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SUMMARY

On the basis of data collected through an enquiry promot-
ed by FAI-CIVV, the problems concerning aero-tow and
towplanes in different countries are critically reviewed.

Many of the existing towplanes, three of them specifically
designed for towing gliders, arc then briefly described.

The climb performance of an aero-tow is analyzed. Varia-
tional calculations, taking a current towplane as reference,
show the relative influences of changes of engine power, pro-
peller efficiency, towplane and glider weight and acrodynam-
ic drag and, in particular, of towplane wing aspect ratio.

The results indicate that a sort of “overpowered molorg-
lider™ would offer the best possible climb performance.

Additional design considerations and a list of requirements
and recommended features are finally presented.

1. INTRODUCTION

The launching of a glider has been achieved in four basic
ways: by elastic cords, auto-towing, winch, and aero-towing,

Launching by elastic cords (“bungy”-launching): This was
historically the first to appear, A rudimentary catapull was
operated by the man-force provided by two separate crews
pulling the ends of two elastic cords diverging with an angle
of 30° 10 60° in a forward direction. The method was appro-
priate for launching only from the summit of a hill, due to the
limited altitude attainable.

[t is not known Lo the author whether this launching meth-
od is still used anywhere. In the near future, however, it could
receive a revival of interest for launching self-sustaiming (not
self-launching) sailplanes from flat ground. In this case a
simple mechanical catapult could be devised in which ¢lastic
cords could still be used lor a source of energy. Itis not known
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to the author whether such a catapult has ever been realized
and used.

Auto-towing, by which with glider is pulled by a motorcar
up to the release altitude, has never been widely adopted, but
is still in use where suitable conditions exist (close proximity
ol a nidge or sufficient space to accommodate the cable
length and the car run.)

Winch launching is widely used in some countries and com-
pletely ignored in others. Equipment and operation cost less
than for aero-tow. However, ground handling is more de-
manding and the possibilities of starling a soaring flight are
more limited,

Aero-tow is the most widely used launching method nowa-
days although very cxpensive in both equipment and opera-
tion. Moreover, pollution [rom fuel and noise can become —
and are already —critical problems in several cases.

As is well known, the cost of gliding is steadily rising. Some
of the factors affecting this tendency are of a general nature
and are, therefore, beyond our control, Some other factors,
being inherent in the technology of the air and ground equip-
ment employed, are capable of being modified.

In the author’s opinion, the launching method is one of the
factors of considerable influence on costs: efforts aimed at
reducing the cost of launching a glider may be worthwhile
attempting.

Although it is quite possible that economic reasons will
determine a revival of launching methods of the past, as the
catapult or auto-tow, it is unlikely that the acro-tow will be
abandoned. The latter, in fact, offers some unique advan-
tages such as the freedom to choose where and, to a certain
extent, when to release and the possibility to transport a ghd-
er from place to place quickly (sce Table 1).
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Table I - CHARACTERISTICS OF LAUNCHING METHQDS
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The rest of this paper is conlined to the consideration of the
towplane, as any improvement of the aero-tow is mainly and
closely related to improvements of its basic tool: the towing
airplane.

The existing situation in a few countries, for which some
data are available, 15 examined first. Then some consider-
ations are presented aiming at the definition of an acroplanc
specifically designed for towing gliders.

2. THE EXISTING SITUATION

Any aeroplane having a sufficiently low minimum speed in
steady flight and adequate power can be used for towing
gliders. The choice in cach particular country depends on
what is available in the market. Sometimes surplus aircrafl
are available [rom military aviation.

Aeroplanes used for towing gliders are not normally specif-
ically designed for this task. They are designed for other

purposes and only afterwards suitable or acceptable for acro-
towing too. It will be shown, however, that their performance
is usually poor, if related to the engine power available. Fur-
thermore, they are usually unsatisfactory [rom other points
of view.

It is unlikely that an aeroplane specifically designed for
towing gliders would cut down operating costs a considerable
extent, and offer a number of desirable characteristics which
are never found all together on the towplanes presently used.

On the basis of these considerations, an inquiry was started
by CIVV. A short paper {see Annex) asking for dala and
opinions, was circulated among delegates at the C1VV meel-
ing of March 1984,

Some information, opinions and suggestions were received
from the following countries: Denmark, Finland, Sweden,
Japan, Switzerland, USA, Germany and South Africa. They
are briefly reviewed here.

