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On the Effect of the Density of the Air upon
the Pitot-static Tube Coefficient.

By

T. Sasak1, Rigakuhakust,

Member of the Institute,
and

K. HATTORI.

Introduction.

Some years ago we have constructed a low pressure and low temper-
ature wind tunnel in our institute. The velocity of the air stream in the
tunnel was measured by means of a standard pitot-static tube, assuming
the pressure difference generated by the differential pressure head is
. proportional to the air density. But as the measurements were carried
out further, we found the fact that the pitot-static tube coefficient itself
seemed to be affected by the air density. Since then we were occupied
ourselves by the absc;lute determination of the pitot-static tube coefficient,
by causing it to move in a straight path through still air. The experi-
ments were made in a tunnel of a railway in Tiba district, which is
now out of use owing to the crack of its part by the earthquake. As
the speed, however, of the car on the rail is. very low, the pressure
differences set up by the pitot-static tube are very small. This difficulty

in the measurements of speed would be overcome by the development
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62 7. Sasaki and K. Hattori.

of a specially sensitive manometer, if the experiments were made in the
laboratory. But the use of a sensitive manometer on the car moving
on the rail is difficult owing to the vibration of the car. Hence we
determined to calibrate a windmill causing it to move on the rail and
then to use it as a standard for the calibration of the pitot-static tube
in the wind tunnel. The determination of the pitot-static tube coefficient
on the rail was also carried out in order to check the results obtained
in the wind tunnel. The experiments in low air density were made in
a low pressure chamber by the use of a whirling arm and the results
obtained in the low pressure and low temperature wind tunnel were
checked. |

The arrangement of Experiment in a Tunnel at [wai.

The tunnel employed is situated between Iwai station and Tomiura
station, the length of which is 730m. and the rail is almost in a straight
line. During the experiments both entrances are shut by doors and no
current of air is made to occur in the tunnel. The rail is welded and
smoothed and rubber rings are wound on the wheels to prevent the
vibration of the car when it is moved on the rail. The car on which
the measuring apparatus is put is pulled by a wire rope which is tugged
by a 20 HP D.C. motor. The maximum speed attained by the car is
15m./s. Along a side of the rail electric lines are prepared and with
sm. (+ 5mm.) intervals electric contact metals are provided. On these
contact metals slides a brush which is fixed to the car as the latter moves
on the rail. Whenever the contact is made an electric relay is operated,
which pulls a chronogragh pen and puts a mark on the chronogram.
The chronograph used has three pens: the first of which is used for time
mark, the second for bench mark and the third for windmill revolution.
These marks are put on a paper which is drawn out at the rate of
12o0mm./s. by a 6volt 30 watt 2000r.p.m. D.C. shunt motor. The
length of the paper let out in o-01 sec. is 1-2mm., which is easily

measured by the use of a rule. At évery sorevolutions of the windmill
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an electric relay is opperated putting a mark on the chronogram. Fig. 1
shows a part of the chronogram, in which (A) shows a mark at every

50 revolutions of the windmill,

(A) (B) the time mark at each
B
((c)) B — — S 1 sec. and (C) the mark at

Fig. 1. each contact of the brush on

the contact metal along the

rail. The velocity of the car and the revolutions per second of

the windmill are calculated from the marks on the chronogram. The

apparatus is put on a box which is suspended on the car by rubber

strips, and is protected against the vibration of the car caused by its
motion on the rail.

A small windmill, which is carefully constructed so that the friction

of the bearing is very small, is fixed on a framework fastend to the

car as shown in Fig. 2. This framework is carefully constructed so as

R Windmill.

L. TT TT TT
7

Fig. 2.

to avoid vibrations caused by the motion of the car. The windmill
is fixed on a pole, which can be moved on the framework so that
the distance of the windmill from the body of the car can be altered.
The height of the windmill from the rail is so adjusted that it moves
along nearly the central line of the tunnel. The cross section of the
- tunnel is shown in Fig. 3.

In determining the coefficient of the pitot-static tube, the same

apparatus is used, altering the arrangement a little to make it convenient
PP g g
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64 T. Sasaki and K. Hattor:.

for that purpose. The windmill is removed and a pitot-static tube is in-
stalled at the top of the post, inside of which rubber tubes are housed
connecting the pitot-static tube to the
liquid manometer. The liquid column of
the manometer is photographed by a small

cinematograph camera driven by a 6 volt

5o watt D.C. shunt motor. The speed of 3ge0

§200

the film is so adjusted that from 3 to 9
pictures are taken per unit time according

to the speed of the car. To the cinemato-

graph camera is attached a small shutter, {

which is opperated by an electric relay f—d000 |

whenever a time signal at each second is Cross section of the tunnel.
. Fig. 3.

send out from the chronometer and a time €3
mark is put on the margin of the film. The film developed is shown

in Fig. 4, and the apparatus is shown in Fig. 5.

Main_gircurt
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For the sake of economic consumption of the film, the motor is

rotated only in the interval when the velocity of the car is constant.
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For that purpose an electric circuit shown in Fig. 6 is used. Two circuit
brakers of uneaqual height are provided at a side of the rail: the lower
one at a place where the car is just reached to a constant velocity, and
the higher one at a place where the car begins to deccelerate. Two
strips of fusible metal F; and F, are streched out of the car, one to
meat the lower braker and the other to meat the higher one. When
F, is cut off the relay R; is released and switches the circuit to the
motor to drive the cinematograph camera, and when Fj is cut off the
motor is stopped.

