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ABSTRACT 

The present report estimates from theoretical considerations the 
probable effectiveness of five nethods of increasing the velocity of 
descent of depth charges. These are (1) streamlining the bombs, . (2) 
adding extra weight, (3) increasing their stability, (4) applying self­
propulsion, and (5) giving the bombs an initial velocity at the moment 
of striking the water. Two sizes of charge, and four shapes, are 
discussed. 

It is concluded that stability is prerequisite to any improvement 
in falling speed, and that streamlining, internal propulsion or a 
combination thereof will produce several hundred percent increase in the 
average falling speed to target depth. Bombs striking the water with 
appreciable speed will reach target depth one or t\10 seconds sooner than 
those falling from rest, but this iplprovement is not sufficient to justify 
elaborate ejection equipment. Eccentric weighting of the depth charges 
will considerably increase their speed, largely because of improvement in 
stability. 



I. INTRODUCTION: 

1. The rate of descent of the charges is a most important factor 
in the effectiveness of anti-submarine depth charge attack. In mu, 
Report 1776 of 27 August 1941., it was shown that doubling or tripling 
the speed of fall of the present 11ash cans 11 WOUlld greatly increase the 
probability of successful attack on submerged submarines. 

2. The purpose of this report is to estimate from theoretical 
considerations the probable effectiveness of five methods of increasing 
the velocity of descent of depth charges. These are (1) streamlining 
the bomb., (2) .adding extra weight., (3) increasing the stability of the 
bomb, (4) applying self-propulsion, and (5) giving the bomb an initial 
velocity at the moment cf striking the water. Two sizes of charge are 
considered, - a bomb co~taining 300 lbs of explosive, as in the present 
USN depth charge, and a relatively light contact bomb containing 30 lbs · 
of explosive. For each bomb weight, four different shapes are discussed: 
(1) the cylindrical shapa of the present 11ash can11 ., in which the length 
(L) is 1.57 times the diameter (d); (2) a spherical shape; (3) the shape 
of an ovarian ellipsoid., with the length equal to 3 times the diameter; 
and (4) a 11dirigible11 streamlined shape with a ratio of length to 

' largest diameter of five to one. Theee shapes illustrate increasing 
degrees of streanilining. The ef.f ects of weighting and of internal 
propulsion upon terminal speed are estimated for special cases. For 
each of the four special shapes, curves o:f speed and depth as functions 
of time are computed and plotted for fall through water from rest, and 

. :for fall from an initial speed (S0 ) equal to one-half the terminal 
speed (St)• The report concludes with a discussion of the tabulated and 
plotted results. 

II. MATHEMATICAL ANALYSIS: 

3. The speed of fall of depth charges in water may be computed 
from Nevrtonts second law of motion, written in a £ormwhich includes the 
resistance of the water. The desired results are the terminal speeds 
of bombs of various sizes and shapes, and their speed and depth as a 
function of time. The simple equations for fal3:-ing bodies, derived in 
elementary mechanics, require elaboration when applied to depth charges. 
In water tha pull of gravity is reduced by the buoyancy, in accordance 
with Archimedes•·principle, and in ddition, the drag of the water on 
the body introduces a resistance which is proportional to the square of 
the velocity. If internal propulsion is employed, an additional tern. mst 
be added to the pull of gravity. In mathematical terms: 

2 
M dS/dt = a - bS (1) 
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Where S a the speed of fall of the bomb at tp.me t. 
M • the effective mass of the bomb, including the hydrodynamic 

"carried mass 11 arising from the k. etic energy of the 
moving liquid. 

a = an effective gravity constant, inc uding the effect of 
buoyancy and internal propulsion. 

bS2 
= the drag of the water on the bomb. 

4. The speed of fall increases until it r aches a definite tenninal 
speed, St, at which the effective dowmrard pul] on the bomb is balanced 
by the drag. After the acceleration reaches ~efo the bomb continues to 
fall at constant speed St• The terminal speed ~s obtained from equation 
(1) by setting the right hand side equal to zerb. Thus: 

2 a 
st = b (2) 

This is a special case of equation (1) when dS dt; o. Numerical 
solutions of equation (2) for tenninal speeds ( t) are easily obtained 
for desired conditions. Table II gives (St) as a function of the degree 
of streamlining, and Table III gives values of St) for various sizes, 
shapes, weightings, and degrees of internal pro lsion. Tenninal speeds 
are sho1m in graphical form on Plater. It wi be shown later that the 

, size of the bomb determines (a), and its shape etermines (b). 

5. Going back to equation (1), a first integration, by separation 
c5f variables, yields an equation for speed off 11 (S) against time (t): 

Where 

S = St tanh (k + qt) 

1 
k = 2 log / St + 

\_ St -
·, -

of ;integration. 

