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Abstract

The development of short-haul air tran=-
sport represents a very promising way of
arriving at an integrated system of passen
ger transport capable of avoiding the ever
increasing disfunctions of the non integra
ted systems of transport now in use. It
seems important to develop a research which
is intended to evaluate the most convenient
limits of the expansion of air
over short hauls and to refer the technical
problems connected with the above mentioned
expansion. The Institute of Aeronautics of
the University of Pisa has taken into consi
deration the above theme developing the
research in two directions which are clo-
sely connected; one relative to the technji
cal-economic evaluation of the optimum con
figuration of the aeroplane and of the re-
lative infrastructure in relation to the
intensive use over short distances in Italy
in 1980; the other is relative to the study
of the aeromechanic behaviour of the air-
craft STOL and VTOL in phases of slow
flight.
of air transport over short hauls has been
developed according to the following es-
sential points. - The prevision of the re=-
quest of transport, - The definition of
the technical economic and operative cha-
racteristics of the aircraft STOL and VTOL
which are suitable to satisfy the request
of transport. - The examination of the prg
blem of inserting the airports for the air
craft STOL and VIOL into the urban centers
they must serve. = The economic evaluation
of the system of air transport over short
distances, The study of the aeromechanic
behaviour of the aircraft STOL and VTOL

transport

The technical-economic evaluation

", o

has been done developing the technique of the

relative flying models in dynamic similari
ty. A first flying model of an aeroplane
STOL with deflection of the slipstream and
the boundary layer control has been reali-
zed and set-up and will be used for trial
flight at the Politecnico in Milano.

1. Introduction

The development of short-haul air tran-
sport represents a very promising way of
reaching an integrated system of passenger
transport capable of avoiding the ever in-
creasing disfunctions of non integrated
system now in use; these disfunctions are
becoming larger and larger with the develop
ment of the other components of the economy
of the nations, the above systems operate
in. In West European countries with an es-
sentially industrial economy the continual
increase in the volume of traffic conforms
with the continue increase of ponulation
and revenue; over short hauls (i.e. distan-
ces less than 700 Kms) the above increase,
mainly following the notable deve-
lopment of private automobile traffic is
however accompanied by a constant and wor-
rying increase in the time of travel, not-
withstanding the continued increase in the
maximum speed that characterizes some means
of transport and in particular aircraft.
The above inconvenient is caused by the
inadequacy of the existing infrastructures
especially in relation to the geomorphic
characteristics, to the layout of the towns
of the said countries and above all to the
lack of a rational integration between the
various means of transport.

The situation described, already bad



enough, i3 certaiqly destined to become wor
se with time with serious repercussions in
the national and contlnental economy.

There can bYe no thought of improvement except
a temporary one and investing large sums of
money ia a scarcely productive manner, The
usinz of the present system reveals more
and more its incapability of satisfying the
demand for quick transports becoming more
and more pressing with the progress of the
nations serwved,

To avoid the aforesaid inconveniences
and to satisfy the rapidly increasing de-
mand for high speed transport, it seems ne-
cessary to develop a new system of integra=-
ted transport mainly based on STOL and VTOL
aircraft with large transport-power capable
of operating from airports with reduced di=-
mensions at low cost inserted in the urba=-
nistic texture of the served towns in the
Lmmediate vicinity of the centers of traffic
generation.

The possibility of utilizing in the near
future STOL or VTOL aircraft for resolving
the just mentioned important problems is ba
sed on the knowledge that aeronautical engi
neering has obtained in this field, above
all! in consequence of noticeable activity
in research financed prinecipally by the de-
fence-budgets with agreements to define sg
me configuration of STOL and VTOL adapted
to the solutions of problems militarily im-
portant. The state of this knowledge allows
to affirm that in Rurope it could be reali-
7zed with success that STOL or VIOL aircraft
optimized in relation to the small distan-
ces could plausibly become operative at the
end of the next decade, This possibility
is, however, conditioned to a suitable re-
search effort, adequately financed by the
states interested in finding a solution to
those important problems that are exposed
here after, Moreover it is decisively im
portant to fix the optimum of the operative
fields for the economy of the previously
stated aircraft, and of the new means of
surface=-transport now in a phase of noted
technological development.

The object of this paper is to draw the

attention to the main themes of research
that need to be overcome to bring about a
rational solution to the complex and multi-
form problems of ailr transport over short
hauls and to exhibit successively the first
results of a research made by the Institute
of Aeronautics of the University of Pisa
with financial cogtribution from C.N.R.;
this research is interested in the evalua-
tion of the utmost limits of expansion of
air transport over short distances, in Ita-
ly, and to clarify the technical problems
connected with the expansion above mentio-
ned. The research previously mentioned was
developed by two directives closely connec-
ted; the former related to the technical
and economical appraisal of the optimum con
figurations adopted in the aircraft and the
relative infrastructure in relation to its
intensive use over short hauls in a determi
ned geographical area, the latter relates
to the study of the aeromechanical behaviour
of STOL aircraft in the temporary slow
flight phases. This second stage of re-
search has been overcome, as previously cla
rified, by developing for the first time in
Italy, the technlque of powered teleguided
models flying in dynamic similarity.

II. Technical and economic valuation of a
system of alr transport in Italy that
could be in operation in 1980 over

short distances,

The countries of West Europe and of the
Mediterranean basin, also in consequence of
a similarity especially noted in their geo-
morphic and urbanistic characteristics pre=-
sent problems of transport over short hauls
(less than 700 Kms) substantially the same
also 1f the seriousness and urgency are di-
verse, above all because of an exsisting
difference in economic development., As
these differences are certainly destined to
become less in the next few years, it seems
right to overcome the problem of air tran-
sport over short hauls for the whole geogra
phic area aforesaid. However, because of
many difficulties, derived above all from
the not easy availability, for all the intg

By




rested countries, in a reasonably short ti-
me, of a few data necessary for the cor
rect posting and resolution of the problems
involved, it seems to be convenient to li-
mit the study to Italy only, a country that
for geographic and urbanistic characteristic
and economic development presents problems
of transport over short hauls which are suf
ficientely representative of the problems

of the geographic area under consideration.

