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Here I cover some topics that I couldn’t fit into the article, and also provide the bibliography.

Ground Handling of Royal Anne

If the Royal Anne (650 x 70 ft) in canon is modeled as a cylinder with
hemispherical ends, the profile area is 44,448 square feet (4129 m"2). A 7
m/s cross wind (mean Beaufort Force IV, "moderate breeze") would produce a
force of 80, 928N.

To resist that force, the ground crew on the windward lines or holding the
cars would have to be able to exert the same force. If the wind must overcome
the force of friction, then that's equal to the weight of each crewperson
(figure 70 kg * 1G acceleration = 700N), times the coefficient of static
friction. My guess is that for ordinary shoes on soil, that will be around
0.7. Plainly, it would take close to 200 pullers. So that means that such a
wind will move the Royal Anne off-track and note that once it starts moving,
the coefficient of friction is reduced a bit. The ground crew will slow down
the crabbing movement but they won't stop it. Give the crew some sort of
special shoe with a 1.0 coefficient, and you still need a little over a
hundred with heels (and toes) dug in.

Drop the wind speed to 5 m/s (mean Beaufort Force III, "gentle breeze") and
the wind force is 41,290N. At this point, a ground crew comparable to that of
the Graf Zeppelin is adequate.

What the crew would probably want to do, if possible, is turn the airship so
it faces into the wind. At that point, the projected area is reduced to 358
m"~2, and the drag coefficient (referenced to that area) to something like
0.2, so the wind force would be 2% of the worst case scenario.

The Patrie

Supposedly, it came off the ground spike which anchored it. However, it appears that a gust
caused the airship to swing broadside and tilt over, causing ballast bags to fall out of the airship,
rendering it very light, so much so that 200 soldiers couldn’t keep it near the ground. (Camplin
287). One could not reasonably expect a ground spike to hold under these circumstances. Of
course, it would’ve been nice if it kept the airship from tilting over....

Packed VVolume vs. Inflated VVolume

The packed volume of a 50 ft diameter balloon is 2.2 cf according to Eagle Balloons, How to

Build Your Own Hot-Air Balloon: Volume 1 — Design Criteria p. 75., assuming an “ideal fabric”
and a packing factor of 2. If the balloon is a natural shape, a 50 foot max diameter corresponds to
a gore length of 76.4 ft and a volume of 56,156 cf inflated. Notice the ratio of inflated to packed.
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For a 300 ft diameter balloon, packed volume would be 900 cf, but gore length would be 458.8
and volume over 12,000,000 cf.

I don’t presently have packed volume data for nonrigid airships; the nose stiffeners would tend to
hinder packing somewhat.

The Hangars on Lake Constance

Curiously, the British observer Colonel Trench, visiting Lake Constance,
reported that the floating hangar was formed of girder iron framework,
covered with corrugated iron sheeting, with a vertical side 50 feet tall and
total height from floor to ridge of 70 feet. It had an interior floor width
of 85 feet, and was supported on four rows of closed iron pontoons. Halfway
up the framework there were supposed to be hinged platforms 13 feet wide. See
Seligmann, Spies in Uniform 122 (2006). So was it wood or iron construction?

There is some uncertainty as to how long this pivotable floating hangar was

used. According to De Syon (35), it was used to launch the LZ4 in June 1908,
and a photo seemingly shows this:

http://www.airships.net/wp-content/uploads/lz4-bodensee.jpg

And that looks very much like the hangar of the LZ1
http://www.airships.net/wp-content/uploads/lIz1-hangar.jpg

But Belafi has it dismantled and reassembled on shore (but extending over the
water) in time to assemble the LZ2. This second airship hangar (1904) was 126
meters long, with 50 meters protruding into the water. (While the hangar was
thus partly over the lake, there was no possibility of the hangar rotating
to face the wind.) From the entrance, rails, mounted on pontoons, extended
another 100 meters onto the lake. From those rails the LZ2 would be towed by
a tugboat onto open water. (Belafi). 1In 1909, it was replaced by a new
(third) hangar.