80 1 
s J ' 0 . 

(3) 

constant 

s
0 

"" the speed of the bomb at the ;ins t of striking the 
. ~rrace of the water (t ~ O). Thi may be called the 

q 

initial velocity. 
= Jab/M , the constants (a), 

as in equation (1). 
(b), \ and (M) being defined 

\ ., . 

6. Solutions of equation (3), for four sha~es and two sizes of 
bombs, are plotted in the form of curves on Platfs II and III. 

. I 
?. Further integration of equation (J) yietds an expression £or 

dep1;h of fall (h) as a function of time (t): ,\ . 

. , ·, I 

M ( cash (k + qt) ) 
h = b log \ cosh k 1 

' 
(4) 



Where the constants retain their previous sign!ficance. 

8. curves of depth as a function of time comf,uted from this 
equation for four shapes and two sizes of bomb, are plotted on Plates 
IV and V. The effect of initial veloci-cy is s mm by the dashed curves 
on Plates II, III, IV, and v. 

9. The four equations outlined above det rm:i.ne the theoretical 
behavior of depth charges falling in water, when the pr oper rmmeri cal 
substitutions are madeo 

III. EVALUATION OF CO~-TSTANTS 

10. In order to compute tenninal velociti~s, speed-time curves, 
and depth-t~ne curves for depth charges, it is ecessary to evaluate the 
constants k, q., M, a and b, which occur in the 'four equations of the 
preceding section. The integration constant(~) is expressed in terms 
of initial and te~inal speeds (S) and (St) respectively. (q) is a 
composite of (M), {a) and (b). ri will therefo:re be sufficient to 
evaluate the last three constants. 

A. Eff'ecti ve Mass <m C 

11. The effective dynamic mass of the bomb (M) vlill be consider ed 
first, It is shovm in treatises on hydrodynami~s (e.g. Lamb 1s 11Hyd!'o­
dynam,icsn., § 68 and3 92) that the kinetic energy of the liquid set into 
m.otion by a falling body may be taken into accoµnt by adding an apparent 
mass (M 1 ) to the actual mass of the body (Ab), to obtain the effective 
mass (M) which is accelerated. The hydrodynamic 11 carried mass" (M') is 
a fraction of the mass of fluid displaced by th~ moving body. For a 
cylinder falling in a direction perpendicular tb its length, M' =/✓ v; 
f~r a sphere M' = lf?V; and for moderately stre~mlined shapes M' = 1.pv, 
vrhere (f) is the d~nsity of the liquid, and (V) the volume of' the f~lling 
body. The theory has been experimentally verifted for spheres, by R. G. 
Lunnon, Proc. Roy. Soc., Series A, Vol. 118, p. 680 (1928). Thus in . 
equation (1) , M = 11b + M', v1here (}iii:,) is the ac ual mass of the bomb, and 
(Mt) the "carried mass" computed as above for e~ch shape of bombo Table 
II gives values of (M) computed for four shapes and -tY,o size of bomb. 

B. :ffective Gravity Force (a). 

12. The second numerical factor in the eq tion of motion of the 
bomb, equation (1), is the effective gravity fo:11ce (a). If the bomb 
falls wi tr..cu.t internal propulsion the gravity f qrce, (Vgo), will be 
opposed hy the buoyancy (Vg f). Thus: 

a= Vg(a-f) (5) 

where the quantities n0t yet named are (g), the acceleration of gravity, 
and (o) the mean density of the bomb. In order to study the effects of 
weighting and of internal propulsion on the te _inal speeds of bombs, 
displayed in Table III and Plate I , it is assum d that the rati o of the 
mass of the explosive to the total mass of the omb is successively 0.3, 
0,5, 0.,71 and. 0. 9. In order to compute speed-t· ,..AU<l..de.pth- time C\u:YE";S , 

-3-

DE -· ~ , ~SIFIED 



~xhibited in Plates II, III, DT and V, the assumption is ma.de that this 
ratio is 0.7, as in the present 11ash can11 • It is assumed that 16% of 
the volume of the bomb is air, and the density of iron is taken as· 490 
lbs. per cubic foot, the density of TNT as 100 lbs. per cubic foot, and 
of sea water as 64 lbs, per cubic foot. The acceleration of gravity as 
usual is 32.2 feet per second.per second. 

13. For example, a bomb containing 300 llis. of explosive has a 
volume V = 3.8 cubic feet, a mean density c' 113 lbs. per cubic foot, 
and hence an effective gravity constant (a) of 6000 poundals. For the 
light bomb containing JO lbs, of explosive, (a) is 600 poundals. 

