ENCH 501 Transport Phenomena University of Calgary  Name

Quiz #4 / Time Allowed: 40 minutes Only a “cheat sheet” is allowed. November 8, 2016 al

Large commercial aircrafts have sophisticated landing gears that retract on take-off and are lowered for landing. While the
plane is in normal flight, the gears are stored in wheel wells and covered by panels. Opening or closing of the panels and folding
or lowering of the gear assemblies are actuated hydraulically or electrically. After full deployment of the system for landing, a
panel is seen attached to the gear but a distance away from the wheel parts. Each such panel contributes to a parasitic drag on
the plane.

A panel that is attached to a gear assembly of an aircraft has the shape and dimensions as in the sketch
below. The plane gears have been deployed in the last 5 minutes of a flight and the plane’s current
speed is 244.8 km/hr. Ambient air is assumed still and the panel attached to the outside of each wheel
assembly is vertically oriented. The properties of the air at the position of the plane (at an elevation of
1,500 m above the runway at sea level) are: density 1.058 kg/m?® and the dynamic viscosity 0.0174
mPa.s.

(a) (8 pts) Estimate the drag on each of the panels. Use the integral method. Show the important
steps {equations, boundary conditions, chosen u(y), expressions for 8(x) and t(x)} of your analysis. For
the estimate, assume the entire boundary layer is laminar.

(b) (2 pts) If a stowaway passenger such as small reptile (e.g. a gecko) attached itself to the panel at a
distance of 0.5 m from the top edge and its force of adhesion to the plate is such that a local shear stress
of 0.71 Pa is required to dislodge it (that is shake it free), how far away from the leading edge of the
panel must the reptile be to be safe from being sheared off?
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