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CHAPTER I

GENERAL DESCRIPTION.

1. Object of the Investigation.

The principal object of the present investigation, which has been
initiated by the proposal of the National Physical Laboratory, Ted-
dington England, is to compare the resistance or the resistance
coefficient, as the case may be, of airship models measured at different
wind tunnels and by different methods, to deduce thereby some pro-
perties, if any, peculiar to the wind tunnels and the aerodynamical
balances employed.

As a slight dissimilarity, in the strict geometrical sense, in the
material and construction of the models may result in no small dis-
crepancy of their aerodynamical properties, models specially prepared
for this purpose have been passed round to various institutes to be

" tested in their wind tunnels.

2. Description of the Models.

For this purpose two airship models have been prepared by the
National Physical Laboratory. These are made of light alloy and
have the shape shown in Fig. 1.

Their exact dimensions, which were measured at the Aeronautical
Research Institute of Toékyd Imperial University, are given in the
Appendix.

The principal particulars of the models as supplied by the National
Physical Léboratory and those taken from our measurement are compar-
cd in Table I. The two models, differing only in the length of the
parallel portion, are hereafter for convenience sake called the Long
and the SiZort model respectively.

Each model is made of three sections and a tail piece, and is

made adaptable to different forms of aerodynamic balances. It is also

This document is provided by JAXA.
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1. General Description.

provided with special metal lugs for fixing suspending wires, as shown

in Tig. 1.
B TR |

Table I.—Particulars of the ‘Models.
Long Model

Measured at 2 !
National Physical Acronautical Research Institute, o
N Laboratory Tékyd Imperial University
o e ;
Overall Length ‘ 34°314 inches 0871337 m. | 34'305 inches
Maximum Diameter 4-200 inches : 0'i06656 m. 4'199 inches
Fineness Ratio 81z : 816 '
Length of Parallel. Body 792 inches
Volume 0'1890 cub. ft. 000534796 m3. 018886 cub. it.
(Volume)? _ 0’5740 ft. 0:17488°m; - 05738 ft.
Short Model
Measured at : e
National Physical | Aeronautical Research Institute,
___Laboratory | Tokyd Imperial University
Overall Length 28010 inches l o071 x27;z m, | 28003 inches
Maximum Diameter 4'199 inches 0'106630 m. 4-198 inches
Fineness Ratio 667 668 ‘ :
Length of Parallel Body 1°62 inches ’ i
Volume 01383 cub. ft. ‘000390652 m3. 01379 cub. ft.
(Volume)’-‘lf o171 ft. 0’15749 m. 0’5166 ft.

Remark. The temperature varied during the measurements of the Long Modcl
from 123° to 147° C. and during those of the Short Model from 12:2°
to 141°C. : . {

3. Measurements carried out in Fapan.

The wind tunnels in Japan available after-the- devastation caused
by the Great Earthquake of 1923 are as given,in Table II. TFurther

details will be found under the chapter of each wind tunnel.

This document is provided by JAXA.



4 The Resistance of the Airship Models.

Table II.—Wind Tunnels in Japan. -

Rikugun Kokihonbu Gizyutubu.
(Technical Department of : Board of Military Air Service)

Diameter o I'75 m.
Wind velocity = 10 m[s—25 m/s

Power of motor 100 H. P.

Tokyd Teikoku-Da‘gaku Kéka-Kenkylzyo.

(Aeronautical Research Institute, Tokyd Imperial University)

Diameter : 120m.
Wind velocity , 4 m[s—24 m[s
Power of motor 20 H. P.

Kaigun Gizyutu-Kenkyilsyo Koki-Kenkyibu.

(Aeronautical Research Laboratories, Imperial Japanese Navy)

Diameter 1°25 m.
Wind velocity 3m [s—50m/s

Power of motor 100 H. P.

The measur:ments were carried out— .
at the Technical Department of Board of Military Air Service,
. from May to D:cember, 1924 ;
at the Aeronautical Research Institute, TOkyd Imperial University,
' frmri January to March, 1925 ;
at the Aeronauti~al Research Laboratories, Imperial Japanese Navy,
from April to May, 1925.
Dimensions and general forms can be scen from the diagrammatical
sketches given in Figs. 2, 3 and 4.
The models, after the completion of the measurements, were sent
back to the National Physical Laboratory in July and duly received
in August 1925,
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1. General Description.

4. Characteristics of the Wind Tunncls.

In order to know the degrec of deviation from uniformity of the
air flow in the wind tunnels, the distribution of the velocity. and the
direction of air flow were determined in the neighbourhood of the
place where the actual measurement was to take place.

The gradient of the static pressurc along the axis of the wind
tunnel is very difficult to nullify completely. It is necessary to deter-
mine its amount, as its effect, acting as horizontal buoyancy and
affecting the results of the measurement of the resistance, can not be
neglected in the present case.

The distribution of static pressure along the axis of the wind
tunnel, as indicated by the static hole of a Pitot-static tube, was
compared with that of the standard Pitot-static tube fixed at a definite
point of the wind tunnel and the correction for the horizontal buoyancy

was obtained by means of mechanical integration.

-

5. Measurement of Total Resistance.

The model was suspended from fixed points with two pairs of
piano wires, of about'0o'2 mm. diameter, in V form. The wires of each
pair of the V were made to coincide as nearly as. possible with a line
perpendicular to and passing throhgh the -axis of the model, so as to
avoid undesirable strain at the points of attachment to the model. A pair
of wires were fixed at the lower pair of lugs at tiec middle part of the
model and ran backward and downward over a roller and weighted
at its end to afford sufficient ‘tension to the (jrag"wire,' as well as to
prevent the rotational motion of the model about its longitudinal axis.
The drag wire ran horizontally from the nose of the model to a point
ibout one meter upwind, where it was fixed totwo wires, one running
thence vertically upwards to the arm of the drag balance and the
other obliquely downwards at nearly 45 degrees to the wall of the
wind ‘tunnel where it was fixed. - Thus' the model was definitely fixed

in position leaving only one degree of freedom in the direction of the
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6 The Resistance of the Airship Models.

resistance. The sketch given in Fig. 5 will show the general principle

of the suspension. |

O

To Avm of Dray Balance.

> Drag Wire. Wind

B Dead We lg ht.

Fig. 5. Sketch showing Mode of- Suspenéion of the Mcdel in Wind Tunnel.

-

Care was taken in fixing the wires to the model, so as to offer as
smaﬂ disturbance as can be desired to the flow of air over the surface
of the models. )

After the model.was thus fixed in position ready for the resistance
measurement, the drag balance was calibrated against a known hori-
zontal pull of the rﬁodel', caused by means of a string, a pulley and
a dead weight. _ :

As the resistance -coefficient of such a shape as an airship model
is not a constant and, as generally considered, a function of Reynolds’
number, while the velocity of the air flow in the wind tunnel is the
only variable quantity at.our disposal, the measurements were taken

at as many different values of the air velocity as possible.
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1. General Description.

N

6. Measurement of Wire Resistance.

As can be seen from the results of the measurements, the resistance
of the suspension system covers a large portion of the total resistance.
Hénée, to obtain an accurate value of the resistance of such a model,
the- 'détermination of the resistance of the suspension system must be
made with an equal accuracy. As the presence of the model may
affect 'the flow of ‘the air around it and in consequence the resistance
of the wire, it is desirable to measure the resistance of the suspension |
system with the model in position. For this purpose a hollow model
of the same size and the same external form as the given model was
made of wood and held, independently of the original suspension wire,
in the same position in which the total resistance was measured. The
original suspension wires passed through the holes in the wooden model
and fixed to a metal rod inside, so as the suspension wires and the
rod, to which they were fixed, were held separately of the wooden
model. As it is possible that the tension of the suspension wire may
affect its resistance, the weight of the metal rod was made as nearly
equal to the original model as possible. The holes on the hull of the
wooden model keep the inside in free communication with the outside
and give rise to a pressure difference, which may cause an air current
within the hollow model. As such a current will act on the weighted
rod and affect the reading of the wire resistance, it is necessary to
shut off their mutual communication, at least, where the said pressurc
difference is appreciable As is well known, in such a model the
gradient of pressure on its surface is considerable near its nose while
it is fairly small on the other parts of the body. Therefore it was
considered sufficient to put a mercury sealing at the nose of the model.
The details can be seen from Fig. 6. ‘

The calibration of the balance was carried out in exactly the
same manner as in the case of the total resistance measurement against
known pull of the drag wire. The measurement of the wire resistance

was made in as many different values of the air velocity as in thosc

This document is provided by JAXA.




S The Resistance of the Airship: Models,
of the models.

g, Method of Analysis.

+ The resistance of the model in-

clusive the suspension system and. that

' of the wire alone were measured . in-
N Drog e evitably under slightly different condi-
tions of the air. Therefor_e, to com-
pare or to subtract the wire resistance

from the total resistance to obtain the

body resistance of the model, it is

necessary to reduce them to the same

T N condition. It is a generally accepted
Fig. 6. Mercury ISmHDg at the Head fact that the flow: of fluid Vj.;tzrqt/md_ é.n_y
. Of the Wooden Model. body will be similar if Reynolds’
number is the same. | ‘

Reynolds’ number is defined by

’
72
i

where L is the linear dimension of the body in meters,
v the veiocity of air in ms,
p the density of air in kg[m®,
£ the coefficient of viscosity of air in m.-kg.-s. absolute.
. Accepting this, we have to compare the results of the measure-
ment, of the total and wire resistances for the same Reynolds’ number.

, From the dimensional consideration we can write generally
F=9Sf(R), | (2)
where F is the resistance of body in kg.-weight ; '

gzyévz, the dynamic pressure in kg.-weight/m?* (mm. of water
S

;.- column), ¢, acceleration due to gravity, being in m/sec?; -
AR >3] > > 2

S, square of the linear dimension in m® and

This document is provided by JAXA.




1. General Description 9

f(R), a function of Reynolds’l number.

We denote by F™ and F(“’) the total resistance and wire resistance
respectively, while F without index denotes the resistance of the model
only. A suffix denotes the condxtlon under whlch };he model was put;
7 and W for the conditions ‘at which the total resistance and the wire
resistance were measured respectively, while S denotes a standard
condition. For example, F” means the total resistance in the standard
condition, and F§" the wnFe resistance in the condition under which
the total resistance was measured. Further, we denote with S,,Z; and
S,, Ly the values of S and Z, and with #; and f; the function f, for
the model and wire respectively.

Then we have for the body resistance Fj of the model in the

\

standard condition '\.“ ,
— T W ”
Fy=F{"—FgD | (3)

Actually measured quantities are £ and F§{" which can be
y q

written as follows—

F“)“st f;(fluzpr>+q1'52ﬁ(éf_7fl'_>, (4)

' My
=g o) o
The required quantities % and F{" can also be written
Y €5 ”‘“”°)+J\52f(L’,jp‘) ©)
; .
g = g5 fi £ ”) | | W

In order to have the same valucs of Reynolds’ number in the
three conditions denoted by 7, I and S for the model as well as for

the wire, we have to take, since L, and L, are constant for all cases,

YsPs . rPr _ Vil ‘, (8) -

My M I

Expressed in terms of ¢, -these relations give’
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10 The Resistance of the Airship Models.
2 ' b
qs=qr(ﬁs—)—f’1=q ) Po_, 9)
Mr- T Ps Hw ! Pg ‘
Putting these values into the right hand member of (6) and (7),

_pgr):(l‘s) ZT 7r Sﬂ(LZ'TPT)+ Sqf(szsz )}
‘ Ur :

Moy

(L)L ®

s ! pg

F(ll)___( FS ) pW‘ QHS ﬁ( Lz UWPH ) ( ) m) (II)
Pw/ Ps v
P

We may denote by K the coefficient ( ) -+ for any condition

1(1:(&.)'11, . ( )P" . (12)
HPr/ Ps P

We see that the multiplication of F{” by K, reduces it into F{",

which is the value of F™ in the standard pressure and temperaturc

of air, so that

when the air velocity is

'Us:—-‘ui ’BZ"U.T' : (13)

.

Similarly for other cascs. Note that vy corresponds to

Is=% Ps vy =K qr=K g (14)

Thus, we get from (3) for the body resistance of the model in
the standard condition

Fs=K,F{P— K, F{. (15)
For the standard condition we have taken :
Atmospheric pressure 760 mm. in Hg.
Atmospheric temperature 15°C.

Then we have
ps=1-225 kg|m®

$s=0'00001785 m.-kg.-sec. absolute units.
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I. General Description. 14

The value of A for #C. and A mm. Hg. of barometric pressure

is, since

288 H { - N
=g e e 1= 14+ 0°00276(f—15)+,
P=Ps 50 %7 760 f 7 b)&
K= ‘f{#{ 1 —000899(f—1 5)} . (16)
760

The measured values F( and F{" were corrected to the standard
condition and the results were plotted against thc standard dynamic
pressure, namely

Q,s:;.f—Pf'Us" (17)
S

Fg was then obtained as the difference of the ordinates of two
curves F{ and F§" for the same standard dynamic pressure gy

A

F. was then corrected for the horizontal buoyaucy.

8. Representation of Results.

The result of our measurements is expressed in two relations :—
Firstly we have expressed Fg, 7.c. the resistance of the mode
reduced to the standard temperature and pressure for such a.velocity
v that the valuec of R is the same as in any actual measurement,
against gg, the dynamic pressure of the said standard air flow.
Secondly we have expressed the resistance coefficient C,, defined
by ' .
Cx:: £ — (18)
1 Ps p2p3

&

where ¥ denotes the total volume of the model, as a function of

Reynolds’ number K, which is

1 _
R=PPV" (19)
JZ S
did being the same in the actual experiment and in the reduced standard
K : , : '
state.
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CHAPTER II

MEASUREMENT AT THE WIND TUNNEL OF THE TECHNICAL
DEPARTMENT OF BOARD OF MILITARY AIR SERVICE.

¢
1. Description of the Wind Tunnel and the Aerodynamic Kalance.

~ The wind tunnel, which was erected in Tokorozawa in 1917
conéists, as caﬁ be seen from Fig, 2, of three coaxial cylinders, the
innermost of which is the experimental chamber and is :provided . with
simple cqualu.us at both ends. There is a fine adjustable cquah,.el at the
nozzle. It is constructed of hollow square cylinders, 5 cm. square and
20cm. long, made of zinc plate 0’4 mm. thick. The diamgcter of the air
current within the experimental chamber. is about 1'57 m. and the
length of the free stream.is about 4m. A centrifugal fan, driven by
a100 H.P,D.C. conhpound electric motor, gives wind velocities from 10
m/s to 25 m/s. The diameter of the fan is 3’03 m. with 36 fixed and 37
moving vanes. The number of revolutions of the motor and that of the
fan make a ratio of 750/200. The reduction is effected by means of a
mechanical gearing. _ , :

. A diagrammatical sketch of the -aerodynamic balance, - which was
spcc1ally installed for. the present -investigation, is shown in Fig. 7.
The - seats of knife edges are placed on balls so that a slight error
in alignment may be adjusted automatically. Special magnifying device

is provided by which readings up to 0'I gramme can be taken.

2. Characteristics of the Wind Tunnel.

‘a) Distribution of Air Velocity. _ » A

The dynamic pressures as indicated by a standard Pitot-sta ic
tube and a portable one were compared. The standard Pitot-static
tube, which is of the standard N.P.L. type, was placed at about 6o
cm. from the nozzle. The portable Pitot-static tube is-of Prof. Prandtl’s

type and was supported by a pillar of stream line form. The mano-
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11. Zecknical Departinent of Board of Military Air Service. 13

meter employed was an inclined diffe-
rential water manometer of small
bore (about 2 mm. inner diameter)
with a big reservoir. The inclina-
tion of the glass tube of the mano-
meter, which could be read to one
minute with a sensitive level, was

kept at 10 degrees throughout the

experiment. The manometer reading,

which could be taken to 005
mm. of water column, was calibrated
against Chattock tilting manometer
with maximum possible error of
o005 mm. at an inclination of 10

degrees.