Denmark: A prototype designed specifically for towing
gliders —the POLYT 5— wuas constructed in the late 60°s by

the “Polyteknisk Flyvepruppe.” This aircraft is described in
Section 3.

According to Mr. P. Weishaupt, although its performance
was satisfactory and its operational superiority over other
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aircralt currently used as tugs (KZ-VII, MFI-9B, Piper
Cherokee 180, Piper Pawnee) was clearly demonstrated, this
remarkable airplane never went into production,

Finland: According to information received from Prof. 1),
Mai, Helsinki University of Technology, the PIK-23 “Tow-
master”, a4 development of the PIK-16, was used in recent
years as a two-seat glider towing aircraft and trainer. This
acroplane is also described in Section 3.

The PIK-23 prototype was first fown in March 1982, and
a second example in March 1983, Although their perform-
ance was satisfactory, they have not so far raised sufficient
interest to encourage series production.

Sweden: The Royal Swedish Aero Club, through Mr. J.L.
Olson, reported that they believe they have found a satisfac-
tory solution by reducing the noise (through the use of a
special propeller) of the 260 hp Piper “Pawnee™ PA-25 agri-
cultural airerall, which was available as a used aircraft at low
price in the Swedish market,

Japan: Prof. A. Azuma on behall of the Technical Com-
mittee, The Japan Soaring Association, expressed interest in
a towplane adequately improved with respect to the ones
actually employed in terms of rate-of-climb, maintenance
costs, noise level and visibility from the cockpit.

Switzerland: Mr. E. Lobsiger, a member of the Swiss Acro
Club Gliding Commiltee and a physicist in the Institute of
Applied Physics al the University of Bern, reported that low
naise and short takeoff and landing (STOL) characteristics
are strongly demanded in his country. He wriles: “Actually
1o our knowledge no aircraft has yvel been specially designed
and built to tow gliders. This is a rather astonishing fact if we
have in mind the tremendous efforts that are undertaken to
improve not only sailplane performance but to find better
solutions in 4 lot of soaring-related fields.”

Mr. Lobsiger states that “*as people are getting increasingly
sensitive to all sorts of environmental problems, the noise of
the glider tow has become the number one problem of soaring
flight in Switzerland today. Many clubs suffer severe operating
restrictions.

“According to the new Swiss law on environments protec-
tion, noise emissions are evaluated and judged on an energy
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equivalent sound level (L) basis:

To
y e o1l , )

eq .

where t s the time, L is the A-weighted sounded level and
T, is the averaging time interval,

“Problem number two arising now is the fact that the num-
ber of glider pilots keeps growing, hut no new airficlds have
been built for more that a decade. The chance of opening new
glider sites in Switzerlund could be better by an order of
magnitude if we could tow from short strips. Therefore, the
length of a glider site would not be determined by the take-ofl
of the tow, but by the landing requirements of the gliders.
Runways of 300 400 meters would be easier to find and
finunce.”

Based on these considerations, the study of a specific glider
towing plane (the “Starter”™) was carried oul, leading to the
conclusion that the most cfficient towplane should be an
overpowered motorglider with the following characteristics:

takeoll within 300 meters towing two-seat gliders;

rate of climb up to 7 m/s with 180 hp engine, towing
single-seat pliders;

fast descent using airhrakes;

tow rope which can be retracted after release.

The “Starter”™ project is presently in a feasibility study
status. Mr. Lobsiger also informs us that “in 1978, on a
private basis, four engineers at the Pilatus factory in Stans
began to work on their ‘optimized towplane’. To start, they
put a number of specific guestions about towplanes to all
Swiss glider clubs. We mention but one result here: already
at that time, 80% of the answering groups reported restric-
tions in operating hours due to noise problems: The final
design of the Pilatus engineers was a light-weight single-seat
160 hp aircraft. The design featured a steel tube fuselage and
an 8.5 meter wing using as especially simple aluminum con-
struction. Design goals were 65 dB{A) cerlification noise
level (305 m, MRP, according to ICAO Annex 16), 5 m/s
climb rate when towing a Ka-6. This private project was
finally abandoned due to lack of funding.”

