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Determination of the Virtual Mess of the Airship
Akron due to the Potential Flow of Air about it,

Deceleration tests used to determine the resistance
of airships have shown that a discrepancy exists between
the value of the actual mass of an eirship and the virtual
mass which occurs to give the forces that act on the air-

ghip, that is

R = ma
becomes R =Ty
where R = resistance of the airship

g = acceleration
m = mass of the airship

V= virtual mass

In correcting for this variation in mass it has
been assumed that the apparent addition of mass is due
to the loss of a part of the ships propulsive energy.
into the surrounding medium. This loss is the sum of
two effects:=

(I) Additionesl inertis due to the potential
flow of a fluid about the body.

(II) Viscous drag within the boundary layer of

a fluid at the surface of the body.



Congider the oblate spheroid to approximate the
shape of all rigid airships. The oblate spheroid ié a
gpecial type of ellipsoid, one in which the cross=sections
perpendicular to the longitudinal axis are circular, The
inertia coefficients of ellipsoids have been found by
Horace Lamb &and are listed in his text on hydrodynamics,
The inertia cceffiecient of the ellipsoid of the same fine-
ness ratio as the airship hes been sccepted as that fraction
of additional mass, due to the potentisl flow, This then
is the first of the effects mentioned above, The second
is believed to have an equal value, So the total addition-
al mass becomes twice the value indicated by the inertia
coefficient of the ellipsoid.

Take the U,S,.8, Los Angeles as an example, The
longitudinal inertie coefficient of the corresponding
ellipscid is about ,04, The additional mess of the sgir-
ship is then teken as .08m or V, = 1.08m,

The purpose of this thesis is to calculate a finite
numerical value for that part of the virtual mass duvue to
the potential flow about the airship Akron moving in purely
translational motion, The exact shape of the Akron is used
without approximation to more standard elliptical forms.

Treat the air as a fluid flowing about the body in



question. The flow of the fluid is produced by a series
of impulses. An impulse P - &&
where P - impulse per unit area.

© - density of the fluid.

7 - velocify potential of the air flow.

The work done by an impulse, i.e., the change
in kinetie energy, is proved in mechanics to be the pro-
duet of the impulse and the average of the initial and
final velocities in the direction of the impulse.

aT-F F

AT-change in kinetic energy per unit area starting
from rest.

ﬂz=final normal velocity of the unit area.

‘VZE ‘JQ (V- forward velocity of the body)

and kinetic energy of the fluid becomes

T Q)9 Gl e

taken over the surface of the solid body and
where < - unit area.

But from dynamics it is known that 4//*- kinetic
enerzy. Therefore T LM¥>  and /7 - Eﬁf /&
which is the inertia mass we wish to find.

From this we see that that part of virtual
mass due to the potential flow about any body may be

found if the velocity potential is known.

B



For the airship Akron moving head-on through a
uniform stream of air the veloeity potential is a single

valued function and

P-¢(g-a)
W’-é:?ﬂﬁ,for the body fixed in a moving stream.
%-Ur | por the moving stream.
where q - resultant tangential velocity at the surface
of the Akron.
U - velocity of the uniform stream of air, and is

taken equal to unity.

element of the surface of the Akron.

A
w
I

x - distance along the longitudinal axis of the

Akron.
then P - ¢//dds - Ux/ . eg
and T = € I

%l L
Summarizing: -

# i

giﬁ = Yaan O

do = 2Rrle
where r - gross-sectional radius of the airship.
¢ - angle whiech the tangent to the surface
makes with the horizontal.
The tangential velocities I have used here are
those found by r. iaton of this Institute. They were

obtained by means of Dr. Van Karman's method of finding

.



theoretical pressure distributions of airship forms,
The angle, ¢, and radius, r, Were found graphically
from a ,0085 scale drawing of the Akron, the ordinates of

which are here inceluded.
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Procedure: -
(1) ®ind g:-
a) Plot q vs, s,
b) Intezrate this curve.
c) Finﬁ/q ds - UX
for each section,
(2) Find%;:-
a) Mu.ltiplyfﬂxg;/fﬂx Lz

for each section.
b) Plot ¢§i?jévs. s,
e¢) Integrate this eurve to find ;%%;
(3) Pind volume of Akron;=
a) Plot7#%vs. X.
b) Integrate this curve to find
the volume,
(4) Plot, X, longitudinel coefficients of
ellipsoids vs. c¢/a fineness ratio
of ellipsoids, Locate K for c¢/a = 5.9
fineness ratio of the Akron,
whers ¢ = longitudinal axis,

g = maximum ceross-sectionsl diameter,.