There is another circuit braker at a side of the rail and a third
fusible metal F% projecting from the car. This fusible metal F3 is cut
off just before the car is stopped, and the lamp illuminating the ma-
nometer and the motor for chronograph are switched off. The time mark
on the film and the corresponding time mark on the chronogram is
made evident, since as the impulse at o0 sec. is not send out from the
chronometer the time mark at 1 sec. (next to pause) and that at 59 sec.

(before pause) are evident on the film and on the chronogram.

Results of Experiment.

As a first step we carried out the calibra-
tion of the rotating speed of a windmill, as
shown in Fig. 7, when it was moved on the
rail, setting it very close to the car, i.e. to
the root of the framework. The results of
20 observations are shown in Fig. 8, in which
njv is plotted against v. Where n is the
rotating speed of the windmill and v is its

translational velocity.

It is widely known that n and v are in

" the following relation

n = qa+bv
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66 T. Sasak:i and K. Hattori.

where @ and b are constants. Hence n/v approaches an assymptotic
value when v is large, which is clearly shown in the figure. By the

method of least square we have got an empirical formula:

n = (—0-0695 + 0-0015)+ (1-290 + 0-011)V .

13 p =1.286 kg/m*
- T T 1]
0.2 ., %0 ! |
" T
v 7n=(—0.069510.0015)+(1.290+0.011)2
E7 5% » 10%
Fig. 8.

From this formula we can calculate the ratio n/v at large v. Above the
speed 10m./s. the effect of friction on the value of n/v is less than o-5
% .

The same windmill was tested in our low pressure and temperature
wind tunnel (diameter of the exit is 75cm., max. wind velocity at 1
atmosphric pressure is 65m./s., at 1/2 atmosphric pressure is 100m./s.,
lowest pressure is 10cm. Hg., lowest temperature is —43°C) at one
atmospheric pressure, using a Prandtl pitot-static tube (coefficient 0-998)
as a standard for the measurement of the wind velocity.

The velocity distributions in various cross sections of the jet are
shown in Fig. 9, where x is the distance of the cross section from the
exit. We set the windmill at a position symmetric with that of the
pitotstatic tube. Taking into account of the velocity distribution in the
cross section concerned, we got the following result, in the speed range

from 5-5m./s. to 26-2m./s.

n = (—0'0680 * 0-0010)+ (1-219 4+ 0-012)v.
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In Fig. 10, nfv is plottedi
against v.

The results of experi-
ment in the tunnel and
those in the wind tunnel
are different, the difference
in the value of n/v being
about §9. The causes of
this difference were con-

sidered to be

(1) a particular charac-
teristic of the windmill
used.

(2) imperfect setting of
the windmill, i.e. the
shaft of the windmill
would be inclined to the
direction of the wind,

(3) the effect of the car
and the framework on
the velocity of the rela-
tive wind in the ex-

periment on the rail.

To investigate the cause
(1) several other types of
windmill were tested in the
same way, but we have
got the results same as
those described before. The
effect of the wind direction

on the rotation of the

© Position of standard tube

T 1005p x = _
o= 0% V=55%

v=20% « 10080

z-=100™™
v =20% v=40% v=55%

o

Startic pressure on the cetral line of

the wind tunnel.
I‘[nlmr\ce
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68 T. Sasaki and K. Hattori.

windmills were tested using No. 2 and No. 3 windmills, which are of

the same type but the twist of the blades is opposite. ~The results of

P =1233% |
125
- 7=(~0.0680+0.0010) +(1.219£0.012) v
n | ! ]
v ) P
/Q/r"“"’o—"o h o 5o
(¢
12
15 - —
|
| ]
1057, 107 o 5% 20%

Fig. 10.

experiment in the wind tunnel are shown in Figs. 11 and 12, where the
angle 6 between the wind direction and the windmill shaft is positive

when it was turned anticlockwise.

X T |
|

alx

170 19

16'%\&* » 18!

“0 0g o 20 -20° 0 P 0 2

Fig.i11. Fig. 12.
The error on @ less than 1°, which would occur in setting the
windmill, has not a recognizable effect on the value of n/v. Hence (2)

was not considered as the cause of the difference. We were now in a

position to investigate the cause (3).

This document is provided by JAXA.




Effect of the Density of Air upon the Pitot-static Tube Coefficient. 69

We have constructed the No. 5 windmill (diameter 15-5cm.) as
shown in Fig. 13, and set it on the framework at various distances
from the car. The distance x was
measured from the front edge of the
car. The experiment was carried out
in the speed range of the car from
4m./s. to 13m./s., and 19 observations

were made at each x.

Writing as before

n=a+b

and calculating ¢ and b from the results

Fig. 13.

of experiment using the method of
least square, we have got the following figures. We have also calculated

from the above formula the value of n/v at the speed of the car 10m./s.,

No. 5 windmill.

i {
z ‘ a ‘ b ' (/v)10 m.ss. I

oT)o ‘\ —0:5024+0-0013 1-336t0-011 ' 1.286 !
i 0-66 | —0-534+0:0013 1-32410-011 1-270 1
i 1.37 " —0-582+0-0012 1-31940-011 i 1.261

2 00 ' —0-487+0-001 1.307 +0-010 ; 1.259

2-80 —0-575 4-0-0016 1-3054+0:014 1-247 }

334 —0-501 +0-0020 1-294 + 0-017 1-244 )

4.09 ~—0-523 4 0-0010 1-286 4+ 0-009 1 1.233 ‘

463 ' —0:504-£0-0014 1.290+0-012 | 1-240 1

as it was convenient to compare the results of experiment in the tunnel
with those in the wind tunnel, since the velocity ranges are different in
both cases.