Mr. Lobsiger stresses the point that, if the overpowered
motorglider could comply with the OSTIV/JAR definition,
certification under JAR-22 would be much casier than under
FAR-23. [n addition, motorgliders can be flown with a li-
cense much casier 1o get than the normal motor pilot’s li-
cense. Morcover, Mr. Lobsiger remarks: “Meanwhile every-
hody speaks about the ‘Primary Aircraft’ (USA} of the
‘Basic Airplane’ (Europe). Maybe that, therefore, a certifi-
cation could also take place within such basic airworthiness
requirements vet to be agreed upon™, and suggests “CIVV
and OSTIV SHOULD invile entries for an international
competition to build an optimized towplane (the Robin ATL
is one of the results of a similar procedure in France looking
for a cheaper school trainer)™,

LS. A Captain Robert N. Buck provided the following
comments as: “The result of inputs from towplanc pilots,
glider pilots and a towplane operation that does in excess of
3000 tows per year,

“The Cessna L-19 is probably the best towplane available
in the U.S.A.; however, it is not being manulactured and the
supply is almost exhausted.

“The L-19 offers excellent view allowing o 3607 range as
well as vertically through skylight windows, These have been
found especially valuable during landing approach: a proce-
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dure has been established wherein, on base leg, the tow pilot
does a quick roll 10 the right  on a lefi-hand base-—to look
through the skyvlight windows {or any possible traflic on a
long final approach he might be in conflict with — then roll
back to the left and complete base leg and landing. On an
airport with mixed ghider and power aircrafl traftic, especial-
lvitinerant power aircraft, this has proved to be a large safety
fuctor,

“The most negative comment on this airplane 15 that it
makes considerable noise for those on the ground, Mufllers
have been fitted (o cul engine noise, but the high propeller
speeds alone make objectionahle noise, At this operation "Q'-
tip props are being tried to help reduce noise as it's been
found they help on a Beech Bonanza—though very little.”

According to Buck's report a specific glider towplanc
should include the following characteristics:

Be as quict as possible. This is considered a major re-
gquirement. In the New Llingland arca of the US.A. three
glider operations have been closed due to noise complaint and
community action. Two other operations are restricted as to
hours of operation, i.c., no Sunday morning operation in one
casc; operation only between the hours of 9 a.m. and 5 p.m. in
another with restricted [light paths to keep the tow away
from neise-sensitive arcas { people who complain most!).

Good view with a 3607 capability as well as vertical,

Easy to fly and land with closc turning mancuverability
on the ground. Tricyele landing gear preferred for ground
handling case and convenicence of rope hook-up by ground
personncl.

Adrbrakes that enable fast descent and create enough
drag so sufficient engine power can be applied during descent
o prevent too rapid engine cooling and subscquent damage
to the engine, or wear that decreases Ume between overhauls.

Quick initial acceleration is important to get the glider up
to control speed in a short distance to prevent sizable glider
“wandering” during takeofl run.

A low enough power loading so Lows to release altitude
will be fast allowing quick tows and last turnarounds. Glider
operation cconomics, with towplanes, is directly related to
performing the maximum number of tows per hour; gquick
tow Lo altitude, release, and quick descent and landing. High
power loading of aircraft, such as a motorglider for towing
might have, would not allow this. This factor is very impor-
tant to make towplane operation financially possible. With-
out it fewer persons will operate towplanes and this will re-
strict glider Aying—at least that is the way it is in the U5 AL
where most towing is dependent on financial success.

Ease of maintenance; cowlings easy to remove, spark
plugs easy to get at and change, strong landing pear, casy
access to brakes, refueling that is simple and does not require
ladders or awkward climbing about the aircraft.

Simple fuel system that minimizes the chance for pilot
error. Minimum of tank selection changes during flight. An
accurate fuel level indication so pilots can operate to mini-
munt fuel without danger of running out,

Easy, quick rudder trim to relieve the high rudder forees
and consequent tiring of pilot’s legs when he counters o
lorque eflect during slow climb. this can be a very fatiguing
factor during a day of many tows.

Germany: Mr. Muanfred Schliewa, a professional designer
for Rheinflugzeugbau, expressed the opinion that a specific
glider-towing aircraft would be highly desirable but, as an
alternative, a satisfactory solution could be obtained by mod-
ilication of an existing aircrafl. Suitable examples, in his
opimion, are the 180 hp Piper Super Cub, the Piper PA-38
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Tomahawk, or a motorglider.

He would be interested in cooperating in the design and
realization of such an aircraft, provided that sufficient inter-
est is shown.