The measurements were made
at 27 points, which are shown in
Fig. 8. The readings were taken
with two different indications of the

dynamic pressure ¢, at the position

~ No. 25, namely for gy=9 mm. and
|

l go=25 mm. of water column. From
L*\ them were calculated the values of

(—?—;’ﬂ)x 100, (1)

where ¢ is the dynamic pressure of
the portable Pitot-static tube. The
result is tabulated in Table III.

The result shows some velocity

drop from the nozzle to the diffuser.
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1. Technical Departwent of Board of Military Air Service. 15

Table III.—Velocity Distribution.

The Technical Department of Board of Military Air Service

| _é;; »-z--;-z"—xloo } '_E; —'7—3—29-x 100 E: l;l]—"xmo
g8l .l J8EL BBl
Z 8 lg —osmm.|go=gmm. | % & |go=20mm.| g, =9 mm. | T 7 |g,=25mm. | g,=9 mm.
& wadter. water. || & water, water. || & water. water.
e H_.. - iRt E g P —
11 +30 o ! 21 ~0'5 —2'0 31 —55 —~60
12 +3°'5 -+20 22 o —I0 32 —30 —4'0
I3 +15 o i 23 ~20 —20 33 —8g —80
14 ~og ! —40 24 —2'0 o] 34 —65 —8o0
150 —05 | —40 4 25 o ° 330 -5 o
16 +3°5 " o 1 =26 +035 | o 36 ~35 —8o
17| 430 | o | 27| -~o% o | —65 —8o
8 +15 o 28 o +10 38 . o
19| 433 | +20 ‘ 29 +o5 o 39| —30 —40

b) Direction of Air Flow.

Prof. Tamaru's yawmeter®, in conjunction with the inclined dif-
ferential water manometer at 10 degrees, was employed for the deter-
mipation of the deviation of the air flow from the vertical and horizontal
plane parallel to the axis of the wind tunnel. A special supporting
frame was constructed to facilitate the setting of the instrument. The
deviation angles were calculated from the following formula®, where
P, and P, denote the pressure differences between consecutive rows of
pressure holes of the yawmeter, and 6 the deviation angle,

=1 tan”1[0‘578(» {i"-'-e’_)] . (2)
B P,—P,

The mecasurements were taken at the same posi‘ions as in the case of

the velocity distribution, shown in Fig. 8, and at the air velocities 12
mfs, 15m/s and 20mfs. The results are shown in Table IV giving

the actual angles of deviation in degrees. There the upward deviation

(1) For full description, sce Report of the Aeronautical Rescarch Institute, Tokyd
Imperial University. No, I.

(2) For full description, sce Hitokiyd (Tokorozawa) No. g. The same will be pub-
lished in Koki-Kenkyusyo Zaturoku. The other formula po?=1.9414/ (Pt P =P Py
there given, showed a good agrcement with values found by the Pitot-static tubc.
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The Resistance of the Airship Models.

from the horizontal plane and the deviation towards the right from the

vertical plane facing the wind are taken positive.

Tablg IV.—Direction of Air Flow.

The Technical Department of Board. of Military Air Service.

5 Deviation angle in degrees

é t—g from the horizontal plane. from the vertical plane

E 20 Mg 15/ 12 mfg 20 W/g Igmfg 12 m/fg
11 4075 +2:37 + 108 +0'12 +o1s —0°'10
12 +1'33 +1°03 +1'85 +0'52 +077 +030
13 +18s + 155 -+-023 + 1'00 — 100
14 + 305 4060 +337 —0°37 —015 —0-23
15 +055 +127 +0°53 —0°33 —028 —0°33
16 +075 +2'10 +062 —o025 —047 —0'53
17 +1-60 4302 4148 —~030 —0'22 —0-23
18 +2'08 +048 +2°25 +0'50 4075 4077
Ig +1'43 +o77 +1:67 '—-0‘05 +007 +0°17
21 +40-60 +075 +o07 +038 +028 +o007
22 4067 —1-02 +085 +o0°40 +0°75 4070
23 +137 ~190 +173 +1'50 +1°25 +133
24 +2'15 + 183 + 182 —o72 —o098 —0-88
25 +095 +147 +175 —0'57 - —o60 —045
26 +0°30 —-038 +052 -—-050 ~030 —018
27 +1°38 +1°23 +112 —092 —073 — 042
28 +167 +1-78 +172 —~008 —o'12 —o13
29 +08o —078 +o77 —038 +o02 +o12
31 +077 +0'93 +068 —0'08 +o0702 —o018
32 +oIg +0°35 +047 —o0'0y7 +012 +028
33 + 088 + 128 + 143 +097 +0°53 +058
34 +077 +092 +112 - 070 —0'60 —045
35 +063 +08s +065 —045 —0'63 —~078
36 +o025 +0'35 +003 +o0'10 —o'I0 —o'0z
37 +083 +058 +063 —150 ~162 —1'g0
33 +o0-8o +093 +073 4012 o —0'07
39 +o6o +065 +118 —~0'53 o +o0'52

c) Gradient of Static Pressure.

The difference of the pressures of the static holes of the standard

Pitot-static tube (pgs) and the portable one (pg) was determined along
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Fig. g—Static Pressure Distribution of the Wind Tunael. The Technical Deparsment of Board of Mili ary Air Service.
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1. Techuical Department of Board of Military Air Service. 17

the longitudinal axis of the wind tunnel with an inclined differential
water manometer at 3° inclination. As can be seen from the Fig. o,
the static pressure increases proportionally to the distance from the po-

sition No.15 up to 1-20m. from it, beyond which it is nearly constant.

3. Measurement of Resistance.

The model, kept in position as explained in Art. 5, Chapter 1
and shown in Fig. 5, was placed at 1°42° to the axis of the wind
tunnel in the horizontal plane so that
the direction of its axis and that of air
flow at the position No. 25 coincided.
For suspension was used piano wire of -— Panowire.

o-3 mm. diameter. The distance of the

knife edges of the balance from the

axis of the model was 0615 m. for &/

the long model and 0691 m. for the

short model respectively. The method

of connection of the suspension wires £ Bracs Piece

to the model was as shown in Fig. 10.

The results of the measurement of /\,\/\/ ™~

the total resistance including that of the Fig. 10. The Method of Connection

of Suspension Wire.

suspension system are given in Tables
V, VI and Figs. 11, 12.
The measurement of the wire resistance is the sameas described in Art.

6, Chapter I. The results are given in Tables VII, VIII and Figs. 11, 12.

4. Resistance and Resistance Coefficient.

The body resistance as obtained by the method described in Art.
7, Chapter I, and corrected for static pressure gradient is given in
Tables IX, X and Figs. 11, 12. The correction for the static pressure
gradient was calculated from the data shown in Fig. 9, the result being

a relation between ¢ for the position No. 25 and the horizontal buoyancy,

This document is provided by JAXA.




18

which is tabulated in Table XI.

The resistance coefficients are given in Tables IX, X and Figs. 13, 14.

Table V.—Total Resistance.

The Resistance of the Airship Models.

Long Model.

The Technical Department of Board of Military Air Service.

Reduction to standard
Dyna- Atmos- | . | Density | Coefficient condition of air.
mic Total pheric | T L7 | of air, |of viscosity| Coeffi- (15°C., 760 mm. Hg.)
jpressure,| resistance, | tempera- Paeric B lfsatu  of air, cient
mm. [kg. weight| ture, [PFE5SUIS 1ated. kg/m.s. Dynamic Total
water. oc,  |mm. Hg. kg/m3, | (absclute) K pressure, | resistance,
mm. water.kg. weight.
7'5 00179 110 1212 | o'oooo177| 1°002 7'5 ool79
92 0’0213 » » ” ” 92 00215
106 00252 f§ ) 211 » » 106 0’0252
130 00303 » » » » 130 00304
15°8 0°0353 115 1210 » » 158 00354
17:8 0'0392 » » » » 178 00393
208 00446 117 - I-209 » » 208 00447
236 00503 120 g 1208 » 1°000 236 00503
2772 0’0566 12°3 1-206 » 0°998 272 0'0564
29°5 o-cbog 125 1°205 » » 20°4 00607
318 00649 130 1-203 | 0'0000178| 0984 313 00628
304 | 00793 132 1-202 » 0’982 387 00778
370 00742 135 1-201 ’ » 364 00728
338 0c688 140 1°1g99 » 0980 331 00674
60 00145 77 1’242 | 0'0000175| I'031 63 00147
7°3 00174 8o 1241 . ' 77 00183
91 o'cz19 82 1-240 » 1-048 95 00230
1@ 0'0271 85 1239 » . 12'1 0'0284
137 00310 90 1-236 | 00000176| 1°033 142 00320
157 00348 93 1235 » » 16°2 00360
186 00408 97 o 1233 . 1°031 192 0°0421
214 00462 102 ‘NQ 1230 » 1028 220 00475
24'7 00529 105 1229 » » 254 00544
27'6 00576 110 1-227 | o'oo00177| 1°0Ig 280 0'0585
29°5 00615 115 1225 ” 1013 299 00624
365 00744 120 1222 » » 370 00754
338 00705 12'g 1:220 » b e (o) 342 00712
311 00636 13’0 1218 | 000000178 0995 310 0c632
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Table VI.—Total Resistance.

Short Model.

The Technical Department of Board of Military Air Service.

Reduction to standard
Dynamic Atmos-| ,. | Density | Coefficient gondition of air,
Total pheric S- 1 of air, |of viscosity| Coeffi- | (15°C., 760 mm. Hg.)
Pressure:| yesistance, tempera-| pheric hojisate]  of air, cient
1:nmi lkg. weight.| ture, Pressure;) .oted. kg/m.s. Dynamic Total
water. oCc., |mm Hg. kg/m3. | (absolute) K ressure, |resistance,
g P

mm. water.lkg. weight.
4'9; 00l0% 7's I'231 | 0°0000175| 1059 52 00111
59 ooI40 78 I'250 » 1’057 62 oo148
77 00179 8o 1249 » » 81 00189
102 00232 82 1248 " » 108 00245
12:8 00288 85 1247 » . 13 00305
154 00337 90 1'244 | 00000176 | 1041 16°1 00331
181 0'0379 9’5 2 1242 ” 1039 18-8 00394
213 00438 100 2 1'240 » 1036 221 00454
252 00503 Iog 1238 » » 26'1 00523
28-0 00553 110 1235 | 00002177 1'023 287 00566
292 00588 115 1233 » 1020 298 00600
35°3 00670 130 1226 | ocooo178| 1°002 35°4 ochy2
327 00626 I35 1224 » 1-000 327 0'0626
625 00144 70 1-247 | o'oocolys| 1054 66 00106
76 00175 » ' ' » 8o ool32
9'5 00216 7°2 1'246 » » 100 00167
1l'g 00268 » ’ . » 12'1 ©0°0200
14°7 00319 7' 1’243 . » 155 00250
173 00368 77 1'244 " . 133 00204
199 00416 8o © 1242 ” o5l 20'9 00331
230 00471 82 ‘N[Q 1241 » 1-048 24’1 00373
24'3 00496 100 1'233 | ocoo0176| 1'03I 25°0 00387
272 0°05438 1073 1232 5 1'028 28-0 00428
28-8 00374 10'g 1231 ' » 296 00450
388 00748 » » » » 399 00590
359 00708 110 1229 | o'coooiyy| 1018 366 00545
328 00644 15 1226 1 1’015 33'3 00500
634 00138 50 1262 | o'cooory4| 1076 6-8 oolIo
77 ooly; 54 1258 ' 1075 83 00137
96 o o215 57 256 " » 103 00172
116 00263 60 =14 » 1072 12°4 00204
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Table VI—Continued.
| Reduction to standard
Dvnamic Atmos- | Atmos Density | Coefficient co;xdxtmn of air.
3 Total | pheric | 7% | of air, |of viscosity] Coeffi- | (15C%, 760 mm. Hg.)
pressure, . ts | pheric |, fsata £ air ient
mm rcsis H..HCC, meern.- pressure nalirsatu- or air, cien X
* [kg. weight| ture, | rated, | kg/ms. Dynamic | Total
water, |['® A e, Hy, . .
C. I kg/m?, | (absolute) Vg pressure, |resistance,
| , mm, water. kg, weight.
135 0c297 63 | . 1253 | 00000174 TO72 145 00233
15°5 00342 65 | ' » > » 166 00268
182 00391 70 | 2 ! 12350 | o'o00OI75| 1°059 19°3 00307
211 C'0440 7'5 e ‘ 1248 » 1-056 223 00350
233 00435 8o [ 1246 » 1054 251 00389
261 0°0531 33 ‘ 1244 ”» » 27'g 00421
285 00564 87 | | 1242 » 1030 29'9 00434
37°4 c'0744 100 , 1236 | 00000176 | 1'033 387 0°0574
351 00692 107 : 1234 » 1031 362 00540
126 0-c636 108 ; 1232 » » 336 00304
!
Table VII.—Wire Resistance. Long Mode/.
The Technical Department of Board of Military Air Service.
Reduction to standard
D . Atmos- | 4 . | Density | Cocfficient condition of air.
ynamic - ywire | pheric herie | ofair, lof viscosity Coeffi- | (15°C., 760 mm. Hg.)
Pre Suréy yeqictance,! tempera x}?e"sure halfsatvs of air, cient
mtn kg. weight! ture, ﬁm: Ho | rated. | kg/m.s. Dynamic Wire
water. C. *77e kg/m3. | (absolute) Vg pressure, | resistance,
mm. water.|kg. weight,
616 0'0093 63 1-248 | o'ooo0Izg! 1°066 66 00099
75 0°0120 63 1-246 » 1064 &o 0128
91 00153 72 1'244 | 0'0000I75| TI'054 96 0'0161
II'g 0'01I90 7°5 1243 - I-051 121 0°0200
154 00248 8o 1241 ” ” 162 0'0261
17°5 00282 85 1238 » 1049 184 00296
20°g 0'0321 90 et 1-236 | 0'0000176 1033 212 00332
w
230 00363 9'5 ~ 1234, . 1.031 237 00375
259 00398 100 1231 » 1-023 267 0.0410
287 0'0442 10§ I'229 . s 295 0'0455
309 00468 11-0 1227 | ocoooly7| 1015 314 00475
37°4 00563 I20 1222 » 1010 378 00569
353 00326 Iz 1:220 ”» » 357 00532
2 00484 130 1-218 o-oooo178i 1-007 32 00488
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Table VIIIL.—Wire Resistance.

Short Model.

The Technical Department of Board of Military Air Service.

. Atmos-
D.yn':z.m.l)c Wire pheric
PreSSUre) resistance, tempera-
wn.te.r. ikz. weight. ure,
i C.
50 0'0099 2’5
71 oolig »
89 . oorgy | 28
g X o018y ' 30
139 1 ooz23 | 33
165 | 00265 . 40
194 . 00308 ! 4’5
223 E 00350 50
254 ' 00389 | 5'5
285 00433 50
305 0 0461 65
424 00614 '5
392 0 0366 100
353 003521 105
320 00480 108
573 00087 ‘ 50
694 oo114 54
87 oolgd 57
11°4 o 0183 60
136 0°0222 63
158 | ooz8 | 66
182 00290 , 70
21 00338 | 74
24°1 00370 1 8o
26 9 oogro | 85
292 00441 : 90
62 00539 | 95
344 0.0508 i I00
315 00466 | 105

Density | Coefficient

-

755'2

7556

Reduction to standard
condition of air.
{15°C., 760 mm. Hg.)
Dynamic Wire

pressure, |resistance,

mm. water.|kg. weight.
66 oollo
79 00132
: 99 00163
12:6 00208
Ig2 00246
I 3 00290
212 00336
240 00377
273 00418
3075 0°0464
326 00493
i 446 "0 0546
i 403 0-0333
L 364 00538
| 330 00495
62 0'0096
75 oolz23
94 00157
123 00199
146 00238
é 169 00277
j 193 00307
228 00358
25'4 00390
284 00432
303 00458
37°5 0°0558
355 0'0526
326 0-0481
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22 The Resistance of the Airship Models.
Table 1X.—Resistance and Resistance Coefficient reduced to
the Standard Condition of Air. ﬁ:ggigﬁ:ﬁg ;fszif;it‘;%eo ;?;CI {g)
Long Modcl.
The Technical Department of Board of Military Air Service.
Di?'eren(l:e
. - - of total .
bimime, | reststumee, | resistance, | Testance [ O e, [Resistance| Reynolds
mim, water.kg. weight.lkg. weight. 1"esistanzz, kg. weight.\kg, weight. coethcient.) number.
kg. weight.

