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Introduction.

It is well known that the stream lines in the steady motion of
water can be observed by mixing it with some coloured matters as
red ink. By using similar processes, there have been accomplished by
others many trials of taking photographs of stream lines round aerofoil
models or some other forms in running water and many interesting
results have been obtained, giving a useful knowledge in the study
on aeronautics. We can similarly observe the motiOn of air by mixing
it with some fine dusts, smoke or coloured gases. For example, by
looking smoke flowing out of a chimney we may judge the direction
and speed etc. of the wind.

As it is desirous, if possible, to see the stream line pattern of
air around the models used in wind channal experiments, we tried to
photograph it by the method which will be described below. At first
we took the instantaneous photographs of the stream line figures about

various forms of models. However as this work was in progress we
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found that the momental photograph could not serve to satisfy us, we
desired to take the figures kinematographically and after several trials
we succeeded to take continuously about 1200 pictures in one second.
We intended to study the state of rear current disturbed by the models
used in the wind channel by taking as many potographs as correspond
to different wind speeds. Thus we obtained a few sets of pictures for
each model. But to our great regret, most of them together with the
whole apparatus and our laboratory memo were destroyed by the
great earthquake and fire of Sept. 1. 1923 before we examined the
results. Among the scraps we found a few number of films which are
reproduced in this report. These pictures may be perhaps of little
value to give any knowledge upon the systematic study of aeronautics,
and yet, as the recovering of the laboratory takes years and to repeat
the experiment became impossible for the present, it has been too
painful for us to throw these pictures away as rubbish. By the
generocity of the Director of our Institute we were permitted to put
these into print, as a provisional report, with the description of the
method adopted to take them, for which we tender him our best
thanks.

I, Momentary Photography.

Our first attempt was, as is stated above, to phdtograph the
stream lines around the models used in wind channel experiments. For
this purpose we constructed a special apparatus providing a wind
channel and a camera. In photographing the objects we adopted two
methods : the one was the strie method of Topler, the other was the
directly projecting method of Dvorak. Both of them gave satisfactory
results, though the former is more complicated in technique than the
latter.

The wind channel attached to this apparatus was at first of
Eiffel’s type, specially designed for the present purpose. The diameter

of the smallest cross section of the intake was 30 cm. and that of the
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Kinematographic Study on Aeronautics. 215

diffuser was 44 cm. The difference of these two diameters was intended
to avoid the confused motion of air in the experimental chamber. The
maximum wind speed in this channel was nearly 45 m[sec., and the
space distribution of the wind velocity was of deviation of one percent
at most for the speed less than 40 m/sec.

As the wind channel of this type was not convenient in utilysing
for the present purpose we constructed another wind channel which
was of modified form of Géttingen type, of which the section was
square form of 30 cm. in its one side. The back current which might
exist in the channel of this type was avoided by a suitable arrange-
ment. The maximum speed of the air current was about 40 m/sec.,
and the distribution and the fluctuation of the velocity were better
than those in the wind channel described above, though the efficiency
was far worse.

The concave mirror used in striee method was of 7 meters in its
radius and 15" in its aperture. The light source was an electric spark
between two alluminium ribbons, nearly 1 cm. apart, which were
pressed between two pieces of hard stone.

The light source in the shadow method was an electric spark
between two platinum wires of about 1 mm. thickness put in an ebonite
rod. The one electrode was inserted in a side hole of the rod, and
the other, provided with an adjusting screw at one end, was put in
the central canal of the rod. By connecting these to an electric
machine, we obtained, looking from other end of the canal, an ap-
proximate point source of light. Fig. 1. is the diagramatic view of
it.
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Fig. 2. and Fig. 3. show the arrangements of the apparatuses of

the strize method and of the shadow method respectively.
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Fig. 3.
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Kinematographic Study on Aevonautics. 217

In these figures I is the wind channel, O the object through
which the air current is disturbed, S the light source, A/ the concave
mirror, C the photographic camera, P the photographic plate and /H
a heater, which is put to warm the streaming air so as to facilitatz
the photographing. The heater is made of thin manganin wire stretch-
ed on a mica plate and capable of conveying an electric current of
about 10-30 amperes. By the presence of the heater, it was thought
at first that the state of streaming might be much disturbed ; but, in
effect, by putting it at a certain position and adjusting the electric
current we could scarecely recognize the intrusion of bad current
produced by it.