South Africa: Mr. Stephen R. Murray stated that present
towplanes in his country are mostly Piper Super Cubs (150 or
80 hp). Cessna 182 and 206, or converted Cessna wit 150 hp
are also employed. “They all do a good job,” he says, “but are
not ideal.” Areas which could be improved are:

Super Cubs: “*Maintenance costs, L.e. expensive 10 re-cov-
er. High rate of engine wear due to dust, Rate-of climb at our
high altitudes. Comlort, i.e. noise and seating. Rate-of-de-
scent with power on to keep engine warm. Rearward view.”

Cessnas: “*Maintenance of nose oleo due to rough strips.
Cost of extra two cylinders at top-overhaul and complete-
overhaul time. Cost of overhaul of variable pitch propellers
and their maintenance on gravel strips. High fuel consump-

tion. Tow speeds too high for light club gliders. Rate-of-
descent as per Pipers.”

Mr. Murray is doubtful whether any club in his country
could afford a brand new purpose-built towplane.

He lists some characieristics they would like to see in an
Yideal” towplane:

-Good power-to-weight ratio.

—>Simple rugged nose gear (not air/oil or pneumatic) for
ease of ground handling.

—Four-cylinder carburetted engine for low overhaul and
maintenance costs. Must have a very good air filter system
and be tightly cowled and baflled for even cooling at all
power scttings. Preferably no cowl flaps, as pilots tend to
forget” their use or proper use. It is recommended that ex-
haust-sugmented cooling (preferably activated autornatical-
ly) be incorporated,

Fixed-pitch propeller with ample tip clearance. Prop di-
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ameter must be quite large for maximum efficiency | which
clashes with nose wheel and tip clearance requirements {back
to tail wheel).

—Metal or composite construction (no fabnie).

—All-round view. If high wing type, it must have a clear
vision panel in center section.

— Drag devices for st descent with enough power on to
keep engine warm, i.e. dive brakes for laps with high operat-
g and limit speeds.

— T'wo seals.

Simple shock-mounted instrument panel,
liasily accessible tow release.
— High aspect ratio wing for good climb characteristics.

3. EXISTING TOWPLANES

Most presently used towplanes are listed in Table 2.

Although it is not known to the author whether it is actual-
ly used as a glider towplane anywhere, the Piper PA-38
“Tomahawk™ 1s included in consideration ol its suitability to
become a rather efficient towplane. The POLYT-5, ESS-641
and PIK-23 “Towmaster™ were specifically designed as tow-
plancs. It can be noted that the engine power ranges [rom 150
to 235 hp, the empty weight from 429 to 725 kg.

The significant wing loading, in the author’s opinion, is the
one corresponding to the average weight at which a towplane
operates, roughly the empty weight, W, plus 200 kg. On this
basis, W /S ranges practically from 50 to 65 kg/m2, with the
exception of the Piper Super Cubs and the Acro Boero.

The POLYT-3. ESS-641 and PIK-23 deserve some addi-
tional description and remarks. Little is known to the author
concerning the ESS-641.

POLYT-5: Designed and built by a group of graduates and
students of the Danish Technical University in Copenhagen,
this prototype (Figure 1) was first flown on 12 April 1970
(Ref. 1),

Construction is of wood and GRP, Single-scat. Wide-span
ailerons, each having a centrally-located trim tab. Inboard of
each aileron is an air-brake/spoiler which can be deflected to
nearly 90°. All-fiying horizontal tail, with full-span balance
tab, Trim tab in rudder.

Two-bladed propeller, diameter 2.06 m. for cooling the
200 hp Lycoming 10-360-A2B engine during low-speed
flight, a fan with 16 plastic blades is mounted in the circular
air intake behind the propeller and is capable of blowing 99
m2 of air per minute, about four times the normal cooling
flow. To prevent excessive cooling (i.e., curing diving), the
cooling grilles can be closed, and the under-nosc cooling flap
aft of the cowling closes automatically during a dive.

Operational equipment includes an clectrical winch in the
rear fuselage, which can reel in 40 m of nylon tow line in 40
seconds after the sailplane is released.

Performance data are:

-VNE: 232 km/h.

— Max speed for extension of airbrakes: 120 km/h.

— Max speed with airbrakes extended: 165 km/h.

— Stalling speed; 72 km/h.

Rate of climb at S/L. (no glider): 8 m/s.
— Rate of climb with single-seat ghder: 5 m/s.
— Rate of climb with two-seat ghider: 4 m/s
Takcoll to 15 m: 140 m,
Landing from 15 m: 280 m,

ESS-641: Designed by FLUWAG BREMEN, it was

flown lor the first time in September 1971 (Ref. 2). _
Single-seat low-wing monoplane. Tail-wheel type landing
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gear. Plain flaps.