These results are plotted in Fig. 14. In Fig. 15 are plotted the

values of @ and b against x.
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Plotting the values of (%) on a semi-logarithmic paper, we
J0m. s,

found the points lie on a straight line, except two points at = 2-00m.

and at = 4-09m., as shown in Fig. 16. Hence we can wright

n -
( ) =Crder.
v 10m. s,
140,
\3(/‘
b o
(%)\Om/s < o __. 10
o 13 == S~
125 l | | I
L] Y 05
o . T ———
a
N
1200 e ™ Kl 4™ E
1205w 0 L U ™ tn x
Fig. 1s.

Fig. 14.

The values of the constants A, B and C were calculated from the

above results and we have got

( n ) = 1:232+0-065¢ ** |
v

10m./s.

0.10
005¢

(o
oot 1 P\

0.005

1.232)

/
/

Y

4m 5m

0001575 i 5 -
T

Fig. 16.
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The value of (’g) which is not influenced by the presence
10m./s.

of the car can be taken as the value of it at x = o . The rotating
speed of the same windmill was measured in the wind tunnel, using
the pitotstatic tube as a standard for the measurement of the speed of
air. Fifteen observations were made at the speed range from 23m./s.
to §8m./s., and we obtained the following empirical formula by the

use of the method of least square
n = (—o0-535 + 0-001)+(1:290 * 0-044)v
at p = 1-285 kg./m3.

The value of (—g) calculated from the above formula is 1-236.
10 m./s.

This value agree very closely with that obtained in tunnel experiment,
reduced to x = o , which is 1-232, the difference being about 0-3%.
Hence we can conclude that the difference in values of nfv in tunnel
experiment from those in wind tunnel experiment is due to the effect
of the car upon the motion of air in the vicinity of the windmill. This
is also proved from the other stand point. In Fig. 15 the value of a,
which concerns with the friction, is constant; whereas the value of b
diminishes with z, which proves that v is increased as x is diminished,
so that we may consider the fact as an effect of the car upon the
motion of air in the vicinity of the

windmill.

The Experiments on Pitot-static
Tubes.

We have constructed two pitot-
static tubes of the same form as shown
in Fig. 17, which will be named S.
No. 1 and S. No. 2. These tubes and

four other pitot-static tubes as shown

in Fig. 18 were calibrated in our wind

tunnel using N.P.L. type pitot-static Fig. 17.
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72 T. Sasaki and K. Hattor.

tube (coefficient 1-006) as a standard. The effect of angle of setting is
also tested. The results of experiment are shown in Fig. 19.

| Judging from the results of the experiment, S. No. 1 and S. No. 2
have fairly good characteristics, and of the two S. No. 2 is better.
These pitot-static tubes are particularly constructed suitable for tunnel

experiments. Hence we decided to use S. No. 2 for further researches.

Tig. 18.

Using the apparatus shown in Fig. 1, and setting the pitot-static
tube S. No. 2 instead of the windmill, we carried out several experiments
in the tunnel. The velocity of the car was measured in the same
way as that in the experiments for windmill. The pressure difference
generated by the pitot-static tube was measured by the liquid manometer.
On a 35 mm. film was photographed liquid column, the height of which
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was measured by a comparator after the film was developed, and the
pitot-static tube coefficient was calculated by the formula

=)
o
a
3

Fig. 19.

where p is the pressure difference measured by the manometer and v
is the velocity of the car. The measurements were made at various ¥
and the results are shown in the following table.

¢ x 1 K 1‘ v
m i ‘ m.[s.
iy 0-00 ’ 1-089 ‘ 12.70
; 0-00 -‘ 1-096 12-78
¢ 0:00 : 1-096 12-03
; 1-46 : 1-046 : 12-74
1-46 f 1-048 »
1-46 i 1.053 11-50
H 2:04 ' 1.032 11-66
5 2:04 ' 1.036 13-82
: 2-04 : 1-037 10- 11
2:04 ;‘ 1-040 11.57
2.81 ; 1-020 1375
2.81 ‘ 1.023 11-62
2-81 f 1-025 13-72
2.81 ‘; 1.028 12.71
: 474 ! 1-009 © 12.70
474 i 1-010 12.73
b 4-74 ; 1.012 ‘ 11-85 |
' | ‘ i
4

The values of K are plotted against # in Fig. 20 and 21.
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In Fig. 21 the values of K are plotted on a semi-logarithmic paper,

in which the points lie nearly on a straight line. Hence we can write
K= C+Ae 5,

The constants A, B and C

: were calculated from the above

results and we obtained

K = 0:997+0-094¢ % ,

B\N The value of K when x is
DT

A0t - -l - infinity is 0-997, which agree very

Fig. 0. closely with that obtained in wind

tunnel experiments, i.e. 0-9g6.
Hence we can conclude that the absolutely determined value of K of
the S. No. 2 pitot-static tube would be 0-997 at one atmospheric

pressure,

AExﬁerz’ment with a ' § — ——
- Whirling Arm.