75 o0l79 00122 00037 00001 00058 00231 1°31x 103

92 002Ig 00153 00062 0°0002 0'0064 00231 146
106 00232 00176 00076 00005 00081 00253 | I's6
130 0'0304 00214 00090 00012 o'olo2 00258 172,
153 00354 00235 0°0099 0'0019 oori18 00247 1'92
178 0'0393 00286 ooloy 00024 ooI3l 00244 202
20'8 00447 00330 ool1y 00032 ool49 00236 2’19
236 003503 00368 oo0I335 00038 00173 0'0242 233 5
27°2 00564 00417 o014y 0 0044 ooIgl 00231 249
20'4 0’0607 0'0447 oo16d 00046 00206 . 2'59
313 00638 oc473 00163 » 00211 ooz2z | 268 ,,
287 00778 00574 00204 00045 00249 o0z212 2:9%
364 00723 00342 00186 ’ 00231 00210 28y

3'I 00674 00497 ooly7y ” 00222 00222 277

63 00147 00100 00047 o oco4y 00246 1-20 X 107

77 00133 00126 00057 0'0001 0'0058 00244 1°32 5,

9’5 00230 00153 00072 00002 00074 00258 148
12°1 0’0284 00200 00084 00008 0'0092 00251 167
142 0'0320 00241 00079 foele} £ 00094 o021y 81 -
16°2 00360 00262 00098 00020 ool18 00240 93 »
19°2 00421 00306 o'ollg 00027 0’0142 0°024§ 209
220 00475 00346 oo0l29 00034 00163 » 2°25 o
254 00344 00392 o'olg2 00041 oolg3 00250 | 2742
280 0’0585 00428 oolgy 00045 0'0202 00238 254
29'9 0'0624 00454 oolyo 00046 0'0216 oo239 | 261
37°0 00754 00350 00204 » 00250 00233 291,
342 ooyl2 co312 00200 ” 00246 oo239 |28 ,
310 00632 00468 00164 ” oo210 0022 266 ,,
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1. Zechnical Department of Board of Military Air Service. 23

Table X.—Resistance and Resistance Coefficient reduced to

the Standard Condition of Air.

Atmospheric temperature 15°C.
Atmospheric pressure 760 mm. Hg.

Short Model.

The Technical Department of Board of Military Air Service.

Difzerencl:e
. : of tota s
DARETS | cestotance,| resistamee, | o5tance [p 00T | estance, [ Resistance | Reynolds’
mm, kg, weight.kg. weight| ‘~o 0 o lkg. weight. kg. weight, ’ ’
water. kg. weight’,
52 oolLII 00080 00031 o 00031 00243 0'99 X 10°
62 00148 00099 00049 » 00049 00321 o8 ,
81 00189 00134 00055 »” 00055 00276 124
108 0'0245 o0180 00063 00003 0'0068 00254 143
135 00305 00221 00084 0°0009 0'0c93 00281 I'50 5
16°1 00351 0 0260 00091 00016 00107 00269 I'74 5
188 0°0394 00300 0°0094 0'0021 o'ol1g 00248 187
22°'1 00454 00348 oo106 00027 00133 00246 204
26'1 00523 00402 oozt 00034 o'0lgg 00241 220
287 00566 00437 oolI29 00037 00166 00235 232
298 00600 0'0452 00148 00038 00186 0°0253 237 »
354 00672 00529 00143 00037 oo180 00208 258
327 00626 0'0492 00134 » 00171 00213 248
66 00152 o'o106 0'0046 o 0°0046 00284 1'12 X 10°
8o 001383 00I32 0-0053 » 00053 00269 122
100 00228 00167 00061 0°0002 0'0063 00252 137 »»
12°1 00283 00200 00083 00007 0-0090 00301 sz
153 00336 00250 00086 0'00I4 00100 0’0261 170
183 00388 00294 00094 00020 00114 00253 185
209 00437 00331 o'olob 00025 00131 00255 198
24°1 00494 00373 00121 00031 00152 0’0256 213
250 00512 00387 | ooIz5 00032 o'olgy 00255 215 o
280 00564 ' 0'0428 00136 00037 00173 0'0250 229
29'6 0'0590 00450 0'0140 00033 oo178 00244 235 5
399 00770 00590 oo180 | » 00218 00222 273 5
36'6 00722 0'0545 oo177 | » 00215 00239 261
333 006354 0'0500 00154 i ,, o0lg2 00235 250
63 oo148 o0ll1o 00038 o 00038 0°0227 I'I13 X 10°
83 0-01go ool37 00053 » 0'0053 00259 126
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The Resistance of the Airship

Table X.—Continued.

Horizon‘al.
broyancy,
kg. weight.

Models.

Body
resistance,
kg, weight.

Resistance
coefficient,

Reynolds’
number.

24
“or
i | Difference
Dynamic ?ota.l Wire r:sfist?:i?;](’:e
pressure, |resistance, resxstapce, and wire
. \:Z{Zr kg. weight.[kg. weight, resistance,
’ ky. weight,
10°3 00231 00172 00259
124 0'0284 00204 0'0089
145 00318 00235 00083
166 00367 00268 0°0Cgg
19°3 00415 00307 00108
22'3 | 00463 00350 o0IIg
251 oo512 00389 00123
275 0’0560 00421 00139
|
29’9 | 00592 00454 00138
387 | o069 00374 o019 |
36°2 | 00714 00540 00174
336 | 00656 00304 00152

0°0002
0°Co06
00012
00016
0°0022
0'0023
00032
0'0036
0'0039
0'0033

ooch1
0'0086
0 co9g
o0} $43
00130
0'0143
o'olsg
o0lyg
oo177
0'0233
o'0212
0’0192

00237
00283
00263
00282
0'0273
00260
00251
00258
00240
00245
00239

00222

N

I'38 X 10°

152
165
176
1'90
204
18

» RN KR
UL W
0O v Q0 w &

k2]

L3

”»

ki

13

Table XI.—Horizontal Buoyancy.

The Technical Department of Board of Military Air Service

Horizontal buoyancy,

Dynilglilggfezsssfre’j kg. weight.
mm. water. | Long model. “ Short model.

So 0 0301 . o

10.0 | 00004 0'0002
120 00009 0°0007
140 . 0015 l 0’0012
16°0 ! 00020 , 0°0016
180 00025 0°0020
200 0'0030 ' 0'0024
22°0 0°Cco34 i 0°'0023
240 0°0039 y 0'0031
260 00042 00034
288 c'0046 i 0'0037
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CHAPTER III

MEASUREMENTS AT THE WIND TUNNEL OF THE AERONAUTICAL
RESEARCH INSTITUTE OF TOKYO IMPERIAL UNIVERSITY.

1. Description of the Wind Tunnel and the Aerodynamic Balance.

The wind tunnel of the institute, which was expeditiously built to
meet the emergency after the great Earthquake, is of the Gottingen type.
It consists of the nozzle, the diffuser and the return duct. At the
right angle bents it is provided with wind deflectors to make the wind
uniform. An equalizer of honeycomb type is placed at the entrance
to the nozzle where the section of the tunnel is maximum. To mini-
mize the disturbance due to the existence of the equalizer itself, it is
made of wooden planks of stream line section, which are arranged in
two sets, vertical and horizontal, one directly behind the other.

The tunnel is made entirely of wood excepting the wind deflectors
which are of tin plate. Its general outline and dimensions are shown

in Fig. 3 and Table XII respectively.

Table XII.—Dimensions of the Wind Tunnel.

The Aeronaut. Research Inst., Tokyd Imperial University.

Diameter of nozzle 1'20 m.
Diameter of diffuser 1°'30 m.
Diameter of fan 182 m.
Ratio of contraction of area at nozzle 693

Total length of tunnel 16’56 m.
Power of motor 20 H. P.

" The fan is directly coupled to the motor shaft. It is made of
wood and two bladed.

The general principle of the weighing system of resistance is
illustrated in Fig. 15. As fulcra pointed cones are used instead of

knife edges to facilitate its alignment.
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Tig. 13. Drag Balance for the Wind Tunncl of the Aeroiaut. Research Inst.,

Tdkyd Imperial University.

The balance gives a direct reading of the amount of the resistance.

A division of the weighing lever of the balance corresponds to one

gramme, so that one-tenth of a gramme can easily be estimated.
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)

“.

Characteristics of the Wind Tunncl.

a) Distribution of Air Velocity.

The dynamic pressure was determined by a portable Pitot-static
tube of Prof. Prandtl's type at each of the 27 positions, which are
shown in Fig. S, for the same indication of the fixed standard Pitot-
static tube, which was of the same type. The results are given in
Table XIII

at each measared point and that of the standard Pitot-static tube g,

There the differences between the dynamic pressure ¢

are given in percentage of the latter indication.

Table XIII.—Velocity ‘Distribution.

The Aecronautical Research Institute, TOkyd Imperial University.

g-q. —q ., i q—1q.
e 7% oo - =9 100 fa 22 % 100
Q29 90 Qg T L9 o
=4 =2 == e
8 = ) : @ = . @ =} .
=2 2.=73 i o= 135 1220 go=78 i =135 |& 2 7o=78 | €,=135
mm, water. ; nuu. water, jmm. water.| mm. water, mimn. W:Ll'mtj mm. water.
A S ,_! B SRR . F U L, S SR,
11 +1 +18 21 +11I 420 31 —0'2 +08
12 +09 - 079 ! 22 +co +16 | 32 —0'1 +13
13
I3 i) ) 23 » 4-I'1 j 33 -0’5 —0'5
14 +04 +19 24 +0'4 +1°2 .34 -0z +08
I3 +o8 + 10 23 —-0'3 +16 35 » +o7
16 2 4+ 15 26 +04 +1°0 36 » 402
17 +02 +12 27 +1I » 37 +03 »”
18 +1'I ” 28 2 + Il 38 2 o
19 ‘oz " l 29 +06 s 39 » i —o°'I
- 1

b) Direction of Air Flow.

The general direction of the air flow was determined from the
direction of a fine flexible silk fibre placed at the position No. 25 of
the wind tunnel. Any possible error duc to the slight weight of the
fibre could be detected by varying the velocity of the air, presuming
that the change of the air velocity does not much affect the direction
of the general flow of air, at least, near the center line of the wind

tunnel. This general direction of flow being taken for the axis of
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30 The Resistance of the Airship Models.

reference, the relative deviation from it of the direction of air flow
was determined at the 27 points, shown in Fig. 8, with Prof. Tamaru's
yawmeter. The results are given in Table X1V, where the angle of
deviation from the vertical and the horizontal plane parallel to the
axis are given in degrees. The deviation downward from the horizontal
plane and that towards the right from the vertical plane facing the

wind are taken positive.

Table XIV.—Direction of Air Flow.

The Aeronautical Research Institute, Tokyd Imperial University.

- Deviation angle ’ o Deviation angle l g Deviation angle
3] in degrees I Q in degrees | o in degrees
5% | £ | 5%
=2 from from | EZ from from || E 2 from from
38 . . g R . . N @ . .
o horizontal| vertical |} © horizontal| vertical || © horizontal| vertical
= plane. plane. \ A plane. plane, ; - plane. plane.
II —0'18 +041 21 —009 + 041 31 +004 4016
|
12 —o008 4015 w 22 —033 +0°44 32 — 048 —0'16
13 —o081 —008 i 23 —0'34 —o'17 33 —o1l +o25
14 —o05 4007 | 24 —o00b o 34 +o09 -0y
15 +020 +008 || 23 o o 1 35 —0°15 —o0'c6
16 +o046 | —oo3 | 26 +035 | —oo03 || 36 t+045 | —o024
17 —0'58 | +4oor || 27 —048 o | 37 —o54 | —038
18 —038 | —o16 | 28 —o34 | —orr | 38 —o040 | —033
19 +00I —024 § 29 —037 —0°33 39 —1'09 —0°59
! 1

The dynamic pressure of the standard Pitot-static tube=18 mm. water columm.

c) Gradient of Static Pressure and Horizontal Buoyancy.

The gradient of static pressure which existed along the axis of
the wind tunnel was removed to some extent by adjusting the angle
of the nozzle, but it is difficult to make it entirely vanish. So the
difference of the static pressure indication ps of the static opening
of the portable Pitot-static tube of Prof. Prandtl’s type and that
of the standard Pitot-static tube pgy was measured at ten points

along the axis of the wind tunnel for seven different air velocities.
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Fig. 16.—Distribution of Specific Static Pressure Difference.

The Aeronautical Research Institute, Tokyd Imperial University.

The results are given in Table XV and Fig. 16, where the ratio
of the said difference to the dynamic pressure of the standard Pitot-
static tube is given. This ratio Ps—Pss  ghall be called in the fol-

q
lowing « specific static pressure difference.”

To deduce the amount of the correction for horizontal buoyancy
we assume that the effect due to the gradient of the static pressure
is not affected by the existence of the model. Then if we denote by

B the amount of the horizontal buoyancy, we have
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w

B= 27rS ps. v cos 8 ds, (1)

where 7 is the radius of any section of the model perpendicular to its
axis, 0 the angle between the inward normal to the surface and the
axis of the model taken positive in the direction of the wind and ds
an element of the generating curve of the model. The integration is
to be taken along the generating curve from the vertex to the tip of

the tail of the model.

Table XV.—Specific Static Pressure (ﬁ—_zj‘—q—) along Air Current.
q

The Aecronautical Research Institute, Tokyd Imperial University.

fl;g;:u:lcli Dynamic pressure, mm. water.
nozzle, | - -————— —m— oy - e ‘
cm. 083 12 163 206 2'48 l 289 | 330
13 175 117 088 c.50 058 064 E 056
17 o235 | 033 038 0.40 o050 . »
21 1°00 ! 083 » 0.30 033 o036 . 031
29 125 » oS50 0.40 » 043 i 044
37 100 » 038 0.30 050 o029 | 038
57 1'go 068 o063 0.60 058 oso ! 044
77 155 133 123 1.00 092 o086 i o081
87 z25 | 234 185 1.40 1-33 136 | 131
97 2-80 . 260 225 2.00 183 179 : 1-81
107 300 366 3'5% 2.90 2'30 l 236 I 2:38
: : i
We can write also by iutegration by parts
B= —WSI —‘{?—L »dx, (2)
0 dx

where x denotes the length along the axis from the vertex and / the

total length of the model. Thus we see that so far as the horizontal
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34 The Resistance of the Airship Models.

buoyancy is concerned the gradient of the static pressure along the
axis of the model only is of importance. As can be seen from the
results of the measurements (Fig. 16), curves of the specific static
pressure difference for different values of standard dynamic pressure
can be made to coincide by a parallel shifting along the ordinate.
This would mean that

A (Late ) L e (3)

ax q 7 dx

is independent of ¢. The value of this quantity G was determined
for each z, from the mean curve of specific static pressure distribution
(Fig. 17) with the result given in Table XVI. With the known value
of G, the magnitude of 5 can be obtained thus :—

14
B= —wgS Gr* dzx.
0
The integration was performed mechanically.

Table XVI.—Gradient of Mean Specific Static Pressure G.