The models we used were of various shapes. Plate 15 is a few
examples left undestroyed by fire. They were all takan by the shadow
method. Those which were taken by striz method were all lost and
could not be reproduced here.

(A) shows the stream lines against a plate of which the angle of
attack was nearly 50 degrees, the velocity of the current being 16,6
m/sec. (D) represents those against a circular cylinder, the velocity
of air being the same as that in (4). In (C) the triangular form is
supposed to represent a mountain, against which a horizontal wind is
blowing, the velocity of which being 19,1 m/sec.

We see from these figures that there is eddying motion of air be-
hind an obstacle as is imagined to be. The eddying motion thus
produced makes its effects upon the dynamic characters of obstacles
in various aspects; e.g. the pressure distribution on their surfaces will
be much influenced by the existence of eddies behind them. Moreover
their existence may become the cause of the vibration of the obstacles.
Thus it must be very interesting to study systematically the relation
between the state of eddy formation and that of vibration, varying the
wind speed, dimensions and forms of obstacles.

Plate 15 (D) represents an aerofoil model R. A. F. No. 19, the wind

velocity being 7,8 m/sec., the angle of attack 12 degrees.
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II. Kinematography.

It must be very interesting if we can see the state of streaming of
air around the model through the kinematographic process. The usual
apparatuses of kinematography in market, however, do not fulfil this
requirement, as they can produce too few pictures e.g. 30 or so in one
second ; even the instrument so called super high speed machine in
market gives only 200 or 300 pictures per second. There is however
the instrument of Vickers & Co.'s make, which, so far as we are aware,
is the best machine ever existed, and is said to take about 3000
pictures in one second, but its high price is almost prohibitive for our
laboratory use. As our object is to take kinematographic pictures of
air current of speed 10-40 m/sec,, it is desirable to have at least 1000
pictures per second. And if we confine ourselves to take only the rear
disturbances of the model in pictures, it is quite sufficient to expose the
film for very short duration, e.g. for an interval I/ 10, 1[5 or at most
one second. To satisfy these requisites, we tried on several methods
utilysing various instruments in our laboratory without success. The
usual shatter method could not be adoptable as we had no powerful
light source and the time of exposure in this method was too long so
the pictures obtained were not clear enough to be analysed.

We considered that it is the best way to adopt the strim method
of Tépler by using periodic sparks of short duration as the light source.
The periodic spark for this purpose must be of (2) regular intervals,
and (&) constant intensity. Our first trial was to use a mechanical
vibrator in connecting to the primary of a transformer. The second
trial was to obtain sparks by using a rotary gap in the circuit of a
high tension current rectified by means of Kenotoron tubes. Both these
methods gave no satisfactory result. The third trial was to use a high
frequency generator used in radio communication. Though there were
several difficulties in technique, the last method was far better than

those former ones.
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Kinematographic Study on Aeronautics. 219

The Light source. The high frequency ganerator we used was of 500
cycles per second and was driven by mecans of a D. (. shunt motor.
The frequency could be varied from about 480 to 610 by changing

the speed of D.C. motor. The connection was as in Fig. 4.
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Fig. 4.

As stated above, the series of sparks as the light source must be
of constant intervals: the ideal case baing two sparks in one cycle.
To satisfy this condition we met with a great difficulty, for it was
usual that the gap sparked at quite irregular intervals, perhaps two,
three or more sparks in one peak.

After several trials we found that the ideal sets of sparks could
be obtained by changing mainly the resistance of the primary circuit
of the transformer and subsidiarily the capacities in the secondary
circuit. They were of course inserted for this purpose afterwards. The
regularity of the sparks was tested by means of a rotating mirror.
The number of sparks in one second was measured by counting the
number of rotation of the generator, and checked by the picture
numbers photographed in a definite time. As this method did not give
the exact number of sparks, we devised an apparatus consisting of a
tuning fork of known frequency and necessary accesories to record
time marks on the film side by side with the kinematographic records.

But, unfortunately, we could not complete this apparatus before the
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fire and it was burned in half finished state. Thus the number of
pictures per second in this provisional report must be recognized as an
approximate one.