-0.10

As a standard for cali-

L
|

0.05

brating a pitot-static tube

(K. 0.997)

w
y=

at low air density, we

0.04 e s

wanted to use the windmill

0005 - JUNS S SRS P

- g — e b

which was calibrated in the

tunnel. It is generally sup-

O.C()iom [ |
posed that the windmill is z

less influenced by the air Fig. 21.

density than a pitot-static tube, but we cannot use the windmill as a
standard for calibration without testing it at low air density. For that
sake we constructed a whirling arm as shown in Fig. 22. At the end
of this whirling arm, the length of which can be altered, the windmill
was set with its axis coinciding with the tangent of the circular path,

which the end of the arm would describe.
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The height, from the bed to the arm, of the whirling arm is 140cm.,
and the length of the arm can be altered from 98-2cm. to 128-2cm.
The tangential speed at the end of the whirling arm can be varied
from Im.[s. to 23m./s.

The whirling arm was put in the low pressure and low temperature
wind tunnel to investigate the effect
of the air density upon the rotating
speed of the windmill. As it was
thought that the wall of the wind
tunnel would have an effect upon
the rotating speed of the windmill,
we tested it, putting the whirling
arm inside and outside of the wind
tunnel, but we could not find any
appreciable difference.

Next, the effect of the whirling
arm upon the revolving speed of a
windmill was tested, intending to
detect the swirl of the air set up by
the motion of the windmill in the
air. Experiments were made varying
the length of the arm from 108.2cm.
to 128.-2cm. with 5 cm. step, but we could not find any noticiable effect .
the difference in each case falls within the error of the experiment.

If no swirl of the air exist, the rotating speed n of the windmill,
measured on the whirling arm, will be the same as that measured in
the tunnel or in the wind tunnel. The value of n measured on the
whirling arm, at p = 1-286 kg/m3, and expressed in an empirical formula
is

n = (—o0-395 + 0-001)+(1:262 £+ 0-053)v.

The value of (—:}Z—> is 1-222, which is less than that obtained from
10m./s.
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the results of the tunnel experiments and the wind tunnel experiments;
the difference being about 0-7% . Probably this difference is due to

the swirl of the air.

The Measurenents of the Swirl.

We decided to use the hot-wire anemometer for the measurement
of the swirl, as it was thought the most convenient method for that
purpose.® The hot-wire was first calibrated on the whirling arm at
the tangential speeds from 0-07m.[s. to o-53m.[s. . The wire used
was platinum, 0-03 mm. in diameter. We measured the increase of

the current through the wire and has obtained the results shown in

Fig. 23.

N

=)
°

Curretin mu“%urren( atrest

8

|oo/

0 af 02 03 04 05 T o6%
Arm  speed

Fig. 23.

After the wire had been calibrated it was removed from the arm
and fixed in the tunnel close to the path of the windmill. The clearance
between the wire and the windmill as it passed was 10mm. The swirl
set up by the No. 5 windmill were measured at the tangential speeds
from 5-5m./s. to 14-2m.[s. The changes of current in the wire were
recorded on the oscillograms, which are shown in Fig. 24. The 0—0

lines on the oscillograms are zero lines of the current, Iy—1I, lines show

(1) E.Ower and F. C. Johansen, On the determination of the Pitot-Static Tube Factor
at Low Reynolds Numbers, with Special Reference to the Measurement of Low air Speeds.
Proc. Roy. Soc. Vol. 136, 1932, p. 153.
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the current through the platinum wire when the windmill is at rest,
i.e. when there were no swirl, and the 7—¢ lines show the current
through the wire when the windmill was rotated. Hence the distances
between the ¢—4% lines and the [,— I, lines show the increase of current
through the platinum wire due to the swirl of air generated by the

motion of the windmill.

\e .
7 ==
________________________________________________ 4 - -_—‘:«"—_—“:—_—"—‘::::—‘—_-'-::{‘.':.:_:::::: PSR-
14,
_— e b
(®)
Fig. 24.

The values of swirl of air which influence the tangential speed of
the windmill in still air are not the mean values, but the swirl which
remained when the windmill came once more to the place where the

swirl was measured. The values are smaller than the mean values and
is zero when the speed of the

windmill is small as shown in ok

Fig. 24b. The swirl seems to

decay in about 3-3sec. As it

is very difficult to measure the 1
electric current through the wire 3
which changes so irregularly,
we decided to measure the swirl @ 10 15 | 20%
- . Arm speed
by the use of a small windmill
Fig. 2s.

setting it close to the path of

the No. 5 windmill. The results at one atmospheric pressure are shown

in Fig. 25.
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The corrections are made on the translational speeds of the windmill
and the relations between 7 and wv; are tabulated in Table I, and are
shown in Fig. 26. Where v, is the arm speed corrected for the swirl.
The value of nfv; at the speed 10m.[s. was interpolated from the
Table I and Fig. 26, and is estimated to be 1-233, which agrees
very closely to the values obtained from the experiments in the tunnel

and in the wind tunnel.

30
° f=z297%’
b p=1224
n + f=0404
rp5 o £=0348
20
103 254

Fig. 26

The calibration of the windmill- at low air density.