Construction of wood, fabric and GRP. Stecl tube fuse-
lage. 180 hp Lycoming engine, 2-blade fixed pitch propeller.

Performance data are:

—VNE: 3002 km /h.

—Stulling speed, flaps up: 78 km /h.

—Rate of climb at S/L (no glider): 10.8 m/s.

—Rate of climb with single-seat glider: 6.5 m/s.

—Rate of climb with two-seat ghider: 4.5 m/s

—Takeofl to 15 m: 115 m.

—Landing from 15 m: 214 m.

PIK-23 “TOWMASTER™: A co-operative project be-
tween the Helsinki University of Technology and VALMET
OY, the PIK-23 is a development of the PIK-19 (flying since
1972, Ref. 3 and 4). The lirst prototype was displayed at Le
Bourget in 1981 and Farnborough in 1982,

Construction is of composite materials. The two-scat air-
craft is powered by a 180 hp Lycoming O-360-A4M.

After release of a glider cow] flaps are closed and flaps
lowered. High flap speed (200 km/h) for rapid descent.
Rate-ol-descent up to 15 20 m/s.

4, THE THEORETICAL DESIGN APPROACH
FOR CLUB PERFORMANCE
One ol the basic requirements for a towplane is the highest
possible rate of climb when towing o ghder.
Neglecting the weight and acrodynamic drag of the tow-
line and its influence on the balance of forces acting on both
aircraft, the rate of climb, w, can be expressed as

w =

.Vt.’_,a‘/’f 47/3- DtV-—D?V)

where w; = towplane weight, w, = glider weight, n = pro-
peller efficiency, p = engine shaft horsecpower, D = tow-
planc drag, Dy = glider drag, V = airspeed.

At constant airspeed, V, and altitude, it is therefore:

W = W(”?;P/Wtror,y(?,b’_)-

If we refer to a given towplane and a given ghder, we can
assume (hat the increment of the rate of climb is a function of
the above variable's increments:

Aw = 8w (487, 8P, 8V, 0D, 8%y, a0,).

The variables, however, are partly interdependent:

An aflects Wy (weight increment of propeller and/or due
to reduction gear)

An affects D; (drag increment due to modifications re-
quired by propeller installation or reduction gear)

AP affects W (weight increment of engine, accessories
and airframe)

AP aflects Dy (drag increments due to the installation of
more powerful engine)

AW, alTects Dy (induced drag increment of the towplane)

AW, affects Dy, (induced drag increment of the glider).

Among the various parameters affecting the climb per-
formance, the towplane wing aspect ratio, A,. is of particular
importance. Ay, however, interacts with Dy and Wi:

Aqallects Dy (through the towplane induced drag);

Apaffects W (through the towplane wing weight ),
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Three-view drawing of the Polyt § prototype glider-towing aircralt

Figure 1 - P2CLY T-5
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Taking into account the above listed interdependences and
assuming relatively small increments of the variables, the
function Aw can be expressed as follows:

AIA/ =
dur 2 :)ﬁu ;ng’- 9% ‘4}?
Gy A1 5E 0P S (Amg » SR AP S 0y + a" i)
+<./;Q—D*_‘C (4D, + 2.‘1*49 ?‘5 ay+ J‘Dtd W - 93: 4A,)
iy

D «7
*““—a“?'r~ 5, (40 + 5% 4 ﬁ)

where:

AW, = the towplane weight increment to to any cause
other than AP, Ay, AA¢

ADy, = the towplane weight inerement due o any cause
other than AP, &n, AW AA:

ADy, = the glider drag increment due to any cause other
than _\\\z

The par lldl derivatives must be evaluated. An approximate
evaluation is not too difficult, although care should be given
to possible singularities.

For instance, when evaluating ¥ W /yP one should consid-
er whether, in the particular case being studied, the engine
power increment can be ohtained simply by increasing the
compression ratio or the r.p.m. (which would give a very low
vilue of the derivative 5 W /v P} or cylinders should be add-
ed, the engine weight being thus considerably increased.

An example will clarify these points.

Example: let us take the Robin DR-400/180R as the ref-
crence lowplane, and a single seater as the towed glider. The
following data are assumed:

n = 0.65
P = 75x180 kgm /s
W, = 760 kg

Ay =7506
S = 13.6m?
Cpor = 0.040
e = 0.85
Wy = 450 ke
Ap = 20
( ‘Dog = 0.008
ey = 0.9

Sg =10 m?