14. If a propulsive force of the rocket type is added to the pull 
of gravity on the bomb, the constant (a) is inoreased: 

a = Vg ( o-p) + Tg (6) 

where (T) is the thrust of the propellant in pounds. For the bomb 
containing 300 lbs. of explosive, the thrust produced by the discharge 
of 75 lbs. of rocket explosive in 10 seconds, a~ an average velocity of 
6400 feet per second, will be: 

75 X 6400 
T = 10g = 1500 lbs. l 

Similarly the discharge of ,30 lbs. of rocket explosive will produce a 
thrust of 600 lbs. during the ten second interval. Modern rocket per­
formance sugJests that such thrusts are practicfl, using ordinary 
explosives and well designed nozzles. Experime tal investigation of 
rocket propulsion under water would be required to confirm this. 

15. In Table III and Plate I, values of ~rminal speed are shown 
for two degrees of internal propulsion, corresp~nding to weights of rocket 
explosi ve equal to 10% and 25% of the entire weight of explosive. 

16. Of course the rocket principle is not the only means of 
obtaining internal propulsion. For example, a propeller drive similar 
to that used for torpedoes could produce the re~u~red .. t,hrust._ Since a 
self-propelled depth charge will reach target depth in a few seconds, 
and requires no steering or balancing devices, a relatively simple 
_driving mechanism could be used, powered by a SJllall batte~J short­
circuited through the motor as the bomb enters the water. Table III is 
computed for the special case of rocket drive, ut the results are 
applicable to any type of self-propulsion. 

c. Drag Factor (b). 

17. The shape of the bomb, and with it the effect of streamlining, 

·ll.dl--!'J'> i~-dleM• .,.-. .,..~ .. - .. 
. ~ . . 
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enters :pltO the equation of motion through the final term (bs2). Tpii 
repr~sents a force known as drag, which acts on the falling body ip tne 
d+f'F~tion opposite to its motion. The drag is formulated in terms of 
tn~ ~omentwn imparted by the body to the fluid i~ 'Jlllit time. This is 
$~r,:ssed in the lite:rature 0£ applied hydrod~cs as (~ p cd A s2). 
Here (f) is the density of the fluid,(S) the ~peed of the moving body, 
(A) the a.rea of the body projected on a plane rlorma.l to the direction 
of motion, and (Cd) a constant ofproport:i.onali :y kn.mm as the drag co.,. 
efficient, or specific resistance. comp&ring this formula for drag w:tt~ 
the final term of equation (1), it is apparent that (b) mu.st be definaa 
as <¼ f' Cd A) in order to have the proper · phys:f;cal significance. The 
density (p) is knovm, and (A) is easily computed for any assumed shape 
and volume of bomb. Evaluation of (Cd) w~ll complete the data requireq 
for computation of the drag factor, (b). 

18. The drag coefficient (Cd) involves complex phenomena which 
will be briefly outlined, The reader is referred to standard texts, 
such as Prandtl and Tietjens 11Applied Hydro- 8.ll4 Aero-mechanicsn, or 
Dodge and Thompson•s 11Fluid Mechanics", for ful,l discussions of the 
resistance of immersed bodies. 1 

19. On the basis of the Newtonian or momentum conception of fluid 
resistance, it was long thought that for a givap shape and orien't:4tion 
of the body, the drag coefficient was independent of its size and 
velocity. E:Xperience has shown, however, that viscosity effects in t~e 
~edium, neglected in the Newtonian theocy, caus th( drag coefficient to 
depend on size and velocity, except in the few cases where the geometry 
of flow is determined by sharp edges (e.g. for~ plate moving in a 
direction normal to its plane). Thus the drag coefficient for a fallins 
body is, in general, a function of its velocity, size, and shape. 
Fortunately the principle of dynamic similarity may be employed to compine 
the influence of the first tr,o variables into a single parameter, lmm,n 
as the Reynolds' number. The Reynolds' number can be derived from 
dimensional consideration~, or from the experi~ntal conditions wh~cp 
ensure that bodies of the same shape but different size and velocity 
possess the same val~~ of drag coefficient. rt was discovered by 
Reynolds that two geometrically similar bodies ;j.n the same medium hav~ 
the same drag coefficient (specific resistance) when their velocities 
are inversely proportional to th,eir correspondi~g linear dimensions. 
A comparison of drag coefficient.sin different ~edia shm,s that thf 
dependence upon velocity is essentially the sam, in all cases wher~ t~e 
kinematic viscosity has the same value. These relations may be combi:qtd. 
Let (L) be the length of some corresponding linear dimension for any cme 
of a number of geometrically similar bodies, (S) the velocity of the • 
body, and (v-) the kinematic -viscosity (ratio of coefficient of vi~cos+tr 
to the qensity of the fluid). Then the drag co,fficient (Cd). is the sa,me 
for all combinations of size and velocity for w~ich Rri • LS/v bas th~ 
:3ame value. The ratio (Rn) is called the Reynolds• number of the flow 
~ystem. +P the case of geometrically similar bqdies the liquid cun-ents 

·:4r ·~,o,& """'""'-;·_ .. , ""i"~ .. ~ . 

t · 
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are similar, and the flow lines have the same fonn, when they correspond 
to equal Reynolds• numbers. 