The relation between the rotating speed n of the No. 5 windmill
and its translational speed v was investigated at various air densities
using the whirling arm described before. The results are shown in

Table 1.
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The values of the swirl set up by the motion of the windmill on a
circular path were measured at various air densities, but we could not
find any influence of the air density upon the swirl. Considering this
negative effect of the air density upon the swirl was due to the weakness
of the swirl, since very minute difference was not measured accurately,
we decided to measure the strong swirl set up by the motion of a disc
having the diameter 10cm. at various air densities and to observe -the
effect of the air density upon the swirl. This disc was set on ‘the
whirling arm and the swirl generated by its motion was measured by
the use of a small windmill setting it close to the path of the disc.

The results are shown in the following table and in Table II.

p kg./m3 Range gfmazn speed Swirl %
1-153 6.9~17-0 12-6
0-904 8.0~17-0 12-8
0-800 9-0~17-3 12:6
0-€02 10-8~17-2 12-6
0-406 11.6~~17-4 12-3
0-356 12-4~172 12-3

It is evident from these results that the swirl is not influenced by
the density of the air in the range of the density from 1-225 kg./m.2 to
0-356kg./m.3

The translational speed v; of the No. 5 windmill corrected for the
swirl at various air densities are shown in Table I and in Fig. 26.

The relation between n and », were calculated from these results
at various air densities and the empirical formulae are shown in the

following table :
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; 1 ,’
| p kg /m? n = (n/v)iox%p | pke/m? | n = - (/o)X
|
f 1.286 —0-80-+1-312 v 1-585 0612 : —o0.73+4+1-2800 0-739
w 1.243 —0-67+1-298 v 1-530 0-578 - —o74+1.2750 | 0-695
1-224 —0:65-}1-300 v 1.513 ‘ 0-536 | —0:-78+1-275v | 0-642
1-152 —0-78+41-301 ¥ 1-409 ‘ 0-465 —-0-85+1-270 v ‘ 0-551
1-105 —0:70+41-293 v 1-351 ;. 0-404 ‘ —0-85+4 1-265 v 0-475
1-020 —0-74+41-295 v 1-250 l 0.348 | —I1.05+1-260v 0-402
0-965 —0-72+4 1-296 v 1-180 | ;
0-902 —0-76+ 1-294 v 1-100
0-864 —0-74+1.288 v 1-048
0-796 —O0-744+1-289 v 0-967
0-734 —0-70+1-284 v 0-891
0.696 —0-74+4+1-281 v 0-840

It is extraordinary that 7;2— x p and p are in a linear relation, for
1

instance the relation at v; = 10m.[s. is shown in Fig. 27. Hence we

can write
20
n
—p=1pp+q, (1)
(%!
15 — where p and ¢ are constants.
Putting m =a + bv; in the
‘_’LJ,J: above equation we get
\'URD
10 a
G 4pb=p+T1.
D1 P
05 The values of p and ¢ can
be calculated from the above table,
leaving v; as a parameter, in the
form
% 02 04 06 08 10 12 1%
. ’
d p=a+—'8~, q=a’+BT.
Fig. 27. U v
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Hence putting these values in equation (1), we get

n=(a+ ‘;:>v1+(/8 + 'gl) :

Calculating the constants in this equation we get
n = 1-321(1— 0-01§ B‘?—)vl—-o~664(1 + 0-09£°~> . (2)
P P

where m = revolutions per second, at the air density p,
vy = air speed in m./[s. corrected,
p = density of air, kg./m.3,

po = density of the air at the ground level, 1-225 kg./m.%.

By the use of the formula (2) » at any p and v, can be calculated
within the error 0-3% .

The calibration of the pitot-static tube at low air density.

Using the No. 5 windmill as a standard for the measurements of
the wiﬁd velocity, we calibrated the pitot-static tube S. No. 2 at various
air densities from p = 1-285 kg./m.? to p = 0-392kg./m.? in the speed
range between 27m./s. and 71 m./s. in the low pressure and low temper-
ature wind tunnel. From 13 observations we have got the results as
shown in Fig. 28 and in the following table. It is evident from these
results that the pitot-static tube coefficient decreases about 4% when
the air density is decreased as low as 0.4kg./m.3. This decrease of
the pitot-static tube coefficient is far greater than the errors involved
_in the measurements and in the calculations. Hence we can conclude
that the pitot-static tube coefficient is influenced by the density of

the air.
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105

100

K

095

09761 a2 03 0« 05 06 07 08 Q3 10 W 12 13 14 15%

S
Fig. 28.

p kg./m3 K.
1.285 : 0-998
1-260 0-994
1.081 0-983
0-909 0-980
0-750 0-970
0-582 0:959
0-392 0-959

In concluding, we express our thanks to Messrs. K. Hukuda,
A. Iwasaki and Y. Inaba for their assistances in the course of the

experiments.
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Effect of the Density of Air upon the Pitot-static

TaBLE 1.