Results: =
Inertiz mass of the Akron due to potential
flow = 7211.916  (meters)’
Actual mass of the Akron
= 208,947,000 £ {meters)’
Inertia coefficient of the Akron
= ,0345,
Inertia coefficient of the corresponding ellipsoid
= ,0460,
Yirtual mpagg of the Akron becomes 1,03486m., due to

the potentisl flow of air about it.

Note: = The determination of that part of the virtual mass
due to viscous drag within the boundery layer is not found
in this work, It may or may not be equal to that due to

the potential flow,

-'9 -
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Tabulation of Values Used.
Ring # r X ds
(meters) distance from bow (meters)
TRt ) 1L | F R DNl

g7 7.2 6.96 9.99
26 13.10 18.956 13.60
25 16.10 30.956 12,30
24 18,02 42,95 18,21
23 19,11 b4,95 12,045
22 19,78 66.956 12,042
£l 20,09 78,96 1E,056
20 20,24 90.956 12,009
19 20,26 102,96 12,006
18 20,20 114,956 12,006
17 19.281 148,16 .55.360
16 18.40 160,16 12,030
15 1723 178,16 12,030
14 15.70 184,16 128,180
13 13,80 196,16 12,120
18 11.40 208,16 12,3756
b % 8.50 120.16 12,290
10 4,70 232.16 12,570
Stern tip. 238,84 8.400

=1 B=

(meters)

23,490
35,790
48,000
60,045
72,087
84,123
96.132
108,128
120,144
153,504
165.534
177,564
189,684
201,804
£14,179
226,569
239,139

247,539



degrees

27 - 39,20 . 6320 ,7199 .8485
26 - 17,40 .2990 1.0934 1.0457
25 - 10.90 ,1891 1,1355 1.0656
24 - 6.40 .1115 1.1249 1.0606
23 - 4,20 .0732 1.1337 1,0649
22 - 2,00 .0349 1.1185 . 1.0676
21 - .60 .0105 1,0864 1.0423
20 - .30 .0052 1.0442 1.0219
19 .00 ,000

18 + .80 ,0140

17 + 3.25 .0567 1,0608 1.0295
16 + 4,60 .0802 1.0637 1.0265
15 + 6,30 .1097 1.0742 1.0365
14 + 8.60 .1495 1.0405 1.0201
13 + 10,30 .1788 1.0406 1.0201
12 + 11,80 .2045 .9818 .9916
11 + 14,90 .2571 L9350 . 9669
10 + 20,0756  .B433 . 8259 .9076

Note}—Angles measured below the horizontal are negative,
Velocities,q*and q are for ¢¥/U°and.q/U where U-2
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23
22
21
20
19
18
1%
16
156
14
13
12
1%
10
tip.

+#13,000
<13,0560
-13.,000
~12.7656
«12,685
-12,570
-12,340
-12.165

+12,0656
+33,650
+12,340
+12,390
+12,450
+12,3565
+12,4006
+12,140
+11,856
+ 5,300

- 107.47

~ 101.5756
- 88,576
- 76,626
- 682,626
- 49,760
- 37,075
- 24,5056
- 12,1656
+ 12,0656
+ 45,715
+ 58,0656
+ 70,445
+ 82,8956
+ 95,250
+ 107,666
+ 119,788
+ 131,660
+ 136,950

- 6,95
~12,00
-12,00
-12,00
-12,00
=12,00
-12.00
-12,00
-«12,00

+12,00
+33,21
+12,00
+12,00
+12.00
+12,00
+12,00
+12,00
+12,00
+ 6,68

+ 117,21
* 189.81
+ 135,89

Integration of velocity curve from maximum diameter

of the Akron, where f¢= 0.

i.e., from Ring 19-to the left to bow tip, negative,

~17 =

-to the right to stern tip, positive,



- . W S G e e e e S S e e S B W S M G G AR R SE A D AR Sn e ew S0 e -

Bow tip.
27
26
£5
24
23
22

2l
20
19
18
bl §
16
16
14
13
12
il
10

Stern
tip.

ote:-

-

+

U

il U sind# Zggwﬂﬂ
4,520 - 1,0000 27 O #4de
5.575 - .6320 " 17.22 M
4.575 - .2990 " 13.10 "
3.585 - .1891 " 16,10 "
2.585 - ,1116 " 18,02 "
1.760 - .0732 w 19,11 "
1.075 - .0349 " 19,78 "

.505 - .0106 ™ 23.09 "

.165 - .0062 " 20,24 "

0 0 " 20,25 "

,065 + ,0140 ™ 20,20 "

.505 + L0667 ™ 19.21 "

.845 + .0802 ™ 18,40 "
1.235 + 1097 " 17.2% M
1,680 + .1495 " 15,70 "
2,040 + .1788 " 13,80 "
2,445 + L2045 " 11,40 "
2,586 + .2571 " 8,50 "
2.440 + .B4B3 m 4,70 "
1.060 +#1,0000 " o ®

equals unity.

