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ABSTRACT

• Th I s  r e p o r t  p r e s e n t s  t h e  results of’ an experimental study

of’ the h y dt ’o dy n a mic  mass  and hydrodyniamic mass moment of ’ inertia

of ’  submer ’ged bodi es. H y dr o d y ri a m i c  mass  and damp ing force d a t a

w e r e  o bt a  in et i  fo r  t h r e e  ~ towed body~~~shapes trains tat ini g in the

(1irect~~on of’ towing and  p e r p en d i  c u l ar  to t h e  ( i i  rec  t i n t l  o f ’  t o w  1 1 1 g .

Hydrodyrnamic mass moment of i n e r t i a  d a t a  w e r e  o b t a in ed f o r  a

prolate spheroid ro tating about its minior axis.

‘I’tin’ data I’or the h o l i  &~~~ t r a i t s  I~~ t l ug  t O  ‘ I I  t’ P (~~t I W I

d i  c ul a  r to t h e  t o w i  rig d i r e c t  ion  s h o w  tha t t he  h y d ro dy n i a m i c  mass

dec reases  a l m o s t  l i n e a r ly w i t h  in c r e a s i ng  f r e q u e n c y .  T e s t s  run

a t  c o n s t a n t  f r e q u e n c y  show t h a t  a m i n i m u m  p o i n t  o c c u r s  iii th~
h y ( Ir o dy i i a m i c  m a s s — a m p l i t u d e  c u r v e .  The amp l i t u de a t  w h i c h  t he

m i n i m u n i  o c c u r s  is a f u n c t i o n  o f ’  t he  body st re an i li nin g  i n n  t he

d i r e c t i on  o f ’  m o t i o n .  The d a t a  f’or the  bodies  t r a n s l a t i n g  in t i n e

t o w i n g  d i r e c t i o n  w e r e  w i d e l y s c a t t e r ed ; h e n c e , o n l y ave rage

v a l u e s  are g i v e n .

The h y d r od y rn a m i c  mass  m o m e n t  o f ’  in e r t i a  da t a  was o b t a i n e d

by the n a t u r a l  f requency  m e t h o d .  F u r t h e r  s t u d y  is being con-

ducted to d e t e r m i n e  the f r e q u e n c y  and amp l i t u de d e p e n d e n c e

for t h e  t o w e d  body shapes .
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FIGURE 14
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B . Hydrodynamic Mass Moment of Inertia

The hydrod ynamic mass moment of inertia for the bodies

moving in rotation was determined by the natural f requency

method . In this method the test body is mounted as the mass

in a torsional spring—mass system. A schematic diagram of

the apparatus is shown in Fig .  6. If this system is driven

at its natural frequency the torques acting on the test

body are related as shown in the vector diagram below.

Spring Torque

C.)
Damping Torque Driving Torque

Inertia Torque

At resonance the driving torque balances the torsional

damp - .ng force and the spring torque balances the so-called

inertia torque . From the spring torque-inertia torque

equality the hydrodynamic mass moment of’ inertia was calcu-

lated and from the driving torque-damping force equality

the damping coefficient was calculated .

The apparatus shown in Fig. 2 was modified to allow

the t e s t  body to be ro ta t ed . A photograph of the modi f i ca -

t ion is shown in Fig 7 . The change from the translatirn

configuration of Fig. 2 to the rotation configuration of

Fig. 7 can be made in a few minutes.

- _ _ _ _
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C. Test Bodies

Four test bodies were used . All were constructed of

soft pine wood . Drawings and photographs of the three

“towed body ” shapes are shown in Figs. 8 through 13. The

fourth body was a prolate spheroid with a major axis to

minor axis ratio of two. These same bodies were used in

the work reported in ref’erences (i) and ( 7 ) .

_ _  - _ _

~~~~~~~~~~~~~~~~~~~~

~ .



13

~1..

“•l*

— _ _ _ _ _ _

H

‘*0

• 

~~~~~~r~~~~

- -

.