It has been tried to develop a sufficien
tly general method for the economic evalua-
tion of the system, a method applicable also
in diverse cases than those examined, in the
following essential points:

1) Prevision of the total demand to tran-
sport passengers over short hauls up to
1980 and its distribution among the dif
ferent means ‘of transport on the assump
tion of existing air transport system
optimized over short hauls,

Definition of the technical economic
and operative characteristics of some
particular STOL and VTOL aircraft; capa
ble of satisfying the demand pre stated
with a prearranged level of safety.
Examination of the problem of building
airports for STOL and VTOL (STOL and
VIOL-PORTS) within the urban network of
the centers to be served with particular

2)

3)

attention to noise and efficient opera-
tion needed.

A technical and economic evaluation of
the infrastructure necessary to guaran-

4)

tee the operative characteristics reque
sted,

Technical and economic evaluation of the
system of transport and comparison of
different possible solutions STOL and
VTOL.

3)

The following study is developed by
plying the methods previously stated and
must be considered as an approach nearest to
the proposed problem on the basis of plausi-
ble hypotheses which are necessary to fill
in the blanks in information indispensable
for the posting of work that it
has not been possible to find because of
the long time necessary for and the limited

ap=
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number of researchers employed in the re-
search, Up to now it has not been faced the
problem of integrating the various systems
of transport, indicated firstly as a basic
concept, considering that a rational solu-
tion could be obtained only in a second
phase of optimization of the complete system
of transport over short hauls: the concepts
informing the above written optimization
have become already objects of a finished
study published by this Institute 1.

IT.A - Prevision for a demand for transport

Ita the t 12 ars
There is a tentative to evaluate the
demand for transport of passengers in

Italy up to 1980 and the distribution of the
said demand among the diverse means, suppo-
sing there is in existance a system of air
transport optimized over short hauls of the
type indicated in the introduction.

This prevision has been based on the fol
lowing considerations and hypotheses:

a) In a sald geographic area the volu-
me of global traffic of passengers depends
essentially on the number of inhabitants
and their revenues. In particular in cen-
tral European countries of medium and high

revenue one could notice that the ratio of
the work of transport made by public means
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Fig. 1 = Ratio of the work of transport
made by public means to G.N.P.
versus per capita revenue in

West Europe in 1960 and 1965,



of transport in a given nation in a said

year to the gross national product dimini-
shes with the increasing of the revenue per

head with a law sufficiently clear when a

group of nations with a sufficiently uni-
form economy, geographic and population is

considered.

Confronting the data on traffic,revenue
and population for various countries with

an income per head equal to or more than in

Italy in different years has become possi-
ble to identify, Fig. 1, a law plausible

for Italy and, on the basis of well known
previsions on the development of revenue

and of the population Sy to evaluate the

work of annual transport by public means up
to 1930. To identify the above function in

the aforesaid manner is certainly a cauti-

ous proceeding in relation to the potential
traffic over short hauls by plane since it

is prudently supposed that the introduction
of new systems of transport does not augment

the competition of public transport as
against that of private, but produces only
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Fig. 2a - Forecast of population and
revenue increase.

It is supposed in fact in the extrapola-
tion of the data aforesaid for Italy that
in countries of Europe with more revenue a
system of public transport fit to sati-
sfy completely the relative demand,
available,Anyhow it appears clear that
new system of integrated public transport
more efficient than the existing one, will
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Tab. 1 = Forecast of revenue and traffic for
Italy.
be in a position to compete with private
automobile transport between cities because
of the ever increasing difficulties reveal-
ed in this means of transport for the pro-
gressive saturation of the road infrastrcty
re especially in the proximity of the large
urban centres.
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b) It has been supposed that the effecti
ve traffic on the various connections is di
vided like the potential traffic; to calcu-
late this formula No = P1P2/d2 has been
used.

It has not been thought suitable to in-
troduce into the above mentioned formula
corrective coefficients, which take into
account the particular economic geographic
and social factors which influence the
amount of traffic between twc centres,since
it is very difficult to evaluate correctly
coefficients of this type which are valid
for the situation of hypothetical traffic
in the foreseen period. This method of ope
rating may bring one to overestimate the wvo
lume of traffic on some connections and
underestimate it on others; the formula
gives reliable results when it is used
evaluate the average distribution of

to
the
volume of traffic as a function of the di-
stance. The method shown, as it will be
explained better later, individuates these
connections, among all those possible, (503
out of 4232), on which the volume of traffic
is large enough to justify the introduction
of ailr transport and give a first approxima
te picture of the air network clarifying in
which direction a very complex and expansive
research must be directed, to determine a di
stribution of the volume of traffic on the
single hauls which corresponds to the geogra
phical economic and social situation of the
centres served.

¢) The division of passenger traffic
among the different means of transport in a
certain geographical area, supposing there
is a free choice on the part of the tra-
veller, is essentially a function of the
total cost of the journey (tariff class+tra
vel time value for business journeys;of the
simple tariff for all the others).

It is difficult to establish a suitable
representation of the ahove said function,
above all because one has no direct expe-
rience of the problem and has no data on
the effects that the introduction of this
new means of transport might have on the
choice made by the persons served.
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Fig. 3a = Distribution of public means
traffic versus journey length.

Past experience has shown that the mo-
vement of passengers from a less efficient
means of transport to a more efficient one,
takes place gradually;even Lf after a cer-
tain interval of time, the more efficient
means prevails. In impossibility of affron-
ting this problem in a rational way, a very

simple hypothesis has been formulated, and

that is that in every journey length the
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Fig. 3b - Distribution of air-traffic versus
journey length,



passengers choose among the different means
of transport in an opposite way to the cost
of the journey evaluated in the above way.
However it seems plausible to think that
the system of air transportation, when it
effectively reaches an elevated degree of
efficiency, will be able after a running-in
period to give better results than those
foreseen in basis of the above mentioned
hypothesis.

With reference to the preceeding conside
rations the engineers Marchi and Degli Espo
sti have developed the prevision of traffic
shown in Tigs. 1, 2a, 2b, 3a, 3b and Tab. 1.
The connections taken into consideration
for planes are those of more than 100 kms.
On such connections the pass-km per year
are 20,07 billions. Then the above mentio-
ned volume of traffic has been distributed
on the single connections, which result in
the number of 3913; then only those connec-
tions which had not less than 100 passen-
gers per day have been taken into considera
tion. In this way the number of connections
and of pass-km are reduced to 503 and to
2,93 billions. The volume of traffic which
remains could probabily be recuperated, at
least in part, through indirect connections
when a rational organization of the time
table makes it possible to eliminate exces-
sive waliting in the intermediary stops.
However this volume of recuperable traffic
has not be taken into consideration.