The Aeronaut. Research Inst., Tokyd Imperial University.
Distance from Gradient of mean Distance from Gradient of mean
the nozzle, specific static pressure the nozzle, specific static pressure
cm. per cm. cm, per cm.
o —0°000152 50 +000018g
—0°000124 55 + 0000244
10 —0'000104 60 " 40000300
15 —0°000079 65 + 0000366
20 —0"000056 70 "-+0°000438
25 —0-c00018 75 -+ 0000486
30 +0-000019 8o - 0000531
35 +0°000060 85 +4-0°000559
40 -+ 0'000096 90 + 0000588
45 -+ 0000145 95 + 0000608

The actual amount of the horizontal buoyancy necessary for the

correction is quite small as can be seen from Tables XXI and XXII.
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~

3. Measurcment of Restistance.

The model was suspended as described in Art. 5, Chapter I,
with its axis in coincidence with the axis of reference of the wind
tunnel. Special care was taken in fixing wire to the model so as to
minimize the disturbance. It was effected by simply passing the wire
through the hole of the lug and making a knot inside. The readings
of resistance were taken for some twenty different values of the dynamic
pressure, as indicated by the standard Pitot-static tube, ranging from
1'68 to 33°6 mm. water column. Fluctuation of the wind velocity during
the experiment was kept as small as possible by adjusting a fine rheostat.
The readings of the balance were taken when the velocity of the air
had been constant for some time which was singnalled with an electric
bell.
were taken with the air velocity in increasing as well as decreasing
The effect

weight was also examined by varying its amount.

This was done at least twice for each measurement. Readings

steps, to ascertain the difference if any. of the tension
These effects were
all quite within the experimental error.

The results are given in Tables XVII, XVIII and in Figs. 18,

"y

O

‘Table XVIL—Total Resistance. Long Model.

The Aeronautical Research Inst., Tokyd Imperial University.

I Reduction to standaud
. Atmos- Coefficient condition of air,
Drng;:: Total pheric Aflmo.s- ' Density :of viscosity| Coeffi- (15°C., 760 mm. Hg.)
P m ’| resistance, | tempera- p .erlc of air, of air, cient
mm. 4o weight) ture, [PFoCIron kgfm3. m.s. X Dynamic Total
water. |8 g s v. Ho. <8 y
’ oC, MM g‘} (absolute) | pressure, |resistance,
‘ ' mm. water.kg. weight.
| |
1-68 00033 i 176 00035
252 | 00046 ° |5 S 264 0-co48
i ] : o { 0 N [~}
337 | ooos8 . 7 > o & 3 3 353 00061
H o i ! : .
421 o068 | § | ¢ - % - 441 0'0071
- i H -
505 0'0084. =1 ! p= ! o] 529 0°0088
673 o'0III | 7'05 oolil6
SN NS S 1
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36 The Resistance of the Airship Models.
Table XVII.—Continued.
!
' : Reduction to standard
Dynamic Atmos- Atx'nos- . Coe_mcie.n t (gondition of alr,
Total pheric >~ | Density [of viscosity] Coeffi- | (15°C., 760 mm. Hg.)
prle;,:re, resistance, {tempera.- pf ;2::6 of air, | of air, '| cient |— - —
water, |<& weight. tgre, o, Hgi kg/m3, | kg/m.s, K Dynamic Total
C. (absolute) pressure, |resistance,
k mm, water.| kg, weight
841 00137 8-81 0’0144
10°c9 0°0164 10°57 ooI172
1177 00189 12°34 ooIg8
13°45 00210 1409 00220
1514 00239 15-86 C0250
16°81 00265 Cg g ‘?’\ 17°61 00278
~ 0 - [}
1850 | o0o0293 o o ) § 3 19:38 0-0307
21°02 00331 é é: = S - 22:02 00347
23'55 00371 ' 2468 00389
26 08 00415 2732 00435
28+60 00453 2998 00475
3112 0°0488 32°61 00511
3365 ¢ 0527 3526 0'0552
1°68 00030 ' | 175 0'0331
2'52 00044 | 2:63 0'0046
337 00059 i 350 ocob1
421 | 00072 ! 438 00075
5°05 00087 ! 526 0'0Co1
673 00112 ! 701 00117
841 o00I40 . 86 0146
1009 00163 . - o 1050 0’0170
1177 | oo1go o e ;T" {g | g_ 1225 oo198
13°45 00215 g g ) ‘é b 14°00 00224
15'14 00237 zo § ' o 1575 0'0247
16-81 00265 1750 00276
1850 00289 19'25 0'0301
21°02 00328 21'90 00341
2355 00371 24-50 00386
2608 00406 i 2715 00423
2860 00456 { 2977 0°0475
3112 c0489 ' 32°40 00509
3365 |. 00326 ; 3502 | 00548
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Table XVIL—Continued,

: ; Reduction to standard
. Atmos- Coefficient | ! condition of air,
PDrYeI;;’-:;leC Total pheric 1:;{:231' Density lof viscosity -Coeffi- | (15°C., 760 mm. Hg.)
., 'resxst'a..nce, tempera.- pressﬁre, of air, of air, | d,lent . : )
water. kg, weight,| ture, mm. H kg/m3, | kg/m.s, ' &+ | Dynamic Total
°C. - H8- (absolute) | | | pressure, | resistance,
: "|mm. water |kg. weight.
; : i
168 00027 i 174 00028
2'52 00039 260 | 00040
336 c0058 : 347 ! 0'0C60o
420 00069 ‘« 434 0'0071
5°04 00084 5°20 00087
672 00114 694 oo118
840 00140 868 00145
1008 0,0166 % o S 041 | 00I72
11,6 | 00193 - g % l§\ el 12’15 | 00Igg
) . g g S 2 . ,
13°44 00219 § § 8 1388 00226
1512 00239 2 = °© 1561 0'0247
1680 00265 : 17'35 00274
1848 00289 g 19'08 0°0299
21°00 00326 ; 2169 00337
23752 00370 | 2430 00382
i
2603 00403 i 26-89 ‘ 00418
2857 00451 l 29°50 00465
3109 00486 : 32°10 0'0502
3360 00523 % 34°70 0°0540
i .
: +
Table XVIII.—Total Resistance. 4/;07'1‘ Model.
The Aeronautical Research Inst., Tokyd Imperial University.
: S Reduction to standard
. Atmos- . Coefficient i condition of air, .
Dynamici o0 pheric Atmos- Density |of viscosity| Coeffi- | {1 5°C., 760 mm. Hg.)
P"fisx‘:re’ resistance, jtempera- pe}:;“c of air, | of air, | icient
water. [kg- weight.| ture, E]rl E[’;g’ kg/m3. | kg/ms. | | & Dynamic Total
' °C. e L8 (absolute) pressure, [resistance,
: mm. water.kg. weight.
1638 00230 %A ol fa | 173 00031
3] O A R -
2°52 0°0043 - ~ A Pe i 2:6o - 00044
N i ¢
336 | 00055 a g = S — 346 | o.0057
420 o00c6y = = o 4'33 0.0069
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Table XVIII.—Continued.

' .1 Reduction to sta.n.da.rd
D . ¢ Atmos- Atm Coefficient | gonditlon of air,
yOAmiC;  Total heric 5~ | Density [of viscosityl Coeffi- | (15°C., 760 mm. Hg.)
ressure P heric y b4
P m | resistance, |tempera- fessm,e of air, |* ofair, | cient |- ---—- - o T
Tnt *  |kg. weight.! ture, P H " kg/m3, | kg/ms. | K Dynamic Total
water. | 1°C. mm. ig. | (absolutc) ! pressure, |resistance,
I E mm, water.[kg. weight.
504 06077 5-20 0.0079
672 00103 693 0.0106
8-40 00125 866 o'ol29
10°08 0'0144 10'39 00149
11-76 00168 %n \3\ e 12°12 oo0l73
. ~ .
1344 | oorg3 | = ® 3 5 © 1385 . 00199
1512 | 00218 g g -~ ] ~ 1529 00225
16 8> 0'0243 = = °© 17°32 0°0250
2603 00375 26'75 00387
2857 ooglo 20944 00423
3109 00450 32005 | 00464
3360 | 00475 3464 00490
| !
168 00029 : ' 172 00030
252 0'0041 2'58 00042
336 | 00054 P 344 0°0055
. i i . 3
4’19 00065 ; : 429 ooch
671 | ooloz | 688 ool05
839 oolzy , i 860 o'0l130
1006 | 00148 ' : i 1030 ool52
1174 00172 % " \% 1202 c'0176
1341 00193 -2 L 3 S T ! 1374 00198
1370 | ©0'0216 g = b ‘é S 15°46 00221
3 g : \
1677 | 00242 - = o I 1718 00248
1843 00264 l i 1890 00270
2097 00304 | 2148 | 00311
2348 | 00339 | . 2405 | 00347
: i H
26-00 00374 ! ; 2663 00383
2851 0'0414 ; ! 2921 00424
31°02 00449 i : 318> c'0460
3356 | 00479 ; | 3438 | oosg0
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Table XVIIL.—Continued.

Reduction to standard
D . Atmos- Atmos Cocfficient condition of air,
ynamici  qoea] | pheric he:ié Density [of viscosity] Coeffi- | (15°C., 760 mm, Hg.)
Pressurey) wesistance, {tempera- II')essure of air, of air, cient
m;n. g, weight.! ture, an He kg/m3. | kg/m.s. K Dynamic Total
water. °C. - HE (absolute) pressure, |resistance,
mm, water.kg. weight.
503 | 00077 511 00078
1006 0'0i49 10°22 00151
1174 00168 ' 1rg2 oo171
1676 00243 . < 17°04 0°0247
18'44 | 00263 E, @ 5 °§ © 1874 0'0267
2095 | 00304 o py 8 § 3 21°29 00309
< I ol il
2347 00338 ﬁ § g 2383 0’0343
2599 | 00373 26-40 00379
2850 00411 2896 00418
31'10 00449 3160 00456
3352 | 00477 3407 00485

The wire resistance was measured in exactly the same way as
described in Art. 6, Chapter I. A few measurements were made for
two different sizes of the holes on the wooden model for wire resistance
measurement, to ascertain the effect of the size of the holes if any.
But no perceptible difference was found.

The same number of measurements were taken as in the case of
the total resistance. The velocities of the air were adjusted as near
as possible to the values at which the total resistance were measured.

The results are given in Tables XIX, XX and in Figs. 18, 109.

4. Resistance and Resistance Coefficient.

The body resistance was deduced with the method described in
Art. 7, Chapter I and corrected for the horizontal buoyancy as des-
cribed in Art. 2. (c) of this chapter. They are given in Tables XXI,
XXII and in Figs. 18, 19. Then the resistance coefficient, defined in
Art. 7, Chapter I, was calculated in Tables XXI, XXII. The resistance

coefficient as a function of Reynolds’ number is shown in Fig. 20.
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0020 ‘w/

ools _/ ka
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/ ,//Dou‘y Resistance.
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Dynamic Pressure in mm. of Water Column,

Fig 18.—Total, Wire and Body Resistances of the Long Model.

The Aeronautical Research Inst., Tokyd Imperial University.
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0050
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Fig. 19.—Total, Wire and Body Resistances of the Short Model.

The Aeronautical Research Inst., Tokyd Imperial University.
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42 The Resistance of the Airship Models.

Table XIX.—Wire Resistance. Long Model.

The Aeronautical Research Inst., Tokyd Imperial University.

f i i Reduction to standard
. | Atmos- Coefficient | condition of air,
Dynimid  Wire | pheric | A | pengity lof viscosity; Coeffi | (15°C.» 760 mm. Hg.)
P mm. | resistance, tempera- xg:ssure of air, | of air, | cient i
water. kg, welght.! ture, Fn m. H I kg/m?. | kg/ms. K Dynamic Wirc
! g

i i °C. (absolute) | pressure, |resistance,

: ' l ! mm. water.kg. weight.

168 00017 172 0’0017

252 00026 258 00027

336 | 00034 343 00035

4°20 0'0041 429 00042

5°04 0°0053 515 00054

672 00073 687 0’0075

840 00085 858 00087
10-08 0oL . 10°30 -

. 04 o - N 3 0-01c6
1176 00118 N 3 ~ ‘§ a 12'02 00121

. . = ~ )
1344 | o134 . 5 B 8 S 1373 | 00137
1512 00150 g g’ 8 15°45 00153
16:80 00169 . 17°17 0'0173
1848 0'0185 13-88 00189
21°C0 0'0212 21:46 00217
2352 00236 24°05 0'0241
2603 00261 26-60 00267
2857 00280 2920 00286
3109 00304 3178 00311
3360 | 00324 3433 00331

1°68 0°0020 ' : 177 0°'0021

2'52 00027 f 266 0'0029

337 . 00036 | 355 | ooo38

. {
421 00041 j 444 00043
o 000c T 00 00 1 . .
505 5 % N % ; 532 00054
673 , 0-0071 o \(D\ % ra S; ' 7.]0 0.0075
o ;

841 | 0'0084 § g X § “ 886 00089
locg | o©ol02 b= 2 ° | 1063 0°0108
11’77 ©  oolIg ' 1240 o'o125
1345 ' 00136 | 1418 00143
15°14 00150 | 1593 o'o158
1681 | 00168 . v /- 00177

; z
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Table XIX.—Continued.

! ‘ g Reduction to standard
. Atmos- ! { Coefficient i condition of air,
g)ég;";?f Wire pheric Ap::;oii:. ‘Density lof viscosity Coefti- i (£5°C., 760 mm, Hg.)
’| resistance, [tempera-, = "“ " | of air, of air, | cient -
\:'T::; kg. weight.| ture, preasgc,l kg/m*. kg/m.;. K Dynamic Wire
‘ oC, [MM. Mg | (absolute) * j pressure, |resistance,
i | ; mm, water.lkg. weight.
i |
‘ ; : 1 !
18450 00186 ‘ ( ‘ | i 1949 00196
: | i H !

I . | i ; . 02
21-02 00211 . o | . | 22°15 0°0222
23°55 00234 N \gz\ ‘ o X Cox 2482 0°0247
2608 | o0'0254 a g ] & g LS 2rag 00268

3 [+ ! -t -
2860 00276 % é’ i ° ‘ 3013 00291
3rI2 | 00297 | 3280 | 00313
3365 | 00319 ' : ! 3547 | 00336
i [

T _ o —e - - B =
168 . oool7 | : 173 00018
252 00326 | _ 2°59 0°0027
336 | 00036 i | 346 0-0037

20 | z 32 00046

4°20 00045 ! 43 004

504 ' 00050 | i | ’ 519 00051

672 = c0068 3 : : ' : l 6'92 00070

840 | 0086 ' i v = i 865 00089
1008 ' oolol i i 10° 0'0104

i I o N 3? ......
II-76 ! 00116 l .:'. g i - .l: k o i12°i0 [exel & 7]
1344 | oo0135 | 8 N s 1 8 1383 00139

i I8 84 1 " = . .
1512 | oorsz . N % i é 15°56 00156
16-80 0.0169 | . 17°29 00174
1848 0-0186 i 19'01 0’0101
21'00 . 0°0206 21-61 00212
2352 | 00233 24721 00240
2603 i 00252 26'80 00259
2857 . 00276 29°40 00284
3109 | 00299 ! ‘ 32°00 00308
3360 '[ 00318 : i 3459 00327

i
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44 The Resistance of the Airship Models.
Table XX.—Wire Resistance. Short Model.
The Aeronautical Research Inst., TOky6 Imperial University.
i Reduction to standard
. Atmos- "+ Coefficient condition of air,
Dé’;:f;? Wire . pheric Alt] r:rc;;-. Density :of viscosity| Coeffi- | (15°C., 760 mm. Hg.)
p mm ’| resistance, tempera- Pessure of air, : of air, cient
water. [Kg. weight. ture, &m. Hg’. kg/m3. | kg/m.s. K Dynamic Wire
°C. . (absolute) pressure, |resistance,
i mm. water. kg, weight,
, | | T
167 00019 ; : ‘ 167 o-co19
| H H
| 1 .
2:51 0'coz7 ! b 22 00027
335 | 00036 | 3 ‘ 336 00036
418 00044 } 1 i 419 | oo0c44
| z T
502 | 00052 , f | gog | ooos2
| : i '
6:69 00073 ! : 671 0°0073
837 0°c0g2 E | 840 0'0c92
10.04 0-0107 ! ' 1006 0°0107
1171 o012 N 2 3 11 0012
SR 3 « R N 75 3
I~ ) o Q
1338 00141 g g a 8 2 1342 | 00141
(9] 3] [} :
1506 | o0o0I155 = = °© 1510 00155
16°73 00169 1677 0°0169
1841 00187 1846 00188
2091 0'0207 2098 0-0208
2342 0'0231 23'49 0-0232
2592 00252 2600 | 002353
2845 00273 2852 ' 00274
|
3096 0°0296 3I'c4 00297
3348 00319 3358 00320
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Table XXI.—Resistance and Resistance Coefficient reduced to

S " . Atmospheric temperature 15°C,
the Standard Condition of Air. (Atmo;pheric pressure 760 mm. Hg.)

