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AUTHORTIZ TION FOR TEST

1. This problem was authorized by refercnec (2), and other
references pertinent to this problem are listed as refercnccs (b)
to (k) inclusivc. (s the tosts load to gonsidoration of the pheomomena
of undorwator cxolosions as jrosented in several confidential reports,
and as it has been neecssary to incorporate material given in sonme of
them, this report has been classificd %Confidential% although the
problem was classificd "Hestrictoed" as authorized.

Refercnces: (a) BuShips Lir. S3/565-5(350) of 17 November 1942

to HRLs

(b) Snccification SGS(65)-151la of 1 February 1937.

(e) ML Test Report B-1631 of 3 July 1940,

(d) NEL Drwg. F-556-'— Hydrodynamic Shock Devices

(e) DTiB-Feport No., 510, lugust 1943, (Confidontial)

(f£) DTuB-Report Mo. 480, October 1941, (Confidontial)

(g) Excerpts from B.E.I. Nos. 20, 21, and 26 pazes
82-55, 20-28, and 9-11 respectively.

(h) Division 8, OSRD Peport ilo. 1739 of 24 fugust
1943, (Confidential)

(1) Zxperiments on The Preossurc Pave Thrown out by
Submarine Explosions-il, W Hilliar, Rescarch
Expcriment 142/19, 1919,

(j) tmltiple Pulscs of Undorwater Zzplosions,
TeHaOoeIo, 9-21-41l, (Confidential)

(k) I. C. Instruction Book No. 36 GG, Pitometor
Log Corps.

OBJECT OF TEST

Re The objeet of the present test of oxisting, currcently
approved and uscd, underwater cleetric log systems for submarines
was to investigate the structural and functional ability of the
cquipment whon opcratod:

2., under conditions of incrcased siztic pressurcs
impesed by increascd depth of operation of new
type submarines and 2

be when subjected to dynamic prussurc pulscs, super—
imposed on the maximum stetic pressurcs, as would
be the ezse when a submarine is submerged in the
vieinity of noncontact undcrwater ciplosions.

ABSTRVICT OF TES

3a The units of the Pitomeler Log Corporation's underwater
clectric log system, rotary balancc type RB-R5, supplicd under
contract {5s-24953, were furnished for these tests. Thosc units of

- e
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ABSTR.CT OF TEST (Contd.)

this system which are hydraulically counled to the sea and are
dircctly affccted by pressurc changes due to depth of submergence
and/or underwater exrlosions were set up at this Laboratory in a
suitable manometric calibrating system where they were subjected to
hydrostatic pressures up to 350 psi. upon which were superimposed
dynamic pressure pulses of increasing magnitudes, until failure of any
component —art of the system was observed or until a maximum dynamic
pressure pulse of 2000 psi, was attained.

-].a“
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CONCLUSTONS

(a) The log system was undamaged by the increased static head
applied. No accuracy or endurance tests were requested under conditions
of simulated submergence, Accuracy tests under simmlated submergence
to & depth of one hundred (100) fect were rcported in reference (c)e

(b) The log system failed under 700 psi. dynamic pressure pulse
supcrimposed on 350 psi, static pressure under a condition in which
the lengths of rubber tubing connecting the rodmeter to the log
system were omitted in order to subject the components to a high value
of dynamic prossure, which could not be obtained with the rubber
tubing in the system, and discover the wcakest point in the hydraulic
systcme

(¢) The pressure impulse /pdt delivered by the test apparatus
is considcrably greater for an couivalent peak pressure than that
resulting from the shock wave of an underwater cxplosion. Also the

n
total volue E; / pdt of the multiple impulses delivered by the
1

tost apparatus is probaobly mmch grecatcor than the summation of all

the impulses resulting from the 300 1b, TNT cxplosion considered
excmplerily or a considerably heavicr cxplosion. From this stand-
point, when an equivalent peak prossurc is epplied, the pressure
generating apparatus reprcsents a much more severe test than a rather
heavy noncontact underwatcr cxplosion. The greatest differcnce, as
comparcd to the shock wave of an underwater eciplosion, lies in the
relatively long period of the pressurc pulse from the apparatus which
would produce greater effect on components of an apparatus tested in
this manncr should they have rclatively low frequency responscse It

is thought that the secondary impulscs from an underwater cxplesion, some
of which carry considcrable cnergy in a rolatively low pressurc wave of
longer time duration than the shock wave, arc more ncarly approached
by the type wave gencrated by the test apparatus than is the initial
shock wave from an underwatcer cxplosion.

(d) The damage paramctors considered significant at the present
stage in attempting to corrclatc structurel damage rith the measurable
quantitics associated with undervater explosions arcj; P (peak

ma.x.

pressure), /pdt (impulse),%% (instantancous slope of pressurc time

curve), and EE (pressure gradiont). Little is knovm about the effects
3= _

of the last tiro paramcters; but considerable corrclation has becn

attempted using the first two paramcters. The test apparatus
approxinates an c¢xplosion in that it reproduces Pmax overproduces
*3

/pdt; but docs not ropresent g% and dp ,
dic

— Ji =
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CONCLUSIONS (Contd.)

(e) The rubber tubing and the proposcd zir chambers in the log
system installation have considcerable cffcet in absorbing pressure
chenges in any form. Provision of an 2ir pad in the system will
absorb, with rclatively small overall changes in pressure, large
pressurc fluctuations of practically any frcquency in the range
considercd. The difficulties attending the use of air chamber snubbers
were pointed out in the body of this report. Further difficultics
were cxperienced with the submitted air chambers which were functionally
imperfect in that the apex scals leaked air under the pressures
devcloned and the major part of the air was contained in the blecder
lines and attached rubber hoses and pinch clamps. The apex scal
should be made more effective, the rubber hosc and pinch clamp dis-
carded, and thc bleeder line shortencd to the minimum length necessary
for use of o positive acting, pressure-proof stop cock or small valve,
Installation in the log system silould be made such that the air
chambers can be isolated by bypasses during "blow-off" precedurcs,
to avoid loss of air or introduction of zir from the chambers into
othcer components of the systom, and a drain cock should be provided
for cach chamber to permit drainsge of excess water from the chambers
so that the initial ®charge® of air may be obtaineds No method was
incorporated for asccrieining the amount of air in the snubber
chambers. Some means of determining the water lewvel in the chamber,
such as a pressure proof window, would have to be provided.

