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SUMMARY

The High Speed camersz has operated at speeds up
to 25,000 pictures per second, the duration of each
exposure being about one microsscond. Intermittent
spark illumination is used in conjunction with a simple
rotating drum camera.

This apparatus has been used for fundamental
research on flame propagation in gas=-air mixtures,
observations being made by the Schlieren methed. At
the time of the Allied occupation the resesrch had not
proceeded far enough to yield results of practical value,
though satisfactory solutions had been found to the
problems involved in the design of the camera itself.
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1. SCOPE OF APPARATUS

With the present electrical circuil, sparking
speeds of up to 25,000 per second czn be attalined, a
simultansous spark occurring at four co=-linear gaps.
The duration of each spark is of the order of ons
microsecond and the intensity 1s sufficient to zive an
adequately exposed negative on a 27%Sch. £ilm when using
a f4.5 objective with the Schlieren =zpparatus. Thus,
the apparatus may be =xpected to produce a sufficiently
intense illumination for pnotographing solid objecis,
if a more sensitive film and a faster lens are used.

A single charge of the 3,uF power supply conden-
ser will give a total of about 70 sparks. The rate of
sparking varies during the discharge due to the re-
duction in the potential of the powsr supply condenser.
Thus, where guantitative measursmsnts are reguired,
corrections must be applied to the observed resulis
to allow for the variation in the rate of sparking, or
a "time base' must be incorporatsd in the apparatus.

2. QPTICAL ARRANGHNHENTS

The general arrangement of the Schlieren
apparatus follows normal practice, and is shown in fig.
1, attached to this report. Light from the four spark
gaps "L", after suitable collimation, is reflected from
the concave mirror "S" through the windows of the come
bustion tube "B", That portion of the light which has
been refracted in "B" due to temperature changes in the
flame, is prevented from reaching the film “"IF" by the
knife-edge "BILM. The film rotates at a consitant speed
of about 6,000 R.P.ii. and is carried on four separate
drums "Tr". No special precautions are taken to ensure
that an exposure is begun at the instant when the joint
of the film is immsdiately opposite the lsns "D", and
in practice 1t is usually necessary to cut the developed
film, and piece it together again, in order to present
a consecutive picture of the combustion process,.

of the caomara
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As already mentioned, the ohjoctive
has a maximum apperture of £4.,5, and a foc
15 cm. was chosen to obtain a pilcture .hic
full width of a 39 mm. film.
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3. ELECIRLC CIRCUITS

The circuit as Tinally developed is shown on
fig. 2. 4 potential of up to 30,000 volts 1S produced
by an X-ray transformer and rectifier connected to the
terminals of the power condenser "C?" of 3 microfarads
capacity. The discharge condenser "C1", which has a
maximum capacity of 0.4 microfarad, is charged through
the inductance "L", and reaches a potential equal to
that of "Co", so long as no sparking occurs at the gaps
"Fi" to "Fq". The initial potential of "C2" is kept
juSt below the value necessary to ionise the combined
iength of the gaps "F1" to "F4" (which is about 14" in
the present arrangement of the apparatus).

When a photograph is to be taken, the pendulum
Wp" is released. This first breaks the contacts "S;"
in the primary circuit of a large inductance coil "J".
The high voltage simultaneously induced in the second -
ary of "J" causes a spark across the gap "Fq" and across
the safety gap "HF". The occurrence of a spark at "Fa"
reduces the break-down voltage of the gaps "F " to "Fg",
and a spark is immediately produced at all foﬁr gaps by
the potential of condenser "Ci".

After the first discharge of "C;", the discharge
tube is ionised, and hence has a reducéd break-down
potential. Fur%her sparks occur each time the potential
across "Cj" reaches the tubss break-down potential, the
rate of sparking being controlled by the value of the
inductance "1I". For low speed work, iron cores are
provided for "L", but for the highest speeds an air-
cored inductance is used.

At a pre-determined interval after the breaking
of the switch "S;", which "triggered® the high fregquency
sparks, a second switch "S2" is opened by the timing
pendulum "P", "So" is in the primary circuit of an
automobile ignition coil, and takes the place of the
conventional contact breaker. The opening of switch
HS," causes a spark at the gap "Zu" in the combustion
tube "VB", so initiating combustion of the gas-air mix-
ture under investigation. By careful timing, the complete
cycle of events in the combustion tube can be cobserved
by the sparks produced from a single charge of the power
condenser "Cx". : '
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A mathematical discussion of the requirements
of this type of circuit has been published by Dr. Neubert
who was responsible for the work at LFA, in "Zeit-
schrift fiir technische Physik® 1943, No. 8. Some details
are also given in this publication of the early results
obtained with the apparatus.,

As far as can be ascertzined, no other descripiion
of the apparatus or the results obtained with it has
been published either in the German Technical Press or
in IFA internal reports.

4, CONSTRUCTION OF THY DISC 4L

This part of the apparatus is massively fabricated
from mild steel, and is of circular section with bolted-
on windows. The spark gaps are about 3" long, tungstan
wires of about 1 mm. diameter being used. Experiments
have been carried out with a2 number of different gases
in the discharge tube, but for high speed work, Dr.
Neubert recommends the use of 80% H, plus 20% Freon
12", the mixture being at an absolute pressure of 2.6
atmospheres. :

This recommendation is based on fairly extensive
work which Ir. Neubert has carried out on the electrical
characteristics of air-gas and hydrogen=-gas mixtures.
This work has not so far been reported, though a copy
of a draft report on the subject was found in the lab-
oratory containing the high speed camerz. The results
of the investigations are summarised in the curves
reproduced in fig. 3+ It will be seen that with
either air or hydrogen the break-down voltage is increased
in the most pronounced manner by the addition of Freon
nylzw (CClegg.

5 e SULTS

The apparatus has been used for the observation
of flame propagation in propane=-air mixtures in order
to obtain information regarding the fundamental combus-
tion processses., Varijus types of combustion have been
observed by the Schlisren arrangement, including cases
where detonation occws. In all, some 400 film negatives
are available in the Lavoratory, showing the progress
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of combustion with various mixture strengths and press-
ures, and in the case whers acoustic waves are present
in the tube.

Recently an investigation was started on the
mechanism of combustion in the V-1 flying bomb, with a
view to improving the maximum altitude at which this
type of prime-mover will operate. This work had, how-
ever, not proceeded far snough to yield any useful
resulis,

The writer has come to the conclusion that Dr.
Neubertts work consisted almost entirely of long term
basic research = which, like so much of the work at
LFA, had not yielded practical results by the time
of the Allied Occupatione.




OPTICAL ARRANGEMENT OF HIGH SPEED SCHLIEREN CAMEEA
FOR OBSERVING FLAME PROPAGATION
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