Development of Air Transport

1'1. Introduction

The development of air transport as compared to correspond-
ing development by any other mode of transport has been most
remarkable during the past two decades.. Whereas upto 1950, air
kilometrage contributed only two per cent of the overall total move-
ment, by 1970 air travel had formed five per cent of the overall
movement and seventeen per cent of public transportation of the
world. It was thought that this fast growth in air transport would
continue for another decade at least. Recent studies on the subject,
however, show that the future growth rate would not be as high as
during the past two decades but even assuming a modest growth
rate of about nine per cent per year for the next fifteen years, by the
year 1990 a five fold increase in total passenger kilometres by air is
anticipated. It would mean that bv 1990 ten per cent of the total
market and over thirty per cent of the public transport movement
would be by air. This would be much more than the corresponding
increase by rail.

Transportation of goods by air has also had a phenomenonal
development during che last twenty five years. Whereas in 1950 the
air transportation totalled less than one thousand million tonne-
kilometres, air 1reight in 1972 exceeded ten million tonnes and
eighteen thousand million tonne-kilometrage showing an average per
year growth rate of fifteen per cent. Even after this remarkable
growth of air freight transport it represents 0'1 per cent of all goods
movement. In terms of value of the cargo, however, the air freight
transport is far more significant than the 0°1 per cent in terms of
tonnage.

Air transport, however, will continue to grow and the rate at
which it is developing, by 1985 it would transport 100 thousand
million tonne-kilometres about five times its present transportation.
In terms of tonnage it would not exceed the humble proportion of
one percent of all goods movement but in terms of value of the
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2 TRANSPORTATION ENGINEERING

tonnage it would not be an unimportant percentage. It is predicted
that by the year 1985 aircraft will be busier flying cargo than
passengers.

12. Development of Air Transport in India and Trends in
Air Traffic

The first air flight in India was performed in the year 1911
when a Frenchman carried mail from Allahabad to Naini. The
first regular mail service between London and India was introduced
in 1929.

The first commercial air service was established in 1930 as
Tata Airlines. Regular mail service by this undertaking was, how-
ever, started in 1932. In the year 1946, Tata Airlines was renamed
as Air India Limited and became a nationalised unit. The Inter-
national Service was started by India with the introduction of ‘Air
India International’’ in 1947. This was converted into ““Air India
International Corporation’ in 1953 and at the same time the
domestic service was renamed ‘“Indian Airlines Corporation”’.

Air India entered into Jet age in 1960 when Boeing 707 Ser~
vices were started between India and London and subsequently
extended to New York.

The Air India operated fleet consisting of 5 Boeing 707-437,
3 Boeing 707-337B and 2 Boeing 707-337C in 1970.

India’s first Boeing 747 (Jambo-Jet), which is two and a half
times the size of Boeing 707-Emperor Ashoka was procured in 1971.
Subsequently Boeings 747B carrying 347 passenger load were
purchased.

The certification, manufacture development and specifications
for manufacture of aircrafts and components are carried out by
Research and Development Directorate which works under the
Director General of Civil Aviation.

In the year 1965-66 Indian Airlines Corporation carried 14
million passengers and had a capacity of 479 kilometre-tonneof
freight. It had the following planes : —

Caravalles 5
Viscounts 12
Fokker Friendship 10
Sky Master 3
Dakotas 34

During the same period, Air Indja, which runs the foreign
service registered a six-fold increase.
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During the third plan Air India doubled its capacity.

Total expenditure on air transport during the first three five
year plans was above Rs. 126 crores whereas the Fourth Five Year
Plan provided for an outlay of Rs. 203 crores. In the fifth five year
plan an outlay of Rs. 391°5 crores has been provided for Indian Air
Lines and Rs. 110 crores for Air India.

In 1970 Indian Air Lines Corporation was having the follow-
ing planes : —

Caravelles 7
Viscounts 14
Fokker Friendship 14
H-S-742 12
DC-3 9
Boeing 737 7

(under procurement)

1'3. Characteristics of Aircraft

A civil engineer is primarily responsible to provide an airport
complex consisting of terminal, parking, landing and take off facili-
ties. He should, therefore, be familiar with such characteristics of
the aircraft as influence the design of pavement, namely the wheel
loads and their impacts, wheel base, tail width, turning radius, take
off and landing distances etc. These important characteristics from
the point of view of the civil engineer are given below : —

1. The size.

2. Wheel base.

3. Tail width.

4. Minimum turning radius.

5. Gross take-off weight.

6. Capacity of aircraft.

7. Take-off and landing distance.
8. Tyre pressure and contact area.
9. Range.

These characteristics are described below :
(1) The size, (2) Wheel base, (3) Tail width.
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(t) Span of the wings. This decides the width of taxiway,
size of aprons and hangars.

(1) Fuselage length. This decides widening of taxiway on
curves, size of aprons and hangars.