(f) For greater protection of the log system components, rubber
tubing should bc used throughout in connceting the system to rod meter

and in intcreconnccting the units. This tubing should be sccurely
clamped To vnrevent bleovwing off of any conncction,

o AN
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DESCRIPTION OF MATERTAL it

4, The components of the Pilomoter Log Cornoration's
undemater clectric log system submitited for test were the rod
ncter and sza valve assenmbly, rotary distence transmittor, submarine
control unit, znd two air cushion chambers for insertion in the
dynonic and static pressurc lines connccting the rod netcer to the
remainder of the systems

Se The purposc of the log systom is to indicate the speed of
the ship and the totel distence traveled. Speed and distance are
derived from the changes in the vcloeity heed of the flowing water
around & rod projocted from the ship's hull, This rod meter contains
a pitot tube arrangeoucnt of orifiecs vhich tronsmit the dyneamic and
static pressurcs to the log mechemisme. The pressure transmitted by
the dymanic orifiece, which is located at the stagnation point at
the leading cdge of the rod meter, is provortional to the square of
the volocity of the watcr and the pressurc hicad due to depth,

Ve - ; (B -B) @
The static orifice or orificcs are locoted on the surface of the
streamlined rod tip as nearly as possible at positions giving zcero
or constant prossure differences with specd and transmit only the
static head,

Be The difficulty of rod meter design is encountered in
placing these stetic orifices 2t the best locations so as to have
no pressurc change ecffective at these points over the speed range
covered, avoidance of cavitation and effccts duc to change in type
of flow, and miniimm effects due to small angles of yow between rod
meter axis and ship's line of travels Difficultics with the
dynanic orifice in addition to orrors duc to small angles of yaw,
arise from frietional losscs of pressurc meking it neccssary to insert
a corrcction factor or "rod coefficicnt', into the basic reclationship,
so that: 2 2
Vo =C 7 (PS—PO) (2}

In all cases experimentel calibration of the rod meter is neccssary
to determine C, its coastancy, the effccts of yawing the rod,
cavitation, and the maintenance of a2 constant pressure, proportional
only to deopth, at the static orificeses The log mechanism responds to
the difference in oressurcs transmitied by the static and dynamic
orificus, i.c. that part dependent on V%,

s Connoction from the static orifice of the rod meter is
made to a pressure~bight cast bronge chamber contained in the control
unite, A bellows, its open ond sealed to the top of the chember,
divides the chamber into two hydraulically isclated sectionse. The
bronze movable head of the bellows is coupled to a lever which
rotates (through small angles) a shaft pessing through thce walls of
the chamber and supporting extornally a long lever arm vhich earrics

- .
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DESCRIPTION OF MATERTAL (Contds)

contacts at the far end. Pressure from the statie orificc is applied
to the cxtcrior of this bellows; and pressure from the dynamic orifice
is applicd to the interiore liotion of the bellows resulting from
differences in those pressures is resiricted by two studs, one intcrnal
to the bellows and one projecting from the base of the chamber, that
zet against the bollows heade

Bs The dynamic orifice of the rod meter is connected, through
a pump chambcr in the transmiticr unit containing a centrifugal impeller,
to the interior of the bellows in the control unite The control
unit and rotary distance transnitter arc thus functionally intcrdepen-
dente Thus, when there is no forward motion causing a vclocity
head at the leading orifice, the pressurcs inside and outside the
bellows are equal and equal to the static head duc to depth only.
Under these conditions the contact arm is loeated ccontrally between
two contocts which control a variable spced dece mobtor driving the
centrifugel impeller, Whencver there is a difference in pressure
between interior and extcrior of The bellows, the bellows moveSe Any
motion of the bellows is mognified by the conbact arm which closes a
circuit through either of tiro windings on a roversible follow-up
motor which positions contacts on a contimuously variable auto-trans—
formere This auto-transformer supplice a.ce voltage to the armeture
rectifier of the dece motor driving the centrifugal impeller, The
centrifugal punp rotatcs in such @ manner as to at all times produce
a pressurc opposing tho dynamic pressure sct up at the leading orifice
of the rod mctere Any difference in pressure between interior and
exterior of the bellows unit will cause the follow up motor to drive,
through a gear train, the contacts on the aunto-transformer to a
position such that the pump spoced causcs the impeller to balance this
pressurce diffcrenee, The balancing process at a constant speed is
onc in which the transformer contacts continually hunt slightly about
the truc point of cguilibrium,

9 The pressurc developed at the dynamic orifiec of the rod
metor is proportional te the squarc of the ship's wclocitye Likewise
the pressurc developed by the contrifugal pump is proportional to
the squarc of the speced of the pumps The specd of the pump is, there-
fore, dircetly proportional to the spcoed of the shipe Indicabed
speed end totel distance are derived from a sceond output shaft on
the pump nmotor, operating through a gear reduction, the spced of which
is a lincar function of ship's specde This shaft drives, through
suitable goar ratios, an odomctor distanec indicator and self-synchronous
transmitters in the rotary distanee transmitter unit which transmit
to awdliary indicztor units revelutions proportional to distance
traveled. The cntire control unit assembly is gimbal mounted to
prevent introduction of errors due to pitching and rolling of the shipe
These units are shovm by photographs, Plates 1 and 2, Details of the
equipment are covered by previcus Laboratory reports and the mamufact-

urerts instruction boolse
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DESCRIPTION OF MATERIAL (ContdJ™ :
10, Only the two units described, the submarine control unit

and the rotory distence tronsmitter, are hydraulically interconnected
and coupled to the sea, The relationship betireen these and other
units in the system is purely electrical. The interdependence of these
two units is such that complete or partial hydraulic failure in

either results in excessive errors or complete failure of the entire
system,

R iz Two air cushion chambers were submitted for insertion in
series with the hydroulic lines from the rod meter, These experimental
chambers were proposed by the manufacturer as a possible means of obtain-
ing a pressure snubbing action due to the provision of air pads. As
shovn by photograph, Plate 5, each consists of a eylindrical chamber
provided with inlet and outlet close to the base and bleeder line at
the apex of the covers

is The rod meter and sea valve assenbly was provided with
a cast bronze chamber vhich was bolted to the sea valve base in the
position corresponding to the skin of the ship, The rod meter tip
could be projected into this chamber which it was proposed would be
hydrenlically covpled to & dynamic pressure producing devices

