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1. This p~·oblcm Y.ras 2.ut:1orizcd by rcf "r..;ncc (c..) J and ot,hor 
refor8ncos portincnt to t~1is probl-8m arc listod as rofor-:::;.1c..:.s (b) 
to (k) inclusive. :~s the tosts l:::::d to co;.isid.:ms.tion of the :)'.1cmomcna 
of und,_;n,at:::r ox,1l osions .:i..s ::,)rose:ntod in scv'.)ral. confidontial reports , 
and as it ha.s been ncc0ss~ry to inc orporate n1.2.torirl given in sor.1c of 
them, this report has been cl2.ss:...fiod :;confid~~1tiD.J.1i 2.lt:·1ougi1 the 
probl em Wr!.s cl2.ssifiod URostrict0d 11 as c>.ut.10rizod. 

ncfcrcnc~s: (a) BuShips Ltr . S3/865- 5(550) of 17 November 1942 
t o ~1PJ.. . 

(b) Spccif ic-".'.tion SG2 ( 65)-15la of 1 February 1937. 
(c) 1,rm., Test nc~ort B-1631 of 3 July 1940. 
(d) NRL Drwg. F- 556- _· __ 'Iydrodync'J'ri.c Shock Device. 
(c) DT:'B- P.eport No. 510, _·.ugust 1943. (ConiidcntL.'11) 
(f) DTEB-Ro,ort rro. 1130, October 1s,n. (Confid..:..ntial) 
(g) Exccr:Yi:.s f:rora B.~ . 'I. lios . 20, ~l , cmd 26 ·0..'.::::cs 

52- '%, 20- 25, ;:;ind 9- 11 r~spcctivcly. 
(h) Division 8, o.s-n:IJ Pcport 60 . 1759 of 24 Lugus t 

1915. (Confidcntio.l) 
(i) :;:x-_1x1:dmonts on The Pressure ···2.vc Throi:•m out by 

. Subr.i.arino Exolosions- !I. 'Ti;. Hilliar, Pesc2.rch 
Expcrin1cnt 142/19, 1918. 

(j) :;;ultiplc ?ulsus of Undsrr,cJil.!r !...::-:,_)losions, 
; · i . H.O. I ., 9- 2l-41 . (Confid:.m.tid) 

(k) I . c. Instruction Book No . 36 GG, Pitom~tcr 
Log Corp. 

OBJECT OF TEST 

2 . The obj:::ct of t:10 prcso~Yi:. test of 0}2.sti:1g, currently 
npprovGd n.nd used, undcr;:-i,-:tcr 1.!l0ctric log s:J:ctcms for submc.rincs 
nas to i.i.,vcotigntc the structural 2.nd functiorro.l ~bil ity of the 
cquipmC;nt ,7hon opcra:i:.od: 

a . under conditions oi' increased s'.:.:>.tic prcssu:r0s 
impos'-'d by i.:1cr,..:-:i.s cd dc:ot~1 of o:?cr.:-.tion of new 
type subt1~riilcs and 

b . 11hcn subjoctcd to dynar:uc pr .ssur..:: pulses, super­
imposed on tho m.:L'<:imu.m st2.tic ::,r-:;ssnr...:s, c.s -vrould 
be the cas::: w~1cn a subm2r::'.nc is submcrg:::id in tho 
vicinity of noncontc.ct und~I"'.72.tor explosions . 

:.BST::-:'. _CT OF TEST 

5. 
electric 
contract 

The units of the Pitonietcr Log Cor1)oro..tion 1 s underwater 
log sys-c,cw, rot2.ry b2.lc:.ncc type RB-25 , s·o..ppliod under 
~.rcss- 2-1955, were furnished for tncsc tests . Those ui1its of 

- l 
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.'.BSTILC'i' OF TESrl, ( Cor.td . ) 

this sy::itcm ':;hic'.1 2.rc hydrc.ulic,:.lly cou:-J.;d to the soc::. o.nd c.rc 
diri..;ctly a.ffcct,l:d by prcssl!rc c 1;,,ng'.;s due to d0pth of subi:H.;rgence 
and/or underwater ex::'lo::;ions 1:e::.--e set U!) at t:1i5 Laborat,or:t in a 
suit~.blc -i2_'lo,1etric cclibre:tin6 s ·stc:-:. ',:.here the,f \'!ere sul:>jected to 
h~rd.rostr-tic rir~ssures ur to 350 psi. U"Jon °'1ic11 'e::.·e superi::r,osed 
dynzcr:d.c pressure pulses of increasing magnitudes, 1.m.til f,.ilure of a.n.y 
compo:1ent ·r-:.::-t of t:ie system nas observed or until z. T'.lft')d.murn. d:,n2.!nic 
pres$t~ra ;:,ulse of 2000 psi. ,;as c:ttz.ir.ed. 