(¢it) Height. This decides the height of hangar gate and
miscellaneous installations inside the hangar.

Tail Width

]

Total
Length
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Fig. 1'1. Principa] dimensions of aircraft.

(iv) Distance between main gears. This governs the mini-
mum turning radius of aircraft. It is also known as gear tread.

(v) Wheel base. This also decides the minimum taxiway
radius.

(vs) Tail width. Required for size of parking and apron.

The above features are shown in Fig. 1°1.

4, Minimum turning radius. To determine the radii at
the ends of the taxiways and to ascertain the position on the loading
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apron, it is necessary to ascertain the turning radii of the aircraft.
This is determined in the following way :

(1) Draw a line through the axis of the nose gear when it is at
its maximum angle of rotation. This angle of rotation is fixed by
the manufacturers and in the case of large jet aircraft it is limited
to about 60°.

(¢¢) Draw another line through the axis of the two main gears.

The intersection of these two lines forms the centre of rotation
as illustrated in Fig. 1-2.
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Eig. 1'2. Turning radijus of aircraft.

5. Gross take-off weight. The gross weight of the aircraft
and the wheel configuration govern the thickness of runway and
taxiway pavements as well as the length of the runway.

6. Capacity of aircraft. The capacity of the aircraft deter~
mines the baggage, cargo, passengers and fuel that can be accom-
modated in the aircraft. The terminal facilities have to be planned
for the highest capacity aircraft expected to land.

7. Take-off and landing distances. There are a number
of factors such as altitude of the airport, gradient of the runway,
direction and intensity of wind, temperature and the manner of
landing and take-off which influence the take-off and landing
distances. The weight of the aircraft at the time of landing and
take-off also influences the runway lengths.

A readily available guide can be had from wing loading and
power loading of the aircraft. These parameters have been explained
below :
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Gross weight of the aircraft
Wing area
Gross weight of the aircraft
Total available H.P. of the engines

As a general rule higher the wing loading, higher the landing
speed and longer the runway lengths.

Wing loading=

Power loading=

8. Tyre pressure and contact area. The tyre pressure
and the wheel load determine the radius of contact. On the basis
of these parameters the thickness of the pavement is designed for
different types of pavements.

9. Range. The frequency of operations and hence the peak
traffic volume and runway capacity depend upon the normal haul
length or the range.

1'4. Characteristics of the Jet Aircraft

In addition to the general features of aircrafts, jet aircrafts
and high speed aeroplanes have the following additional features :

1. Spillage. Spillage of fuel takes place when the jet engine
is shut down or is losing speed. The spillage of lubricants in parti-
cular creates problem in loading aprons and hangars. The spillage
of fuel and oil causes dissolution of bitumen. In such cases tar
concrete pavement gives more satisfactory performance. Epoxy
asphalt concrete, prepared by mixing epoxy with aggregates has been
found to resist action of jet spillage much more satisfactorily than
any other material. Similarly rubberised tar concrete pavement
has been found satisfactory to resist the action of spillage as well as
that of hot blasts (upto 350°C).

2. Hot blasts. The heat of the blasts which affect the
surfaces depends upon the height of the tail pipe from the ground
and the angle at which it is resting. The taxiways and the aprons
are therefore the worst affected regions. The hot blast and spillage
therefore act together causing maximum damage to the aprons and
taxiways. Asphaltic concrete, plain concrete and rubberised tar
concrete have been employed for the construction of aprons and
taxiways to take care of the combined actions of hot blasts and
spillage.

3. High-pressure tyres and small contact area. The
loads on the wheels are very high resulting in tyre pressure upto 30
kg/cm? as compared to one tenth in the case of DC-3. The small
contact area results in high puunching effect. The pavement has
got to take this stress and should be designed accordingly.

4. Noise. During take-off and landing operations aircrafts
make lot of noise. In the case of jet aircrafts the problem is much
more serious. Under the approach flight, therefore there should be
no urban development. This factor has to be taken into consider-
ation while deciding upon the orientation of the runway.
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Cruis- | Take-off | Landing| Fuel Max Wing
Designation | Manu- tng | distance | distance | capacity | take-off area
facture speed melre | m litres gross sq m
kmph ‘. weight kg
150 Cessna 180 420 300 130 700 157 Note
Cruising speed is the
PA-30B Piper 300 450 ‘ 540 450 1600 17-8 speed of aircraft with
;, respect to the ground
DC-3 Douglas | 340 830 | 800 8000 16000 | 967 when the aircraft is
flying at its maximum
DC-9-20 Douglas | 880 1800 1500 14000 | 38000 | 92'5 speed.
DC-6B Douglas | 500 1200 1000 25000 | 45000 | 146 Now-a-days speed of
aircraft is expressed
990-A Convair | 800 3000 1500 75000 |110,000| 2250 | in terms of ratio of its
speed to that of sound.
DC-8-10 Douglas | 800 3000 1500 85000 | 120,000 | 277'3 | This speed is express-
ed in terms of Mach.
727-200 Boeing 800 1800 1400 36000 70,000 | 165 Thus the speed of
Russian MIGs (about
707-120B Boeing 800 2400 2000 85000 | 110,000 243 2500 kmph) can be
stated as 2°! Mach.
707-320 Boeing 800 3000 2100 120,000 | 140,000 | 300
747 Boeing 1000 3000 2000 - 300,000 —
SST Boeing 3000 2250 2000 - 300,000 -