II1.B - D n_of the tech m
and operative characterjstics which
anes st ha satisfy the fore

Seen reguest of transport

The possibility of air transport being
able to compete over short hauls with surfa
ce transport systems is essentially tied to
the possibility of reducing the loss of ti-
me, which an air passenger runs into from
the beginning to the end of the journey,
within limits compared to that for surface
travel, thus obtaining very high operative
efficiency which can be compared to that
of surface transport systems,

To obtain a consistent reduction of lost
time it is necessary above all that the air
port be as near as possible to the center
of origin of the traffic; it is also neces-
sary to assure an adequate integration of
alr transport over short hauls with systems
of surface transport or systems of air tran
sport over medium length or long distances,
which almost certainly in the near future
will have to use airports of large dimen-
sions no nearer than the present ones are
to large centers, To bring the operative
capacity of ailr transport over short hauls
to a satisfactory level it is necessary to
arrive at conditions of safety to accept
minimums of wvisibility and maximums of at-
mospheric turbulence less restrictive than
that now in use and however adequate to the
metereological ambient of each airport.

The nearing of the airport to the origin
center of the traffic is made easier by
using STOL and VTOL aircraft for reduced
dimensions of the runways necessary for the
take off and landing. Moreover the noise
characteristics of these aircraft are less
unfavorable than those of the present con-
ventional aeroplanes, in as much as for the
aircraft STOL and VIOL climbing and descen-
ding trajectories are possible at steep
slope.
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¥inally consistent reductions of the mi-
nimums of safety visibility are consented
by the low speed at which the aircraft STOL
and VTOL =pproach the runway. On the basis
of the preceeding considerations the charag
teristics which the above mentioned alrcraft
STOL and VTOL should have to satisfy the a-
bove mentioned request of transport have
been defined and studied in a first approxi
mation . The following three types of air-
craft have been taken in consideration:

1) STOL aircraft with slipstream deflection
able to take off in 300 m. overrunning
an obstacle of 15 m, with the arrest of
one engine at the critical point.

2) VIOL TILT-WING aircraft.

3) VTOL LIFT-FAN aircraft.

The choice has been limited to these
three types from among the numerous others
because we know their performance and cost

|
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“ig. 4b - Block speed versus journey

calculated on a basis directly comparablea. length.
The characteristics offered by the above
three aircraft make it possible to cover a
vast field of performance.
Number of Mean Number Number of |p oo vm ~ |Mean Number
LENGTH City Pairs ) ass/years |———— 10"~ |of Flights
Connections [of Pass/day i 1%-3 year in a dgy
100+200 232 187 15880 2295 8
> 2004300 130 187 8862 2220 8
a
P 300+400 49 171 3067 760,5 7
12
= 4004500 16 149 870 397 6
3
= 5004600 8 131 336,5 179 6
8
~ 600+700 2 194 148,35 98,2 8
TOT = 437 - 29163,85 5929,7 -
s 100+200 46 714 11980 1795 11
20
;; 2204300 17 632 3938 984 10
0
W «
= A 300+400 2 455 333 113.,5 7
e
=t 400+500 1 655 239 112 10
TOET. - 66 - 16430 3004 ,5 -
GEN.
TOT. - 503 - 45653,85 8934,2 -

Tab. II - Characteristics of the connections with more than 100 passengers in a day.
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Bearing this in mind the most convenient
canacity of the above mentioned aircraft
STOL and VTOL has been estabilished. "ith
reference to the connections with a minimum
of pnss/day between 100 and 400 a capacity
of 40 places has bSeen found excellent, with

a minimum frequenev of 4% daily flights and
with an averace load factor of 607.
Tor the connections with more than 400

pass/day it has bYeen found convenient to use
a capacity of 90 places with an average load
factor of 70% and minimum frequencies corre-
soonding to 6 daily flights.

In the table II the results of this first
research of the optimum solutions indicated
above have been resumed: it must be noted
that the necessary frequencies are numerous
enouch to consent a distribution of flights
during the day, which is suitable for a ser
vice of this tvpe. The maximum operative
range has been fixed up to 500Km for the abg
ve mentioned aircraft. This value seems to
be the most convenient, &as it has been
ticed that most of the connections exceed

no=-

sents direct services in almost all the con-
nections and two flights over shorter di-
stances without intermediary refuelling.

Once the above parameter was fixed it has
heen possible to determine, as a function of
the journey length, all the other flight cha
racteristics and the direct operative costs,
finding the necessary information by oppor-
tunely elaborating the data given by the py

Km

£

100 200 300 400 Km 500
"ig. 4e¢ - Optimum cruise height.

500 Xm. 3uch a value of the autonomy con-
STOL TILT-ING LIFT-FAN
CHARACTERISTIC
40 seat 90 seat LD seat 90 seat 40D seat 90 seat
WEIGHT EMPTY 10700 17300 13300 22700 12700 19900
(Kg)
WEIGHT EMP
et T 11000 17800 13600 23400 13000 20200
PKR}
PAY LOAD
40-90pass.+10%cargo 3780 8500 3780 8500 3780 8500
FUEL S8 g o .
500 Kn - Kg ; 500 1580 2700 3200 5300
RESERVES
(100 ¥m cruise + 700 916 730 1320 1390 2520
3 half hour)
MAX. T.0. WEIGHT
16760 29716 19690 35920 21370 36520
(Kg)
JEIGHT TO POWER
OF THURUST RATTO 1,62 1,62 1423 1,22 1,76 g s
POWE®  PLANT 4x2600 Lx4600 Lx4000 4x 7400 4% 3400 Ux53u40
[ah, III - Aircraft characteristics.
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blication 4 which contains all the technical
and economic data relative to the aircraft
STOL and VTOL which were examined in the pre
sent work; these aircraft have been optimi-
zed for an ample interval of pay-loads.
The direct operating costs which result from
4, vary very little in the field of stage
length comprised between 80 and 800 Km: the
absolute minimum of operative cost is had
in corrispondence with the maximum stage
length, equal to 800 Km; it has been there
fore necessary to reelaborate the data fur
nished by 4 to take into account that in
the case of the present work the assumed
maximum stage length is 500 Km instead of
800. This re-elaboration has been done on
the basis of the hypothesis that the above
mentioned optimum solution remains such when
the corresponding pay-load is increased in
quantity equal to the the weight of fuel
necessary for 300 Km cruising (that is the
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Fig. 5a - Direct operating cost-90 seats
aircraft-quantity of produced
unity = 100,
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Tif. 5b - Direct operating cost - 40 seats
ailrcraft - Quantity of produced
unity = 100,
difference between the maximum range in the
two cases). This hypothesis seems plausi-
ble as the plot of cost versus range is qui
te flat and the value of the ratio of the
weight of substituted fuel to the total
weight of the aeroplane is modest (about
1%2). The results, which were got in such a
way of operating, are in Tab. III and in
"ig. %4a, 4b, 4c where the characteristics
of the STOL and VTOL aircraft under examina
tion are summarized.