_ _

FIGUR E No. 8

- 
.



i4

a

2

I

* . 

, ‘,. 

.

FIGU RE 9



15
~c.
“I

o 
_ _ _ _ _

H

-
‘ 

‘ PIOU~~~Io.~~*~ : 1
G *

,

~~~~~~~~~~~

. 
‘ - . ‘ . .



‘16

0

- 

;

‘

~~~~~~~~~~

.

.

,

•

‘

. • - . ‘i’ .

FIGURE 1 1

1’ 

~~~~.



17

~~~~~ ~~~~~~~~~~~~ T

.‘ _ 
~~~~~~~~~~~~~~ ~~~

- 

~~~~~~~~~~~~~~

FIGURE No . 12 - 
I —

- -~~~~~



:-~
‘1~~

’ ‘~- “ ~-‘t ‘ “

‘P 

____

FIGURE 13
3

* 

j —



I ’ )

Ill

TEST RE SPI .1  ~

The t e s t  r e s u l t s  a r e  p r ese n t  ccl in t h e  f o r m  of  d

S i O f l l e S S  p l o t s .

~\ . I l yd r o d y na m i c  M a s s  !)a t a

I P t h e  h y dr o d y i ia m i c  mass  j a  c o i l s  i d e r e d  t o  be a 1’UIIC t 1011

o t ’ the l’r e q u e in c v  at -nd a m p li t u d e of  osci Elation or ’ the b o d y ,

a -h a r a c t e r is t  i c  d i m e n s i o n  of  t i n e  h u dy  , and the L I e n s i t~~ s in i

v i s c o s i t y  of the r’luid in wh i c h  t i n e  body is o s c i l l a t i n g, Ii
dimensional anal ysis yields the following dimensionle ss

groups:

K -  
tmh (L)l~ O 1

,~~~ 
‘ A

This first of these groups is denoted by K and is  c a l l e d  t he

hydrodynainic’  mass f a c t o r .  The second group is a i’orm ot ’

R e y n o l d s ’ number , and the  third group is a length-amplitud e

ratio. The results are given as plots of K vs. Wl2fl//~
with a curve for each value of I/A . For the t h r e e  bod i e s

used the hydrodynamic mass factor K was defined as shown in

Fig. lL~.

The results for the towed body shapes translating in

a direction perpendicular to the direction oi’ towing are

shown in Figs 15, i6 , and 17. (For a body being towed

horizontally this would be in the vertical direction.)

A very definite dependence on frequency and amplitud e is

shown . For a given body o s c i l l a t i n g  at a given length-

amplitud e ratio the hydrodynamic mass decreases almost

linearly as the frequency increases. Tes t s  run at constant

frequency showed that as the amp litude was increased the

h yd r o d y n a m i c  mass decreased , reached a minimum , and then

increased . The amplitud e at which the minimum occurred
appears to be a i~unction of the body streamlining in the

direction of motion . For a body tha t is relatively flat in

the direction of motion the minimum occurs at a much smaller

amplitude than for a body that is streamlined in the direction
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o f ’  m o I. i on . I- in  t h o r -  a tud y w i th  d i s k s  a r id  s p h e r e s  i a E n ’j  i ig

c a r r i e d  on i n  or d e r ’  to clarify the appearance of’ this

min imum point.

For- mo t, ion of t he  t o w ed  bud i os i n  t h e  d i  r ec  L i o n  of

t o w  ir i g t h e  h y d r o d y n a m i c  m as s es  w e r e  sma I I and t h e  n a  ta was

q u l  I .e s c a t te r  ed ;  h e nc e  o u l  y a v e r a ge v a l u es a re g i vein . ‘1 h o s e
are give i t  i n  T a b l e  1 . ‘Jo more accurate I y do  t,e rm i i i  ci va b e  a

TABLE I

R u d y  A v e r a ge  K

W i i i  ~y i J Hod y 0 . (10 ‘37

T o r pe d o  Shape 0 ,036

.“ t r e a ml i r i e d  Body 0 .2 0

n t  K i n  t h e  ( i i  r ~‘ c L i  n i t  o I towing a more seri a i Live f o r ce

dy n a mo m et *~ n -  w o u l d  be n e e d e d , and a mor ’e a c c u r a t e  w a y  o f ’

d e t e r m i n i n g  t h e  phase  a n gle  ~~ w o u l d  have  t o  he f o u n d .