- le. -
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CONCLUSIOES 

(a) The log system was undam2.ged by the increased static head 
applied. No accuracy or endurance tests were requested under conditions 
of silnulated submer~cnce . Accuracy tests under simulated submergence 
to a depth of one hundred (100) feot ·were reported in reference (c) . 

(b) The log system failed under 700 psi. dynamic pressure pulse 
supcrimposcd on 550 psi . static pr;)ssure under a condition in which 
the lengths of rubber tubing connecting the rodncter to the log 
syste:r.1. were omitted in order to subject the components to a high value 
of dynamic ::)rossuro, 1rhich could not be obtained T,1. th the rubber 
tubing in the system, and discover the T,oakest point in the hydraulic 
system. 

(c) The pressure impulsc/pdt delivered by the test apparatus 
is considerably greater for an couivalont peak pressure than that 
resulting fron th0 shock ' . .'2.V-.; of an undorlimtcr CXl)losion. Also the 

n 
toto.l v£>.lue 4, /pdt of the multiple ittpulses delivered by the 

l 
test ~np.:i.ratus is prob~bly nu.ch grcat~r than tho swnmation of all 
the inpulscs resulting from the 300 lb. TI1!T explosion considered 
exenpl ~rily or a considerably heavier 0;;:plosion. From this stand­
point, v1hcn an equivalent peak pr,.,ssurc is applied, tho pressure 
generating apparatus represents a much more severe test than a rather 
heavy noncontact under..rati..,r e;:plosion. The greatest difference, as 
cor-ipa.rod to the shock Have of a.11 undor;rater ezplosion, lies in the 
rclativ-.:ly long period of the pressure ::iulso fro:r.1 the apparatus ,:hich 
:·.-ould produce groc.tcr effect on co::ipononts of an apparatus tested in 
this nanner should they have r ... lati vcly lo-,: frequency responses . It 
is thought tho.t the sccondcJ.ry intpulscs fro~n ;m undorr:ater explosion, sonc 
of ·.:hich cc.rry consid_;re.ble energy in a relatively low pressure nave of 
longer tirao duration than tho shock 'i;avc, arc n.ore nearly approached 
by tho typo 1·to.vc gencrc.tcd by the tost 2-pparatus than is tho initial 
shock ,,;ave fron an undcr-,,ator explosion. 

(d) The dm,agc paremct-:::rs consid-:!rod significant at the present 
stage in 2ttonpting to corrolo.to structur~l da..~agc ~d.th the measurable 
quantities associ2.tcd .._,itl1 undor.:a.tcr explosions arc; P (peak 

max. 
pressure), /pdt (i.J.~pulse) , :~ ( i nstantaneous slope of pressure time 

curvo) , and dp (pressure grad.font) . Li ttle is kno1.11 about the effects 
dx 

of the last tuo parameters; but considerable correlation has been 
atter:iptcd using the first t·.,-o pa.ra.motcrs . The test apparatus 
approxin2.tos an eJ..-plosion in that it reproduces P overproduces max. , 
/pdt; but docs not rcpr0scnt ~ and dp 

dt cb:: 
• 

lb -
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COFCLUSIOiJS (Contd. ) 