AIRCRAFT  [BO SEAT [40 SEAT ESEQ%P
STOL 5% 254 309
TILT-WING 40 192 232
LIFT-FAN 36 171 207

Tab, 1V - Number of the aircraft necessary
to satisfy the foreseen request
of transport.



In “ias. 5a and 5b 2.0.C. of two solu-
tion3{20 and 40 olaces) are plotted versus
seat=¥m3, on the assumntion of a set of 100

ancd '2) alreraft. The assumnption, the re-g
lahnration is founded on, is clearly rough
as one can point out in the Tigs., 5a and 5b,
“"ar the shortest distances the reduction of
t12 operative costs could bYe got by optimi-
zing the aireraft for the maximum range of
500 "ms. 3y the use of the chart of the re
portﬁ related to the yearly uatilization es=-
tinated for these aircraft, the nunber ne-
cessary to accomplish the service for each
of the three different configurations under
consideration, was calculated.

The results of such a calculation and
the fly-away costs of the aircraft, direc-
tly drawn from the named paper, are repor-
ted in the Tabs. IV and V.

AIRCRAFT SET 40 SEAT 90 SEAT
50 2485 3115
100 1705 2130
STOL
200 1210 1558
50 3140 4430
100 2140 3040
TILT WING
200 1570 2020
50 3465 4590
100 2450 3280
LIFT FAN
200 1852 2490

Tab. V = Fly=-away costs of alrecraft for dif-
ferent set of produced unity (mil-
lions of Lit.).

II.C - The VTOL and STOL airports and their
insertio the urban texture of

the served centers

The convenient insertion of the airports
into the urban texture of the served cen-
ters at short distance from the traffic orji
gin, is one of the most important problems
which must be faced to have an efficient
transport system on short ranges. The main
difficulty of the problem mainly comes from

=10=-

the noise produced by the aircraft during
take=off and landing; a very intense noise
has a negative influence on most of the
human activities and therefore makes the
area just around the airport quite unsuita=-
ble to be used for residential and commer-
cial purposes. The size of the above men=
tioned area can be found with a quantitati-
ve evaluation of the annoyancefor a person
intent on a given activity from a given
noise source as a function of the distance
between the source and the person. A lot
of experimental methods to evaluate the
annoyance produced by the noise have been
proposed to deal with the characteristics
of the noise source in different ways.

When the source is an aircraft the annoyan-
ce measure unit is generally the Pndb” .

More and more the noise itself is repea-
ted less and less is the capability of a cg
munity to bear an intermittent noise; the
above mentioned repetitions depend on the
number of landings and take-offs, To deal
with it the index N.N.I. has been proposed:

N.N.I. = PNdb + 15 1g N - 80
(noise and number index), where N is the
number of flights in the useful period of
the day. The index N.N.I. allows the reso-
lution of this problem inside the limits in
which such method permit to justify the
trouble suffered by a comunity from the noi
se,so taking the results of Wilson's report1
the index N.N.I. cannot be larger than 40
for residential and commercial centers, whi
le values between 40 and 60 seem suitable
for industrial areas. So if the number of
daily flights for a given airport is stated
the areas interested by the nolse are real-
ly given by the PNdb value i.e. hy the in=-
tensity of the noise source and its spectre
physical quantities easily identifiable
and correlable with some characteristics of
the aircraft. The most important of these
characteristics are:
1) The propulsion system.

*) - Perceived Noise Level. A measure of
"noisiness" derived from sound pressure
levels in frequency bands, by a procedure
described by K.D, Kryter 13, PNdb is the
unit of perceived noise level.



2) The power or the thrust developed or,
what is the same, the maximum weight at
take-off as there exists a well defired
relation between these parameters for a
given kind of aircraft,

3) The slope opportunely defined by the
paths performed by the aircraft during
landing and take-off.

If one wants to compare CTOL, STOL, VTOL
aircraft, when the pay-load is the same, it
is easy to find that VTOL and STOL use lar-
ger powers and so are sources of more inten
se noise, However STOL and VTOL aircraft
can perform steeper paths during landing
and take-off than CTOL even if using shor=-
ter runways; so after all the areas intere=-
sted by a noise more intense than a prefi-
xed value are less large for STOL and VTOL
aircraft than for CTOL ones. The optimiza-
tion of the paths from the point of view of
noise annoyance minimization is so a funda-
mental problem; from this point of view
VIOL aircraft can, at least theoretically,
offer quite good annoyance characteristics
as they can perform part of take-off lan-
ding paths vertically even if they have high

of the ratio power/pay-load. (¥ ig.6).
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“ig, 6 = Contours for different T.0. pro-
files. 1.TILT WING vertical rise. 2.STOL
T.0. with straight climb out. 3,STOL T.O.
with climbing turn. 4.LIFT FAN T.0. with
15m, vertical rise. 5.LIFT TAN T.0. with
300m, vertical rise,

On the other hand it is necessary to hear
in mind that such paths require large fuel
consumptions which have a negative influen-
ce on the operative efficiency of the air-
craft and involve complex safety problems.

The path slope may so be influenced by

the environment, as it will be seen after-
wards., So the final path choice comes out
from an equilibrated compromise between the
opportunity of reducing as much as possible
the extension of the areas interested by an
and the necessity of safe-

annoying noise

ty and fuel economy.

In Fig. 7a there are given the noise con
tours at N.N.,I. equal to 40 for different
examined configurations and different paths,
all of them belong to the same vertical pla
ne and relative to a same movement way.
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Fig. 7a = Contours for different T.0. pro
files. 1.STOL T.0. with straight climb
out. 2,LIFT AN T.0, with 15m, vertical
rise. 3.TILT WING vertical rise.

The plots have been calculated using da=-
ta of the above mentioned study'Aand are re
lative to a technology procress extrapolated

at 1970,

In Fig. 7b the same plots are given for
a value of N,N.I. index equal to 60.
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Fig. 7b - Contours for different T.,0, profi-
les. 1.STOL T.0. with straight climb out.