20. Experimental curves of drag coefficients versus Reynolds' 
numbers are available from 1vi.nd tunnel tests, ~or various shapes of 
bodies. Values of (Cd), relevant for depth charges falling in water, 
may be obtained from published curves for bodies in air, once the 
proper Reynolds• nU?l1bers are lmown. For evaluation of the Reynolds• 
numbers f~3 motion in sea water, the kinematic viscosity is taken as 
1.23 x 10 square feet per second, and the pr:i,ncipal dimension of the 
bomb is from one to three feet depending on it~ size. When the depth 
charge attains the modest falling speed of one foot per second, 
Rn= 200,000 for the large bomb (JOO lbs. of explosive), and Rn= 80,ooo 
for the small bomb (30 lbs. of explosive). After a few seconds (R.n) 
will increase to11ard values of one to ten million at the terminal 
speeds of the bombs. In Table I values of dra~ coefficients taken from 
a standard text, are tabulated for the four shapes under study. 

Table I 

Drag Coefficients for Falling Bodies 

-----·------,-----~-·------------
Shape 

Cylinder 
Sphere 
Ellipsoid (L/d = 3) 
Dirigible (L/d = 5) 

Cd for 1,i > 500,000 

0.40 to i.o* 
0.22 
0.06 
0.04 

I 

21. The reduction in drag coefficient obtainable by streamlining 
the depth charge is apparent from the table, vrhich shmw that the 
cylindrical 11ash can 11 has a drag coefficient ten times greater than that 
f or a t ruly streamlined shape. The difference may be even greater, 
since the drag coefficient at lat~ speeds (R = 500,000) is larger than 
shovm in the table. The increase in (Cd) a~ low Reynolds' numbers is 
most marked for cylinders, vthere Cd= 1 is a probable value for the 

. nash can11 shape, until it reaches a speed great r than three feet per 
second. Bombs of more streamlined shape retain the low drag coefficients 
of Table I to lovrer Reynolds' numbers than the "ash can11 , and will 
reach the critical (R) more quickly since they fall faster. Hence 
their actual drag coefficients will be close to the tabulated values. 

- 6 -



22. The factors entering into the computation of the constants 
(M), (a) and (b), occurring in the equations of motion of the bomb, 
have now been discussed. Actual computations of these constants, as 
well as of (K), (q), (f) and (St), are tabulated in Table II, for two 
sizes and four shapes of bombs. 

IV. DISCGSSION OF RESULTS 

A. Ter ;r;i.:,:,.;J. Speeds 

:~:2" The terminal speeds, comp,;:t.ed f!'om equ,ation (2), a:re displayed 
as a. function of wei ghting and inter1:a.l propulsion, for the present 
cylindrical shape and for a streamlined 11dirigible 11 shape and for tvm 
sizes of bombs, in Table III, and are plotted oni Plater.' Table II shows 
terminal speeds as a function of increasing streamlininG, for bombs 
without internal propulsion. 

23. The effect of weighting is shown by vawying the ratio of the 
:mass of explosive to the mass of the bomb from 0.3 to 0.9 in steps. 
Ueighting alone, in the practical range, increases terminal speed in the 
same propor tion as it does the vreight of the bomb. Thus the addition of 
160 lbs. of lead to the present nash can11 , Yrould increase botn the 

· vrnight and the terminal speed 30%. Weighting increases the terminal 
speed of the streamlined bomb in the sa~e proportion, but since (St) is 
ruch larger in this case, the increase is also ~rger. Regardless of the 
shape or size of bomb, weighting alone increases (St) and (1~) by t he 
same percentage, · · 

24. If the bomb is self propelled by means of a rocket explosive, 
the ter minal speed is increased in the ratio 1: 2: 3, as the charge 
available for rocket propulsion increases from Oto 10% and then to 25% 
of the whole amount of explosive. The more heavily weighted the bomb, 
the less effective is the addition of self-propulsion, since gravity 
becomes more nearly comparable to the internal thrust. The same ratio 
of increase due to propulsion holds for the stre:amlined a 1;1 for- the "ash 
can 11 shape, but complete streamlining increases all values of tenninal 
speed cy a factor of almost 6. Terminal speeds greater than 200 feet 
per second are theoretically attainable by internal propulsion of the 
fully s treamlined bomb. 