134 As requested in BuShips ltr., reference (a), a hydrodynamic
pressure generator tank, similar to the type employed in testing con-
denser tubes by hydrodynamic shocl, reference (g), was designeds The
details of construction and assembly are given by drawing, reference
(d). Changes found necessary on trial tesis are also showm by

aving, reference {(d). The assembled unit is showm by photographs,
Plates 3 and 4,

14, The testing system can be considered as a rigid tenk
with a piston at one end., The piston is suddenly advanced at a
velocity, v, for 2 time, db, when the falling weight strikes the
striking head on the piston. This compresses the fluid, causing a
decrsase in volume of the waber in the system. If the walls are
sufficiently strong so that expsnsion of the enclosure can be
neglected, the pressure built up in the system adiabatically will
ultinately depend on the volume change and the modulus of elasticity
of the fluid mediume

Lopgas ABY (3) E - elastic modulus
K Av K - compressibility
coefficient
15. For the present system employing water as a medium, and

having a volume of appe. 50 cu.ine ond a piston arez of 04307 sqg. in,
(5/8D), the volume change to produce the desired 2000 p.S.i. dynamic
pulse is, taking B = § X 10% ,
- VAP 50 X 2000 3
AV = —_— = = =53 Cle ine
E -5 % 165
The necessary stroke of the piston is then «33/.507 or 1.08 inches,

L e
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DESCR Ol OF M (Contd.) s

164 The sudden motion of the piston sends a pressure wave
through the medium,

&7

e ¥tdt

While the piston moves a distance vdt, the pressure wave travels a
distance v'dt. (Refer to illustrative diagram.) Since the total mass
of the medivm is constent, through any tizme interval, dt, the mass of
the fluid displaced by the piston must equal the gain in mass, due to
the increase in density, of the volume tronsversed by the pressure wave,

A pv(dt) = Av (gt) (dp) (4)

Where, A, 1s the area of the piston and, p , is the density of the
fluida From the law of conservabtion of momentum, it follows that

FT = liv, - Mv, =d (iw) (5)

or in terms of the present system
A (dp) (dt) = v* (dt) 4pv (6) Adp = force
vidtip = mass

From (4)

Mev e M mimm 6V - (s
_ i'd

Combining (7) and (8)

()* & %E (9)

p
» - d
Since E = —&gﬂ by definition and g= = g—% , it follows
v
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DESCRIFPTION OF MATERTAL (Contds)

dp
that B = - and dp = E (10)
: de o
Substituting for dp from (10) into (9) and solving for v! it
de
obtains that v* =(E ’“5 (g_g )i (11), or that the wvelocity
~/o dp

of the travelling pressure wave is a function of the modulus of
elasticity and density of the medium in which propagated.

17 The tank system 7as designed for flexibility in the
magnitudes of pressures that could be produced, The hydrodynamic
shock tonk consists essentially of a rigid closed tank, of app. 80
cubic inches volume, with @ tightly packed piston on which a weight
is dropoed.

18. The pressure produced in the tank is directly proportional
to the weight and the height of fall of the weight and inversely
proportional to the area of the piston for a constant volume of the
liquid conteiner. By equating the energy of the mass to the work
done on the system,

1 P __ASA =Th where: W = Tleight
T e h = Height of fall
& = Area of piston
Ppax = 2fh = 2Eh aS =AY = Piston
28, AV A displacement
K = conpression per
From (3) AV = APVK unit vol. per
PoS-io
hence V, -V, = IV (P = Py) or V = total volume
P = maximum pressure
K = Kvp if Pl = Q or is the developed
refersnce boundary.
thus: P =2fh ;PP =%Hh or P L= 7R (12)
WX XvP KV E NN

For a given system at constant temperature, X and V may be con-
sidered constant and the fundamental relationship becomes

b 4
P =Cu®x (13) vwhere, C = (g )2.
KV constant

energy

(@]
non

u = (Th)

BT
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DESCRIPTION OF MATERIAL (Contd.)

19. The cquation, P_ . = ’% 5
the energy from the falling mass is transferrced teo the medium, assumes
rigid container, uniform pressure throughout liguid at any instant,
and constant volume of container. It neglects friciional losses in
the systen, piston, welght guides, etcs, and the variation of X with P.
Also, since zll of the energy ill nol be transferred 2t the ini-
tizl contact, & series of pressure pulses of decreasing magnitudes will
be expected since the weight will bounce severzl times due to the
clasticity of the water and the stecl. The governing factor that
enters into the naximun pressure generated for a system of constant
volume change and rigid confinement, assuming frictional losses reduced
to a minirum, is then the amount of the total available cnergy trans—
ferred from the weight on contact with the piston. The design of the
systen was such that the stroke of the piston could be varied from
1 to 4 inches in one inch increments and a 50 1b. weight dropped
from a maximu height of 32" or a maximum weight of 80 1bse dropped from
a height of 30,5" with the piston set for maximun travel of 4 inches,
The moximun theoretical pressures generated are then 4520 and 5630 p.s.i.
respectively using a vzlue of

applies only if all

X = 3,08 ¥ 107°
(decrease in unit volume per PeSeie)e

20 The above calculations are applicable only for the ease
where the enclosure can be considered rigid and its expansion
neglecteds The expansion of the tank walls was neglected because
sufficiently thick walls were employed. However, when external systems
are coupled onto the tank, the pressure generated will be decreased
whenever there is any expansion of the system. Also, when the volume
of the water in the system is increased the pressure will be less as
seen from equation (12). Thus as different systems are coupled onto
the tank, there will be different pressures generated for the same
energy inpute Using the snalytical expression

P =2h for rigid system and P = Zh for expansive system.