2, TILT WING vertical flight, 3. LIFT FAN T.
0. with 15m, vertical rise.
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The areas interested by the nolse are so
quite reduced in comparison to the prece-
dent case; of course the represented areas
are relative to take=off and landing only
in one way, if landing and take-off are tpg
wards different directions and in both the
ways, as imposed by meteorological neces-
sities, the figqures are more complicated
as the figures closed plot moves its ascis
with the path plane; so in this case the
area interested by the nolse is considera-
bly larger. As a result of the analysis
carried out, the surface required to insert
an airport of given characteristic is consi
derable if the surrounding district is a re
sidential or economic center; it assumes
acceptable proportions if on the contrary
the surrounding distriect is an industrial
one. As an example in Tig. & the situation
for a typical average Italian city is given.

VERONA
9 v 300 s00
e —

Fig. 8 = Example of noise contours for
an Italian town.

The way which seems now possible to re-
solve the problem, taking into account the
foreseeable progresses of the technique in
the reduction of noise produced by aircraft
consists in rationally programming the ur-
banistic development of the centers to be
served, by inserting the airport in areas
which can tolerate the noise and which are
as near as possible to the residential and
economic centers and with which they are

efficiently connected.

Research work which is intended to discg
ver the limits of tolerability of the noise
for the different categories of urban areas
and to make the noise produced by aircraft
more tolerable by operating on the propul-
sion systems or on the techniques of take-
of f and landing seems to be of decisive im
portance for a practical solution to this
urgent problem. Solutions of this type
would, Lf studied at the right time, consent
tn resolve the problem in a satisfactory
manner for the most part of the Italian ci
ties which in the next 10 years are desti-
ned to have a considerable urbanistic and
industrial development of the areas which
are still free.

For some larger centers, now already con
siderably developed and densely populated
the problem may be more complex because of
the already notable distances between the
city center and the zones of future urbani
stic development, which are potentially
utilizable for the insertion of the airportg
however in- almost all the cases of such cen
ters there exist industrial zones which are
large enough and within which it should be
possible to find areas of the necessary di-
mensions even inside the present urbanistic
texture, In the above mentioned centers
above all it will be indispensable to ha-
ve also efficient connections with surfa
ce means between the airports and the many
zones of origin of the traffic, which are
present in large urban centers.

I1.D - Th rative ca ty of the system

and its interconnection with the pro

blem of the airport

One problem which must still be rational
ly resolved, to reach an efficient air tran
sport system over short hauls, consists in
guaranteeing a very high operative efficien
cy to the system itself, comparable to
that of the systems of surface transport.
The above mentioned efficiency is essential
ly tied to the minimum values of visibility
and to the maximum values of atmospheric
turbulence in correspondence to which the
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system can operate in conditions of safety.

The aireraft STOL and VTOL thanks to the
low approaching speed will be able to opera
te with lower minimums of velocity than thg
se now consented to conventional aircraft
(7igs 9a, 9b)6utilizing for the phases of
instrumental and at sight flight infrastrug
tures of performances not different from
those employed for the above mentioned con
ventional aircraft. The above mentioned
characteristic of low speed should guaran=-
tee, with reference to the results of a pre
liminary analysis of the national meteorolg
gical situation, the level of operative ef-
ficiency requested in almost all the cen=-
ters served already at the present state of
the technique in the field of the infra-
structures for the help from ground to
flight,
m~ | | |
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Fig. 9a - Slant range visibility required
for VIOL and STOL operations.
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“ig. 9b = Ceiling required for VIOL and
STOL approaches for two glide
angles.

There exist however zones of northern Ita-
ly where because of the presence of very in-
tense fogs for a large part of the year
which practically reduce visibility to zero,
the installation of advanced equipment both
on the eround and on the aeroplane to be u-
sed for landings with visibility at zero or
means of dispersing the fog, with propane or
hot gases, already experimented successfully
for conventional airports./ The cost of the
application of these systems should be no-
tably less for the airports with STOL and
VIOL aircraft than for conventional airperts
because of the limited dimensions of the
runways of the former: the application of
no-visibility landing systems to the aero-
planes STOL and VTOL should assure a substan
tial major safety than the same expenses for
the applications to the conventional air-
craft would give. The necessity of opera-
ting with very low minimums of wvisibility,
as we have already noted, leads to flying
during landing with low slope trajectories
with s consequent increase in the area di-
sturbed by the noise even if the fog forma-
tion bring about an increase in the attenua-
tion of the noise with distance. It is the-
refore important to have adequate informa-
tion of statistical character about the me-
teorological situation to be able to evalua-
te the effects of the noise and to mzke the
best cholice of the two solutions, above men=-
tioned, to help in landings in conditions of
scarce visibility,

It is equally important to establish the
maximum of side wind which can be tolerated
in the nhases of slow flight of the planes
STOL and VIOL. The possibility of operating
in the above mentioned flight phases with si
de winds of the highest possible intensity
consenting the landing and take-off with tra
jectories which still belong to a prefixed
vertical plane, gives evident advantages in
the solution of the problems which derive
from the noise and in the dimensions of the
The problem ap_
pears notably different depending on which
types of aircraft VTOL and STOL are conside
red.

necessary infrastructures.
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The methods now known of the research
work in course in this direction are still
too fragmentary to deduce definitive conclu
sions. F“rom these results it seems however
that some types of STOL aircraft can opera-
te even in the presence of very intense si-
de winds; for example with the MC 180 - Bg
541 it has been possible to make landings
without difficulty with a side speed of the
wind of 32 km/h.*

Therefore even if the notable quantity
of research work is indispensable to arrive
at designs of STOL aircraft which make it
possible to obtain an adequate flight qua-
lity in the phases of slow fhight with
strong side winds, it seems reasonable to
retain possible the obtaining elevated opg
rative efficiencies with operations of uni
directional take-off and landing.

It seems therefore very important to
have exact statistical data about the in-
tensity and direction of the winds during
the year for each locality where the possi
bility of building an airport is prospected.
These data will make it possible to esta-
hlish if the construction of a unidirec-
tional STOL-VTOLPORT is possible, in view
a»f the notable economic advantages connected
with this solution and will consent the esta
blishing o° the best direction of the run-
way .

The possibility of reaching = good ope-
rative efficiency, in addition to a ratio-
nal choice of the site of the airport and
of the infrastructures for take-off and
landing, depends essentially on the availa
bility of STOL and VIOL airecraft with ade-
quate aeromechanical characteristics in
the slow flight phases.