v
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1'5. Aircraft Classification According to Their Fropulsion
According to the method of propulsion aircraft may be divi-
ded into the following categories :

|
1. Piston engine 2. Jet engine 3. Rocket

l
(¢) Turbo jet (#%) Turbo propulsion (¢#%) Ram jet

1. Piston engine. This is the conventional aircraft in which
gasoline fed reciprocating engine is used. The engine rotates a shaft
with a huge torque. This torque is absorbed by the propeller mo-
unted on the shaft. When the propeller attains the rated speed,
large quantity of air is hurled rearward which pulls the aircraft
forward and lifts the wings.

2. Jet emngine. The inhcrent disadvantage ofthe conven-
tional engine associated with propellers at high speeds at high alti-
tudes is eliminated by doing away with the propellers. In the case
of Turbo Jet aircrafts the hot exhaust gases, having high velocity,
give a forward thrust to the engine. Thus the gases coming out with
the velocity of 1600 kmph may push the plane with the speed of
about 800 kmph. At high altitudes, the rarefied atmosphere offers
less resistance to the passage of aircraft and hence there is an imp-
rovement in the efficiency of the aircraft. The performance of
turbo propulsion aircraft is similar to that of turbo jet except that a
propeller is also provided in it. The performance of this aircraft is
equally satisfactory in low as well as high altitudes whereas the
turbo jet gives better performance at moderate altitudes The Ram
jet engine does not have any moving parts. Fuel flow and combus-
tion are continuous and the spark plug is used for starting only. The
heated air expands and rushes out of the exhaust nozzle at high
velocity which creates the jet. Simplicity of design and high speeds
are the main features of this aircraft. It is used as pilotless aircraft
for guided missiles.

3. Rocket engine. The manner of production of thrust is
similar to the Ram jet. The rocket engine, however, is the only
engine which does not depend on atmospheric oxygen. There is,
therefore, no limit on altitude.

The jet engines have the following advantages over the conven-
tional engines :

No radiators or other cooling devices are required.
No spark plugs or carburettors are required.
Noiseless operation and simple controls.

No vibrations.

Less consuraption of lubricating oil.

bl
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Because of the numerous advantages the conventional piston
engines propelled aircraft are being replaced by jet aircraft.

1'6. International Civil Aviation Organisation (I.C.A.O.)

International Civil Aviation Organisation was founded by 52
nations conference held at Chicago in 1944. The organisation was
established in 1947 with its headquarters in Montreal (Canada). This
organisation serves all the nations as an agency to promote interna-
tional aviation. This is a specialised agency of the U.N.O., and deals
with the development of international air activity. By the year 1971
the number of member countries had increased to 72. The primary
object of the organisation is to promote safety of flight in Inter-
national Air Navigation. To achieve this objective the organisation
develops principles and techniques of International Air Navigation by

1. Ensuring safe and orderly growth of international civil
aviation all over the world.

2. Enccuraging development of Internatioral Civil Aviation.

3. Preventing economic waste caused by unreasonable
competition.

4. Ensuring that the rights of contracting states are fully
respected and that every contracting state has fair opportunity to
operate international airlines.

5. Promoting development of all aspects of International
Civil Aeronautics.

6. Meeting the air-transport requirements of the world which
would be safe, regular and efficient.

1'7. Benefits and Advantages of Air Transport

The advantages of air-transport are summarised below :
1. Tremendous saving in travel time.

2. Specially useful for long distance travel and for reaching
otherwise inaccessible areas. For example in the snow bound region
of Ladhakh during winter, communication is maintainable only by
air.

3. For aerial photography.

4. For lifiing prefabricated units by Helicopter and placing
into position. This has been used in construction of very tall build-
ings in Los Angles (Californea U.S.A.) and in Paris (France).

QUESTIONS

1. State briefly the principles involved in the selection of site
for an airport. (U.P.S.C. 1967)
2. Describe briefly the types of preliminary investigation to
be carried out the data to be collected for development of site for an
aeroplane. (U.P.S.C. 1967)
3. Discuss briefly some of the important recommendations of
the International Airports Committee (India) regarding the imp-
rovements of the major airports in India. (U.P.8.C. 1974)