LE B K
There: hg = B 5 #8 4
piston travel, b = Mfl where "Vy is volume change due to
_A—— compression of water at a given
pressure.
piston travel,A = BV, vhere £V, is volume displacement

A
due to expansion of system (tank

and attachments) al the same pressure.

' - DEC ) .
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DESCRIPTION OF JATERIAL (Contd.)

Therefore,
P = ZEh = 2¥h
Ea+D) AV, + BV,

Thus the external system, when non-rigid, limits the pressure generated
for 2 given weight and height of fall,

2Ly The pressures were measured by tourmaline crystal units,
described in reference (h), supplied by N.,D.R«C. These erystal units
are shown in their mountings in Plate No, 11, The trystals were '
calibrated by the aDeReCs group and mounted in moulded rubber
enclosuress The e.m.fs applied to the oscillograph by a piezoelectric
gage is

charge in coulombs

pressure in peS.is

effective aresz of crystals

total capacity of cable and
amplifier input condenser
piezoelectric constant = 1.0 X 10711
coulombs/1b, for tourmaline.

E=XPA/C or Q = KPA

nononon

© = g O

=
1l

Since it is very difficult to determine & accurately, the ratio Q = KA
P

is generally determined experimentally and called the "sensjitivity! of the
gage. The sensitivity given for the crystals was 1.3 X 1042  coulombs
per pound per square inch. This gives a value of approximately 1.63
millivolts per 100 pounds per sq. in., for the particular input coupling
condenger of the pre-amplifier ussd for these measuremenisSe

METHOD OF TEST

224 It was necessary bto calibrate the tank for the several
different systems connected to it. The calibration was accomplished
using the tourmaline crystal, piezoslectric units described in
paragraph 2l.

234 The calibraticn of the crystel units as furnished by the
NeDsE«Ce group was checked by using a pressure relaxation method. A
erystal unit was sealed into a system in which the pressure was raised
to a value read on an accurately calibrated Bourdon gage and the
pressure was then released by puncturing a copper diaphram dise in the
side of the pressure chamber by driving a cutter through the disce The
volume of the tank was large enough and the area of the cutting surface
small enough se that there was no aopreciable pressure increase during
the instent of cutting the copper. The crystal unit ocutput was fed
through the preamplifier +To a cathode ray oscilloscope where the
deflections were checked against calibrating voltages fed through the
sane circuit. The pressure<voltage values obtained agreed with those

B
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LVETHOD OF TEST (Contd.)

calculated from the sensitivity given by the Il.DeReCe groups

24. For the pressure measurements made herein, the crystals
were mounted in metal adapters, one of them directly in the face plate
of the pressure tank and the other in a small rigid chamber at the end
of the system that wes coupled to the tank, The output of the crystals
was fed into the pre-amplifier, and then into the cathode ray
oscilloscopes The deflection of the oscilloscope bean was recorded
photographicallys. By calibrating the deflection on the screen, the
voltage generated by the pressure pulse could be scaled from the
photograph. After the photographic recordings were nade, it was found
nore convenient and time saving vhere many observations were to be made
to omit the camera and visually observe the deflection produced on a tube
having & long persistence screen and equipped with a reference scale,

206 As pointed out previously, the losses in the system are the
friction of the piston rod in the cylinder, the retardant friction of the
weight against the guide rods, and the encrgy losses in the water and
steel piston. During the construction of the cylinder, which was
designed for a lapped seal, a satisfactory lap seal between the piston
and the eylinder wall was not obtained. To prevent a delay in the
test program, a packing gland was inserted with which it vwas possible
to attain a watertight seal up to the 350 p.s.i. static pressure re-
quired and up to the maxirmnm dynamic pressures obtained but at the
expense of inercasing the friction, slowing the time for the piston
displaccment, and decreasing the maxirmm pressures obtainable.

R6. The initial calibration curve was run with onec gage.
nounted in the closed tanks The curve was uniform and is as shovmn
in Plate 6e Because it was realized that different systems coupled
to the tank would change the maximun valuc of pressure generated, four
more calibretion curves for other systens were run, The first of these
systams consisted of twe 8 foot lengths of 1/4 inch copper refrigeration
tubing, one coupled to each outlet of the orifice plug which was
designed to simmlate the dynamic and static orificcs of a rodmeter and was
fitted into the face plate of the tank, Plate 11, The pressure was
noasurcd both in the tank and at the end of cach of the tubes. The
calibration curves obtained are shown in Plate 7. The next systen
coupled to the hydrodynamic shock tank consistcd of two 8Y lengths of
rubber pressurc tubing supplied by the manufacturer and normally used
to conneet the rodmeter to the log system and for the interconnection
of the other hydraulic componcnts. The pressurc generated was measured
both in the tank and at the ond of the rubber tubing. The calibration
curves of pressurc generated vse cnergy input are given in Plate 6,

274 The pressure generated using rubber tubing and copper
tubing were ncasured since both types of tubing are employed in an
undervater log systen installation. The capacity of the pressure
generating system is a dircct function of the load on the tankes Therc-—
fore, for final tests of the log cqguipment, during which the other

~D
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hydraulic components were necessarily included in the load," the
applied pressurc could be only approximatcly predetermined from known
tank pressurcs for an egquivalent load, and the attenmation of pressure
for differont types of connecting tubese The pressurc gencrated

was thorefore nceessarily measured for cach blow to the tested cquip-
ment

28. To further check the pressure pulse generated by the
hydrodynamic shock tank, the wave form of the pressure wave was
determincde The pre-amplificr output was applied to the horizontal
deflection plates of the oscillograph tube and a 200 cepeSe. timing
wave was applied to the Z axis. The timing signal appears as a minute
break in the oseillograph tracc every two hundreth (1/200) of a see.