The results, which are known at the pre
sent, obtained by a research work carried
ou: in this direction have confirmed the
operative reliability of numerous STOL and
VTOL philosophies. However further re-
searches for reaching solutions optimized
in relation to the whole economy of the
system of alr transport, are still neces~

sary.

Finally it is urgent to resolve the pro-
blem of the central control of air traffic
both near the aiport and cruising utilizing
a given central system able to minimize
costs and to augment the system safety.

11.% - Economic evaluation of airfields and
the relative infrastructures,

The introduction of airports into the ur

ban network of the centers to be served is

not only a problem of noise, of prevailing
weather conditions in the airfield area and
of the possibilities of easy transportation
between the airport itself and various cen
ters where there is the source of traffic,
but it is also a problem of economy.

This Office has intended to study
a basic system of costing of airports and
their relationship to total operative costs
of air transport, considering that with this
type of transport operative costs of landing
should be entirely covered by landing fee.
With reference to the forecast of the volume
of air transport in Italy for 1980 based on
the daily movement of passengers and planes
calculated for each of the 92 airport
ters, we have come to the determination of

cen-

the areas necessary for the two systems ba=-
sed on the use of STOL and VTOL respective-
ly, taking into consideration this
principal items:

a) area for take-off and landing
b) area for parking, taxiing and servicing
c) area for terminal and for auto-parking.

three

Allowance has not been made for deprecia
tion of the areas in question through noise
as it is not possible, at the moment, to
make a reasonable calculation.

Results obtained referring to STOLPORTS
and VTOLPORTS with runway built on flat land
are shown in the following table VI; for
every port the total or partial areas neces
sary according to the number of landing ga-
tes are indicated.

These results refer to one or more unidi
rectional and parallel runways. Where pre-
vailing weather conditions make two runways
at 90 degrees necessary the area necessary

elbe



NUMBER OF GATES 2 Y 6 8 12 14 16
TAKE OFF AN sTOL 9000 9000 9000 9000 18000 18000 18000
LANDING,
AREA
(%) VTOL 7200 7200 7200 7200 14400 14400 14400
APRON STOL | 19500 23500 28500 45100 64800 72900 89000
TAXTWAY
(n€) VTOL | 11000 20000 29000 L4500 64800 72900 89000
STOL 3000 4800 7500 10200 11000 12150 15000
TERMINAL
2
(m®) VTOL 3000 4800 7500 10200 11000 12150 15000
PARKING | STOL 6000 9600 16200 24000 25800 28800 60000
2
(m")
VTOL 6000 9600 16200 24000 25800 28800 60000
TOTAL STOL | 37500 43900 61200 88300 119600 131850 | 182000
AREA
(m®) vToL | 27200 41600 69900 85900 116000 128250 | 178400
Tab. VI = Number of aircraft for short-haul ctransportation in 1980.
GATE N° 2 I 6 8 19 14 16
AIRPORT N°© 3 21 15 8 g 1 2
MEAN NUMBER OF
PASS. TN A DAY 1500 3000 6000 9000 11000 15000 25000
MEAN NUMBER|STOL | 41500 53100 66500 94000 115000 127000
ignlg ooz 00 182000
GER IN
ay A JVTOL [ 32200 L7800 65700 91900 111000 | 123000 | 178000
INVESTMENT
i e STOL | 119L4,8 1820,7 3033,6 4030 5312,L 5813,5 727h
AIRPORT
(MillionLit)|VTOL 21631 1817,9 30h41,1 Lo56,5 5311,k 5768,5 7266
YEARLY OPE-
RATING cosT|STOL | 215,28 328,07 547,36 1358 956,2k 1057,35] 1319k
(11illion of
Lit) VTOL 209,51 327,19 shé6,11 729,65 955,1k 1036,85 1308,6
Tab. VII - Airport area costs and passengers summary.
GATE NUMBER 2 Y 3 8 12 14 16
STOL 197 % 2,31 %] 9,9 % | 10,8 % 18 % [18,1 % |20 %
AREA
VTOL 1,6 % 2,25 %| 9,8 % |10,5% | 17,5 % |17,7 % | 19,6 %
STOL o863 % 9|+65,9 %] 62 * "% '| 62,6 % 51,7 7] 51,9 % '|'s1,5 %
TERMINAL
VIOL | 64,5 % | 66 % | 61098 [563" % (| 58,8 $°] 52,7°% | '51:57%
ELECTRONIC IN- | ‘stor, | 25,4 ¢ | 22,5 %| 21 % J1s,9 ¢ |22,18 |22,5% | 19,8 %
FRASTRUCTURES
AND EQUIPMENTS | vror |.2u.. 8 | 22,5. 8420 & }a18,98 |22,08 |22,6 8 | 19,8 %

Tab. VIII - Airport investment costs summary,
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is increased by about 257%.

It can he noted that there is not much
difference in ~irport areas necessary for
the two systems 3TOL and VIOL, in fact the
far the runways on
3TOL-VTOLPORT is qui
3TOL

incidence of the aresa
the tatal area of the
te small (1l1% and 147 for VJTOL and

respectivaly).

In the tables VII and VIII are shown the
characteristics and the costs of each air-
port and the total investments and the per
centages of the various cost items for the
92 Italian airports in the sugcested air
network; the costs of the radioelectric in
sfrastructure have been calculated after the
results of a study of MIT.8

The difference in the costs of total in
frastructure for the two systems STOL and
VTOL is negligible becaise, as previously
noted, the characteristics of the airplane
has little effect on the size of the air-
port. Costs of VIQOLPORTS have been founf to
be much lower that those of STOLPORTS by rg
searchersgwho have allowed for airports
with elevated runways, parking and service
areas, with terminals and autoparks under=-
neath; such ports with three storeys have
been considered more suitable for densely
the

CcOo=

populated centers on the east cost of
USA. This solution is generally more
stly than that of one storey, with runways
on the ground as for as the Italian situa-
tion is concerned; in a second more detai-
led estimate, the elevated systems, as men
tioned, might be convenient in certain Ita
lian centers that are very extended and
densely populated and where the cost of the
area is well above the national average.

The table VII also shows the results of
a valuation of annual operational costs of
a port, on which has been based the landirg
fee, followinn the plan already announced.

I1.F - Economnic _evaluatign of air transport

for short ha and comparison hetween
STOL _and VTOL systems,

It is noted that operative costs are the

sum of direct operative costs (already esti
mated for the three items in paragraph II),
of the landing fees, calculated in paragraph
II and also the indirect operative costs.