25. Self-propulsion alone doubles or triples t he terminal speed 
of the bomb. Complete streamlining to dirigible shape increases the 
terminal speed by a factor of six. 'Weighting alone, in t he practical 
range, increases terminal speed in the same proportion as it does the 
weight. Combined wighting and propulsion adds nothing beyond the 
effect of propulsi on alone, since the propulsion thrust is so large 
compared with gravity that it dominates the force f unction. Combined 
streamlining and propulsion i~creases terr.unal speed from 12 to 205 
feet per second, by the tremendous factor of 17, but the further addition 
of weighting adds no more. 

.r:-.-@ill,~' ·:r~ ,, .. ,...,.. ..... ._. w-.,,~ ............ -.- ~.~ e ...... , 

j 
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. 
26. The above discussion holds in detail for the small bomb, 

containing 30 lbs. of explosive, with the difference that each value· 
of termii1al speed for the small bomb is o.68 times its corresponding 
value for the large bomb. The terminal speed is proportional to the 
sixth root of the mass of the bomb. 

27. It is apparent from the above that i~terna~ propulsion and 
streamlining, or a combination thereof, are _·the most effective means 
of increasing the terminal speed of depth charees ir. ,;rater. Weighting 
must be regarded as incidental, and valuable chiefl;r e.G it may improve 
stability. 

Streamlining 

28. The effect of increasing degrees Qf streanD..ining on the 
terminal speed for large and small bombs . is shavm in Table II. t"ith 
the progression from cylinder, to sphere, to ellipsoid (L/d = 3), to 
dirigible shape (I/d = 5), the increase in terminal speed is proportional 
to 1: 1.5 : 4: 6, respectively. The sa:me proportional increases are 
obtained for the small bombs, but the actual values are two thirds of 
those for the large bomb. This sequence was adopted for this study, 
not because it is proposed to use these exact shapes, but to indicate 
the relative increases to be expected as streanil.ining is improved. It 
is clear from the results that the ellipsoidal shape rrith length equal 
to three times the diameter gives effective streamlining. Recourse to 
·the comparatively awlmard 11dirigiblei1 shape is hardly necessary. In 
fact a reasonable compromise vrith pr~cticai conaitions suggests the 
adoption of a ratio of length to diameter of three, with a streamlined 
head, and a llboat tail 11 form at the rear of the bomb to partially 
streamline the wake. Such a shape, similar to that of an artillery 
projectile with streamlined rather than oGival head, could be adopted 
without drastic revision of the means of stmvage and ejection of the 
depth charges. Speed curves similar to those sl1ovm for the hypothetical 
ovarian ellipsoid, of L/d = J, would be expected for such a shape. · 
The "boat tail" shape at the rear is actually more stable against 
nyaw" or tumbling than the completely streamlined dirigible form. 

c. Stability 

29. In this study it is assumed that the bombs will fall in a 
direction parallel to the longest dimension, nithout 11yaw 11 , spin, or 
other departure from a simple trajectm.~J. · If they are not stable in 
this sense, the drag will be ereater, and the observed falling speeds 
will be smaller than the computed values. The factor of stability is 
most important, and probably accounts for most of the difference betueen 
computed and observed terminal speeds for the present USH depth charge. 
Theoretically the 11ash can" should quj_ckly reacl;i a falling speed of 12 
feet per second, actually it does not fall faster than 8 or 9 feet per 
second. · 

- 8 - D Cl,- . SiFIE 



30. The present charge, vdth its center of gravity close to 
the geometric center, can roll and tumble, and fall either endways 
(parallel to its axis), or sideways (perpendicular to its axis). The 
drag (1 f CdA) is slightly larger for endways fall, but there is 
nothin~ to prevent either mode of fall, or end over end, and the 
course may not be straight downward, especiall~ if the cylinder has 
an initial spin and falls sidei.'lays. In addition to uncertainty about 
the mode of fall, the Reynolds• number of the motion may be less than 
500,000 for a few seconds at the start, and this will more than double 
the drag and reduce the speed by' 40%. The lack of stability and the 
low Reynolds• number at the start of the fall are sufficient to 
explain the discrepancy between computed and observed falling speeds. 
The unstable motion may also cause the bol!lb to fall in an erratic curve, 
so .that it reaches target depth at a point some distance from the 
position at which it ,vas dropped. This is in addition to uncertainties 
introduced by turbulent water in the destroyer ts vrake. 

31. Instability may be renedied by constructi ng the bomb, or 
weighting the present 11ash can", so that the center of gravity is off­
set f rom the center of buoyancy. As the charge falls, the center of 
gravity must lead the center of buoyancy, if the bomb is to maintain 
the desired orientation as it descends. The addition of internal 
propulsion, initial velocity, streamlining, or a combination of these, 
will increase the Reynolds• number of the motion by increasing the 
speed of fall. Under these improved conditions the values computed in 
·this study should agree fairly well with experiment, probably -r.ri thin 
20%. 

