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1.0

INTRODUCTION

In connection with an analytical/experimental study of the HEAVE
oscillation of ACVs, it was required to obtain steady-state data on Tift
airflow and cushion pressure over a range of rise heights for a typical

ACV.

Two experiments were carried out on vehicle HEX-5 over a smooth concrete
floor in the Engine Laboratory. In the first experiment the vehicle was
fixed at a series of rise heights, and 1ift airflow and cushion pressure
recorded over a range of 1ift fan RPMs. In the second experiment the

vehicle was free to rise, and the rise height was measured at each point.

At no point in either of these experiments did the vehicle show any signs
of heave oscillation.

2.0

EXPERIMENTAL TECHNIQUE

(a) Tied-Down Experiment

The vehicle was tied down rigidly by three beams across the deck,
each packed to suit the deck profile in three places, and each
beam was bolted to the test-cell floor by long threaded rods.

Initially the vehicle was held down at zero rise height with its
skids on the floor. It was subsequently raised through a series
of rise heights by slacking the threaded rods and inserting
packing pieces of known thickness under the skids in three places.

(b) Free-Hover Experiment

The vehicle was held in place by horizontal cables which permitted
free vertical movement over the one spot on the test cell floor.
The vehicle was then hovered at a series of 1ift engine settings,
while cushion pressure, 1ift airflow, and deck height at the four
corners were measured. This was done unloaded, with 1780 N. of
ballast, ?nd with 4000 N. of ballast on board. (Unloaded weight

= 6540 N.

NRC-ENG-95




NRC-ENG-95

MECHANICAL ENGINEERING NOL

LABORATORY MEMORANDUM

(c) Measurements

In both the above experiments the 1ift engine was run at a series

of steady RPM settings, and at each setting manometer readings of

Cushion Pressure and Fan Inlet Volume Airflow were taken, together
with RPM on the calibrated engine tachometer.

3.0 RESULTS AND BRIEF DISCUSSION

The results of these experiments are displayed on graphs 1 to 5.

Figure 1 shows the results of the tied-down experiment. Reference to
Figure 3 shows that 19 cms (Run 14) is the maximum hoverheight attain-
able in steady-state running over smooth non-porous floor.

The behaviour at low RPM is sluggish, and the Tlift-off is slow. At
just above Tift-off RPM the vehicle will rise to equilibrium position
at rates in the order of 1 cm/5 secs.

Figure 1 shows that the flow at zero rise height is much larger than at
any rise up to 9 cms. It appears that this must be due to excessive
skirt crumpling at this zero height condition, leading to large leakage.
This curve is repeatable, and therefore must represent a normal case as
the vehicle descends to skid contact.

The top end of the curves is clearly dictated by the limits of the fan
characteristic. The fan curve for 7000 RPM (engine indicated) has been
drawn onto Figures 1 and 2, and also explains the turn-down at the top
end of the curves in Figure 5.

Response to engine-condition changes at the top speeds is much more
rapid than at the low speed end of the curves, but at no time during
these experiments was there any suggestion of instability in heave,
although the heavily loaded hover over hard smooth ground is where it
would be most expected.

Although readings were not taken, at each total weight in free hover
the 1ift engine was run up to 8000 RPM for a short period, and still
no sign of heave instability could be observed.
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It should be noted that the decay time for the cushion is quite Tong.
If the 1ift throttle is closed abruptly from full 1ift in an emergency
situation, the craft takes between 5 and 10 seconds to settle onto its
skids on hard non-porous ground. This is accounted for by engine and
fan inertia, as well as the time needed to Teak out the air contained
in the cushion through the normal paths under and between the skirt
segments, and by blow-back through the decelerating fan. Since the
cushion at full hover contains of the order of 2.5 m® of air, the loss
of some 2 m® of this in sinking onto the skids may be seen from Figure
1 to be quite a time-consuming event. A simple step-by-step integration
puts it at about 3.1 secs, neglecting fan and engine inertia.

4,0 CONCLUSION

Measurements of 1ift airflow, cushion pressure, and vehicle rise height,
while Tocked and also in free hover, over a hard smooth non-porous floor,
have been made on air cushion vehicle HEX-5, unloaded and with two

known weights of ballast on board.

During the experiments no signs of vertical heave instability could be
observed.
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