The latter is made up as follows:

Costs of passengers

Port costs

Sales cost and service development
General administration cost.

This depends largely on the method of ma
naging the transport system; its burden on
the total cost however is certainly dimini-
shing continuously,not only because of in-
productivity of the personnel and
improve-

a)
b)
c)
d)

creasing
equipment but also because of the
ment in management.

The business organization of the planned
system of air transport for short hauls
could certainly use the operative experience
gathered from the running of conventional
air transport systems.

Certain cost items such as a) and ¢) can
be considerably controlled by offering the
short haul passenzer service reduced to the
essentials, saving in personnel, well orga-
nized ticket sales making full use of auto-
matic ticket machines,

On the basis of previous examination as
indirect operative costs do not depend on
the type of plane but on the kind of service
offered, it is considered to be sufficient
to base on the trends of the operative costs
of European and American airlanes working on
medium and short bhauls. That has brought an
evaluation of 4 Lit/seat-km for the indirect
operating cost for the planned system of
short haul air transport.

On the basis of such evaluation the total
operating costs appearing in Figs. 10a and
10b have been calculated. 1In the tables I¥
and X we show total average operating cost
on a distribution of passenger/km for the
length of the journey, and the percentage of
burden of the various items on the total
cost. From an examination of the data given
in the tables, the following can be deduced:
a) cost of short haul air transport calcula-

ted to 1980 would he lower than existing
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AIRCRAFT STOL [TILT-WING| LIFT-FAN
8,77 11,1 12,43
D.0.C
57,3 & 63 % 66,7 %
9,53 2,5 F.B
LANDING FEE
16,6 % 14,2 % 14,2 %
m mn 4
T.040
26,2 % 22,8 % 91,1 %
15,3 17,6 18,93
T.0.C
100 % 100 % 100 ¢

Tab. X - Total operating costs summary.

|

|

I crease of traffic caused by a specially

l studied system of air transport for short
i

hauls would prevail over the effect of
the higher costs of operating STOL and

|
|
f
i
10 | ' |
0

VTOL planes
! | 25
0 100 200 300 400 Am 5o N
k .
“ig, 10a - Total operating costs - 40 N
seats aireraft, .
conventional airlines' A\
b) the progressive reduction of conventio-
nal airline costs will be determined by
a foreseen increase in traffic notably
20 \

less than the traffie that the new sy=-
stems of short haul air transport, it is
thought can handle owing to the greater
demand

¢) in conclusion the result of greater in-

TILT LIFT
AIRCRAFT STOL WING FAN

15

it
40 SEATS [~ | 15,62 | 18 19,5
AIRCRAFT Seat-Am

.F. B0 Lid
b ! {sz\’ 26’1 30 32:5 \ 5
X S
90 SEATS 14,57 1646 17,85 o T

AIRCRAFT
Lt
i i T T 1l 20,85 23,7 25,1

TOPAL o7 [ard016,8 . | 717,618,938

OPERATIONS F7— 10
L.F. 65% ;::Ah 24,3 27,9 |30 0 100 200 300 400 Am 500
] - -
Tab, IX = Mean cost of seat Km and pass,.Km. g ::::1 2f§§:§§:* T
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d) as far as the three types of planes are
i0L is clearly more economic

VTOL

concernad,
followed by JTOL=TILI=-WING and last
LI"T=7AN,

This last conclusion i3 drawn from the
“act thut port operating costs and tax for
landing pass on the assumption of airport
confisuration are practically the same for
the three systews and as far as STOL is con
cerned it is the most economical because of
its low direct operating costs.

The system VTOL-TILT-WING appears suita-
ble only where it is generally necessary to
use three-storey VTOLPORTS; this would only
be convenient when the cost of the areas of
the centers served is very high., It is not
considered that this would happen in the
near future in Rurope where the conditions
mentionad would prevail only in a small num
ber of important centers and not in the
majority of urban centers served.

A calculation of the investments necessa=-
ry to realirze the suggested system of short
haul transport is shown in the table for the
three ~3ises in question. It can be noted
that there is not much difference between
these three cases, as the high nurchase
costs of VTOL planes is compensated by the
smaller nuwber of planes necessary to opera-

te the service.

The total investment cost for STOL is
677,125 billions of Lit. The value in time
saving of those in business journeys is
found about 270 billions of Lit a year.
results, therefore obtained from such a
transport system appear to be evident apart
from the substantial advantages connected
with the development of the air transport
industry and above all aircraft construction
industry, which industry itself might manu-
facture all that is necessary for such a
system of transport.

The

III. - Experimental research of the Institu-

te of Aeronautics,
III.A - Premise,

The economic study done before has shown
the possibility and the convenience to deve

lop in Italy an air transport system on
short hauls making use of STOL aircraft.

Similar conclusions should be available
for the other single European countries,
whose economic conditions are comparable, or
than Italian ones; one more
reason exists: if one takes these countries
as an assembly, specilally for the new traf-
fic streams deriving from international con
nections in the short hauls that would be
available with great advantage for the econg
my of the system,

more advanced

All this shows the convenience to examine
closely the study of the problem prospected
before, not just in the economic and effec-
tive aspect, but also for what concerns the
knowledge of the aeromechanical behaviour of
STOL and VIOL aircraft, in the phases of
slow flight preceeding the landing and after
the take-off; it is absolutely necessary to
develop the design techniques to zet optimum
solutions of the problem.