( c) The rubber tubing and the propos Jd 2.ir chanbors in the log 
syston i.vistall2.tion h,:>.ve co:1sidvr8.blc CI.J.(.,Ct in absorbi.11.g prossure 
chc:.ngcs in any forr.. . Provision of 2..,.7. air pad in tho system nill 
absorb, ;;i th rel 2. ti vcly small OV'..;rall chc.mgcs in pres sure, largo 
pressure fluctu<'..tions of practic;:,.lly 2.ny frC;qucncy in the range 
considered. Tho difficul tics 2:.ttcnding the use of air ch2.mbcr snubbcrs 
Tiere pointod out in the body of this report . Further difficulties 
r;cro c:--:ncri;:mccd -:,7ith tho subnitkd air chanbors vr'.1ich uere functionally 
inperfcct in tha.t the apex seals leaked o..ir under the pressures 
oevclo1Jcd and the m~jor part of th.:: air -,ras cont.J.ined in the bleeder 
lines and attached rubber hoses and "JL'1Ch clanps . The apex sc.::i.l 
should be 1:i.adc i'1oro effective, tho rubber 210s0 and pinch clanp dis­
carded, and the bleeder lino shortened to the ;n.nimum length necessary 
for use of o.. positive acting, pressure- proof stop cock or s:nall valve. 
Installc.'.tion in the log sys ten s:1ould b0 ma.de such that the 2..ir 
cha.11h..:rs c.'.ln be isolated by b:,passcs during 11blo,,-off 11 procedures, 
to avoid loss of air or introduction of cir fron the ch<!inbcrs into 
othe r co;;-ipononts of tho systen, 2.nd a drain cock 3hould be provided 
for ,]ach chamber to permit d:reine.gc of excess -,rater f r om the chambers 
so that the initial nchm·g011 of air me.y be obtained. Ho method wus 
incorporated for e.scert~il:i..~g the anount of air in tho snubber 
chamb::.rs . Somo ueans of dctcri;d.ning the 1mte:r level in the cha,,1bor, 
such e.s a ?res sure l)roof Hil1d01,, ,IOuld hD.vo to be provided. 

(f) For greater protc.!d,ion of the log s;rste::i. components , rubber 
tubing should be used tbroughout in connecting the systcn to rod motor 
and in intc;rcmm~cting the Tu.'1its . This tubi.7.g should be securely 
clc1nped to 1_::,revont blouing off of o..ny cmu,oction. 

- lo -
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4 . The co,;i.poncnts of the ?itrn,l.~-t--r Log Cor __ x,ration I s 
ur.dor::c.tcr electric log s;;.rstcm subnit".:.od ~or t..,st -:.-rcrc the rod 
nct...,r and. s.:..2. v,,_lve 2.sseably, rotary dicta-1co tr2.11sr1itt,:;r , subn.arine 
control unit , ;:.nd t,,o ~:.ir cushion cha--:ib-:,r.:-, for ins0rtion in the 
dyno.nic &1d stntic pressure lines conn0cting the rod netcr to the 
rc;:naindcr of t:10 systen. 

s. The purpose of the log systc::1 is to indic2.te the speed of 
the s'.1i01 .1.ml the tot~l dist,:.ncc trav-Jled. Speed and d.ista1cc arc 
derived fron the changes in the vdocity ~1c:c.d of the flo,ting water 
2.round c rod projected fron the ship' s hull . This rod noter contains 
.:i. pi tot tube w-r2.,.7.g .:::::ant of orii'ices ·,::1ich tr2ns:.1i t tho dynr.nic r,nd 
stc'.tic pressures to tho log nccho.nisn. The :!_)r ~ssuro trans::.1.itted by 
the d]!l~::uc orifice, .-rhich is located D.t t~1c sk.gn2,tion point c.1,t 
tho leading odgo of the rod .1eter , is pro1)ortion2.l to the squ2.rc of 
the velocity of the 1-mtcr and the pr essure :10ad due to depth, 

v2 = 2 (PS - Po) (1) 
0 p 

The static orifice or orifices arc locctcd on the surface of the 
stroc.mlincd rod tip as nco.rly ::-.s ::_)ossiblc c.:t, positions givi.Jlg zero 
or const:mt pros sure differences ,7i th speed ar~d tr2.ns,tli t onl:r tho 
stctic ho.3.d. 

6 . Tho d:i.fficulty of rod ,:1;.::tor design is encountered in 
placi..11.g these stc.tic orifices r.t the bost loc.'..'.tions so as t o have 
no pressure change effective at these po:LTJ.ts over the speed range 
covered, avoid.:-ncc of en.vi t.:-.tion ~.nd off \;cts due to change in ty-pe 
of flo,;, end ninir;ru.::1 effects due to snD.11 angles of yc.w between rod 
ti.ctcr a::-:is ti!ld s~1ip I s line of tr;J..vol . Difficul tics ,ri th the 
d:,,naiJ.ic orifice in addi ti.on to errors due to sno.11 oiglcs of yavr, 
arise fron frictional losses of pressure m2.king it nccessc.ry to LTJ.scrt 
a correction fr.ctor or 11rod coeffici-.,nt11 , i;1to the be.sic relationship, 
so that: 

v2 
= C ~ (P -P) (2) • 

o e s o 

In all cases c:q:icriue:itr.l calibrc::. tion of the rod noter is necessary 
to dctorr.rine C, its co:..1stanc~r, the effects of yr.Hing the rod, 
cavitc.:.tion, and t;10 maintcnn.nco of .:i. co11stc.11t pressure, proportional 
only to depth, a t t~1e static orific,.;s . Tho log nec:1c.nisn rcoponds to 
the dif.fcr::mcc in ·,,r cssur;:;s transnit;ced by the stn.tic and dyna.--:iic 
orificvs , i. e . thc.t po.rt dci:iend .. .m t on v2• 