To add to the mystery, ths undated photo shows two hangars, one (looking like

original hangar) halfway over the land, and the other (painted white)
floating on the water away from the shore.

http://welweb.org/ThenandNow/images/2nd%20shed.jpg

Other Floating Hangars

The US Navy launched Hangar Barge Number One in 1915 to house its first
airship, the DN-1. According to Aerial Age, "The hangar is of steel, 60 by
140 feet, and it draws eighteen inches of water." (Mize) .An April 21, 1917
photograph shows the DN-1 making its landing approach, directly in line with
the open end of the hangar. Since the other end was permanently closed by
curved metal framing, the DN-1 would have had to have been backed out of the
hangar for takeoff. The DN-1 was a flop and by 1918 the hangar had been
relocated to land.
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Flaoting hangars are still in use today for seaplanes, but they are of course
much smaller than airship hangars and don't need to rotate with the wind
because a seaplane is much more maneuverable.

Waterside Hangars

The British Cavendish dock, prepared for the ill-fated British Mayfly,
floated, but it did not rotate. Rather, it was adjacent and parallel to the
dock. A series of electric winches would be used to ease her out, in theory,
even against a beam wind. Nonetheless, while trying to move her out, the
Mayfly was caught by a beam gust and broke in two.

Later Rotating Hangars

Besides the rotating hangar at Biesdorf, several others were built during or
just before WW I.. Germany had sixteen more, with France had one at Reims
(130 x 30 x 20 meters) . (D'Orcy 217-221).

"Nobel" at Nordholz (near Cuxhaven) was the only double hangar. It weighed
4200 tons. The dimensions according to D"Orcy were 180 x 75 x 30 meters, and
Wikipedia, 200 x 70 x 30. The hangars could be turned all the way around in
an hour. (Wikipedia). The discrepancy is partially explained by the report
(E1ric888) that the hangar was lengthened at the rear; The information is
sparse, but it apparently ran on a circular, two railed track. Underneath the
hangar bed there was a a truss structure, and below that, at one end, eight
powered wheels (four axles). (Slide) . I assume that there was a matching
unpowered wheelpack at the other end.

Circular or Many-Sided Hangars

In 1909, Ernst Meier proposed that an airship hangar be circular, with a
diameter greater than the length of the airship (Wilkinson 15). Rather than
rotate the hangar, the airship would be rotated within the safety of the
hangar, to align with the most favorable of the many doors on the perimeter
of the hangar. Others have made similar proposals. (Wisniewski, US Patent
1,101,372, 1914: Schwerdtfeger, US 1,666,354, 1928; Smith, 1,861,069, 1932).

The basic problem with the concept was that a much larger building was needed
to house a single airship of a given length. The whole interior space must be
kept clear so the airship can be rotated when needed, and hence it can't
really be shared.

If a circular hangar were ever constructed, the structural design might be
inspired by Madison Square Garden. That is a circular building with a
diameter of 127 meters (420 feet) spanned by 48 radial cables that run from
an outer concrete compression ring to a central steel tensile ring.
(Underwood) .

Hangar with Retractable Roof

Retractible roof structures date back at least to Roman time; the vetarium
was a retractible canvas shade that covered some of the seats at the



Colisseum. Retractible roof structures are found today on certain "mass
event" buildings such as sports stadiums and performance halls, where they
provide natural lighting and ventilation on a nice day.

D'Orcy presents a photograph of a model of a German airship shed with a
"disappearing roof." It is in the open position, and it can be seen that the
roof is split in half lengthwise, and the two haves are both pivoted outward
and pulled away on some kind of support. It look very heavy and cumbersome to
me and I am not aware of any being built.

What was the motivation for making the roof openable? So the airship could
land in or takeoff from directly inside the hangar? So the temperature
inside the airship envelope could be equilibrated with ambient temperature
before the airship was removed from the hangar? To permit rapid escape of
hydrogen if a gas cell was ruptured?

A retractivble roof could be some kind of flexible membrane (like canvas)
that is folded or rolled up, or be composed of rigid elements connected so
that the elements fold up accordion style, or slide back into stacks.

Adiabatic Heating

One source of temporary buoyancy is adiabatic heating as a result of rapid
descent. (Camplin 258).

Balloon Barges

In 1861, the Union had a "balloon barge", the George Washington Parks Custis.
An illustration shows the balloon Washington tethered by lines to the barge.
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