The reaching of such an ambitious result
is conditioned to the development of an or-
ganic program of cooperative and coordinate
research between the Research Institutes and
industries in a desirable european dimension;
that research only would be able to face and
to develop such a serious subject with a
good probability of obtaining positive econo
mic results,

In this prospect the Aeronautical Insti-
tute of Pisa University has started a re-
search simultaneously to the technical-econg
mic one , intentioned to develop a constru-
ction and experimentation methodology on po-
wered and servocontrolled free flying models
with dynamic similarity of STOL and VTOL air
craft, to study the complex aeromechanical
phenomena which characterize the named air-
craft in the slow flicht phases.lo

Experiences on flying models were already
carried out successfully in other countries,
particulary in U.S.A., nevertheless in Ita
ly it appears to be necessary to develop a
methodolozy takinz into account plants
now existing or available in the near future
in this country, to obtain technically sa-

~18-



tisfying solutions. Now in Italy is availa-
ble only one of the above mentioned plarts:
it is the whirling arm facility of the Aerg
nautical Institute of Milan Politechnic; it
allows to carry out flying model tests ei-
ther partially restrained, with the "Con-
trol-Line" technique, or, within certain 1}
mits, with the model completely free (these
limits are realized with electric cables and
eventually with compressed air ducts, neces
sary for boundary layer control and as power
source for control surfaces. In the future a
low speed aerodynamic wind tunnel fit for
free model tests should be available; the
building of this tunnel, entirely designed
in the Institute of Aeronautics of Pisa Uni-
versity, is estimated with priority in the
plan of building and scientific powering of
the same University.

the f

III.B - Some considerat

model tech ues

A free model flying in dynamic similarity
may be considered a mechanical device for in
tegrating the differential equations of the
motion of an aircraft of which the model it-
self, made in a proper scale, is able to re-
produce all the gzeometric,inertial, aerodyna
mic and power characteristics.

that
de=

The reliability of the information
can be obtained with such a technique,
pends on the difficulties connected with the
fullfilment of a dynamic and aerodynamic si=-
milarity. The firt of these difficulties
can be overcome by refining adeqaately the
technique of the model costruction. On the
contrary the second can't be overcome conve
niently, because »f the unavoidable differen
ces between the Raynold number of the model
and the one of the aircraft., This last con
dition gives an unquestionable limit to the
value of the results one may achieve with the
named technique; however, as it has been
shom in tests made in U.S.A}} the effect
caused by Reynold number, can be minimized
if the flight conditions are under the cri-
tical incidence, provide the dimensions of
the model are not reduced too much ( the
wing main chord can't be smaller than 30cms).

If the flight conditions are over the criti
cal incidence, the model will act in a diffe
rent way; however the re ults that can be
obtained in these tests are still meaningful
because the stall begins in the two cases

at different incidences but with similar cha
racteristics; so that the study of the aero-
mechanical behaviour of the model in the test
flight conditions, gives information still
valid for the understanding of the aerome-
chanic behaviour of the aircraft in this
flight phase.

Another condition that brings experien
mental difficulties is the one of the angu-
lar motions, that are faster in the model,
because of dynamic similarity; that brings
piloting troubles with the presence of oscil
latory motions, whose minimum admissible
period is connected to the reflexes of hu-
man pilots. Because of the named times and
because of the lack of accelerometric and
muscolar spurs, the model piloting is quite
different from the one corresponding to the
aircraft, so that the judgements given by the
pilots about the handling characteristics,
must be taken just as indications.

The flight model tests in aerodynamic
similarity, even with the limitations named
before, are able to obtain information on
the aeromechanical behaviaur of a certain
configuration; and if this configuration is
also conveniently tested in the aerodynamic
wind-tunnel, it is possible to establish
a convenient basis for a correct start of
the STOL and VIOL aircraft design.

Other methodologies will result certain-
ly more expensive.

IIT.C - Activity of the Aeronautical Insti-
tute of Pisa Unjversity for flying
models.

The research developed until now, in this
sector is essentially on a model

in dynamic similarity desizn, construction

and set up throush tests in the aerodynamic

wind=-tunnel, of a STOL aircraft with de=-
flection of propellers slip stream obtained

with

hased

triple slotted flaps in the imboard
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side of the wing, and with a plain flap with
boundary layer control in outboard side. The
external flaps also have a differential mo-
tion for the rolling control. The realiza-
tion of this first model whose final assem-
bly is achieving, was very laborious, becau
se it has required the set up of a particu
lary delicate constructive technique apt to
solve the problems connected to obtain the
similarity; this is very difficult because
of the wight restricted limits and because
of the very limited allowances that must

be regarded in several parts of the model,
specially as regards the propellers, the
moving surfaces on the leading and trailing
edge of the wing and the tail, and the com
plex kinematic devices utilized for their
motion.

As regards the model and particularly
the aerodynamic surfaces construction, an
equipment principdly based on the bonding
under pressure and heating technique, was
designed and set up. This technique allows
to obtain the required high accuracy and a
remarkable gain in weight. It has required
quite a long time to set up the named con-
structive methodology; but very satisfacto-
ry results have been obtained, so that
these constructive methods can be used for
the construction of new models in a relati
ve short time.

Besides one equipment for propellers
production has been designed, constructed
and set up.This equipment has made possible
the overcoming of very difficult problems
connected with the restricted tolerances
derived from the dynamic similarity. This
methodology too will be able to be applied
successfully later on.

The set up tests were done with a half-
wing, constructed with the named technique,
filled up with all the devices required
for the flying tests made in the small ae-
rodynamic wing-tunnel of the Aeronautical
Institute of Pisa University; for this
purpose the reflection plate technique
has been used, together with a three
components extensimetric wind-tunnel ba-
lance, designed and constructed for this
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These tests were performed in the fol-
lowing way:
1 - Boundary layer control set up, and op-
timum values determination for the jet
coefficient, for some typical wing con
figurations.
Four propellers motion gearing set up.
Slip stream deflection of the half-wing
characteristics determinations.
Optimum setting of the propellers cen-
ter line.
Experimental comparative studies of
some types of nacelles, related to the
wing-nacelles interference problem.
Aerodynamic characteristics determina-
tion of a half-wing with boundary layer
control, and with propellers working
at different steady conditions.
Control system set up, obtained with
an expressly prepared test bed and sug
cessive tests in the wind-tunnel to
simulate entirely the flight conditions.

Conclusions
A research about the use of STOL and VIOL

aireraft in civil air transport is beeing
carried out by the Institute of Aeronautics
of Pisa University with financial contribu-
tion of C.N,R, This research is developed
towards the following two directions:

a) Technical-economic evaluation of a short
haul air transport system based on the
use of STOL and VTOL planes which should
become operative in Europe in 1980.

b) Experimental research about the aeromecha
nical behaviour of STOL and VIOL air-
craft in the slow flight phases by the
use of flyinec models in dynamic simila-
rity.

In the present work as regards the item

a) it was dealt with the basic problems to

be faced to reach an efficient short haul

transport integrated system, essentially
employing STOL and VIOL planes. Results of

a preliminary economic evaluation of a

short haul air transport system operating

in 1980 in Italy were exposed.



Some results about research b) were also
exhibited; this research attempts to set up
a methodology fit for the study of the aerg
mechanical phenomena in STOL and VIOL planes
by the aid of flying models in dynamic simi-
larity and the use of the existing in Italy.
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