Long Model.

The Aeronautical Research Inst., Tokyd Imperial University.

i Difference
Dynamic of total ,

pressure, Total Wire resistance [Horizontal| Body Resistance | Reynolds’

mm. | resistance,|resistance,| and wire |buoyancy, | resistance, coefficient,| number.
water ‘ resistance, ;
ikg' weight.lkg. weight.‘kg. welght. kg. weight.‘kg. weight.

18 0’0031 00019 00012 0°0020 00012 00218 6-44 x 10*
26 0'0244 00027 00017 » 0'0017 00214 774 »
3°5 ~ 0°0060 0'0036 00024 ’ 0°c024 00224 899
44 00074 00044 00030 » 0°'co30 00223 |I1007 »
53 0°0090 0'0053 00037 . ' 00037 00228 |I10§5
70 ' ool17 0'0071 00046 s 00046 00215 1270
88 0'0146 00090 00056 00001 00257 00212 | 1425 »
105 o-oI72 00106 0'0066 » + 00007 c0209 [15'56 5
123 0'01g9 0’0124 0'0075 ’ 0'coy6 oo0z02 |1684
140 00223 oo141 00082 N 0°0083 00I1¢4 |17'66
15-8 00249 o157 00092 ’ o0'0c93 00193 |19.08 ,;
17°5 0'0275 00176 0°'0c99 ’ 00102 oo187 |2008
19°3 00303 00194 001cg » o0l1o 00186 |[21'I0
21.9 .0'0344 00219 00125 ’ 00126 00183 2247
245 00386 0'0243 0'0I43 0°0002 00145 00193 2376 .,
272 00430 00267 00163 » 00165 o'0198 |2503 »
298 00472 00289 o183 ’ 0'018g 00203 |26:21
324 0’0510 00312 0’0198 ’ 00200 .| 0'0202 27'32 5
350 00548 0°0333 00215 » o'0217 00203 |2839
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The Resistance of the Airship Models.

Table XXII.—Resistance and Resistance Coefficient reduced to

the Standard Condition of Air. (

Stort

Model.

Atmospheric temperature 15°C, )
Atmospheric pressure 760 mm, Hg.

The Aeronautical Research Inst., Tékyd Imperial University.

Difference
Dynamic of total
pressure Total Wire resistance |Horizontal| Body | Resistance
mm, resistance, | resistance,| and wire [buoyancy, | resistance, | coefficient.
water resistance,
kg. weight.kg. weight.kg. weight.lkg. weight.|kg, weight.
18 00032 00020 0'0012 0°0C00 00012 00269
26 0'0043 00028 00015 ’ 00015 00233
3'5 0'0057 00037 00020 » 00020 00231
4'4 0'0069 00046 00023 » 0'0023 00211
53 0'0082 00056 0:0026 » 00026 o198
70 00107 0'co76 00031 " 00031 0’0179
88 0132 00094 00038 00001 00039 00179
105 00154 00112 00042 » 0 co43 oo165
123 o018 00129 0°0049 » 0°0050 00164
140 0'0201 o'or145 00056 » 0'0057 ¢0164
158 00227 00162 o ocby » 00066 00168
175 00251 oo177 00074 » 00075 00173
193 00277 00193 00084 » 0.0085 00178
219 00316 00216 00100 . 00101 00186
245 00352 00239 00113 00002 00115 oo18g
27°2 00392 00263 0°0129 " 00131 00194
298 o'o430 00286 00144 » 00146 00198
324 0'0467 00309 0'0158 » 00160 00199

Reynolds’
number
5-31 x 10*

E 608
l 811
908
995 »

1145 »

1285

1403

1518,

16°19 5

1720 5

18'10 ,,

19.c2

2025

2141,

22:57

2362 ,,

2463

This document is provided by JAXA.



N

Acronaut. Reseavcl Institute, Tokyo hmpevial Unniversity. 47

111

-Ayszoatuq) [eraadur] QAMNQE, “ISUL [OILRsAY [LOHNTUOIOY OYJ, JUSPR0H 290UL}SISOY—'0T '3

pquaN Sprouday]

0F 0xerg OET XET7 ,Xaz WXgLl ] KBS NI OXaL 0IXg 0Xe7 0] o0
€100
\\ [ .
“VA/ POy 1oys
-0
&!\\,\\A\. N .
o—Jo /l 0700
//
‘poy By
§z00
]

0€0°0
1
_
]
1

This document is provided by JAXA.

*JUSIOYJ0)) DUTISISIY



48

CHAPTER 1IV.

MEASUREMENTS AT THE WIND TUNNEL OF THE AERONAUTICAL
RESEARCH LLABORATORIES, IMPERIAL JAPANESE NAVY.

1. Description of the Wind Tunnel and the Aerodynamic Balance.

The wind tunnel, in which the measurements were made, is of the
Eiffel type. The diameter is 125 m. An electric motor of 100 H.P.
is directly coupled to a four-bladed air-screw. An outline of the tunnel
is shown in Fig. 4.

There is only one set of stream strainer of honeycomb type near
the external end of the inlet-tube.

The wind velocity can be regulated from the inside of the ob-
servation chamber by varying the field current of the electric motor.
Any required air velocity could be obtained within the range from
about 3 m/s to 50 m/s. |

The balance used is one of the Gottingen type (Fig. 7). A
variation of one gramme in resistance may be compensated by sliding

the weight on the arm of the balance about 1 mm.

2. Charactervistics of the Wind Tunnel.

a) Determination of Air Velocity.

The air velocity was determined by measuring the static pressure
difference between two different sections of the stream, both of which
have parallel air streams but different sectional areas. The one section
A is chosen just behind the honeycomb strainer and the other B
in the observation chamber. The pressure differenice is measured by
a vertical alcohol manometer, the reading of which is facilitated by
aid of a micrometer and a magnifying glass.

If o, be the air velocity and p, the static pressure at the section
A, and v and p, the corresponding values in the observation chamber,
and p, and p, the atmospheric preésure and density respectively at the

instant of the observation, we have, taking p=p,,
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Do—21=}pPo v,
and Po—22=1% po?°;
so that Ap=p1— pr=1% p(V*— %)
If the sectional area of the stream at 4 be 7 times that at B, we

get the required dynamic pressure ¢ from the following expression
qzé‘Povzz—qL' Ap.
n—1
The values of ¢ given by this formula were compared to those

given by Pitot-static tubes set in the same stream, the result of which

| {
1 | s

70

50 2

40 5

30

Q —o— Giflingen Type Pifol-sfafic Tube.
---e-- N.P.L. Type Pitor-static Tube.

Dynamic Pressure of DIitot-Static Tube.
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@]
10
0
0 10 20 30 40 50 60 70
n?

12t—1 ar
Fig. 2r.
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50 The Resistance of the Airship Models.

is shownin Fig. 21 and can be expressed by the following relation :

7x]7=0083,

and ' 9al7=0990;
where ¢y and ¢, express the values of ¢ given by Pitot-static tubes
of N.P.L. type and of Géttingen type respectively. The former tube
has a certificate of the N. P. L. and the latter tube was calibrated in
the Aerodynamische Versuchsanstalt zu Géttingen.

b) Distribution of Air Velocity.

We measured the distribution of air velocity in the stream under
a velocity of about 30 mfs.

It is quite uniformly distributed throughout the stream in the
observation chamber, the discrepancy being nowhere over one percent.

Table XXIII shows the result; numbers in that Table are the
ratios of the readings of the Pitot-static tube set in the stream to the

readings of the standard manometer put in the chamber and out of

the stream.

Table XXIII.—Velocity Distribution.

The Aeronautical Research Labors., I.]J. N.

Position 2 Position g Positicn A
go 70 q0
number. (at 30 mfs.) number. (at 30 ms.) number. (at 30 mfs.)
I1 103 21 " ros 31 1og
12 » 22 104 32 "
13 1'03 23 1-03 33 103
14 1-04 24 104 34 1-05
Ig 105 25 105 35 .
16 104 26 » 36 1-04
17 » 27 1'04 37 105
18 103 23 1-05 38 »
19 3 29 »» 39 »
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c) Direction of Air Flow.

The directions of the air flow at the 27 points in the stream were
examined with the result shown in Table XXIV. They are fairly
parallel to the axis of the wind tunnel, and small discrepancies shown

in the Table can have no effect upon the measurement of the resistance.

Table XXIV.—Direction of Air Flow.

The Aeronautical Research Labors.,, 1. J. N.

Deviation angle in l Deviation angle in l Deviation angle in
degrees i degrees ! degrees
Position ! - 1 Position | Position
_|from hori- l from i! fromhori-| from | fromhori-| f{rom
number.| yontal | vertical [MUMbET.| zontal | vertical [[PUMDEri sontal | vertical
plane. { plane. “ plane, plane, I plane. plane.
— =
‘ w 1
11 +oz2 | —o01 “‘; o1 ‘ 4 o1 oo f; 31 | 405 401
12 oo | 4o1 i =22 00 +0'5 ‘;' 32 ! o0 | +03
I3 +ol ‘ —o8 I =23 +or oo I 33 ~07 +02
i | i t
14 +oz 1 0§ \ 24 —02 tor ol 34 | O +04
15 oo 401 25 00 +o2 35 o0 +0'1
16 oo | —04 {26 402 —0'2 36 405 —0'5
17 —o3 | 408 | 27 —o2 | yoz | 37 | -0O% 00
18 oo —o1 28 oo | —o03 | 3% | oo —06
l !
9 +ol —06 29 +o1 ~07 % 39 | o2 —0°g
|

d) Gradient of Static Pressure and Horizontal Buoyancy.

At any point x, on the axis of the wind tunnel which is taken
for the x-axis pointing downwind, was put a Prof. Prandtl’s type Pitot-
static tube (dia. 6 mm.), whose static hole was connected to one end
of a manometer, the other end of which was exposed at a fixed point
out of the stream in the observation chamber.

By varying the position of the Pitot-static tube on the axis of the
tunnel, we measured the difference of the static pressure at several
points on the axis from that at the fixed point.

If pgs be the static pressure at a fixed point out of the stream

and pg that at a point x on the axis, the measured pressure difference
Ap is
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52 The Resistance of the Airship Models.

Ap=ps—pss -

Observed values of Ap are throughout positive and those of Az
q
are found to increase with the wind velocity z. The rate.of increase

of Ap

with v at every point on the axis is approximately a constant
common to all x, so that it can be expressed by the following

formula

A_;=¢+k7/, (1)

where v is the wind velocity and £ is a constant. If v be expressed

in ms then £ is equal to 0'0o4. The value of @, found as the mean

A
of the values of =2 for =0, as a function of x, is shown in Fig.
‘ q

22.

If we suppose that the effect of the static pressure gradient Ap
along the axis of the stream do not vary by the presence of the
model, the force B acting on the model due to the static pressure
gradient in the stream is

Bz_Si’i AV,
dx

where V' is the volume of the model.

We have by equation (1)
de

dx

dV:g(I), (2

~ -

Bz—QS

where ® = —00000478 for the long model,
= — 00000249 for the short model.

The values of B are shown in Tables XXIX, XXX and Figs. 23,
24.
3. Measurement of Total Resistance.

The models were suspended by the method explained in Art. 5,
Chapter 1.
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54 The Resistance of the Airship Models.

Six measurements were made for the long model and five for the
short. 1In the last two obscrvations for the long model and the last
three for the short the surface of the models had been wiped with a
polishing liquid, so that the surfaces were made free from dirt and
stains. By this we intended to see how the result is affected ‘by the
surface condition of the model.

The result of observations is shown in Tables XXV, XXVI and
Figs. 23, 24.

Table XXV.—Total Resistance. Long Model.
The Aeronautical Research Labors., 1. J. N.

Reduction to standard

Dvnamic Total Atmospheric| Atmospheric| (1 5((:’%1:“11}2(;1 n?fnm}rlg )

pryeIgsur:a, resis(;.a:l ce, textnpem- pressure, Coeff;{gient i :
mm. water. | kg. weight. 1;83’ mm. Hg. Dynamic Total
pressure, resistance,
mm. water. | kg. weight.

1-33 0°c0266 . 1-81 0°00290
332 000484 326 000475
5°34 000820 524 000804
673 001013 660 0°'c0399
11°35 001719 1113 001686
12°11 c'01837 ' 1188 001822
1564 0'02460 1534 0'02413
2698 003320 2058 0'03257

26 62 004199 2611 004119
29 69 004703 e ~ 29'13 004614
3847 0 06027 o? 9:01 % 3774 005912
4327 c'c6817 g g o 42°45 006687
4995 007795 S = 4900 007647
5634 008813 5527 008646
6417 009663 62°95 009479
71-28 010996 70°45 o'10787
7813 o' 1191y 7663 011689
9032 013664 8860 013404
100°24 G'15077 ) 98:34 014791
11176 016826 109°64 016506
132°03 o'19711 129°'52 019336
149 10 022092 146°27 021672
15835 023445 15534 0°22995
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Table XXV.—Continued.

55

Reductix_)r} to staqda.rd
Dyx?n.mic 'I.‘ot;nl Atmospheric| Atmospheric ) (Isggid;tégnp?;?i;é‘)
pressure, resistance, tempera- pressure, | Coefficient
ture, £ Dynamic Total
mm. water. | kg, weight. °C, mm. llg. pr)é ssure, resistance,

mm, water.| kg. weight.
1'86 0'00327 1'95 000343
313 0°00505 3'29 000530
517 0°00331 543 000873
635 000999 667 0'01049
987 0°01504 1036 001579
12770 0°01999 1334 0 02099
16-05 0'02573 1685 002639
2100 003285 2205 003449
25'16 003958 2642 004156
3066 004789 3219 005023
3536 005551 37°13 005829
4065 006382 OS g o 4268 006701
5137 0'0%005 : ;\ e 5304 008405
5518 008549 g é 5794 0'0%976
61°92 009667 s = 62°79 0'09872
7183 011073 7284 o11228
79'05 012441 8016 012311
9022 0'13645 91°48 013336
10203 015466 103°51 015683

11089 0°16445 112°44 016675 -
122°1§ 0'18286 12386 018542
126°67 018959 12844 019224
144'13 021373 146°15 021672
157°50 023451 15971 023779
9332 0'14922 9970 0’15131
1-80 ooo3lo 163 0'00290
734 o'ol146 687 0’01073
16°31 002572 02 ;.: ) 1527 0°02407
2575 004028 2 : e 2410 003770
41°14 006301 é é’ 3851 005898
57°20 008692 = = 5354 003136
7708 0'11645 7215 016900
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56 The Resistance of the Airship Models.
Table XXV.—Continued.
Reductci;? to sfta.x}da.rd
. . condition O1r arr,
Il’)r{zggt?;;i res’gt)::;xlce, Ai?ﬂ‘i;};?;flc A;T:SSS}::;Z?C Coefficient | (15°C., 760 mm. Hg.)
: ture, & Dynamic Total

mm. water, kg. weight. °C. mm. Hg. pr);ssure, resistance,

mm, water. | kg, weight.
99 60 074955 9323 014000
10014 0’14925 9373 013970
7670 011695 % n ° 7179 0°10947
5049 008694 = N}Q & 5287 008138
3929 006100 g g g 3678 005710
2525 003920 = ] < 2363 003669
1468 002245 1374 002101

696 0°0106% 651 001000
226 0'00342 212 0°00320
029 000082 , o027 000075
084 000162 ' 077 000149
2°39 000390 o + ; 220 0°00358
377 006620 S S‘IC g 346 000551
578 09890 g g o : 5°31 000818
7°45 o-01136 < = : 685 001044
887 001322 a a 815 0’01215
Irri8 001672 10°27 co1537
1318 001998 | 12°11 001836
126 0°00220 1’18 0°00206
1507 002248 1412 0'02106
2511 0'03741 2353 0'03505
4051 006025 37'96 005645
5645 008391 . ° 52-89 007862
7557 011239 *® % N 70-81 0'10331
9968 0'14734 ° = e 93'40 013806
10022 014793 2 3 9391 013863
7499 011208 7026 0 10502
56'95 008537 5336 007999
3833 0’05712 3592 0'05352
1477 002175 1384 0'02038
7°32 0'01099 686 0'01030
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Table XXV.—Continued.