The relations between n and v,

corrected arm speed.

p = 1-297 kg./m.3

Tube Coefficient. 83

swir] speed,

o = 1-286 kg./m.3
_ |Swirl speed{Corrected arm l l‘ Swirl speed|Corrected arm,
nrps. | v mfs. m./[s. speed m.[s. ‘ n T-p-S. i v mfs m.[s. speed m./s.
| .
28-g0 23.22 0-49 E 2273 ' 30-22 24-29 0-53 23-76
2779 | 22-38 0-46 | 21.92 | 29-10 | 23-36 0-50 22.86
26.49 | 21-32 0-41 20-91 27-€0 : 22.19 0-45 21-74
25.38 | 20.48 038 = 20.10 | 26.65 | 2139 0-40 2099 |
2423 | 19-55 0-34 i 19-21 i 24-97 ; 20-10 0-36 1974 |
22.80 | 1840 032 | 18.08 I 2400 = 19-37 0-33 19-04 i
21.68 | 17-46 0-29 ‘ 17-17 . 22461 | 18.23 0-30 17-93 !
20.62 | 16.65 024 | 16-21 ' 2117 | 17.08 0:26 16:82 1
19-15 | 15-46 0-21 i 15-25 20-13 I 16-28 0-23 16-05 |
17-77 14-42 0-18 ' 14-24 | 18.84 l 15.25 0-20 15-05
27-40 22.00 0-44 ‘ 21.56 1 28-39 l 22-82 0-47 22-35 ,
28.73 23-05 0-48 | 2257 i 29-67 23-87 0-52 23-35
5 | |
p = 1-243kg./m.3 p = 1-224kg./m.3
Swirl speed|Corrected arm : Swirl speed|Corrected arm
nrps.| v mfs. m.[s. speed m./[s. n r.ps. | v m./s. m.fs. speed m./s.
17-68 14-31 0-18 14-13 14-88 12-06 o011 11-95
19-31 15-60 0-21 1539 14-54 11.82 0-10 11-72
20-38 16-44 024 16.20 13-64 11-08 0-09 10-99
21-60 17-44 0-27 17-17 13-00 10-55 0-08 10:47
23-00 18-56 0-31 18-25 12-48 10-19 0-07 10-12
24-40 19-7X 0-35 19-36 11-51 9-42 0-06 9-36
24-78 19-95 0-36 19-59 10-72 8.78 0-06 8.72
25-82 20-81 0-39 20-42 9-78 8.05 0-04 8.01
26-50 21-35 0-42 20-93 8.76 724 0-02 7-22
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p=1152kg./m.3 p = 1-105 kg./m.3
I | Corrected | Corrected .
. l, | 1 Swi
l N r.p.s ! v m.fs. ’Sm: /sspeedi arm speed | " mrps. | vm.fs. ,wa;i 7§eed arm speed
1 ; o mufs. e m./s.
: 28.80 J 23-20 0-49 2271 25-30 20-49 0-38 | 2011
| 2754 2227 045 21-82 24-65 | 1990 036 | 19:54
©18.22 ! 14-80 0-19 14-61 24-08 19-50 0-3¢4 . 19-16
19-58 15-85 0-22 15-63 23-33 18-95 0-32 . 18-64
20-70 16-76 0-25 16-51 22-91 18-56 031 18.25
2178 17-61 0-28 17-33 22.25 18-12 0-29 17-83
L2312 1875 0-32 18-43 21.61 17-63 0-28 17-35
| 2431 1974 0-35 1939 20-54 | 16-70 0-25 16-45
25-48 20.64 0-39 20-25 19-38 | 15-€8 0-22 15-46
! 26-52 21-38 0-41 20-97 18-14 [ 1473 0-19 14-54
£ o27-60 22-35 0-45 21-90 16-53 ' 1350 | 016 13-34
| 2892 23 30 0-49 22.81 :
p = 1-020 kg./m.3 p = 1-019kg./m.3
‘ ; } — ———
‘ e | Corrected : e Corrected
nr.ps. . v mfs. gb“ lx: 7556‘1! arm speed nrps. | vmfs. SWI;: 7§)eed arm speed
i Tl mfs e m./s.
30-20 24-46 ; 0-55 .+ 23-9I 29-18 63-68 0-51 23-17
28.82 2329 | 0-49 | 22-80 27-91 22-60 045 22-14
i I
27-70 2239 : 045 | 21.94 26-88 21-80 0-43 21-37
26-50 21-38 0-42 20-96 25-78 20-90 0-40 20-50
24-95 20-17 037 : 1980 24-57 19-95 0-36 19-59
23-85 19-32 0-34 i 18.98 23-38 18-95 0-32 18-63
22-50 18.23 0-30 ; 17-93 21-90 17-82 0-29 17-53
19:63 . 15.90 o2z | 15-68 20-71 16-90 0-25 16-65
I i 1
20-15 ; 16-36 024 | 16-12 19-56 15-89 0-22 15.67
18.67 | 1516 ] 0-20 ‘ 14-96 18.69 | 15.21 0-20 15-01
2839 | 22.98 | 048 | 22:50 27-76 22-53 0-46 22.07
| |
29-60 3 23-90 i 0-52 [ 2338 29-00 2347 0-50 22-97
! |
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p = 0-965 kg./m.3

p = 0902 kg./m.%

L . Corrected

nr.ps. | v.m.fs. ‘wa;i 7§>eed arm speed
| L m.[s.
16-51 13-42 o-15 13-27
17-87 14-50 0-18 1432
19-25 15-62 0-22 15:40
20-41 16-60 0:25 16-35
21-78 17-66 028 17-38
23:20 18-75 0-32 18-43
23.60 19-14 0-33 19-81
24-43 19-78 0-35 19-43
2513 20-35 0-38 19-97
25-95 20:94 0-40 20-54

p = 0-864kg./m.3

nr.ps. | vmfs SWi:i /sspeed a\Crt:;rse;éeeg
e m.[s.
17-64 14-38 0-18 1420
19-00 15-55 021 15-34
20-18 16-51 0-24 16-27
21-33 17-39 0-27 17-12
22-13 18-02 0-29 17-73
22.80 18.€0 0-31 1829
23-65 19-25 0-33 18-92
24-35 19-83 0-36 19-47
24-80 20-17 0-37 19-80
25:50 20-75 0-39 20-36