32. 1Toa.tever the shape of the bomb, stability should be assured 
by offsetting the center of gravity in the direction of the bomb head. 
All the conclusions of this study presuppose this type of stability. 

D. Speed-time and Depth-time Curves 

33. The factors .~1ich determine terminal ~peed have been discussed, 
and the conclusion dra-rm that streamlining anti $elf-propulsion are the 
most effective means of increasing this quantity. Although the terminal 
speed is valuable as an upper limit to the actual. _speed, it is the 
average speed of the bomb on its ,1ay t o target depth nhich is important 
in ma.kine an attack. rt is of value to know hmv rapidly the terminal 
speed is approached, and to ·what depths the bombs will fall in various 
times. 

34. Curves shovring speed versus time and d,epth versus tine, for the 
two sizes·and four shapes of bombs:; are computed from the equations of 
motion and plotted on Pl.ates II, III, IV and v. Plates II and III show 
speed of fall plotted against time for large and for small bombs, 
respectively. Plates IV and V show the depth o~ fall plotted against 
time for large and small bombs, respectively. The full line curves on 
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each plate show the relatlons v1hen the bomb enters the water from rest, 
a.rid the dashed curves the relations 1-'ihen the bomb strikes the water 
uith initial speed equal to one half its terminal speed. On the right 
hand side of Plate II the bombs are sketched to scale, shmdng the 
relative shapes in the falline position. 

35. It may be seen from the speed-time curves on Plates II and 
III that the cylinder and sphere reach nine tenths of their terminal 
speeds in 1 to 2 seconds after striking the vrater, the ellipsoid in 3 
to 5 seconds, and the dirigible shape in 5 to 8 seconds. The difference 
betneen large and small bombs, and t he presence or absence of initial 
velocity, is included in the ranges given. The small bombs take 10% 
longer to reach terminal speed than the large ones of similar shape, 
and the presence of initial velocity s0 = 1/2 St.decreases the time 
required to reach terminal speed by l to 3 seconds, the amount increasing 
with strea1Tllining. 

36e The actual 11ash can" may require several additional seconds 
to reach terminal speed, owing to turbulence of the vrater, instability 
of fall, and the low Reynolds I number of the motion at the start of the 
descent. 

37. From the curves on Plates IV and V it may be seen that the 
tiNe required for the bomb to reach a target at moderate depth, say 200 
feet, varies greatly with .the degree of steamlin.ing and slightly with 

.the initial speed. Thus Plate III gives data for the following table: 

Table IV 

Effect of streamlining on Speed and Time to Target Depth 

Description 

Present 11ash can11 , unstable 
fall. 

Cylinder, stable fall 
from rest 

Cylinder, 
from S0 = 1/2 St 

Sphere, from rest 

Ellipsoid, from rest 

Dirigible, from rest 

Dirigible, from S
0 

= 1/2 St 

Time for Bomb to 
:aeach 200 1 Depth 

25 seconds 

18 seconds 

17 seconds 

13 seconds 

7 seconds 

6 seconds 

4 seconds 
~, .l'r •· 
-Ii·~· .. 
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Average Speed to 
Depth of 200 Feet 

8 ft. per sec. 

11 ft. per sec. 

12 ft. per sec. 

15 ft. per sec. 

29 ft. per sec. 

33 ft. per sec. 

50 ft. per sec. 
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38. The table shows that the time required for the bomb to reach 
target depth is decreased 7 seconds by stabilizing, an additional 12 
seconds by streamlining, and a further 1 to 2 seconds by ejecting the· 
bomb with an appreciable initial velocity. The table also shovrs that 
the average theoretical speed of the bomb on its way to a depth of 200 
feet, is about 12 feet per second for the cylinder, not much affected 
by initial velocity; and 30 to 50 feet per second for the streamlined 
shapes, 1::rhose average speed is definitely greater if they stril<e the 
water at s

0 
= 1/2 st. 

Internal Propqlsion of Streamlined Bombs: 

39. The curves and tables of this report show that surprising 
bomb speeds should be attainable by the combination of streamlining and 
self-propulsion. Table V Gives the average falling speeds theoretically 
attainable for fully streamlined self-propelled depth char~es of two 
sizes and tvro degrees of internal propulsion. These speeds range from 
55 to 100 feet per second, or from 33 to 59 knots, respectively. The 
table also shovrs the time in seconds required for the bomb to reach nine 
tenths of' its tenninal speed, and the depth corresponding to this speed. 
The average speeds are computed f'or target depths of 200 feet. Since 
streamlined self-propelled bombs should reach tnis depth in 2 to 4 
seconds after striking the water, their detonation would endanger the 
attacking destroyer. The danger may be minimized by usirig a depth charge 
throvsrer, or by employing relatively light bombs adjusted to explode on 
contact w~th the target. 

