in the

front compariment. wrapped in foam.
Holes must be cut in FS and F6 to enable
plugs and wiring to go through between
the two compariments. Plugs will probably
finish up inside the intermediate compart-
ment, and 1 push strips of foam through
the holes in F5 and F6 into this area to
stop the plugs rattling around. Pictures
show reed gear installed (Orbit receiver,
5 pencell size 450 MA/HR Deac bat-
teries, two Annco servos), but as mentioned
carlier the Banshee now flies on Bonner 4
RS proportional. The only changes in
installation nccessary were to modify the
servo ends of the push rods for the center
outputl arms of the 4 RS servos, and move
the antenna from the uvnderside of 1he
left wing root, as shown in underside photo,
1o the top of the left fin. Too many funny
metallic noises for proportional in  the
original location.

Final Thrust Adjustment.

Re-install engine and fan, install fuel
tank, and connect push rods to control
horns. Note the small v-shaped bend in
Lthe push rods, which provides a ready ex-
ternal adjustment of the reflex angles. Make
sure wheels roll freely, and stand model
on a flat smooth surface.

In case you haven't handled a ducted
fan before, my starting sequence is us fol-
lows:

Fill 1ank through feed line. The cutoff
valve mentioned earlier also vents the tank
for filling.

For mitial starting, leave this venl open.
Connect feed line to engine, and prime
through exhaust ports. Don’t prime
through air intake. Because of the tank
position, which is slightly above the engine
when the model is standing on the ground,
the tendency is usually to get too much
fuel in the crankcase. If you have too
much trouble with fliooding, get someone
to hold the rear of the model up a bit, or
make a cradle to do this.

Set needle valve 1o approximate starting
position,

Put knotled string in notch in fan hub,
turn fan backwards over four or five
COMPressions.

Connect stirting battery to plug. If you
use alligator clips, it is useful to have a
small lug under one of the mounting bolts
for one of the clips.

Pull string smartly. (Don't run away —
it always makes a noise like that.)

Adjust needle for maximum RPM —
literally maximum noise!

Close vent. RPM will drop off, us tank
is now pressurized and mixture therefore
richer.

Lean out again for maximum RPM.

For subsequent starts with the Cox 15,
the needle valve should be left in the pres-
surized running position, and the vent
¢losed before slarting. If you have a false
start, vent the line as quickly as possible to
prevent flooding. If it Aoods, you will have
to blow the fuel out of it, and possibly
start again with the vent open.

If you can, talk to someone with pres-
sure feed experience. Free flighters and
speed men often have more experience of
this than radio controllers. It takes a little
time and patience to get used to & pressure
fed D/F.

Now connpect u scale or spring balance
1o rear of model. Start engine, and check
thrust reading. At normal temperatures,
you should get 20 to 22 ozs, on siraight



FALI fuei mix. Adjust blade angles in very
small amounts for maximum thrust. Not
while it’s running, stoopid!

Incidentally, the rear end is designed so
that if you become too discouraged with
the fan set-up {and it is more patience
testing than a prop) the whole duct assem-
bly can be cut off straight across between
the elevator hinge lines, and @ 7" pusher
prop installed in place of the fan. Under-
carriage would need to be moved forward
also. This feature was butlt into the design
deliberately in case fan thrust proved in-
sufficient. The fan has proved so successful,
though, that it hasnt been tried,
Trimming and Flying.

Check center of gravily position. A
slightly forward CG is permissible, but an
aft CG may produce violent instability.
Mosl of the test procedure here is designed
to guard against the possibility of getting
into the air with the latter condition, which
would result in a rapid write-off.

Adjust aileron reflex angle (see plans) to
ubout 8¢, elevators to 4°. If the aileron
trailing edge is raised 1,”, and the elevator
15", it will be fairly close to desired angle.

Drive a small peg into the ground, and
lie together the ends of a 3{-yvard length
of 14" flat rubber to form a loop 15 vards
long. One end of the locop goes over the
peg, and 2 round wire loop about an inch
in diameter is attached to the other end.
Again using the scale or spring balance,
stretich the rubber to obtain 3 to 314 lbs.
of pull. The wire loop is placed over the
catapult screw just in front of the nose
wheel.