Swirl speed Corrected
nrps. | vmfs. m.fs. arm speed
m.[s.
29-21 23-69 0-5I 23-18
29-03 23.60 0-51 23-09
28.22 22.88 0-48 2240
27-88 22.€0 0-46 22:14
26-90 21.85 0:43 21-42
25-64 20:79 0-39 2040 -
24-45 19-88 0:36 19-52
23-15 18.87 0-32 18-55
21-78 17-7%7 0-28 19-49
20-87 16-97 0-26 16-71
19-64 15-96 0-23 15-73
_ 19:04 15-52 0-21 15-31
p = 0-796kg./m.?
nrps. | vmfs Swi;l‘jg).eed a(;zfr:;;i((ii
m./[s.
2910 23-65 0-51 23-14
28.98 23-52 0-50 23.02
28-19 2292 0-48 22-44
2773 22-60 0-46 22.14
26-99 21-96 . 044 21-52
25-60 20-82 0-39 20-43
24-50 | 19:95 0-36 19-59
23-32 19-03 0-32 18-71
22.02 17.98 0-29 17-69
20-67 16-82 0-25 16.57
19-86 16.18 0-23 15-95
19-18 15-68 0-22 15-46
1
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p = 0:794kg./m.? p =o0-734kg./m.2
nrps. | vmfs SWT‘ 7§eed :S'(r:r:;:gcli " mrps. | vmfs. }Swirl 7peed ﬁzr:;;zg
R m.[s. | /s m./[s.
29-71 24-18 0-54 23+64 25-82 21.02 r 0:40 20-62
29-57 23-99 0-52 23-47 . 25.10 20-44 : 0-38 20-06
28-73 | 23-39 050 22-89 . 2440 | 1985 = 036 19-49
28-40 23-07 0-48 22-59 2373 19-32 . 0-34 18.98
27-57 2240 0-45 21.95 ! 23-01 1875 | 032 18-43
26-37 21-48 0-42 21.06 : 21-€0 17-59 I 0-28 17-31
24-30 19-80 0-35 1945 | 20-40 16-63 ‘ 0-25 16-38
23:72 19:32 0-34 18-98 | 19:30 15-77 © 022 15-55
22-58 18.41 0-30 18.11 — :
21-28 17-37 0.27 17-10
19-98 16-34 0-23 16-11
18-75 f 15-33 0-20 . 15-13
p = 0-696 kg./m.? p = 0:612kg./m.®
s, | o e S| | g, S et TS
1T mfs. (e m./s.
29-17 23-80 0-52 ‘ 23-28 29-23 24-00 053 23-47
28.98 23-62 0-50 ’ 2312 29-10 23:94 0-52 23-42
28.31 23-09 0-48 22-61 28 22 23-13 0-49 22.64
27-61 22.51 0-46 22-05 27-90 22-75 1 0-47 22-28
27-08 22-03 0-44 21-59 27.03 |- 22-09 0-44 21-65
25-10 20-54 0-38 20-16 | 25-94 21-23 0-41 20-83
2440 19-g0 0-36 19-54 24-28 19-91 0-36 19-55
23-54 18.98 0-32 18.66 23-38 19-14 0-33 1881
22-01 18.00 0-29 17-71 22-08 18-16 0:30 18.86
2053 16-78 025 16.53 20-76 17-08 . 026 16-82
19-68 16-10 0:23 15.87 19:65, | 16.15 0-23 15-92
18.31 | . 1501 0-20 14-81 18.27 15-05 0-20 14-85

.
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p = 0:612kg./m?

