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speed of about 0⋅85 ± 0⋅05ms–1 was reached, corresponding to a drag
coefficient of CD = 0⋅42 ± 0⋅08 (based on an estimated thrust level of
12 ± 1N). The maximum yaw rate with one bow motor running
(thrusting alone with no forward movement) was about 2rpm. The rate
of loss of buoyancy was 0⋅65 ± 0⋅05N/s when the solenoid operated
valve was opened, and when there was no measurable gauge pressure
at the base of the envelope.

5.2 Testing in Kaieteur
The filming campaign in the Kaieteur National Park took place in July
2004. All the helium gas cylinders and the crates containing the airship
were actually flown to Kaieteur using a Shorts SC7 Skyvan, rather than
the BN-2 Islander as was planned, see Section 2.2. After unpacking all
the crates, preparation of the airship took about 10-12 days, slightly
longer than was previously agreed. Wind speed was monitored during this preparatory phase by placing
a three-cup anemometer on an existing mast near the airfield at about
10m above ground level. At the end of this monitoring period it was
apparent that the Kaietear plateau only offered the low wind speeds
stipulated (0-1ms–1) between about 0600 and 0800 (on most days).
Typically the wind speed rose linearly to about 2⋅5 ± 1⋅5ms–1 by
midday often accompanied by light rainfall and an increase in tempera-
ture from about 21 to 27° C. The wind speed then typically remained at
1-4ms–1 until about 1800. On one day (only) the wind speed rose to
1⋅4ms–1 briefly at 0800 and on that same day the wind speed increased
to 7ms–1 for about 20 minutes at midday, but it was noted early that

morning the conditions were overcast and obviously uflights. Based on these measurements, as well as the Amazonian data, operations were restricted to the pewhen there was clear sky upwind. It was decided to inflate the airship about 0⋅3km frothe edge of an area of forest, not in a clearing as was anof this site, the plateau had the advantage of being relonly low level shrubs (e.g., giant bromeliads), i.e. this flused for early trial flights, before committing to flight ovInflation was unfortunately interrupted for about tenauthor believes that some air ingression occurred (whilelow pressure at its base) resulting in a buoyancy loss of aa consequence, the airship was initially found to be heavy with 210kg of payload and ballast. Some reconfigpower system was therefore needed to reduce the mass one pair of the 26Ah lead-acid batteries had to be off-loadAfter ground testing and tethered-flight tests, the airsflown twice for over 45 minutes, hovering about 2-3m ab
immediately banking the Potaro river. The cinematogr
Scheurich, told the author that the airship was much mflight than previous helicopters he had used for filming
being free of vibration). The longest flight made was fromairfield over forest to a clearing near Menzies Landing
away, with a 20 minute loiter prior to landing, see Fig. 8. 
the user’s requirements were essentially met. The mass br
these flights is given in Table 1.On one flight a three-axis sonic anemometer was carrie
mounted in front of the gondola, as well as a digital vario
GPS receiver. An audio recording of this flight was made
record significant events, in particular the times when 
motor-units were operated. A sample output trace of th
airspeed (the x component of the anemometer with a samp
10Hz) corrected for potential flow effects(23), is shown in FigIt was found(23) that the forward airspeed could be reaso
modelled by integrating a simplified equation of motion, see
A1 in Appendix. During the flight period shown in Fig. 9,
trajectory was approximately straight and level, and no wa
releases occurred. The solid line in Fig. 9 shows the dynam
prediction when the drag coefficient was assumed to vary acc
a simple power law, CD ≅ 0⋅32U0 /U when U < U0 = 1⋅1constant, CD ≅ 0⋅32, when U > U0. However, it should be stre
the CD values deduced from different phases of coasting decele
had wide variations and it was not possible to determine th
coefficient kx with any confidence, see Appendix. Further fligh
will be needed to determine these parameters more accurately.

On two flights deliberate and successful water landings we
on the Potaro river itself. No attempt was made to soft-land o
the canopy itself, as was achieved in a previous project (of much
duration) carried-out by the author in 1995(11,30).  
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Figure 8. Airship in free-flight above canopy in the Kaieteur National Park, Guyana. © Lena Herzog, reproduced with permission.

Table 1Typical mass breakdown of airship in
Item
Cinematographer 
Pilot
Camera 
Other disposable items
Propulsion
Power control and electricalBatteries
Balloon with rigging
Cone and fin
Gondola and upper frameBallast

Total
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solutions(50)
. This is something a more enlightened and rational US

administration might also recognise as a sensible way to move

forward(51)
. The WTO would probably view this as a permitted

subsidy with public funding directed at delivering a public good.

While there would be undoubted commercial benefit issues, particu-

larly first user advantages for a breakthrough technology, the civil

aerospace industry must look to international solutions to a funda-

mental problem that could undermine market growth with detri-

mental effects for players on both sides of the Atlantic. A necessary

first step must be to end the cycle of US–EU bickering and focus on
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Abbreviations

CFD computational fluid dynamics

DES detached eddy simulation

LES large eddy simulation

PISO pressure-implicit with splitting of operators

PSD power spectral density

RANS Reynolds averaged Navier-Stokes

rms root mean square

URANS unsteady RANS

SPL sound pressure level
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Book Reviews
Flight Dynamics

R.F. Stengel
Princeton University Press, 3 Market Place,

Woodstock, Oxfordshire OX20 1SY, UK. 2004.

845pp. Illustrated. £65. ISBN 0-691-11407-2.

The eminence of Professor Robert
Stengel will be well known to most
engineers, scientists and academics

working in the field of flight dynamics. His

universally acknowledged position as a

leading academic in the field derives from

his ‘real world’ experience which includes

involvement in the design of the Apollo

Lunar Module and the direction of many

flight experiments in the modified Navion

light aircraft at Princeton. Over a period of

many years the results of his research have
Si ce

prior knowledge. The dangers of this

approach in a teaching context are well

known. Consequently, it seems at first sight

that some of the material in the book is

pedantically comprehensive. However, this

opinion is short-lived when it is appreciated

just how accessible the material becomes as

a result of this approach. The style must

therefore greatly enhance the book as a

learning resource for students and it also

makes it an especially valuable reference

for those already familiar with the subject

area. This reviewer found the book so

useful in this respect that the review

process was temporarily overlooked!
In spite of its considerable volume, the

book has only seven main chapters which

reflects the thorough and comprehensive

treatment of the material. The introductory

material reviews a variety of modern air-

craft ‘shapes’ and comments very briefly

Clearly, the book has been written with

the student market in mind as it includes

many worked examples to illustrate appli-

cation of the material. Further, much of the

example material is structured around a

suite of Matlab programs which are avail-

able from the author and I am sure that the

interest in this material will extend well

beyond the student market. Summaries of

the software tools and tutorial example 

aircraft models are given in the appendices.

However, the reader can download the 

programs from the author’s web site –

http://www.pupress.princeton.edu/stengel.

This is a terrific book which should

appeal to students and practitioners alike.

It is most comprehensive, thorough in its

detail and the style of writing makes the

subject easily accessible to all. Students

and teachers will find in it a resource that

is complete and compatible with the
i ments of the industry and research
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