F. Illustrative Special Cases: 

40. The following special cases illustrate the modifications in 
depth charge design suggested by tilis disoussion. A taraet depth of 
200 feet is assumed, and a 11pay load" of JOO pounds of explosive. 

Case 1. Present USlJ 11ash can", cylindrical deptp. charce. The fall may 
be unstable, particularly in a turbulent wake. Observed 
terminal speed is 8 or 9 feet per second. Time to target depth, 
25 seconds or more. 

Case II. The ttash can", modified by advancing the center of gravity by 
JO% weighting at one end. This should assure stable fall, 
attaining a terminal speed. of 12 to 15 feet per second, and 
requiring 16 to 18 seconds to reach target depth. 

Case III.A nev-rly designed bomb, with streamlined head, 11boat tailed" 
rear like an artillery projectile, and length equal to three 
times the diameter. The data for the ellipsoid of the same 
fineness ratio should apply to this case. This bomb vnll 
probably attain an average speed of JO ft. per second, a 
terminal speed of 50 feet per second, and ~rill reach target 
depth 7 or S seconds after striking the water. 

, tP• f · 
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Case IV. A completely streamlined bomb of dirigible shape, with 
length five times the diameter, and the center of graVity 
advanced for stability. The terminal speed should be 68 
feet per second, and the bomb should reach target depth in 
4 to 6 seconds. 

41. The addition of internal propulsion using rocket explosives 
or dri vine propellers vrill increase all terminal speeds 100% to 200%, 
and correspondingly shorten the time to reach target depth. 

V. CONCLUSIONS 

42. A theoretical study of the fall:ing of bombs through water 
leads to the follovring concusions: 

(1) Stability of fall is pre-requisite to aey improvement in 
falling speed. Improved stability alone, from offsetting the center 
of gravity, vrould. give the present 11ash can" 50% greater terminal 
speed, increasing it from 8 feet per second to ~lmost 12 

(2) The falling speeds of depth charges may be increased by a 
factor of 4 by the moderate streamlining illustrated in Special Case 
III, and by a factor of 6 by complete streamiin:ing. An average speed 
of 30 feet per second to a depth of .200 feet, should be attai.."lable by 

.moderate streamlining, compared vtith approximately 8 feet per second 
for the unstable and unstreamlined 11ash can" nO\'T used by the USN. 

(3) Weighting the bomb increases the falling speed by the same 
percentage that it increases the weight, . but may produce an inefficient 
ratio of e:>,..-plosive to iron. 'ffeighti.11g is not recommended, except as 
a means of improving stability by .shifting the center of gravity. 

(4) Internal propulsion would further increase the falling speeds 
by 100 to 200%, but ·vrould require further development of l)ropulsion 
technique and drastic modification of bomb design. An average speed 
to target depth amounting to 100 feet per second (59 knots) is 
theoretically possible from internal propulsion of a fully streamlined 
bomb. Hence it . is clear that any bomb speed required by tactical 
considerations can be reached or even exceeded by proper design of the 
depth charge ., 

(5) The ejection of the chari:;e ,nth an initial velocity increases 
the speed for the first fen seconus of fall, and the bomb should reach 
target depth one or two seconds sooner than without it. The improvement 
does not seem great enough to justify elaborate ejection equipment. 
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vr. SYMBOLS Alm ABBREVIATI01;S 

S Speed of fall of the depth charge (feet per second). 
S

0 
Speed of depth charge at instant of striking Tiater (feet per second). 

St Terminal speed of depth charge (feet per second). 

]11t TI eight of the depth charge (pounds). 

M' Hydrodynamic "carried mass 11 • of water set in motion by bomb 
(pounds). 

T 

A 

V 

Volume of depth charge ( cubic feet).· · 
density of sea Tiater (lbs. per cuib feet). 

The mean density of the depth charGe (lbs. per cubic feet). 

Thrust of internal prorulsion (pounds). 

Area of cross section of bomb in plane at right angles to its 
direction of motion (square feet). 

Length of depth charge in the direction of its motion (feet). 

Maxi.rum diameter of depth charge (feet). 

Acceleration of gravity, 32.2 feet per second per second. 

Depth of fall of bomb below surface of the sea (feet). 

Drag coefficient o~ the falling depth charge (numeric). 

Reynolds I number of the flaw ~Jstem (numeric). 

Kinematic viscosity of the fluid in which the bomb falls 
{sq. ft. per second). 