p = 0-578kg./m.3

87

\

Cmeps, | wmgs, [Pt TS L meps | v [Epeed et
m.[s. m.[s.
29-38 24-06 0-53 23-53 25-42 20-88 0-40 20-48
29-34 24-00 053 | 2347 24-93 20-41 0-38 20:03
28.50 23-37 050 | 22-87 24-31 19-93 0-36 19-59
28.06 23-00 | 0-48 22-52 23-61 19-37 0-34 19-03
27-€0 22.60 | 0:46 22-14 22-75 18.63 0-31 18-32
26-09 21-43 0-41 21-02 21-80 17-90 0-29 17-61
25+21 20-71 0-39 20-32 20-35 16-73 0.25 16-48
2359 19-40 0-34 19-06 19-25 15-83 0-22 15-61
22.36 18-40 0-30 1810 17-83 14-65 o-19 14-46
21-09‘ 17-33 | 0-27 17-06 16-50 13-60 0-16 13-44
19-86 16-35 } 0-24 16-14
18.66 15-34 | 0-21 15-23
p = 0-536kg./m.3 p = 0-465 kg./m.3
e | v, (et St L] e v e Do
‘ m./s. m.[s. : ‘ /5. m.[s.
! |
29-29 24-06 0-53 . 2353 | 29-13 | 24-18 0-53 23-65
29:20 23-92 0-52 23-40 i 28.70 23-96 0-52 2344
28-11 23-10 0-48 22:62 ! 28.19 23-33 0-49 22.84
27-62 22-84 0-47 ; 2237 27-71 22-91 0-48 22-43
27-02 22-33 0-45 | 21.88 26-90 2228 0-45 21.83
2575 21-22 0-41 20-81 25-85 21-40 0-41 20:99
24-30 20-03 0:36 19-67 24+05 19-94 0-36 19-58
23-20 19-12 0:33 1879 23.19 19-23 0-33 18-90
21-92 18-10 0-29 17.81 21-75 18.12 0-30 17-82 i
20-63 17-03 0:26 17-77 | 20-80 17-32 0-27 17-05 3
19-56 16-20 0-23 15-97 ! 19-45 -16-21 023 15-98
18.00 14-93 0-20 14-73 18.25 15.22 0-20 15.02
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p = 0-465 kg./m.2 p = 0-404kg./m.3
b Corrected ! Corrected
i nmrps. | v m/s Swi;lljseed arr;r:;c)eeed | mrps. | vmls. Swi:./s;)eed a.rn:r:sezd
‘ m./s. | m.[s.
2011 | 2412 | 055 23-59 28.97 | 2412 | 053 23-59
| 29-04 23-98 053 23-45 28-55 23.78 0-52 23-26
: 28.19 23-29 0-50 22-79 27-87 2319 0-49 2270
i 27:82 23-00' 0-48 2252 27-33 22.78 0-48 2230
l 26-78 22-20 0.45 21-75 26-50 22-12 0-44 21-68
'\ 25-63 21-28 0-41 20.87 25-28 21.08 0-40 20-68
| 2439 | 20-20 0-37 29-83 ' 2394 | 19:96 0-36 19-60
23-05 19-22 0-33 18-89 i 22-84 19-10 0-33 18-77
22-09 18-35 0:30 18.05 21-45 17-94 0-29 17-65
20-74 17-23 0-26 16-97 20-44 17-11 0-26 16-85
19-54 16-25 023 16:02 19-29 16-22 0:23 15-99
18-16 15-15 0:20 14-95 18-18 15-28 0:20 15-20
p = 0-348kg./m2
nrps. | v.m.fs SWi:;./SEeed :gorr?:;:g
i m./[s.
!
28-50 ! 23-95 053 23-42
28-31 23-78 0-52 23-26
27-40 ‘ 23-10 049 22-61
27-31 | 22.98 0:47 22-51
26-40 ! 22.23 0-44 21-79
25-20 ! 21-25 0-40 20-85
23-88 . 20-11 0-36 19-75
22-53 { 19-04 0-33 18-71
21-41 j 1811 0-29 17-82
20-11 | 17-08 0-26 16-82
18:99 ‘ 16-16 0:23 15-93
1753 | 1493 0-20 14-79
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TasLe II.

The influence of air density upon the swirl

generated by a disc having the diameter 10 cm.

p=1-153kg /m.3

p = 0-go4 kg./m.3

p = 0-80okg./m 3

Fo I R el e R I R R
m./[s. m.fs. | m.[s. m.[s. m./s . m.fs.
6-87 0-64 f 93 8.04 0-88 11-0 8.95 . 0.92 10-3
8.06 0-92 j 11-4 8-82 1-03 11.7 10-13 1-13 11-2
9:02 111 12-3 9:40 1-15 12-2 10-73 1.22 | 1l.4
10-04 1-23 l 12-3 10-19 1-19 11-7 11-68 1-64 14-0
11-38 | 150 0 132 10-98 1-36 12-4 12-40 1-73 13-9
12-02 \ 1-56 | 130 11-53 1-53 13-3 13-12 1-85 14-1
13:05 . I.7T | 131 1211 1-65 13-6 13-85 2-02 146 |
13-85 © .81 13-1 12-85 1:70 13.2 14-80 1-80 12-2 ‘
14-95 2-00 13-4 13-35 1-82 13-6 14-71 1-89 12.8
"15.91 2-19 13-8 14-18 1-99 140 15-73 1.73 11-0
16-77 | 226 13-5 14-68 2.00 13-6 . 16-54 222 | 13-4
16.98 | 2-23 \ 13-2 15-25 2-02 13-3 ‘ 17-30 ! 2-14 | 12-3
| 1502 | 207 | 130 | oo bl
12-6% 16-95 213 12-6 12-6%
12-8%
= 0-602kg./m.3 p = 0-460 kg./m.2 p = 0:356kg./m.3
A || e || Aml S e | am S|
m./s. m./s. m.[s. m./s. m./s. m./s.
10-77 I-19 11-0 11-59 1-30 11.2 12-40 1-33 107
11-76 1-43 12-2 12-32 1.43 11.6 12.90 1-45 11-3
12-45 1.€6 13-3 12-80 1-43 11.2 13-22 1-61 12-2
14-75 I-71 11-6 13-33 1-58 119 13-72 1-€0 11.7
14-07 1-80 12-8 13-76 1.72 12-5 14-25 174 12-2
14-70 1-91 13-0 14-55 1.-86 12-8 14-65 1-84 12-6
15.25 2-13 14-0 15-10 1-87 12-4 15-15 1-86 S12-3
15-56 2-09 13-4 15-88 2-05 12-9 | 15-75 2-06 13-1
16-07 2-06 12.8 16-55 2-14 12.9 16-29 2.21 13-6
17-1% 2-03 11-8 17-37 2.33 134 17-20 2-24 13-0
12.6% 12-3% 12:3%
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