Method of Kinematography. As we obtained a light source of
regular intervals of about 1/950—1/1200 second, it is easy to toke
kinematographic records of such numbers in one second. The arrange-

ment of the equipments is sketched in Fig. 5.
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In this figure, W is the mouth of the wind channel where the
object to be photographed was placed, // the concave mirror, Z the
light source, and 2 the photographic apparatus. The photographic
apparatus was composed of mainly a shatter S and a wooden drum 2
round which film was wrapped. The drum was driven by a sinchrorous
motor. Just before the begining of the film came to a proper position,
the shatter was opened by means of an electric devise, which is not
shown in the figure, and it was closed after the exposure was ended ;

thus the economy of film was preserved.
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In this way sevaral kinds of records werc obtained and they were
shown to public through a cinema projecting apparatus on a meeting
of the Aeronautical Colloquium in our Institute.

Hlustration of the Plates. Plates 16—18 are a few examples of
the pictures gathered among the remains unburned by the conflagra-
tion. In these plates records of cach film are only partly reproduced,
and in order to grasp the statc of air current with bare eyes the
pictures are arranged in different manner from the records on films.

Plate 16 A. As will be seen from the annexed diagram, this is the
set of pictures of the air current behind a plane which is placed
crosswise the air stream of the wind channel making a certain angle of
attack. The dotted circle in the diagram represents the position of the
concave mirror used in strize method and it is the whole field to be
photographed. The velocity of the air éurrent was I4 mfsec., and the
number of pictures 11go per second. Irom the series of pictures
reproduced here it is difficult to observe the true motion, but when
they were projected on a screen by an ordinary slow speed machine
we could clearly trace out the motion; especially to observe the state
of formation of eddies behined the plate is the most striking.

Plate 16 B. This is the set of pictures of air current against a rod
of square section. The velocity of the wind was 15 m/sec., and the
time interval between two pictures 1[1200 sec.

Plate 17 A. This is the pictures of the flow of air past a rod of
circular section. The velocity of wind was 18 m/sec., and the time
interval between two of them was 1[I0IO sec.

Plate 17 B. This represents the flow of air past a rotating circular
cylinder of 8 cm. diameter. The velocity of air was 3 mjsec. The
numbszr of rotations of the cylinder was 30 per second. This experi-
ment was carried out on behalf of Prof. K. Wada, who was investigating
the dynamical properties of a similar body in the Wind Channel
Department of our Institute.

Plate 17 C. This represents the flow of air caused by the model of
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a revolving air screw. The speed of rotation of it was 18 per sec.
and the time interval of the picturcs was 1/1050 sec.

It is very interesting to observe the formation of eddies near the
tip of the air screw. For the f{ormation of such eddies a loss of
energy must be accompanied, and it may appesar in the test of an air
screw as an eddy making resistance. If this resistance could be
minimized by fiading a proper shaps of th: blade, the efficiercy of
the screw must bz coasiderablly raised.

Plate 18 A. This is the set of pictures showing the explosion of a
gas bag. The bag was made of thia rubbsr membrane and coatained
a mixture of air and hydrogen in the percestages of 70% air and 30%
H,. The explosion was caused by an electric spark in the centre of
the bag, the circuit of which was coanected in serics to the mechanism
of opening the shattar of the pim‘cographic apparatus. Prof. A. Tanaka-
date found that, while he was working on the problem of the explosioa
of a gas bag, just before explosion took place a sudden, though very
little, diminution of the pressure of gas in the bag was produced. But,
as will be szen from the kinematographic records, when the gas igaited
the bag is set in some oscillating motion, and thus the dimiaution of
pressure might be concluded when it is estimated from the measure of
the amount of swollen out of the bag at a point on it. Arother sct
of photographs was obtainzd of the explosioa of gas in a cylindrical
metalic vessel, the on= end of which was covered with a rubber membrane ;
but we could not sse the vibrating motion of ths membrane at all.
Of course the photographic method alose doss not settle the solution
of this interesting problem.

Plate 18 5. This is a part of a scries of pictures showing the
breakage of a vacuum glass globe struck very qnickly by oae of us

‘with a metalic hummer, the number of pictures being 1200 per second.

October 1923.
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Diagramatic Illustrations for the Plates 16—13.

(the air streaming from left to right).
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