The timing frecquency was obtained from an audio oscillator accurate

to < 1/2%. The timing wave was fed from the fregueney gencrator into

a "Chronometric Pulser." The pulser consists of a thyratron input and a
single amplificr stage., The timing woltage at input is a sine wave
variation. The output is a sharply peaked periodic pulse, the duration
of which is determined by the circuit constanis, and the period of which
is cqual to the timing input frequency. This periedic pulsc is coupled
to a grid of the C4R.0. tube to cut off the electron bcam periodically,
The time of cut off is less than 0.1 the period of the pulse., The
pressurc wave trace when recorded photographically appears on the 35 mme
film strip of the camera as a function of timce Traces were obtained
for wave form in the closcd tank, wave form in tank and at tube end

for copper tubing coupled to the tank, and wave form in tank and at

tube cnd for rubber tubing coupled to the tanke Thesc wave form traces
are included, together with a calibrating tracc, as Plates 9 and 10.

29, It was first attempted to apply the hydrodynamiec wave to
the log system through the rod moter furnished by coupling the chamber
surrounding the red tip (bolted to sca valve base) to the pressure
tank. This proved to bc rathcr cumbersome and impractible since it
was difficult to relieve the sca valve asscmblyof air. The dynamic
pressure wave caused all scals in the sca velve to lecak momentarilys.
This lcakage, together with the ncar doubling of the volume of water in
the system, lowercd the meximum dynamic preossurc that could be obtained
to about 1000 p.s.i. For the final shock test of the log system the
rod meter was discarded and the pressure applied to the log system
through two 8' lengths of 1/4" copper tubing simmlating the rod meter
length attached to the orifice plug in the face plate of the pressure
tank, as shovmn in Plate 3. These tubes were connected to the manometer
system, vhich could be isolated by velves, as shown in Plate R (two
tubes coming up from lower right of picturc) and to the log system
units, which werc intercomnected with high prossure rubber tubing
(approxe 6! total)s The rcquired 350 p.s.i. static preossure was maine-
tained in the pressure tank and consequently in the underwater log
system by means of a pump which was isolated from the systcem before the
dynanic wavc was gencrated,

AN 19 1948
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50 The manometers are calibrated up to equivalent speeds
of 40 knots, a2 water manometer being used for speeds up to 8 knots,
in order to increase the accuracy of setting at low speeds, and a
mercury manometer for speeds up to 40 knots, The manometers are
calibrated on a basis of water having a density of 1.000 gm/ml and
2 rod meter having a 0,957 coefficient. A 40 knot master speed
indicator (not furnished by the manufacturer) was used for continuous
speed indications during the tests.

31, Following initial calibration, the log system was
subjected to & 350 p.s.i. static pressure for a period of one half
hour. A check of calibration, removal of air cushion chambers, and
commection of the log system to the pressure generztor tank as
described in Paragraph 29, prepared the system for the hydrodynamic
shock test. The hydrodynamic pressures delivered were measured in
the shock tank by observing deflection of C.R.0. beam on a long per=- .
sistence screen proviced with calibrated scale,

fa

524 The performance of the pressure snubbers was tested by
measuring the pressure applied to the smubber and that transmitted
through the snubber, vhen the snmubber was coupled directly to the
tenk through the dynamic orifices The snubber was supplied with
varying amounts of water at atmospheric pressure, then the hydrostatic
pressure was brought up to 350 p.s.i., and varying amounts of energy
imparted to the system. The snubbers were tested under the following
conditions, the pressure being measured both in the tank and at the
end of the copper tubing on the outlet snubber line:

(1) snubber half full of water (air jet hose on)

(2) smubber half full of water (air jet hose removed)

(3) snubber full of water (air jet hose on)

(4) snubber full of water (air jet hose removed)

(5} no snubber unit but with a length of rubber hose
on line equivalent to rubber coupling supplied
with the snubber unit,

RESULTS OF TESTS

334 The accuracy check of the log system before hydrostatic
test and hydrodynamic-hydrostatic tests gave values of error with-
in the limits set by specification, reference (b)e The 350 p.s.i.
static pressure test which was maintained for 1/2 hour, caused
no anparent damage to the equipment. During this period there was
no velocity head applied to the system and the log system speed
indicator opcrated satisfactorily, with only slight hunting of the
indicator and pump. There was no obscrved leakage of the system.
The results of an accuracy check of the system following the hydro-
static test were satisfactorys
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RESULTS OF TEST (Contd.)

34, The hydrodynamic shock test conducted in the manner
described in para, 28 yielded the following rcsults:

Static Pressure  Suncrimposced Dynamice Acecuracy Check at a few
psi Pressurc psi (in tank) : chooscen points
350 250 No observed effcct,
350 425 Mo observed cffecte.

350 700 Bellows housing leaking
. around extornal contact
arm shaft, Pump speceding
up to maximum speed.

B8 It was found, following the failure under the hydro-
dynamic shock test, disaesscmbly, and cxamination of the bellows
housing in the centrol unit, that one of the rubber sleceves for
shaft sealing gland (piecce no. 46 of drawing 6-14 Alt. 1, of reference
(X)) had been puhctured. This allowed water to leak from the enclosure
surrounding the becllows causing a large differential to be felt by
the control unit and the pump speed to rcach the maximum allowed by
the auto-transformer limit switches. The differontial felt by the
control unit would probably be less if a similar failure occurred
in Service since there would be availablc an unlimited volume of
yater at the static orifice to replacce that which leaked out, providing
that the leakaze did not becomc too rapid -hereupon the bellows
would expand and be permancntly deformed or ruptured, In the present
system, sincc the pressurc built up was in a confined system, the lcakage
resulted in sucecessively lower prossurcs. The pressure was relcased
as soon as the indfcetor rcached maximum spcede

56 ow rubber sleeves for the shaft seal were supplied by
the manufacturcrs These were installed, the control unit reasscmbled,
the contact arm centered between contacts, and the log system rccalibrated.
Since the master speed Indicator was no longer available; it was
necessary to check the systom against time with a constant vclocity
head anplieds The following results were obtained:

Manometor sctting in % Deviation
equivalent knots - welucs Odomcter Hautical Time From
approached by accclerating Milcs Mimutes True Distance
5.00 182,60, 00:00 -—
183,125 06:00 —_—
183.647 12:00 + 4.7
184,955 R7:00 e
185,74, - 36:00 + 4,7
186.96 50:00
187.85¢ 60:00 + 4.7
P
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Manometer sctting in ¢ Deviation
cquivalent lmots -~ values  (Qdomcter Nautical Time From
approached by accelerating Miles Minutes True Distance
10:00 192.90, 00200 e
193.907 06:00 + W3
194.909 12:00 + o1
195,904 18:00 + o153
196.905 24:00 A
197.905 50:00 + ol
15:00 199.00, 00:00 —
=00.00 04 :00 0.0
201.005 08:00 + ol
R02.004 12:00 + <13
20:00 R24400 00:00 —
R4499q 03:00 ~ 3
R75.999 06:00 - Wl
RR64995 08:00 - .2
RR7 .99"?- 12:00 - W1
R28429q 15:00 - .06
Values
Approached by decclerating
15:00 2504004 00:00 —
R31.00 4 04 :00 0.0
R3R.00, 08:00 0.0
R83.005 12:00 L
255.995 16:00 - .l
10:00 256400, 00:00 ——
R87.005 06:00 + o5
258.005 12:00 + o3

The above results indicate that the system was undamaged execept
for failure of shaft scal slcevees

87, The effect of the air cushion chambers in reducing the
transmitied pressure pulsc was in proportion to the original wolumc
of air prescnt before its compression under 350 p.Seis The pressurc
at the cnd of the line in which the chomber was inserted, when
originally half full of water and with the supplied length of rubber
hose attached to bleeder line cut off, diffcred from that with the
chamber full of ~ater originally by less than 5%. Air bubblcs
escaped, as showm by apilying soap solution, around cap of cylinder
and from blceder line when the pressure surge was applicd,
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384 A simole analysis of the snubber chamber between the
pressure operation limits set, shows that the volume of air in the
chamber at 350 peS.i. is small, even with the minimum original
volume of water, and that most of it will most likely be in the cap
and bleeder tube (copper), or taken up in the expansion of the short
length of rubber hose attached to the bleeder tube, The minimum
initisl water level for the chamber is considered to be at least 1/2",
or 1/8% above the outlet pipe which projects approximately 3/8% above
the base, The minimum volume of water then would be '

.
¥ =1 3,218 = 4,07 cu, in.or

8 6647 mle

The volume of the cylinder, bleeder tube and attached rubber tube were
measured and found to be approximately:

Cyllnder -------- 475 mla
Cu tube = = = = = = = = - 2eb Tike
Bubber tubg — = = = = - - 10 ml.

The volume of air present at one atmosphere is then 487.5 - 66.7 or
420,8 ml, Increasing the pressures to 350 p.s.i. decreases this
volume, if the ideal gas law is applied, To app.

Vo=V, 71 = 420.8 X 15 = 17.3 ml,
Py 365

Of this volume at least 12,5 ml. is in the rubber and copper tubes
of the bleeder line, or at most app. 15 ml, of air remeins in the
ehamber if the rubber tube on bleeder line is of minimum lengthe

59 The approximations of air volume at 350 p.s.il. in the
air chamber for minimum water f£ill neglect effects of temperature
changes since the temperature ranges of operation are not knom.
Decrease in temperature will operate to decrease the volume of air
for two reasons; (1) the volume of the gas varies directly as tem—
perature and (2) the partial pressure of water vapor in air decreases
with temperature. The latter effect is small and can be neglected but
the volume coefficient of temperature is 1/273.1 per degree centigrades
Colculation of volume change with temperature and pressure can be
made from the following: Vo = P17;Ts

T, Py .
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In any cvent it is most likely thatl the volume of air in the chambers
would be less than that caleulated because of difficulty in maintain-
ing the proper fill of water under operating conditions. The present
bleeder line arrangement should be mechenically improved to prevent
loss of air and to teke up the minimum velume of the compressed air,

DISCUSSION OF RESULTS

40, The dynamic pressure producing apparatus employed in the
present investigation was similar to the final apparatus built for
hydreulic shock test of condenser tubes. The first method used,
(Refercnce (g)), was based on the retardation of a water column moving
at a velocity, v, by quick closurc of a valve in time d t, This
produced the pressurc surge by means of waterhammer. Later the water
column was accclerated by compressced aire. The pressurc built up in
waterhammer is dependent upon the rate at which the velocity of the
watcer column is extinguished, the dcecleration of the watcr.

41, The type travelling pressurc waves expected from para-
graph 16 were observed superimposed on the pressurc time trace in all
cases with the gage located in the tank; but were absent in the
pressure~bine rccords taken at the ends of the copper and rubber tubinge
The waves are rapidly dissipated in passing through media confined
by non-rigid boundaries such as the copper and rubber tubing, so
that in 211 cases the pressurc wave applicd to the log system can
be considered as a smooth wave without the rapid oscillations obscrved
in the tank. (This holds within the rangec of frequencics effectively
visible at the film speeds enployed, up to 100 in/sec,) The prescnt
apparatus has buen deseribed in some detail with respect to the wave
forn, anplitude, and time duration of the pressurc pulse produccde
There rcmains to be attempted a comparison with the damaging effect
of the shock wave produccd by an underwater explosion. To this end
the amplitude, form, and time duration of the shock wave from an
underwater explosion is approximately described.