.

57

Reduction to standard
D . . . condition of air,
ynamic ] '_1‘ota.l Atmospheric| Atmospheric . (15°C., 760 mm, 1ig.)
pressure, resistance, tempera- pressure, Coefficient -
ture, Vg :
: . i or ! Dynamic Total
mm, water. | kg. weight. C. mm. Hg. pressure, resistance,
mm, water, | kg, weight.
o111 0'00046 o'lo 000043
o84 0'00173 o077 0°00160
1-C9 0'co214 . 101 000198
2'39 000405 % b 2-21 0°c0375
402 000641 o ~ 2N 371 002593
557 000874 § g © 515 c-00809
753 o-o1144 = = 697 001058
891 001368 824 001265
1134 001721 10°49 001592
13°27 001999 12 27 001849
Table XXVI.—Total Resistance. Siort Model
The Aecronautical Research Labors., 1. ]J. N.
Reduction to standard
: . . condition of air,
Dynamic Total Atmospheric|Atmospheric (15°C., 760 mm. Hg.)
presstre, resistance, | tempera- pressure, |Coefficient
¢ ture. Vg .
. 4 Dynamic Total
mm. water. | kg. weight. °C. mm. IHg. pr}:assure, resistance,
mm. water. | kg. weight.
164 0°'c0275% 1°63 0°00273
3792 0'00569 390 000566
481 000637 478 000683
725 o'oc981 7°21 0'0c975
1163 001550 11°56 001541
13°49 001834 03‘\ e - 13741 001823
et ©
1893 002570 o : & 18-82 002555
2327 003129 8 8 © 2313 003110
2833 0'03846 = = 2316 003823
3305 0'04464 32'85 004437
3823 0'05131 3800 005100
4679 006151 46°51 oobrIg
52'14 0c6%38 51'83 006797
59'35 0'07848 5899 007801
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58 Tz Resistance of the Airship Models.
Table XXVI.—Continued.
Reductio_n_ to standard
Dynamic Total Atmospheric' Atmospheric . (1 Sggid?g%nn?rfn‘anﬁ’g_)
pressure, | resistance, | tempera- | pressure, |Coefficient
mm, water. | kg. weight, t‘l’]Crf, mm. Hy. “ Dyr}a.mic ’;‘otal
pressure, resistance,
mm. water. | kg. weight.
6904 008986 6863 00%32
7553 ocg8I10 7508 0 Cg7gI
8557 0’10977 8506 010911
956> 012155 S e 9503 012082
104'95 013224 ‘f i\ = 10432 013145
11570 014764 g g e 115°0( 014675
128 22 0'16206 = = 127°45 016109
139°56 o'17501 13872 017369
15035 018943 149°45 018829
15423 019620 15332 0-19502
414 o'oc6l9 416 0'cob22
485 002697 487 0 COyCo
7'34 0-01631 728 0-01036
987 0°01345 992 001352
1312 0°01797 13’19 0'018¢c6
1853 002543 1862 0'02556
2253 0°03¢93 22'64 003103
2781 003781 27°95 0-038:0
3346 0'04488 3363 0'04510
3929 003214 % ? 3949 005240
4463 005912 »3 ?‘;\ g 44'S7 0'05942
52°24 06894 g g il 52°50 0'06928
5967 007925 = ~ 50'07 0°07963
6794 008956 6828 0'c9ool
7752 010085 7791 0’10135
8524 c'11097 8567 011142
9735 012521 9784 0'12584
10486 013611 10538 013679
11617 014897 11675 0’14971
125°54 016154 126°17 0°16235
13862 017647 13931 017735
151:28 019129 15204 0’19225
15677 0’19827 157°55 0°19926
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Table XXVI.—Continued.

59

Reduction to standard
condition of air,
(15°C.,, 760 mm. Hg.)

|
Dynamic Total Atmospheric Atm05phericy
pressure, resistance, | tempera- | pressure, ;Cocfficient
ture, , K
mm, water. | kg. weight, °C. ; mm, Hg, i
|
2’14 000359
3'99 0'00599
702, 000974
9'00 001240
1163 001618
13°62 001932 |
1775 002499 |
21°'53 0°03060
2633 003700 i
2998 004182 |
37°55 005136 | % »
4445 005997 | = 2 3.
5I°39 006834 \l g : E_; o
5890 007985 | = =
6729 009025 |
2615 0'10078 |
8675 011454
93731 0'12328
104712 0'13624
116°52 O'I5I1I
127°08 016543
14213 0°185c9
147-89 0-19311
15487 0°20270
059 000121
169 000283
236 000384 o e
350 0'00534 = 6.2 o)
435 0'00712 g g e
7'56 001068 g g
1106 001539
1462 002034
18-95 002611

Dynamic
pressure,
mm, water.

Total
resistance,
kg. weight.

207 0'00348
386 000571
680 0°00943
871 0°01200
11°23 o0'0I566
1313 o'01870
1718 0;02419
2084 0'02962
25'97 003587
2602 0'04048
3633 004972
43°03 005305
4975 0'06615
5702 007729
6514 008736
7371 0°c9756
8397 0'11087
90°32 0’11934
10079 0'13169
112°'19 014627
12301 o'16014
137°58 017917
14316 018693
14991 019621
060 0o0DI12
171 0'00291
238 000387
3’53 0'00539
489 000718
7:63 0’01078
1’16 0'01553
1473 0°020352
19°12 002634
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60 The Resistance of the Airship Models.
Table XXVIL.—Continued.
Reductic.n'f to sta.r}da.rd
Dymamie | Joul | emopherigamonterc | a5, r6amm. Hg)
mm. water. | kg. weight. tg(rf’ mm. Ig. ® }13?;2::::: r egs(::: ce,
mm, water. | kg. weight.
2284 0'03100 2305 003128
2803 0'03754 2828 0'03788
3402 004557 3433 004598
39'c9 0'05194 3944 005241
44°45 005838 4485 005891
5289 006814 53'37 006375
5990 0'07641 o . 6044 007710
6313 003703 ; \E ¥ 6874 0’08781
7526 009536 g g 5 75'94 009622
85-go ¢ 10711 § 2" 8667 o-10807
9603 0°12026 9689 012134
106'03 0'13164 10698 013282
11523 0°14291 116°27 014420
128-06 015804 120°21 015946
139'46 0'17209 14072 017364
150°14 018593 151°49 018760
156'93 019464 15834 0'19639
o'17 0°'0004 5 o'17 000045
o-8o 000146 o081 0’00147
110 000192 111 000192
2°49 * 000380 251 0700383
409 0'00388 % © ; 412 000593
578 000824 = \02 ® 583 000831
764 001063 5 g ' E 770 o'01072
9'16 001263 § § ! 923 001278
1118 001559 l 11°27 001571
1338 001850 | 13'49 001865
189 000297 ' 191 0'00299
3'50 0°C0513 ! 353 003517
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Fig. 23.—Total and Body Resistances and Horizontal Buoyancy of the Long Model.
‘The Aeronautical Research Laboratories, I, J. N,
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62 The Resistance of the Airship Models.
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4. Measurement of Resistance of Suspension Wires.

The method of measurement of the resistance of the suspension
wires was the same as that explained in Art. 6, Chapter L We made
two observations for the long model and three for the short. The
observed results are given in Tables XXVII, XXVIII and Figs. 25,
26.

In the present measurement the range of g (mm. of water column)
was from 06 to 160, and the diameter of the suspension wire 0°023
cm., so that Reynolds’ number ranged from about 50 to 80o.

The curves representing Ky Fi=F{" against Kygyw=gs are shown
in Figs. 25 and 26, where F{” is the measured resistance in kg.
These curves can be expressed by the following formula

PP =ag®, (3)
where @ is a constant and is equal to
a=1'12 under ¢g=9'5 mm. for both models,
and - a=1'20 above gs=30mm. for the long model,
a=123 above ¢gy=30mm. for the short model.

This inequality of « for the two models for large values of gs

-esults from the difference of the lengths of the suspension wires in

the two cases, but is not at all appreciable as long as ¢s is small.

5. Resistance and Resistance Coefficient.

Subtracting Ky F§’=F§ and B corresponding to the same value
of g5 from K,F{P=F{, we get the body resistance of the model.
This is shown in Tables XXV, XXVI and Figs. 23, 24.

The resistance coefficients €, of the models as functions of Reynolds’
number R are given in Tables XXIX, XXX and Figs. 27, 28.

It may be remarked that the correction of the resistance coefficient

for the horizontal buoyancy is a constant and is equal to

B__ q). —o000156 for the long model,

qvE T U
—o0o100 for the short model.
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64 The Resistance of the Airship Models.
Table XXVII.—Wire Resistance. Long Model
The Aeronautical Research Labors., I. J.-N.
Reduct(ilon to sfta.nda.rd
: . . . condition of air,
:))r):sl:g:: r&s\iZtl:.ice, Attr::;sge}::-xc A;T::&}ﬁim Coefficient (15°C., 760mm. Hg.)
. tm:c, £ Dynamic Wire
mm, water. | kg, weight. °C. mm. Hg. pr)(:. ssure, | resistance,
mm, water. | kg. weight.
20§ 000226 191 000211
415 0°00403 387 c 00376
545 0'00520 5'08 000485
695 000658 648 c0613
11'39 001041 1060 0'00970
13'I5 o'01178 12'30 0'01c98
16'96 001512 15:80 0°014CY
2262 002003 21'10 001867
2802 0°02445 2610 002279
31'83 002759 29°70 0'02571
40°38 0'03457 E.“ N 37'60 0'03222
4737 003987 S N % 4420 003716
5311 0044c9 E § ° 49°50 004109
60°15 0°04959 = = 56:10 0°04622
67°14 G'05460 62:60 005289
7728 006187 72°00 005766
86'54 0067;6 807 006315
9642 007483 8990 006974
102°79 007935 9580 0'07395
11573 0'68877 107°90 008273
125°41 0°09555 116°90 008905
140-82 010733 131°20 0°10003
15209 0' 11411 141-80 010635
159°04 011843 14820 011038
156 0-00167 152 0°00162
399 0°00412 . w 388 000400
513 0'00300 o = “ 4'9) 0'00486
761 000716 p : & 7°40 000696
997 000903 g 2 ° 969 003877
1383 001236 13'40 0’01201
1785 0’01599 17°30 001554
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IV. Adevonaut. Research Laboratories, I. F. N.

Table XXVII.—Continued.

65

Reduction to standard
: ] . . condition of air,
Dynamic W ire Atmospheric|Atmospheric Coefficient (15°C., 760 mm. Hg.)
pressure, resistance, tempera- pressure,
ture, K. . .
. ? : Dynamic Wire
mm, water. | kg, weight. o mm, Hg. pressure, resistance,
mm. water, | kg, weight.
22'51 001972 21 9O 001917
2779 0'02423 27°00 002355
33°35% 002835 32'40 0’02756
3826 003237 37'20 003146
4373 003679 42°50 003576
§2°60 004356 5I'I0 0°04234
658> 0'04905 R © 59°10 004763
6783 0°05445 S 3 6590 0'05293
[ ~ ‘(1
7594 0 06033 g g 2 7380 005864
3 3 o
8473 0'06590 = S 8240 ©'06303
9667 007465 9400 007256
105°21 0'08074 10230 007848
11627 008898 113°00 0'08649
127°37 009633 12380 ¢'c9363
13632 0'10330 132'50 0'10041
15096 011291 146°70 0'10975
15844 o'11694 15400 011367
Table XXVIIL.—Wire Resistance. Skort Model.
The Aeronautical Research Labors., I. J. N.
Reduction to standard
. . . . condition of air,
Dynamic Wire Atmospheric|Atmospheric| o ot | (15°C., 760 mm. Hg.)
pressure, resistance, | tempera- | pressure,
ture - .
i ? Dynamic Wire
mm. water. | kg. weight. °C. mm. Hg. X. pr)éssur e resistance,
mm. water. | kg. weight,
084 0°00099 084 000098
308 0°00295§ 306 000294
<] o0
514 000486 g $ - 512 0'00434
775 0'00710 : ‘; & 771 0'00706
1003 000922 § 8 © 998 000917
13°44 0'01238 = 13°40 0’01232
19'05 001721 19'00 001712
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65 The Resistance of the Airship Models.

Table XXVIII.——_C ontinued.

Reduction to standard
bymmic | Wire | atmopleri Atmogleriy Cosicnt| o5, ziomm. He)
mm, water. | kg. weight, t‘-:‘l(?_' mm. Hg. = ]13"}:::;:: res\iz: :I:)ce,
‘l mm, water. | kg, weight,
i
2288 002052 I 22:80 0'02042
27°9d 002492 1 : 2780 002480
32°53 002886 3240 . 002872
39'27 003387 39’10 003370
4463 003849 4440 003830
50°36 0°04312 5010 004290
5883 004935 o o - 5580 004910
67°34 005538 g f,: w 6700 005510
74.46 006092 g g B" 7410 0°C6262
8487 0'06346 § ﬁ . : 8440 006812
9486 007542 ' ' 9440 0°07504
105°35 008248 10480 0-08207
11428 008931 : 11370 008386
127°14 - 009890 ; 12650 009841
137'59 0°1¢620 : . 13690 0°10547
150°27 011453 14950 011396
155°45 011866 i 15470 o1 1807
063 000084 o6o 000081
281 0°00292 ' 270 000282
576 0'00554 560 0°c0o535
7°23 ooz630 ’ 7'00 002637
1088 0-01008 10'50 000974
15°29 001394 14'80 001347
19°41 001769 °: ‘% 1880 | oo1709
2331 0'02085 = ~ 3 22°50 c'02014
27'94 0'02506 § § ) 27'00 002421
3172 0'02811 = = 3060 0'02715
3856 003376 37°20 003261
4482 0'03847 ) 43'30 003716
50-96 004322 . 46°20 0'04175
5986 0'04943 5780 004775
6730 005595 65-00 005405
7654 0'06208 73°90 0'05997
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1V. Aeronaut. Research Laboratories, 1. ¥. N. 67
Table XXVIIL.—Continued.