With all radic on and checked, and an
experienced flyer on the transmilter, release
the model. Il should just lift off, glide a
few yards, and land. If it does not, increase
pull to 4 Ibs. in small increments. 1If it
still won't lift. begin increasing elevator
reflex until it does. If it doesn’t lift by the
time the elevators are up level with the
ailerons, the CG is probably too far for-
ward. Aileron and elevator reflex can both
be increased up 1o about 10° to overcome
this.

If at any lime it shows any tendency to
sil back on its tail, hil down elevator. Tt
will do much less damage to thump it in on
the nose than to allow it to stall and
squash back on the fins. If it shows any
tail sitting tendencies, the CG is too far
aft, and this must be remedied before it is
flown,

Any turning lendencies can be taken out
with aileron adjustment, remembering to
adjust both ailerons, as one aileron zlone
will also affect longitudinal trim. Do not
adjust ailerons to the point where the fully
down aileron goes much below the chord
line of the wing. If your CG is right and
construction is true, they should never ap-
proach this point anyway.

Adjust ailerons and elevators to produce
a straight fast glide. 1f you take your
time and go through the above procedure
carefully. it will ensure thal your model is
stable in the air and will also help to give
you the feel of an unfamiliar type.

When you are satisfied with the glide,
use exactly the same technique for a pow-
ered launch, with 37, 10 315 Ibs. of pull.
Climb will be fairly shallow, but don’t drag
it up too much with elevator, as explained
before. Takeoff should be simply o con-
tinuation of the glide launch,

You may find during the glide tests that
the front undercarriage leg bends back
rather readily. Mine does, but 1 just bend
it forward agnin, 1{” wire may be un
improvement, bul 1 haven't got around to
trying it yet.

If you aren’t shaking at the knees by the
lime il gets off, you should be! The noise
is indescribable (I sturted to write unbe-
lievable, but couldn’t spell it), but when
you see this thing howling across a blue
sky, you'll forget all the qualms and frus-
trations.

Bul hey! We still have to getl it down.
The Cox usually gives fair warning before
it dies — blurp, blurp, blurp! Let it glide
al its own speed, don't try to slow it down
too much until you get close to the ground.
Give yourself plenty of room —it can
cover a lot of sky dn the glide. Hold it
just off the ground and keep that stick
coming back until it sinks on to the rear
wheels. It's down — what huppencd to
those rosy cheeks?

Do's and Don'ts.

Do use 2 high speed engine Lo ensure
sufficient thrust. The Cox turns about
25,000 RPM.

Do use pressure feed for consistent run-
ning at high RPM.

Do be careful when installing the upper
intake screen with engine running. You
could finish up with a couple of very short
fingers. Also walch that the rear edge of
the frame is not drawn down into the fan,

Do your glide tests with all radio operat-
ing and someone controlling the model.
This is a fairly radical design. and until
you are used to it, it is difficull to pick
control alignments. An experienced flyer
can keep it out of trouble unless it is badly
out of trim.

Don't omil the cone and flow straight-
eners in the duct. This is an important
feature of the design.

Don't try 1o throw it around like a Class
I Stunter. Especizlly on proportional,
coax it. don’t bully it. A nice tong shallow
dive and plenty of speed for acrobatics,

Don't neglect to clean oil and dirt out
of the duct afier each flight. A clean
smooth duct gives maximum thrust. Keep
intiake screens clean, too.

Doan't use heaxvy weight radio. About 10
or 11 ozs. of radio is the maximum. The
lighter the model is, the better it will per-
form. Properly trimmed on the glide tests,
it could be flown on single channel if you
can dream up o suilable aileron linkage.
Don't put rudders in the fins.

Don't wrile to me (or Don Dewey) and
say it won't fly. Tt has, it does, and it will,
if buill and handled as described. My
apologies for lack of in-flight pictures, but
I just havent got around 1o getting ‘em.

Well, I've done my parl. Now you do
yours. Build it! Good luck.
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