42, The complete experimental and theoretical picturc of what
occurs during an cxplosion is not precisecly knovma. Conclusions made
by Hilliar, rcference (i), have becn largely substantiated and found
to be generally accuratc by subsequent investigations on large numbcers
of explosives with various measuring means, The amplitudes and general
shape of the shock waves from brisant cxplosives is characterized by an
abrupt risc of ncarly infinite slope and logarithmic decay or wave tail
described in gencral by the cmpirical equation (Diagram Curve I)
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43, The SBQEhAggvc originates from the initial expansion
of the gas globesGonversion of the solid mess of explosive to
gescous combustion products, The time constant of the wave (the
tine for the pressure to decrease to 1/c¢ of its peak valuec) the length
of the wave, and the pcak pressure, for a given explosive, will be
governed by the dinensions and mass of the explosive charge. The
intensity of the pressurc wave deocrecascs approximntely as 1/r when
the distance, ry from the charge center excceds appe 10 times the
initial radius of the solid charges The lcngth of the impulsive wave
is of the order of 10 times the radius, reference (i), of the
original mass,. The wave eventually travels at the speced of sound,
the initial wvelocity being greater duc to incrcases in density of
the nediun ncar the charge. The spherical symctry of the wave
about the charge will be governed by the symmectry of the charge and
the point of initiation of thc detonation in the explosive mass,
If the lincar dimensions of 2 given explosive are changed in the
ratio X, the pressure curve prcviously appearing at a distance r from
the centor of the charge will be obtained at a new distance Xr at
time also changed in the ratio X. The cnergy carried by the wave will
also bec X tines as great and since the wave covers a spherical
surface X* times as great, the total cnergy is, thorefore, proportional
t0 X° or the weight of the charge, If a nass W of a given explosive
produces pressurc and vclocity distributions, p = C (r,t), v =Cr (r,t),
(t measured fron the initation of the ciplosion) thon a mass W,
of thc same explosive will produce distributions

PecC EY o mE!  ; veo [L(u® W, \3
o @y (B v e ()
L\ 7,/ | | A=
g o 2 b "E__ Wz 2 ‘
The shape of the charge rmst romain the semc. The peak prossurcs
occurring fron TNT cxplosives (TNT, Amatol, Minol, etc.) can be
predicted by the impirical rolationship

1
P, = KH3 whore K = 1.3 X 104
! i
L

if ¥ in 1bs, and r 38 fte. p in p.S.i. within the range where p varies
as 1/re

44, Subsequent motion of the gas bubble, which retains
something norc than half the initial cnergy, after gencration of the
shock wave, gives rise to a series of inpulscs gencrated by altcrnate
contractions and expansions of the gas globe. The interval between
successive impulses for a given explosive charge (mass and dimensions
constant) varics with the depth of submergencc. The time interval
between the (n~1) and the n—th pulscs for large amplitude
oscillations of the globe, is given by "illis' formula. (Reforences s
(G and J)) LY _‘_.j'ﬂ.,».

iz -1
T(n—l} =114 £ R, © WnS

density of water, p pressurc and W the naxinun cnergy of the gas at

where € ig the

- 16 —
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the end of the n th oscillation. ¥ will be less than the total
cnergy relcasced by the oxplosion and may be expressed in terms of
the naxirum radius of the gas globe

e

i = 2
i % n rmax 1—"\:‘J or T(nal)

i
-2

= 1le85p* P, Tmax,

The rclation of the initial and successive impulscs passing a point
at distance r from the explosion will then bec somewhat as follows:

P

It is thought that cach of tacsc successive impulses will carry

less energy than the shock wave and be more or less rounded (without
steep fronts) because of lesser amounts of encrgy transmitted to

the water after the initial loss of cnergye.

45, The pressure wave gencrated by thz test apparatus
cmployed in this investigation is fairly symmcbrical except when
rubber tubing, which has a low spring constant and consequent long
recoil period is coupled to the system, and rises rclatively
slovly duc to the finite time required by the aceclerated piston to
comnress the water in the system. The general shape of the wave,
compared to that of TWT is shovm by diagrem, paragraph 42, Curve II,
and oscillograms, Plates 9 and 10. The time of risc was undoubtedly
slowed by the friction betwcen piston and packing gland and the
comprossion of liquid in a small cylinder (immediately below the
piston) feeding into a larger chamber, A froe piston would give a
muich stecper risc as would a larger diametoer piston working in the
present systeme The test conditions, which necessitated maintaining
a 350 p.se.ie. static prossure, reguired a tight scal between piston
and cylindcrs The overall efficicncy of the system as a peak pressurc
generator is about 45% as usecd with tight scal. (Sce comparison of
calibration curve and theoretical curve for the system, Plate 12.)
Efficicncies as high as 62%, corresponding to pressurcs up to 3500
DeSa«ie werc obtained with well lubricated guide rods and minimum
friction betwoen piston and packing gland.

46, Waves having much stecper fronts can be obtained by
experimenting with a rigid cylinder of water in which the piston arca
and column longth can be varied. In order to avoid practical
difficultics in the laboratory duc to cxcessive hoights of fall nec-
essary to obtain high impact vclocitics of the falling mess, the maess
might be accslerated by compressed air or springs. Waves approacning
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the slope of the front of the explosion shock veve, (Curve IIT
diagram paragrash 42) could be obtained in this manner. In tais
connection, howevar, duplication of the decay form and impulse
values of explosion shock waves would probably not be obtained
practicably. Paragraph 5 of refersnce (f) states % - - - the
precise shape of the steep front of the pressure wave is probably
of no practical interest, HNor should the effects of the secondary
impulses be altered much by the mere fact that they probably have
no steep fronts at all, The general form of the pressure wave
may, hovever, be of importance, in some cases because of resonance
effects, A series of impulses is generated by the bouncing mass
in the test aoparatus. One record in which four pulses were
recorded is shown by FPlate 9,

474 The dimensions of the rod meter are such that it
would be small relative to the length of the pressure wave from
s 300 1b. THT depth charge and an approximation of conditions at the
target (rod meter) san be obtained by treating the flow as non-
compressive and the pressure as statice At 50 feet from such a charge
the pressure would be
1

P o= li3X 10% (300)5 = 1740 psie
. B0

The results given by the above eguation based on data obtained with
mechanical gages are thought to be low by 10 to 157 considering
data obtained from piezoelectric zages as more representative of the
true pressures. For a linear small amplitude wave,

P =pcu

(p the excess pressure above normal, ¢ velocity of sound in the
medium, u the particle velocity znd @ the density) using

o c as (8.2 1b sec. for sea water, u = ,176 in/sec per psi.