Rcductigg to sta,r_lda.rd

Dynamic ] Wire Atmospheric|At mospheric| Coefficient (1 Si%n:h;g:‘ moli.a.a,g.)
pressure, resistance, tettEE:ra- pressure, : 5

mm. water. | kg. weight, °C.’ mm, Hg. Ili-)ésngzle(j res\ihs,:;ice,

mm. water, | kg. weight.
8456 oc6801 8170 006370
9331 007473 9060 0’07219
10317 008121 o ©° 9970 0'07845
116°20 0°09050 g \g g 11220 008742
126'15 009717 g g g‘ 12190 009387
139'39 0'10600 S = 134770 010240
15102 C' 11467 14590 o'11077
159°63 0°12020 154720 o'11611
6279 0'05028 58-70 004857
o'17 0'00020 o'16 0'00019
o8o 0°00078 076 000074
0’92 000106 o087 0°cOIO0I
113 0'00122 107 000116
1°43 000149 136 000141
1'80 0'00179 7l 0'0017C
2'10 000204 199 000194
2°39 000227 2:27 000215
277 000258 263 0°00245
319 0'00294 3'c6 000279
373 0°00352 o ° 354 020334
461 000412 g ?‘:’ o 4'37 0700391
524 000501 g § §‘ 497 000475
558 0'00519 § é’ 530 0°00493
587 0°00540 5'57 0'00512
637 0°co5 85 604 000555
209 0'0c654 672 0'00621
788 000717 748 000680
881 000794 8:36 0'00754
985 000884 9'33 000839
1128 001038 10770 0'00985
1191 0'01084 1130 001029
1237 001138 I1'70 0’01080
1346 01225 1280 001163
1438 0'01302 1360 001236
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Resistance in kg, weight,

Resistance in kg. weight.

68 The Resistance of the Airship Models.
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Fig. 25.—Wire Resistance of the Long Model.
The Aeronautical Research Laboratories, 1. J. N.
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Fig. 26.—Wire Resistance of the Short Model.
The Aeronautical Research Laboratories, 1. J. N.
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IV. Aeronaut. Research Laboratories, I. J. N. 71

Table XXIX.—Resistance and Resistance Coefficient reduced to

T " .. Atmospheric temperature 15°C.
the Standard Condition of Air. Atmospheric pressure 760 mm. Hg.

Lond Model.

The Aeronautical Rescarch Labors., 1. J. N.

Dynamic Total Wire Horizontal Body
pressure, | resistance, | resistance, | buoyancy, | resistance,
mm. water. | kg. weight.| kg. weight.| kg. weight. | kg, weight.

Resistance Reynolds’
coefficient, | number.

i

181 000290  0'00IQI 0°0c009 I 000008 ! 00195 6°47 % 104
‘ 326 0'00475 0'00327 000016 000164 00164 867
524 o'co8o4 000502 0'00026 000328 00204 11'00
660 0'03999 0'0c618 0°00032 000413 0°0205 12°33 5
1’13 001686 .001007 0'03053 0'00732 00215 1604
1188 0'01822 001663 | 000057 000811 00223 16°57 5
15°34 002413 001374 000074 0°0III3 00237 1883
058 0'03257 001820 0°00099 0°01506 0'0244 21°80
26°11 00411y 002232 000123 0'02062 0'0246 2456
29°13 004614 002520 | 000140 0'02234 00231 25'94
3774 005912 003203 c'00181 002890 »” 23'52
4245 0°06637 003562 | 00204 003329 00257 3131,
4900 007647 004060 oo00235 003822 00235 3364
55°27 008646 004523 | 000266 004389 0°0260 35°73
6235 009479 055088 000302 0°04693 0°0244 3813
70°46 0’10787 005641 000338 - 005484 | 00255 | 40'34 »»
7663 0'11639 006299 000368 | 005967 » 42'07
886> 0’13404 006945 000425 006384 00254 | 4524
9834 014791 007627 000472 1 007636 v 4766
109°64 0’16506 - 008420 000526 | 008612 00257 5032
129°52 0°19336 009792 0°0c621 ! 010163 . » 5469
146°27 021672 o'Togzg 0'00;03 o'11450 | 0'0256 5812 ,,
155°34 022995 | 011537 0°00745 012208 | 00257 5990
{ !
193 000343 . 001205 0°000C9 000147 '! 00247 672
329 000530 005332 0°00016 000216 -  0'02Ig 871 5
543 000873 = oco5Ig 0°00022 000377 0'0230 1I°20
667 001049 000624 000032 000457 | 00224 | I2'4L
1036 o0l579 000939 0°02050 0'00690 : 00218 1547 5
13734 0°02099 " 001194 000064 000969 l 00238 17°55 5,
16835 002639 0015c6 000081 001214 | 00236 19772
2205 003449 | 001943 000106 oo1612 | 00239 | 2256
2642 oc4156 . 002302 ooolz7 1 001981 | .

00245 2469

i
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72 The Resistance of the Airship Models.
Table XXIX.—Continued.
pressure, | resitanc, | restance, | begancy, | resnaice, | Resitance | Reynolds

mm. water. | kg. weight.| kg. weight. | kg. weight. | kg. weight. : B

32'19 005028 002767 000155 002416 00245 27°26 x Io*
3713 005329 003159 000178 002843 00251 2927
4268 006701 003579 000205 003327 00255 31'39
5394 o'08403 0'04423 0c0258 0°04242 00257 3528 ,,
5794 008976 0°04720 000278 004534 00256 3657
6279 009872 005078 000302 005026 0'0262 28-c6 ,,
7284 011228 005308 0°00350 005770 00259 4099 ,,
8016 012311 0'c6340 000385 066356 » 4301
9148 013836 007150 000439 007125 00255 4594 »
103°51 015633 007992 000497 008183 0'0259 4887
112'44 0’16675 008614 0°00540 008601 00250 5093
12386 018542 0'c9398 0'00594 009738 00257 5346 ,,
12844 0'19224 009718 000617 0’10123 0-0253 54'44
146°15 021672 0'10918 0'00702 0’11456 00256 5307
15971 023779 0'11825 000764 012718 0'0261 6070 ,,
99°70 O I5I3I 007723 002478 007886 0'0259 4796 .
163 0°c0290 000177 000003 000121 00236 623
687 ! owo1073 0'00640 0°00033 0'00466 00222 12:60 ,,
1527 002407 001363 000074, oolfrry |- ov238 1873,
2410 0°03770 002112 000116 00I774 0°0241 2357
3851 | 005898 003263 000135 002820 00240 | 2980 ,
53'54 1 008136 004398 000257 003995 002:4 | 3515
7215 | o1c900 005761 0-00346 005485 00249 | 4022 ,,
93'23 0° 14000 007271 000447 007176 00252 4640 ,,
9373 0-13970 0'07304 0°00450 007116 00248 | 4654
779 010947 005736 0003244 005555 00253 4073 -
52:87 003133 0°c4348 000254 0°04044 00250 3495
673 005710 003128 000177 002759 00243 2915
2363 0'03669 002072 000113 o01710 0'0237 2334 »
1374 0'02101 001230 0°c0066 0'0C937 00223 1781,
651 0°01000 000608 000031 600423 00213 1227,
212 0'00320 000222 0°00210 000108 0'0167 697 ,
o2y 002075 000034 0'0:001 000042 00312 249
077 000149 | 000083 G*00004 000065 00275 424 »
2:20 : 0'00358 : 0°c0230 0-00011 000139 0:0206 ‘7014,
3'46 ! 000551 | 0c0346 0°00017 0'00222 00210 894
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1V. Aeronaut. Researcl Laboratories, I. F. N. 73
Table XXIX.—Continued.
Dymamic | Bl | e, | Homonte | BoaY,, | Besstance | Reynolas

mm, water. | kg. weight. | kg. weight. | kg. weight. | kg, weight. ) :

53 0008:3 ! 0003508 000026 000336 0°0207 1 iy'o3 X 104
685 001044 . 006633 000033 009429 ooz210 | 1257
8135 ool2rs 1 0'00748 0°c0239 000506 00203 1373 o
1027 oo0I537 . 003932 0'02049 0°00654 00208 1538 ,,
12°11 001836 ‘ 001089 000038 000805 00218 1672,
1-18 0-002c6 000131 000006 000081 00224 [353 SN
1412 0021Ich 0'01263 000063 0°c0gob 00210 1804
2353 0°03505% 0°02c61 000116 o0o15€0 0-0216 23'30
3796 003645 003218 000182 002609 00225 2960
5289 0'07862 004350 000254 003766 c'0233 3492
7081 0’10331 0'05664 0'00340 005207 0'0241 4041,
93°40 013826 007232 0'00448 006372 0'0244 46741,
9391 c'13863 007318 0°00450 0'069935 0244 4651
7026 o' 12502 005623 0°00337 005216 00243 4023 o,
53°36 0'07999 0'04381 000256 003874 0c238 35°05
3592 005332 0'¢3060 o'o0ly72 002464 00224 2876
1384 002033 o012 000066 0'00904 0'0214 17°87

6'86 001030 000639 002033 0700424 0°'0202 12-58

o'10 ! 00043 000014 0'00000 0°00029 0°0950 I'g2
o077 © 000160 o'oco88 0'010C04 0°c00;6 00321 423
101 000198 000114 0°00005 000089 00288 481
2:21 000375 000231 0°0001 1 000155 00228 713
371 0°00593 0°00367 00:018 000244 00215 925
5 15\ 000809 002493 0°00025 0°00339 oc2I5 108y
697 001058 c0c648 003233 000443 0°0208 12267 o
824 0’01265 0°c0760 0'00040 000545 00216 13779 o
10°49 001592 ! 00CQ50 0°00250 o'oc692 0’0216 1557 5
12°27 ; 001849 ' ¢o1I02 0'00059 000806 00215 1682

This document is provided by JAXA.



74

The Resistance of the Airship Models.

Table XXX.—Resistance and Resistance Coefficient reduced

to, the Standard Condition of Air.

Short Model.

The Aeronautical Research Labors., I. J. N.

Atmospheric temperature 15°C.
Atmospheric pressure

760 mm. Hg.

praseure, | xesistance, | resistance, | buoyanty | resistapce, | Resistance | Reynold.
mm. water. | kg. weight. | kg. weight. | kg. weéight. | kg, weight,

163 0°00273 005175 ’ 0°00004 o'ooIo2 ! 00252 5°52 X 104
3'90 ©'00566 600385 0'00010 000191 i c'o197 8354
478 00683 0°00463 l 0'0012 0'00232 0’0195 945
721 0°0c97s 000671 000018 000322 ’ 00180 11°61 ,,
11°36 0'0I541 o'olos7 000028 000512 0'0179 1471,
1341 001823 0°01220 l 000034 o'cob3y o0IgL 1583 »
1882 002555 0'01702 0'02047 000900 1 0°0192 1877
2313 003110 0'02074 , 0'00058 001094 i 00192 20779
2816 0°03823 002518 | 000071 001376 oolgy | 2295
32735 094437 002895 0'00081 001623 00199 2481 ,,
3800 0'05102 003300 000095 001895 00201 2666 ,,
46°51 0'06114 003966 0'00116 002264 00196 2951,
5183 o0cb797 004380 0'00130 0'02547 0'0198 3115,
5899 ooy8o1 04917 000147 003031 00207 3322
6363 008932 005638 , 0-00172 003465 00203 3585
7508 009751 006115 | ocorzd 003824 00205 | 3749
85706 0’10911 006844 . 000213 004280 0°0202 3991
65°03 0°12082 0°07563 1 000288 004755 0°0201 42°1g9 ,,
104'32 0’13145 0'08227 0°00262 005178 0°0200 4413 5
115°0F 0 14675 0'089)2 : c'00288 005971 0°02¢c9 4638
127745 016109 009866 | 003319 006562 oozoy | 4883
13372 017369 010652 : 0'00347 coyo9r | 0°0200 5095 »
149'45 018329 011398 | 00374 007805 '  ooz10 | 8285 ,,
15330 0'19502 011662 i 000383 008225 | 00216 | 5354
416 000622 000409y | G'00010 000223 00216 885
437 000700 0'00470 | 000012 000242 0-0200 9'54
738 001036 0cc685 o'ocol8 0'c0369 00201 1175 o,
9'92 001352 000914 ‘ 0'00925 0'00463 c0188 1362
1319 o-018cH 0'01200 i 0'00033 000639 00195 1570 5
1862 002556 001688 0°00046 000914 00198 1865
2264 0-03108 002032 i 0°00057 001133 00201 206>
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1V. Aeronaut. Research Laboratories, I. . N. 75
Table XXX.—Contizued.
:D!‘yCI;:Illl:iCC re;Ii‘gtt;gcc res?sii'fsce IgggiZZ:(t:a;l reS:)'.BSct)g.I)l'CC Resist?.nce Reyn()lds’
n?m wa.te’r. kg: weighi’:. kg. w‘eigh’t. kg. \yveigl)l;. kg. wcigh;. coefficient. number.
27°95 003800 0'02499 0°c00;70 ‘ 001371 00197 2286 x o1+
3363 0°04§1d 002956 000084 001633 00196 2507
39°49 005240 0'03415 0°00099 0°01924 00196 2719
4487 | 005942 003337 000112 002217 00199 2397
5250 ' 0°c6928 004428 000I3I : 002631 o020z | 3I'36
5997 0079635 0'04990 000150 . 003125 00210 3348
6328 . 0goor 005693 o00I7I | 003564 00210 } 3574 o
77°91 o'10135 006320 o'00l95 004010 0°0207 : 3817 5
8567 ’ 0’11142 0c639o 0°0C214 004466 0’0210 ; 40'03
0784 | 012584 o776y 000245 - 005062 00208 | 42781
10538 013679 008305 o-c0263 005637 0’0215 L 44041 5,
116775 0’14971 0'09107 000292 = 006156 00212 4675
12617 016235 009780 0-00316 006771 00216 | 4866
139°31 ¢ 017738 016694 000349 007390 00213 i 5105
152°04 0'19225 o' 11578 0-003%0 008027 00213 | 5343 »
157°55 019926 o'l1957 000394 008363 00214 5430 5
2'07 000348 0-co217 C* 00005 000136 00265 623
386 000571 ©'00381 0’00010 0°00200 00208 850
680 000943 000636 0'00017 0°00324 0'0192 128
871 001200 000807 000022 000415 0’0192 1277 5
1123 001566 0'0I033 0-00028 000561 0 0200 14'53
1318 001870 001199 000033 0'00704 0'02I5 1572
17-18 002419 001564 000043 000893 00210 17'94 5
2084 002962 001876 0°00052 oor1138 0°0220 1976
2597 003537 002327 000063 001325 00205 2206
2902 0°04043 002587 000073 001534 00213 2331
3635 0°04972 003174 0°00091 001889 0°0209 26:09
303 c 05805 003692 000108 002221 00228 2839
4975 0-c6615g 004218 0'00124 002521 0'0204 30°53 5
57°02 0'07729 0°04773 000143 003C99 00219 3268
65°14 o'c8736 005379 000163 003520 00218 3493 5
7371 000756 006012 000184 003928 00214 3716,
8397 011087 o0cH762 co0210 004535 00217 3966
go'32 0°11934 oo7221 000226 004939 0°0220 4113 5
10079 013169 007981 000252 005440 00217 4344 »
11219 014627 008833 000282 006276 00217 4594 »
12301 016514 0°c9555 000308 006767 00221 4800 »
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76 The Resistance of the Airship Models.

Table XXX.—Continued.

Dymamic | Toul | Wire | Moriontal || Bedy . | Resistace | Reynolas
mm, water, | kg. weight. | kg. weight. | kg. weight. | kg. weight, * yember.

