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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Performance Committee. This Committee
first met in 1946 and now has the following membership:
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1. NOTATION, DIMENSIONS AND DEFINITIONS

1.1 Notation and Dimensions
(Cp) DISP coefficient of decelerating force
(C;) " hydrodynamic lift coefficient
€0 €1 Co1 coefficients in decelerating-force model
€100 €110 €12
D inflated diameter of tyre
dc contaminant depth
drpy depth of surface macro-texture
Gprsp decelerating force due to displacement of fluid by tyre
Ly hydrodynamic lift
N speed number (see Equation (4.2d))
P inflation pressure — gauge (in Ibf/in?)
P4BS inflation pressure — absolute measure
q kinetic pressure
Sprsp reference area for calculation of hydrodynamic decelerating force
Sp reference area for footprint
Ve ground speed
Vi speed at which complete planing occurs
Vp previously recognised hydroplaning speed (in knot)
Vg speed at start of planing
w inflated width of tyre
Z vertical force on wheel
Uerrp coefficient of friction in full skid
Pc density of water
1/t drainage parameter
Subscripts
H hydroplaning
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1.2 Definitions

Coefficients of force are defined as the ratio of (horizontal) force and the normal (to the runway)
force so that consistency with customary practice is maintained.

Contaminated is defined as a condition of a runway covered by a medium that practically
obscures the natural surface from a travelling pneumatic tyre. The
description includes a flooded runway but not a damp nor wet runway.

Drainage parameter is the ratio of depth of free-standing water on, and the total depth of water
on and in, the surface.

Fineness Ratio is the quotient of tyre (inflated) width and tyre (inflated) diameter.

Footprint is the term used for the area of contact between tyre and runway surface.

Micro-texture is the deviation of a pavement from a true planar surface with characteristic

dimensions over the surface less than 0.05 mm (0.002 in). On airfields at
the time of writing, surfaces are normally constructed to ensure that
micro-texture is significantly rough.

Macro-texture is the deviation of a pavement from a true planar surface with characteristic
dimensions over the surface in the range 0.05 mm to 5 mm (0.002 in to
0.2 in). On airfields at the time of writing, it is unusual for macro-texture
depth to lie outside the range 0.5 mm to 2 mm (0.02 in to 0.08 in).

Speed number is a dimensionless number relating kinetic pressure in a fluid and inflation
pressure of a tyre moving through the fluid (see Equation (4.2d)).

Partial planing is a condition in which a tyre has started to spin down under the influence
of lift generated by motion through a fluid medium and is supported
partially by that lift.

Complete planing is the condition in which a tyre has spun down completely under the

influence of lift generated by motion through a fluid medium and is
supported solely by that lift. '
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2. INTRODUCTION

Planing was recognised as a specific aircraft problem in the decade following the Second World War when
aircraft ground speeds increased and airfield surfaces were constructed and maintained at macro-texture
depth, d 5y, less than 0.01 in. As a consequence, testing from that era was conducted on surfaces that are
substantially less well-drained than those on which modern aircraft operate. Furthermore, the facilities
provided at such institutions as Cranfield Institute of Technology, were built at a slightly later time when
macro-texture depths were only just beginning to increase. Thus the surface used there, near the turn of
this century for flooded runway studies, in which d;py = 0.02 in, is quite limited in terms of modern
standards of drainage.

All the testing that has been found from which planing conditions can be deduced was conducted so that
the rib-tread tyres were rolled through water depths well in excess of the tread depths. Thus the drainage
parameter is not less than approximately 0.95 for any of the test results available for analysis. In the
customary assessment, account is taken only of the inflation pressure of the tyre with no attention paid to
the effects of runway condition or tyre geometry. Reference 1 does consider tyre geometry but pays no
attention to the likely effects of surface condition.

For modern runways, with depths of the macro-texture that can approach d = 0.08 in, it is probable
that the drainage parameter is close to 0.8. Because there is a substantial effect due to surface drainage on
planing phenomena it is necessary to modify the customary approach. This can be achieved most reasonably
by considering the algebraic relations that describe the effects of runway condition and tyre fineness-ratio
on the decelerating forces that develop on pneumatic tyres in motion over runways covered in water.

Thus the modelling procedure of References 2 and 3 is used in Section 4 to deduce a variety of speeds that
fulfil many of the customary definitions of planing. Data from all the relevant experiments are described
in Section 5.

Insights into the problem of planing from the various historical references are summarised and discussed
in Sections 5 and 6. Conclusions and recommendations are set out in Section 7.
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3. PLANING CONDITIONS

It is conventional to describe as planing at least six conditions that arise when pneumatic tyres are rolled
and/or braked on plane, wet surfaces. These are

—_—

significant reduction of the water spray from tyre,
tyre spin-down,

fluid drag reaches peak value,

2
3
4, loss of contact between tyre footprint and ground surface,
5 loss of tyre directional stability,

6

loss of (significant) braking action.

Because these conditions do not necessarily occur at the same speed during any motion, there is no unique
speed that can be precisely described as “the planing speed’”.

The first three of these conditions are most likely to be associated with a freely rolling tyre but can also
apply to a slipping tyre. These conditions are generally defined as partial planing. The first is purely
subjective, there is no accepted definition as to what amount of reduction in spray is significant. In an
accelerated motion, the second occurs at a speed somewhat lower than the third, whilst in a decelerated
motion, the wheel does not spin up until the speed is lower than that for maximum drag. In particular, the
wheel may spin up at a speed less than the spin-down speed. It is of note that a tyre that has spun down
completely, appears to produce the same braking action as that for a skidding tyre.

The second group of three conditions can be assumed to occur simultaneously. In practice, the only condition
that can be uniquely determined by observation is the loss of all braking action and side force, that is, when
the coefficient of braking friction reduces to zero. In References 3 and 4 it is shown that this occurs under
conditions that are determined by speed, inflation pressure (in absolute measure), depth of water above the
surface, and the depth of the surface macro-texture. Similarly, it is shown in Reference 5 that side-forces
reduce to zero under the same conditions of speed, inflation pressure, and drainage parameter. These
conditions are defined as complete planing.
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