The atrspeed is assumed Lo be:
V =33m/fs = 188 km/h
The reference altitude 1s sea level.

It resulls:
Wi 750

G, - 16 % ?22: HE o W OBZ
3 Coy
C-Dt: = Choe * e = C:D.,e ’ke:.;‘: = SReHEr
O, = €, 5, V)16 = 786 kg
2
{‘;1-= f&-yr/}/{_’ Vo= o8¢ 5
Ly .
Cﬂ?_= Cbg? + g_,/ﬂluf_ = ijj ?,r(; ﬁ} = G.ofsF
D}. - Co} 53 1//1'6_ 10.7 kg
4182 M/S B

W= (q P 0.V =Dy VI/(# +%) =

Whether this rate of ¢limb is overestimalted or not, 1t is not
known for certain by the author. Considering the assumption
ol full power, reduced W (= W,.+ 200 kg) and a mid-weight
glider, it should not be too unlikely. The considerations which

follow, however, are not affected by the accuracy of this
estimation.
Evaluation of the derivatives:

Pur P .
92 m 11,44 .m/s
e e T

DR W} T 0 0005 3F M/&'/kym/_{ = Soadd m/s/-"p

Dur
W, ’["’{P*(‘V:'—WJVJ wWorwa ) = — 0004t mfkis
3 ¢ e W 7
M { 0.4 ky [hp
P -+ kﬁ/"i” }
IRy
é;z- = {00 k¢ {rouzh assunption)
ggi/t a 5“‘} {rouzh assumption)
(3
ow v
O "Wy = m00 /s
Q.bt g
ap *°
DDy w
Q“{_ = 0
2e 32 Wi
W T wA s ve 0"
18 Wit -
A T me s viay TV
Qh-'" e "
Wj' = ’3:»(7;' =~ Q0041 m/x;;s
e Pa
’;‘ng« g ® ~p.o27 mfKgs
@}: ] 32 Wy = g.023

R v ¢
9!43‘ ??;CJ_V

Let us cvaluale the gain in rate of climb that would be
obtained by increasing A from 5.6 to 10 (AA, = 4.4), all the
rest remaining unchanged except W which is affected by
QA“

D g Dar i _ e
b = (F Gat + B e ) = ool
Therefore, the rate of climb would be increased from 4.82
m/s to 4.82 + 0.78 = 5.6 m/s.
Should the same increment, Aw = 0.78 m/s, be oblained
by decreasing the towplane weight, Wy, the change should be:

Qw" W‘
- = Q.78 = /5
i 2 ;H’/&
i 2 :: = - f90 &
AW = Jwr £ & o.?&/ 00041 190 kg

Should the same increment Aw he obtained by improving
the propeller efliciency, the increment Ay should be:
Aur -O—O-g: dn =078 Paye
AQ :_durg,'! = 0.?8/;}..-" > g.0F

i.e., n should be increased from 0.65 to 0,72
[f we assume we are able to achieve simultancously:
—An=40.05, i.e. n increased from 0.65 to 0.70,
—,-;\P= +30 hp, Le. Pincreased from 180 to 210 hp,
~AW =100 kg, i.c. W (decreased from 760 to 660 kg,

- —460 kg),
(\\_ F6.4, ie, A tincreased from 5.6t012,

AtT
and assume that the following quantities can be neglected:

P W Dwa 5 b DD

TR O'lf th.;*’ ap 3—’? ’
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P =mP (P=180 hp, 4 _ = 0.65)
Robin DR-400 (W=760 kg, W/S=55.9 kg/m2)
o/p motorglider (W=660 kg, W/S=55 kg/m2)
old type single seat glider {~ Ka-6, W=300 kg)
overloaded training two-seat glider (W=750 kg)
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for the same towed glider {(AWg =0,

ADg =0), at the
sume atrspeed and altitude, we obtam:

AW og 4t g df *m“ﬁ,e t v oa A *
2 Ol gy L D g 2T s
ZJDE EIA t m gi+ F.‘.j__é_ } =
=056 + 1.2+ 041 + 1.29 + 0.30 = +3.76 m/s., which
PIVES:

w = w robin + 3.76 = 482 + 376 = 8.38 m/s!

