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8 PRELIMINARIES

1.1.1.2 Thrust

For a given throttle/thrust lever setting the amount of thrust developed by a jet engine or piston/propeller
engine is directly proportional to the air density. A low air density decreases the thrust available when
compared with that for a normal atmosphere. This fact is particularly important for take-off from a high
elevation aerodrome, especially if the surface ambient air temperature is high, because the reduced thrust
available decreases the rate of acceleration. This increases the length of the ground roll to attain the
lift-off speed (VLOF), even at the maximum take-off thrust/power setting.

As altitude increases the thrust reduction caused by reduced air density becomes more significant. At
40 000 ft a jet engine only develops 31 % of the thrust it would at mean sea level for the same thrust lever
setting at the same gross mass (see Figure 1.2).

1.1.1.3 Fuel Flow

The efficient operation of any aero-engine is dependent on the correct mixture of fuel and air, by mass,
being delivered to the combustion chamber. The ratio of the amount of fuel to the amount of air is
crucial for both the piston and jet engines. For a given throttle setting the fuel flow must be altered to
maintain the correct ratio. Hence in a low-density atmosphere the fuel flow required is less than it is
in a dense atmosphere. The fuel flow is, therefore, directly proportional to the air density. Thus at high
altitude the fuel flow for a jet engine is less than it is at low altitude for the same gross mass and aircraft
configuration.

1.1.1.4 Speed Conversion

Generally the speeds used for aeroplane take-off and landing performance are calibrated airspeeds (CAS).
Indicated airspeeds (IAS) are used for climbs and descents below approximately 20 000 ft. Above this
altitude indicated Mach numbers are used for climbs and descents. Pressure altitude and ambient air
temperature, together, directly affect the conversion of indicated airspeed (IAS) or calibrated airspeed
(CAS) to true airspeed (TAS), whereas the conversion of indicated Mach number to TAS is only affected
by air temperature. For a given CAS, low air density produces a higher TAS than it would in a normal
atmosphere.

1.1.1.5 Combined Effects

When the effects of all of the influencing factors are taken together, a low-density atmosphere produces
poor aeroplane performance. This is particularly significant during take-off because the throttles/thrust
levers are most likely to be positioned at the maximum setting permissible for this phase of flight. Low
air density will cause the engines to develop less thrust than in a dense atmosphere. This will decrease the
rate of acceleration and require a longer ground run and take-off distance to reach the requisite speeds.

However, in a low-density atmosphere these speeds will convert to higher true airspeeds and ground-
speeds. This results in the tyres being in contact with the surface of the runway for a longer period of time
at a higher speed, which generates high tyre temperatures that may exceed the maximum permissible.
Furthermore, should it be necessary to abandon the take-off, it is likely to be more difficult to bring
the aeroplane to a halt within the available distance because of the extremely high brake temperatures
generated when stopping from a high groundspeed. Consequently, it may be necessary to restrict the
take-off mass to meet the requirements imposed by the ambient conditions.

1.1.1.6 Power/Thrust Augmentation

The performance of a turbo-propeller or jet engined aeroplane can be improved for a short period of time
(i.e. during take-off and the initial climb) by the injection of a refrigerant, such as water/methanol, into
the engine intake. This decreases the intake air temperature and increases the air density.
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SPEEDS 9

1.2 Speeds

Before the four forces can be examined, it is important to understand the relationship of the speeds
used in aeroplane performance. The following definitions are those contained in AMC Definitions. They
are: airspeed indicator reading (ASIR), indicated airspeed (IAS), calibrated airspeed (CAS), equivalent
airspeed (EAS) and true airspeed (TAS).

1.

Airspeed indicator reading (ASIR): The reading on the airspeed indicator without correction is the
ASIR. The correction made to allow for inaccuracies in the construction of the instrument, which
are permissible within the normal working accuracy, are referred to as instrument error. The ASIR
becomes the indicated airspeed (IAS) when corrected for instrument error.

Indicated airspeed (IAS): This is the speed of the aeroplane as shown by the pitot/static airspeed
indicator calibrated to reflect standard atmosphere adiabatic compressible flow at mean sea level
uncorrected for airspeed system errors, but corrected for instrument error. In the lower levels of
the atmosphere the speed for climbing and descending, for any particular aeroplane type is usually
specified as a constant IAS.

. Calibrated airspeed (CAS): The airspeed value when the IAS is corrected for pressure (system) error is

calibrated airspeed, which is equal to equivalent airspeed and true airspeed in a standard atmosphere at
mean sea level. The speeds quoted for take-off and landing are normally quoted in terms of calibrated
airspeed.

Equivalent airspeed (EAS): The CAS when corrected for adiabatic compressible flow at a particular
altitude becomes equivalent airspeed. This means that in a standard atmosphere at mean sea level the
values of CAS and EAS are the same.

True airspeed (TAS): This is the speed of aeroplane relative to the undisturbed air. True airspeed is
equal to the EAS divided by the square root of the relative density. i.e. TAS I EAS/ Relative Density.
Mach number: A Mach number is a figure of two decimal places that for a specified altitude and
ambient temperature is the result of the actual TAS of an aeroplane when divided by the TAS of the
speed of sound. It is of particular significance to jet aeroplanes at high altitude because it is likely to
limit the maximum operating speed. Mach number is directly proportional to the static air temperature
expressed in degrees Kelvin.

1.2.1 The Effect of Altitude on Speeds

The effect that increasing altitude at a constant speed has on other speeds is shown in Figure 1.1 for
climbs below the tropopause and above the tropopause. The tropopause in a standard atmosphere occurs
at 36 090 ft. The effects differ because of the isothermal layer above the tropopause.

1.2.1.1 Below the Tropopause

1.

A constant IAS/CAS climb will result in an increasing TAS and Mach number as the climb progresses
as shown in the first diagram.

A constant TAS climb will cause the Mach number to increase as the climb progresses but the IAS/CAS
will decrease as illustrated in the second diagram.

Climbing at a constant Mach number will result in both the IAS/CAS and the TAS decreasing as the
climb progresses, as shown in the third diagram.

1.2.1.2 Above the Tropopause

1.

2.

A constant IAS/CAS climb will cause both the TAS and Mach number to increase with increasing
altitude.

Climbing at either a constant TAS or Mach number will result in the IAS/CAS decreasing as the climb
progresses.