—18 -

1029,0
1894,0
13107.0
1571.4
269,8
110.8
24,072
4,203
. 6003
. 72036
236,68000
61,34
132,40
240,00
347,90
420,90
447,00
392,30
121,80

- —— -

= 7211,916



from bow
.09
1,34
4,34
8,34
14,54
24,34
34,34
44,34
54,34
64,34
74,34
84,34
94,34
104,34
114,34
124,34
134,34
144,34
154,34
164,34
174,34
184,34

.145
7.354
76,365
218,000
410,900
676.000
882,600
1037.000
1145,000
1215,000
1258,000
1279.000
1286, 500
1287, 500
1280, 600
1262,000
1231.000
1181, 500
1112, 500
1021.000
906,600
774,000

96.00
592,00
1896,00
55660,00
7880,00
2640,00
10940,00
11880,00
12400,00
12710.,00
12840,00
128€0,00
12845.00
12720,00
12490,00
12080,00
11490,00
10690,00
9680,00
8440,00



Continued,

6880,00
5470,00
3880,00
2420,00
1008,00
107,50
40,00

x ax T i
194,34 10,00 14.11 624,500
204,34 10,00 12.21 467,500
214,34 10.00 097 312,060
224 ;34 10.00 7.32 168,250
233,34 9,00 4,24 56,400
236,84 2,60 3.07 29,5680
237.84 2,00 1.74 9.505
2%8,84 1.00 .0 0

From Graphical integration
Volume = 209,543 (meters)”
Using planimeter

Volume = 208,350 (meters)?

Average = 208,947
Inertia mass = 72811,916 - L0345 m.
208, 947

=20 -

209,543,105



To find inertia coefficient of ellipsoid with fineness

ratio of 5.895.

c/a

X

c/a

43

1.50
2.00
2+51
2,99
.99
4,99
6.01
6.97
8.01
9.02

9:.27

fineness ratio.

X
.5
. 306

. 209

.156
+ 188
.082
.0569
,045
.036
»0R9
.024

.021

2] -

inertis coefficient., (longitudinsl).

H. Lamb < Fydrodynamics
Page 146,



Ordinates of the Airship

XRS-4 Akron,
Stetion Distence from tail Redius
(meters) (meters)
Bie o R R ST 2|1 e 7

& 1.00 1.74
2 3.00 3.07
3 5.50 4,24
4 14,50 7.32
5 24,50 9.97
6 34,50 12.21
7 44,50 14,11
8 54,50 15,70

64, 50 17.00
10 74,50 18,04
11 84,50 18,83
12 94,50 19.41
13 104,50 19.81
14 114,50 20.06
15 124,50 20,20
16 134,50 20,256
) 144,50 20.247
18 154,50 20,19
19 164,50 20,02
20 174,560 19,68
21 184,50 19.10

28w



Ordinates of the Airship

XRS=4 Akron,

[ = g ———— e T e i

Station Distence from tail Radius
(metars) : (meters)

22 194,50 18,17
23 204,50 16,77
24 214,50 14,68
25 - 224,50 11.43
26 230,50 8,33
27 234,50 4,93
28 £57.50 1.563
29 238,76 .23

Pineness ratio = §§3§§g%§§ = 5.8906

B -



BIBLIOGRAPHY.

N.A,C.A, Report #213
(1925)

N.A.C.A, Report #210
(1925)

N.A.C.A. Report #318
(1927)

Horace Lamb

E. Glauert

C. P, Burgess

Max M, Iunk

S, E. Kondrashoff

Advences in Theoretical
Aerodynamies by Mex Munk.
Reviewed by J.S. Ames,

Inertia factors of ellipsoids
for use in Airship Design.
by T. B, Tuckerman,

Resistance of Airships from
acceleration and deceleration
runs, C, P. Burgess,

Hydrodynamics,

Asrofoil and Airscrew Theory.

Airship Design,

Fundamentals of fluid dynamics
for aircraft designers,

Thesis M,I.T. 1930,

Theoretlical Pressure distribution
on the Nave XRS-4 Airship hull,

24 -



	Determination of the virtual mass of the Akron due to the potential flow of air about it /
	TitlePage
	TableOfContents
	Acknowledgment
	Explanation of Thesis
	Procedure
	Photostats of actual curves used in this work
	Tabulation of Values used
	Bibliography