I1 can be seen that 34% of the Aw increment is obtained by
increasing the wing aspect ratio and 32% by increasing the
engine power.

Although several simplifications and approximations are
made in this calculation, it scems clear that the ideal (ow-
plane, as far as the climb performance is concerned, resem-
bles an overpowered motorglider.

DESIGN CONSIDERATIONS
Apart from the preceding remarks about climb perform-
ance, several other considerations arise.
Wing Loading:
The €y Tor minimum power required in level flight (with
the cubic polar approximation, Rel. 5) can be estimated as:

£ -
“LPmin

o s NS ) .
/ﬂrA Ch, = 1:452,/A Cpy ((09=656+0-045/A)

For optimum climb performance, this €], should be
achieved simultaneously by both the glider and the towplane.

As a matter of fact, C|Pmin ©CNANZEs VETY little for a
traditional towplane or motorglider or a glider, because it
occurs normally that a higher wing aspect ratio is accompa-
nied by a lower mintimum drag coeflicient. Examples:

Robin towplane: A.C — 56 % 0048 = 027
Motorglider: A.Cpy L_-).Ol_g < (_)?822' i '()_26)."

Single-seal glider; A, C 5 22.5
Two-seat ghider: A.C Do 2 16.1 %

Therelore, if bath towplane and glider have the same wing
loading, the optimum condition is approximately achieved.

Although the actual trend shows an increase of the glider
wing loading, lcading to extreme cases—in competition—in
which the glider wing loading exceeds that of the towplane,
the normal situation (in club activity, for instance) is that the
glider wing loading is around 30 kg/mZ2, whereas the tow-
plane wing loading can rarely be less than 50 kg/m2.

The design requirements for a towplane, therefore, should
be for a wing loading approaching that of the average glider.
A low wing loading, moreover, is highly beneficial to the
reduction of the “power required for steady level flight™, Py

A highly desirable characteristic would be that the Ppvs,
airspeed curve is as fat as possible. This would allow towing
at different airspeeds with a reduced loss of climb perform-
ance. As shown clearly in Figure 3, the “overpowered mo-
torglider”™ offers a remarkable advantage in this respect if
compared with a traditional towplane,

Propeller:

Duc to the low advance ratio (V /nD = 0,32 10 0.35), being
(sce Table 2) 60n in the range 2400/2750 rpm, D around 2m
and ¥V around 30 m/s, the propeller efficiency cannot possible
exceed o maxinium value of approximately 0.65. This means
that more than — of the engine power is lost in air vortices.

e .1 .0 1. oo o P S T S S0 MM

The direct way to improve the propeller etiiciency would
be to reduce its rotational speed. The propeller noise would
thus be reduced at the same time. A pear ratio of 2:1 would
raisc the propeller efficiency from (.65 to 0.75. However, a
reduction gear increases cost and weight. The larger propel-
ler diameter would also bring with it direct and indirect
weight increases.

Figure 3 shows the ample variation with airspeed of the
“power-available™, P,=nP, when a fixed pitch propeller is
adopled. A variable-pitch propeller would yield a practically
conslant value of the power-available in the speed range of 90
to 150 km/h, greatly improving the towing rate-of-climb at
low or high towing speed. Again. higher costs are the counter-
balance of this benetit.

Other requirements and recommended features:

Noise level limitations (65 db{A)).

STOL characteristics: e.g.. takeoll’ run within 300 m
towing two-seat gliders.

—Fast descent: airbrakes or high-deflection flaps with
high operating and limit speeds.

—Reduction of risk of upsets: towline attached close toa fc
C.G. or increase of elevator power.

View in flight over 3607 and vertically,

Good lorward view on the ground.

Efficient engine cooling during tukeolt and climb.

Reduction of engine overcooling during descent.

—Quick initial acceleration.

—Closc turning maneuverability on the ground.

—Retraction of towline.

Fase of maintenance: cowlings casy to remove; spark
plugs simple to get at and change: strong simple landing gear;
easy access to wheel brakes.

—Reduction of overhaul costs: no fabric (high re-covering
costs); 4 rather than 6 cvlinder engine: fixed pitch propeller.

Rudder trim.

Fuel system: simple, minimum chance for pilot error,
minimum of tank selection during flight, accurate fuel level
indication, simple refueling (no ladders).

—Engine protection from dust.

Comlortable seating.

Easily accessible tow release.

Engine to be operable on MOGAS [uel.

Ease of takeoff in cross-wind condition,
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