13758 ‘ o17917 - 010574 ’ 000344 ' 007637 00225 50°77 % 10%
143°16 018633 | o0.10960 = 002353 0'08cgI oo0z227 . 78
14991 019621 0.11428 . 000375 x 0-c8568 o230 5298
o 6o 000112 0.00070 0°00002 0°c00%4 00359 334
171 0'co29lI 0.00182 0'CO004 000113 00267 5635
238 000387 . 0.00246 0-600CH 0’00147 00249 663 .,
3'53 000539 0.00352 000009 000156 00223 813 o
489 000718 0.00471 000012 000230 0’0213 957
763 ooloy8 ~ 0.00710 cco0lg 000387 00204 1195
11'16 001553 . 0.0I623 0'0oc23 000558 0'0201 1443
1473 002052 | 0.01343 0°0c037 000746 00204 1661
19'12 002634 001732 000048 0'0C950 0°C200 1892
23'05 003128 0.02c67 002058 coIlIg 00195 2077w
2828 003788 5 0.02527 000071 001332 00190 2301
34°33 0045498 0.03012 000086 co1672 o0195 2536
3944 005241 l 0.03412 0'02C9y) 001928 00197 2718
4485 005891 : 0.03834 002113 oo2170 c'orgs 2898 ,,
53'37 006375 | 0.04492 c'02133 002516 o001g> 3162
6044 0’07710 | 003026  ocorst . 002335 | oo1®9 3365
6374 008781 , c.05642 ooolzz 003312 oorg4 3588
75'64 ocgb22 i 0.06180 0°00190 003632 00192 3771 5
8667 o-10807 ', 0.c6g6b2 : 000214 004259 o018 . 4029
9689 012134 | 0.07699 0'0C242 004677 = oolgs 4263
166 98 013282 ! 0.08720 o 00267 co312) 00193 4477 5
11627 014420 ; 0.09077 . 0°00291 005634 0C195 4664
129°21 0'15046 , 0.0G922 0'00323 ocby | 00196 4921
14072 017364 010791 000351 o'cby2; 00198 - 5134
15149 018762 0.10538 000379 007621 00202 . §325
158:34 019639 0.1z0I0 . 000346 0-08023 00204 ' 54'47 »
oly 000045 000023 0°'C0201 000024 0'0543 179 5
081 000147 0°c00g2 0'00202 G'00057 00233 389
T'1I 000192 000123 G'00203 0°00072 00260 456 5
251 000383 ooc2;38 0°000C6 o coI3l o020 686 ,,
412 000593 0°00405 002010 000163 0°0194 379
583 c 00831 000553 000015 0°c0z93 00202 1043
770 001072 000712 o'ocolg 0'00379 : 00198 1201
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Table XXX.—Continued.

Dynamic Tota.l Wire Horizontal ‘l}‘ody Resistance | Reynolds’
pressure, resistance, | resistance, buOyancy, rezistance, coefficient number
mm. water. | kg. weight, | kg. weight. | kg, weight. | kg. weight, | cent. )

| ;
923 001278 | 000853 000023 000443 00193 1315 % I0*

1127 oors71 | 0’01032 000028 000567 0°0203 1453 »
13'49 001865 | o©0I228 0co034 000671 00200 | 1599
191 0°00299 ' 0'co202 | 00000§ ocoroz 00214 598
353 000517 | ©0°00352 ; ©0°00009 o-ocolzg . 00198 813 »

6. Remarks.

From all the obscrvations we find that the resistance coefficient
for the long model is larger than that for the short, and for values of
R not exceeding 5 x 10% C, decreases with increase of air velocity,
being approximately inversely proportional to the latter, while it be-
comes approximately canstant when R exceeds a value about 30X 10%
and for some value of R between these limits C, attains its minimum
value.

Finally the present experiment shows that the value of C, varies
with the condition of the surface of the model (as shown by the dotted
lines in Figs. 27, 28), and we may infer that if coinciding results are
demanded in such a test as this it is imperative to specify the condi-
tion of the surface of the model at the very instant of observation,
particularly when the model has a large surface and the principal part

of the total resistance is due to the surface friction.
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APPENDIX.

DIMENSION OF THE AIRSHIP MODELS, MEASURED AT THE
AERONAUTICAL RESEARCH INSTITUTE, TOKVO
IMPERIAL UNIVERSITY.

The measurement was made with a cathetometer and a universal

measuring machine, both of the Société Génévoise d’Instruments de

hysique.

The measurement has an accuracy of 0’0l mm.

The diameter in four longitudinal planes, passing through the axis

of the model and making necarly 45 degrees to each

measured.

In the following

(2), (3) and {4) respectively.

Total Length.

Long Mode!.

Temp. 13.3°—13.4°C.

other,

was

tables these planes are denoted with (1),

I 871:317 MM, 11 L 871337 mm,
2 871:348 12 » 871'345
3 871'339 13 | 871347
4 871337 14 871343
5 871320 15 871°325
6 871341 16 871:323
7 871347 17 871332
8 871349 18 871347
9 871332 19 871°353
10 871-324 20 S71°333
Mean 871°337 mm,
Diameter. Long BModel.

D;i;a.mnce D}i:)amnce ! Diameter Diameter i Diameter Diameter .Mea.n
tai. head. ' (1) (2) | (3) (4 Diameter.
mm. mm, 1 mm, mm. ! mm. mm. mm.

7 864337 | 463 461 466 467 465

17 854 » | 1038 105 | 10°53 1058 1057

27 844. 5, | 1597 1594 . T594 15°97 15°96
Joint : x x ! x % X

37 834 4 ; 2083 2084 | 2083 2088 2086
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Appendix. 79
Difitoa;zce Dgtc);;r:ce Diameter Diameter Diameter i Diameter .Mean
tail. head. (1) (2) ‘ (3) \ (4) Diameter.
mm. mm. mm, nmn, mi, E mm, mmnm.
47 824'337 2563 2569 2564 | 2563 2565
57 814" 5, 3040° 3247 3039 ‘ 30°40 3042
67 8og° ,, 3463 34:68 3467 3469 3468
77 794" 5, 3886 3889 3887 | 3887 3887
87 784" 4299 42'98 4296 | 4296 4298
97 774 » 4685 4689 4683 | 4683 4686
107 764 5 5043 5048 5044 . 5044 5043
117 754" » 5392 5395 5392 5389 53'92
127 744" 5 57:31 5730 5732 | 5734 57°33
137 734 » 6253 60'55 6os4 . 6935 654
147 724" 5 6363 6361 6361 6361 6362
157 714" 5 6672 6669 6669 | 6670 6670
167 704" » 6976 6977 6974 | 6973 6976
177 694" » 72'36 7238 7232 7235 7235
Joint X X X X %
187 634 ., 74'95 7492 7482 7489 7490
Mean temp.— 13°1° 13°5° 12°3° | 14°6° 13°4°
197 674337 | 774t . 7739 7732 77736 7737
207 664 5, ¢ 7963 ' 7964 | 7962 7966 7964
217 634" » ' 8193 8200 8193 81935 81795
227 644 » | 8427 8433 | 8428 8433 84'30
237 634" » 86> 8666 ,  86'56 8658 86 60
247 624 ,, 8871 ! 8872 I 8869 8870 8871
257 614 . 90°66 90'70 90-66 60 68 9063
267 604 - ozsT . 9253 | 9253 9253 92'53
277 594 » 0 9432 ' 0436 L9433 9432 94'33
287 584" 5 . 9612 96°14 g6°11 96°16 96°14
297 574 » | 9775 0 or82 9776 ' 9776 97°77
307 564 | 9920 | 995 9919 | 9917 9918
317 554" 5 , 100°49 i 10043 100°48 ’ 100°41 100°45
Lug o ) l o o i o o
337 534" » I 102-80 102°78 10272 | 10270 10275
357 514", | 104741 ' 10445 | 10440 ’ 104°42 104°43
377 494 » | Togs2 | 10553 | 10549 | 10548 | 10550
397 474 } 106°16 j obrg | 1c6I2 I 106°16 106°16
417 454" 5 l 10649 : 10653 | 10646 | 10647 106°49
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8o Appendix.
D}T:;ce D}srzz;:cc Diameter Diamcter Diameter Diamreter _Mean
tail. head. (1) (2) (3) (4) Diameter.
mni. mm. mimn. mm. mm. I mm. mm,
437 434'337 106:67 10665 1c6°60 | 10662 106:63
457 414" 5 106:67 10669 10663 |  106°61 106°65
Lug o o o o i o o
Mean temp.— 13°3° 13°7° 12°6° i 14°6° 13°5°
486 837 38475 1c6°62 10669 106°58 106°55 10561
506" ,, 3645 10663 10667 10661 106-61 10663
526 ,, 344°5 10663 10668 10660 106°62 106°63
546 ,, 324’5 10665 10670 1¢6'62 106°61 106-65
566" ,, 304°5 106765 10566 10664 106063 10663
586- ,, 2845 10664 10660 10662 106:61 10662
606. ,, 264°g 10664 1c6°62 10662 106°60 10662
626 ,, 244.5 106759 10662 106°56 106°55 106758
Lug o o o o o o
646" ,, 2245 1c6°16 105'19 106°14 10513 10616
656" ,, 214°5 105°81 10587 10582 10582 10583
656 ., 204°5 10526 105°36 105°27 105°29 10530
676" . 104's 10463 104'74 10464 104:68 10467
686" ,, 134'5 10377 10385 10378 10373 103'79
666 ,, 17475 10268 10279 102°66 10266 10270
706" ,, 164.5 101°28 101°37 101°29 101-27 10130
716 ., 154.5 99'67 9974 6964 9967 99'63
726 5, 144.5 97°31 9799 97°81 9783 9784
736" ., 134°5 9573 9581 95771 9574 9575
746" 5 124'5 9338 93'49 9342 933 9341
756 5, 114°5 92.76 9084 Q077 90’75 078
Mean temrp.—> 13'3° 14°0° 1417 14 7° 14°0°
766 837 , 1245 8787 8705 87-88 8785 87-89
776: | 94 8470 8479 8472 8472 8473
786 ., 8475 8107 81-16 8105 81°0% 81-08
796" | 74 779 7713 77704 77°03 77°05
oI, | 69 7432 7491 7482 7486 7485
8c6- ., % 645 7256 72:65 7253 7258 7258
811, | 597 6989 69-97 69°97 6998 6795
816- ,, i 54°5 67°11 6714 67°01 6710 67'09
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Appendix. 81

D}it)a.rxr:ce Difi)a.;ce Diameter Diameter Diameter Diameter .Mea_n

tail. head. (1) (2) (3) (4) Diameter.

mm. mm. mm, mm. mm. mm. mm,
821-837 49°5 6425 6433 6419 64°29 6427
826 ,, 445 6131 61°31 61°26 61-37 61°31
831 5 39’5 5808 5817 5805 5824 5814
836" 5, 345 54'45 5450 54'14 54'50 54°46
841 5, 29°5 5041 50°48 50°37 5041 5042
846° ,, 24'5 4602 4610 4599 466 46704
8g1- 195 41°23 4118 41°12 4102 4117
856 145 3538 3544 3536 3539 35'39
859" » Iy 3137 31°46 3135 3134 3138
862 ,, 85 2669 2679 26'69 2674 2675
864" 65 2311 2322 2315 2313 2315
Joint X X X X x
866. ,, 45 19'04 19°11 1901 19°05 19°05

Mean temp.—> 130° 14°6° 14°1° 14'7° 14°1°
867837 35 1643 16°55 1649 1649 16:49
868- 5 2’5 1336 13'57 13'54 1343 1338
Joint x x X x X
869° 5 | 83 1008 10°11 996 1009 10°04
870 5 0’5 548 540 536 536 540

Mean temp.— 12°9° 14'6° 14°2° 14°6° 14'1°
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82 Appendix.
Total Length. Stkort Model. Temp. 122°C.
mm, mm,

X 711°274 6 711270

2 711-258 7 711°282

3 711:269 8 711-276

4 711-268 9 711286

5 711-273 10 711.271

mm.
Mean 711.272
Diameter. Sihort Model.
Distance Distance Diameter Diameter Diameter Diameter Mean
from tail. | from head. (1) (2) (3) (4) Diameter.
mm., mim. mm, mm. mm, mm. mm.

10 701°272 631 6'29 627 6 29 629
20 691 ,, 1205 1204 12°'03 1204 12°04
30 631- ,, 17°38 17-38 17°38 17°37 17:38
Joint X X X x x
40 671 ”» 2220 22°20 22.20 22'19 22°20
50 661 5 2686 2685 2637 2684 2686
60 651" 5, 3150 3145 31'45 31°45 3146
70 641" 3583 35.77 3576 3576 3578
8o 631 ,, 39°91 3988 3936 3986 3988
90 621 ,, 4379 4376 4374 4374 4376
Ioo 61r , 4749 47°45 4742 4746 4746
110 6o1° ,, 5112 5105 51°04 51°04 5107
120 591 5460 54'55 54'56 5457 54'57
130 531" 5 5804 57'98 5798 5799 58 o0
140 571 5 61-30 6127 61-24 61°25 6126
150 561° 5, 64°41 6436 6435 6437 6437
160 551 5 67'47 67°41 6739 67-44 6743
170 541" 5 7035 7030 7027 7032 7031
180 530 » 72°98 72'95 7295 72'94 7296
Joint X X X X X
190 520 5 7564 7559 7559 75°59 7560
200 S5II° 5, 7814 78.05 7806 78 09 7808
Mean temp. > 12-9° 13°4° 130° 14°1° 13°4°
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Appendizx. 83
| Distance Distance Diameter Diameter Diameter Diameter ean
from tail. | from head. (1) (2) (3) (4) Diameter
mm, mm, mm, mm. mim, mm. min,
210 50I 272 8040 8035 8034 8040 8037
230 481" 8487 8492 8480 8503 8501
Lug o o o o o o
250 461° ,, 8913 89°13 89'07 8909 8911
270 441 5 92 94 92'90 9288 9290 9291
290 421 o 96°55 96°46 9649 9649 9650
310 qor° 5, 9961 99'57 99-57 99'56 9958
330 381- ,, 10209 102705 102'04 10204 102°06
345 366 103'44 10346 103°46 103°50 10347
370 341" 5 10;°02 104'98 10500 105.01 10500
385 336" 5, 10574 10563 10566 105°71 10570
Lug o o o o o o
410 301" 4, 106°46 106745 106°43 106-45 106°45
430 281° ,, 10661 10662 106°59 106 60 106 61
443272 263 10663 106°62 106 63 106'64 10663
463 5, 243 10654 106°51 10653 106'53 10653
488 ,, 223 10616 106-18 10616 106°17 10617
508 ,, 203 105°30 105.21I 10527 105'27 10526
528 ,, 183 103°55 103°51 103°52 10351 10352
548 5 163 10I°12 10I'11 101-09 101°13 10I'IX
Lug o o o o} o [o}
Mean temp.— 13°3° 13-5° 13'6° 142° 14:7°
Distance | Distance Diameter Diameter Diameter Diameter Mean
from tail. | from head, (1) (2) (3) (4) Diameter.
568272 143 97°57 97°57 9755 97°59 97'57
578 5 133 9548 95°44 9546 9547 9546
588 ,, 123 9316 93'10 9308 9313 9312
598 ,, 113 9048 90°47 90°47 60'48 90°48
608 ,, 103 8758 87'54 8757 87'59 8757
618 ,, 93 8432 84°31 8431 8432 8432
628 ,, 33 8060 8061 8061 8063 8062
638 ,, 73 7659 76'56 7658 76'59 76'58
Joint X X X X X
648 ,, 63 7202 7204 7202 7201 72.02
653" » 58 69°40 69 46 6944 69'44 69'43
653 5, 53 6665 6669 6667 6664 66-66
663 1 48 6377 6381 6377 6375 6378
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84 Appendix.

Distance Distance Diameter Diameter Diameter Diameter Mean
form tail. | from head. (1) (2) (3) (4) Diameter,
668 ,, 43 6065 6064 6064 6067 6065
673" » 38 5727 5728 5726 57'27 5727
678 5 33 53'50 53'49 53'50 5343 53°49
683" , 28 49°29 4928 4927 49°28 4928
688" 5, 23 44 63 4463 4463 44°61 4463
693" » 18 3943 3941 3936 3940 3940
696 15 35°91 3589 3588 3585 3588
699" I2 3197 3197 3192 3192 3195

Mean temp.._; 13°5° 135° 136° 136° 13-6°
mim. mm mm, mim, mm. mm mm.
702°272 9 27°58 27'56 2756 2754 2756
704" 5 7 2439 24'44 24'37 24°39 24:40

Joint x x x X X

706° 5 5 2096 2103 2102 20'99 21.00
707" » 4 18-87 18-87 18-83 1883 1385
708 5, 3 16°31 16-40 16°35 16'32 16°35
709" ,, 2 1329 1335 1333 1330 1332

Joint x X x X X
710° 5, I 9-27 9'50 938 9-39 9'40

Mean temp._5 13°2° 135° 133 138° 13°5°
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