The values of K [‘or each body were  also plo tted
against the dimensionless group WA/c , in which c is the

speed of sound in the fluid. All of the data points , whe n

p l o t t e d  i n t h i s way , f e l l  in a relativel y narrow band .

These plots are s h o w n  in Figs . 18, 19, and 20.
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B. Damping Farce Data

If the damp ing force -i .s ~arw . der ’ed t~ i 
- IC a funct ion  of

the same variab io~ a~ was the hydrody r~a uic  ~~ in the prCvi ’)u~
section , a dL;iensional analysis yIelds  t~ ie fo l lowing  dImensi~ t r --

less groups:

D , w12
p i

A-

The results are as p 1ot~ of D/c2l2
p vs.  wl 2

~/ ,~ . with a

curve for each value Qi’ 1/A. For the torpedo b~ iy the diameter

was used as the characteristic length and for the streamlined

body the width was used. (See Fig . 14.) The results for the

various bodies are shown In FI~ures 21 through 2b. The data

showed considerable scatter at small values of 1/A and very

little scatter at large values of 1/A. The curves far sr;~aL,

values of’ 1/A were drawn usIng those at large values of 1/A

as guides.
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C . Hydrodyriami” Mass Momeri t, of Iii ’ r t i a Data

Hydroclyriami c. mass momer , t of’ 3 r~ert, I a data were obta I owl I’o r-

only one body, a prolate sp heroid w i Lt & a major axis of ’  ~~ i i i ’  h~~ ’i —

and a minor axis of’ 12 inches. Otii ~~ o n e  t o r s i o n a l  sp r i 1 i f ~ w a s

availabl e so v a l ue s  a t e  ~ i ve n for on ly O n c~ f ’ z - o q u e r i r :y o f  os~~ i I

t I on . F u r t he r -  I. es f - s  on  tIne pro Ia t *‘ sp hero i d are he i ng ;~ 
er t o  r’med

u s in g  the forced osc i i  lat ioni method. IIi ~~se t e st s  w i l l  ~h ’t . e i ’m I l I f ’
the frequ ency— amp I i t U d t .  d e pe nd e n ce  o f  the hydx ’odyriam I c mass

m o m e n t  of’  i n e r t i a .  S i m i l a r  t e s t s  w i l l  a l s o he p e r f o r me d  t i i i

the t o w e d  body s h a pe s ,  T es t s  wi I I a 1 S O  be r u n  on spheres arid

disks to determine damp ing cor~f’fic i ent,s. The data are given

in Table 2.

TABLE 2

N a t ur a l f r e q u e n c y  2 3 .9  r ad/ sec

A n g u l a r  d i s p l a c e m e n t  17 . 8  degrees

Hydrodynamic mass 2m o m e n t  of I n e r t i a  1 . 2 2  i n . — l b . — s e c

Tors io n a l  damping
coeff’icleri t 7,18 In.-’lb. sec/rad

‘V
TEST ACCU R ACY

A detailed error analysis or the hydr ’odyr iami . m ass d at , a

is given in the work by Miller (2), The largest source of

error was in the measurement of’ the magnitude of’ the force

and the phase angle from the recorder paper. The data were

obtained over a frequency range of 0 to 20 radians per second .

At low f requencies  the error In the hynirodynamic mass is

÷ 17 per cen t ;  at medium speeds , .+ 5 percent; and at hi gh

speeds , + i i  percent. A more sensitive fo rce  dynam ometer and

a morG s a t i s f a c t o r y  means of measur ing  p hase angle  would  a ]  l o w

these errors to be reduced .
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