Abbreviations -- Composites of Above Symbols 

a = vr; (er-P) + 'l'g 

b = ½ f CdA 

M = ~ + M' 

q = Jab/M 

k = 1 log St+ So 
2 St - So 
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Table I 

Drag Coefficients for Falling Bodies 

Rn= Reynolds' Number of the Motion 

Cd= Drag coefficient 

Shape 

Cylinder 

Sphere 

Ellipsoid (L/d = J) 

Dirigible (L/d = 5) 

➔~For R < 500,000 n 

Cd for Rn :?- 500,000 

0.22 

0.06 



Table II 

Constants in the Equations of Motion, and Terminal Speeds 
for Bodies of Various Shapes 

For an initial velocity equal to half the terminal velocity 
1 

K = 0.549 for s = 2 st 
0 . 

K = 0 for S = 0 
0 

For the large bomb, containing JOO lbs. of explosive: 

11b = 4.30 lbs. o• 113 lbs. per cu. ft. 

V = J.8 cu. ft. a = Vg (o -?) = 6000 poundals. 

Shape M1bs. 1ft. dft. Asq.ft. b q Wb 

Cylinder 674 2.29 1.46 3.34 42.9 .753 15.8 
Sphere 552 1.94 1~94 2.95 20.s .640 26.6 
Ellipsoid 480 4.02 1.34 1~41 2.71 .266 17? 
Dirigible 480 5.67 1.134 1.01 1.29 .184 372 

For the small bomb, containing 30 lbs. of explosiv~: 

Mt, = 43 lbs. "= 113 lbs/~.ft. 
V = O.J8 cu.ft. · a = 600 poundals 

Shape M1bs. 1ft. dft. A sq.ft, b q M/b. 

Cylinder 67.4 1.06 .676 .721 9.2c 1.11 7.2t 
Sphere 55.2 0.90 .900 .636 4,4S 0.94 12.3 
Ellipsoid 48 1.87 .622 .304 • 58t 0.391 81.9 
Dirigible 48 2.64 .528 .;218 .27'i:. 0.270 172 

s t ft/sec 

11.8 
16.9 , 

46.9 
67.9 

st 
ft/sec 

8,01 
11., 
Jl.9 
46.~ 

i 



Table III 

Terminal Speed!§.~ Function of Weighting 
and Self-Propulsion 

(1) Ratio of Mass of Explosive to Mass of Bomb. 
(2) No Internal Propulsion. 
(¢) Rocket explosive = 25% of Total Explosive. 
(B) Roel.et Explosive = 10% of Total Explosive. 

Cylindrical Shape Streamlined 11Dirigible 11 Shane (1/d=5) 

(1) (2) (J) (4) (2) (J) (4) 

ft/sec, ft/sec. ft/sec. ft/sec. ft/s ec. ft/sec. 

c-3 20.J 27.9 36.6 116.7 160 210 
0.5 15,4 25. 7 36.0 88.7 148 207 
0.7 11.8 24.3 35.6 68.2 140 205 
0.9 9.2 23.6 35.6 52.2 135 204 

( 0.3 13,8 19.0 24.9 79.5 109 14.3 
0.5 10.5 17.5 24.5 60.2 101 141 
o.7 8.1 16.5 24.2 46,5 95 139 
0,9 6.2 16.l 24.2 35.6 92 139 



Table IV 

Effect of streamlining on Speed and Time 
to Target Depth. 

Description 

Present 11ash can11 , 

unstable fall 

Cylinder, from res.t 
stable fall 

Cylinder, from S0 

l 
= 2 8t 

-Sphere, from rest 

Ellipsoid, from rest 

Dirigible, from rest 
1 

Dirigible, from S
0 = 2 8t 

Time for Bomb 
to Reach 200 ft. Depth 

Seconds 

25 

18 
! , 

17 
1, 

' 13 '1 

I 

7 

6 

4 

Average Speed to 
Depth of 200 Feet. 

ft. per second 

8 

11 

l2 

l5 

29 

JJ 

50 



Table V 

Computed Speeds of St reamlined Self-Propelled Depth Charges. 

Terminal 
Speed 

Description St 

Large Bomb ft/sec. 
300 lbs. Explosive .205 T == 1500 lbs. 

Large Bomb 
300 lbs. Explosive 140 
T = 600 lbs. 

Small Bomb 
JO lbs. 2xplosive 139 
T = 150 lbs. 

Small Bomb 
JO lbs. Explosive 95 
T = 60 lbs. 

Seconds to 
reach 0.9 
St 

seconds 

2.9 

4.6 

2 

3 

Depth 
where 
s = 0.9 st 

feet 

.316 

.316 

146 

146 

I ti,;,-•,. 
I 

Average 
Speed to 
200• Depth 

ft/sec. 

100 

65 

8.2 

55 

Average 
Speed in 
!(.nots, to 
200 1 Depth 

Knots 

59 

.38 

49 

33 