£t in #
pressure differential., Then the particle velocity at 50 fte from
the depth cherge will be 25.4 ft/secs Integration of Hilliar's curve
for & 300 1bs THT chorge, reference (f), gives an equivalent of the
meximum pressure acbing for .85 milliseconds or an impulse of 1.48
1b. Secs per Sqe in. Typical curves for the pressure tank were
integrated roughly by tracing fram the film on a good grade of
graph paper, cutting out the curves and weighing them accurately
and weighing a piece (a unit square) of graph péper corresponding
to the time axis ond maximum amplitude of the pressure-time curvc.
The areas are in proportion to the weights of the graph paper sections,

e« 1B
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Bquive Time of
Peak Pressure
curve Pmax psi Impulse #aec/ina Acting iilliseconds
Plate 9 Closed Tank 2400 7745 3R43
Plate 9 Closed Tank 1650 5240 31,6
Plate 9@ Closed Tank 1120 31,8 2844
Plate 9 Closed Tank 660 2346 2840
Plate 9 at end of
16t of Cu tube 2100 TlsS 34,0
Plate 9 at end of
16t of Cu tube 1250 3743 30.2
Plate 9 in tank 'ith
15t of Cu tube 1800 60.8 33.8
Plate 10, at end of
16t of rubber _
tubing. 280 15.4 5.5

Plate 1 in tanl:’

2
with 16% of rubber
tubing 510 17.5 Sed

48, Considering the pressure as static when the wave
front arrives at the rod meter, the peck nressure of 1740 p.s.i.
acting for .85 milliseconds, (the time for which an equivalent impulse
of the wave would be obtained if the peak pressure of 1740 p,s.i.
acted alone) and the diameter of the rod orifices as 3" , the total

32 -

amount of vater that could enter the system through any one orifice
of this diameteor can be estimated roughly from Torrieelli's Theorem
neglecting the coefficisnt ¢ (which is one (1) theoretically).

vV = ¢ vZgh
‘ . 1 Using the density of sez water as
64#/ft 3 , the equivalent head of water is 3920 ft. The velocity of
efflux through an orifice of 3" diameter under this head would be
52
Vin/ = 12 4/ 223920 = 6029
sec

The quantity of Tﬂter/sec s Q=VA=26029 X “(52—32 = 4] 45 ins/ SCCe

—

4
£ B -3
and thet in .85 X 10 = seconds

Qp = VAt = 85X 107° X 41.5 = ,085 in®,
Such small volume changes would be readily absorbed, without appreciable
rise in pressure, Sy the rubber tubing and particularly the air pad
provided in snubber chamber; provided of course, that a volume of air
comparable to that calculated in paragreph 38 is presont.

— 19 =
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49, The log system was undamaced by the increased statie
head zpplied. WNo accuracy or endurance tests were requested under
conditions of simulabted submergence, Accuracy tests under simuleted
submergence to a depth of one hundred (100) fect were reported in
reference (¢)e

504 The log system failed undcr 700 passis dynamic pressurc
pulse supcr-imposcd on 350 pes.i. static pressure under a condition
in which the lengths of rubber tubing connecting the rod meter to
the log system were omitted in order to subject the eomponcnts to 2
high value of dynamic pressure, vhich could not be obtained with
the rubber tubing in the system, and discover the weakest point in
the hydreaulic system.

5l The pressure impulse /pdt delivered by the test
apparatus is considerably greater for an cquivalent peak pressure than
that resulting from the shock wave of an undor water explosion. Also
the total value n
2. Jpdt

iz
of the multiple impulses delivered by the test apparatus is probably
much zroator than the summation of all the impulses resulting from
the 300 1b. TNT cxplosion considered exemplarily or a considerably
heavier cxplosion. From this standpoint, vhen an cquivalent peak
pressure is epplied, the pressure gencrabing apparatus reprosents a much
more severe test than o rather heavy moncontoct underwater explosion.
The grestest difference, as compared to the shock wave of an under—
water explosion, lics in the relativcly leong period of the pressure
pulse from the apparatus which would producc greater effcet on eom—
poncnts of an apperatus tested in this menner should they have relatively
low frequency responscse It is thought that the sccondary impulses from
an undorwater explosion, some of which carry considerable energy in a
relatively low pressure wave of longer time duration than the shock
wave, are more nearly approached by the type wave generatcd by the test
apparatus than ic the initial shock wave fran an underwater exploSions

SR The damaze parameters considered significant at the
present stege in atbtempting to correlate structural damage with the
measurable quantities associated vith underveler cxplosions are;Ppax,
pcak pressurc), /[pdt (impulsc),dp (instantancous slope of pressure

dt

time curve),and dp (pressure gradient). Little is knoim about the
effcets of the last two parameters; but considerable correlation has
been attempted using the first two paramcters. The test apparatus

appro-imetes an explosion in that it reproduces P__.,  overproduces
n}au- L] s

/pdt; but does not roprosent dp and dp .

dt dx
55a The rubber tubing and the proposcd air chambers in the
log system installation have considerable cffeet in absorbing pressure
o
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changes in any form. Provision of an air pad in the system will
absorb, with rzlavively small overall chenges in pressure, large
pressure fluctuations of practically mny frequency in the range
considorode The difficulties atbending the use of air chamber

snubbers were pointed ocut in the body of this report. Further
difficulties were experienced with the submitted air chambers which
were functionally imperfect in thet the apex seals leaked air under

the pressurcs devecloped and the major part of the air was eontained

in the blceder lines and atbached rubber hoses and pinch clamps. The
apex seal should be made more effective, the rubber hose and pinch clamp
discarded, and the blecder line shortencd to the minimum length necess-
ary for usec of a positive acting, prossurc—proof stop cock or small
volve. Installation in the log system should be made such that the

air chambcrs can be isolated by bypasses during "blow—off" procedures,
to avoid loss of air or introduction of air from the chambers into
other compon:nts of the system, and 2 drain cock should be provided

for cach chombor to permit drainage of excess water from the chambers
so that tie initial "cherge" of air may be obtaineds HNo method was
incornorated for ascerbteining the amount of air in the snubber chamberse
Somec mezns of detcrmining the watiur level in the chamber, such as a
pressure proof window, would have to be provideds

5l For greater protection of thc log system components,
rubber tubing should be used throughout in comnecting the system
to rod mcter and in intercomnceting the units. This tubing should
be sccurely clanmped to prevent bLlowing off of any connections

=
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