7 . Con~ection from the stntic orifice of the rod meter is 
nade to a pressure-tight ca.st bronze c!1c.:.n_bcr contained in the control 
unit . A bellows, its open end sc.alod to the top of the chmbcr, 
divides the ch;.0.mber :L.1to two hydr2.ulico.lly isolated soctions . The 
bronze r.-,_ovnble heed of tho bellor,·s is coupled to 2. lcvor which 
rot:1tcs (through sno.ll angles) n shaft pc!.Ssing through the unlls of 
the chc.nber e...'1d supporting cxkmc..lly n long lever nr:·., '.:hich carries 

- 2 -
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DESC:1:r?TIOU OF EltTSRL'.L (Contd. ) 

contacts .::t the far end. Pr,.Jssurc froia the st:-..tic orifice is a.pplied 
to the cxt~rior of this bcllmm; and pr~smrc fro~ the dyna.-.ic orifice 
is .:-.p.,..,licd to the interior. I.totion of the bellows rcaulting from 
differences in those prcssuri.JS is rcs"i:,rictcd by tl10 studs, one internal 
to the b--:llm;s r.nd one projocting fro,:1 the base of the cho.."!1bcr, that 
.::ct D-[;2.L";.st t!1C b.:lloYrs ~1cc.d . 

a. The dyno...'llc orifice of the rod not~r is connected, through 
o. punp chn.i7h~r i."1 the tr.ms:utt'-'r unit contaL,ing c:. ccntrirugal inpellcr, 
to the int0rior of t:10 he:llo·.,--o ii"1 the control unit. The control 
U."lit o.nd rot<-'-17 distc .. ·c0 tra11s:r-rittcr .::re thus fur1ctionally L,t'-'rdcpon­
dcnt. Thus , · ·hen there is no fonrard motion cc:.using D. velocity 
hcr..d J.t the l.Ja.di.l1g orifice, tho pressures inside ::.nd outside the 
bcllo·.:-o c.rc equ.."'.l r.nd ..;qual to the sta.tic heal !iuc to depth only. 
Jnd..:r t.1esc conditio1.s the cont.:1.ct z.rn is loc,ted c.::.ntrally betvrcen 
trm cont.:-.cts ,::1ich control o. v.::.riD.ble speed d . c . notor driving tho 
C\Jntrifui:;2.l ir,1pcllcr . Tihcncvor there is a. difference in pressure 
bet, ·con i.>1tcrior C..."'ld o;ct.(.;rior of the bello-ds, the bcllo·.,s r1ov1,.;s . Any 
notio:i of tho bcllous is n2.gnii'icd by tho conk.ct c:,rn v1hich closes a 
circuit through either of t.ro ··:.r:i.ndings on a ruvorsiblc follow- up 
notor '\'hich positions conto.cts on a continuously ·1.1.riablc auto-t rans­
for:1cr . This c.uto-tr.,21sforn0r :mppli s c.. c . volt2.gc to the D.rwLD..turc 
rcctifi~r of the d . c . notor drivi:1g the contrifugc.J. i.~pcller. The 
ccntrifug2.l ..JU:.1p rot.::..t..::s i:1. such 2. ,::.2.nner 2.s to .:i.t all tines produce 
a prrssuro opposi.'1g th~ dyna:uc prussurc s~t up at the leading orifice 
of th. rod :,wtc:::-. Any diff..,rcncc in _)rc::.surc bc./b:1::c::1 interior ~d 
oxtt;rior of th ... bcllo·,'S u.--iit --ill c.::.usc the follo·:, up r;iotor to drive, 
through a g,~ar trc.in, tl1e co~tc.cts on thC; auto- transfo:ni1cr to c. 
position such thn.t tho pw:1i) speed c[tuscs the :L.1pvllcr to bal~ce this 
pressure diff ~r--ncc. T!10 b~J.a.ncir..g process at a constant speed is 
one i.'1 -,·hich the t:-a,sf orncr contacts continuc.ll:,r hunt slightly about 
the true point of oquilibriur,1. 

9. Tho pr1.;ssurc developed c.t the dyrw:,ic orific'-' of the rod 
nctar is ?roportionnl to t~1c squ~.rc. of the s:1ip• s velocity. Likcmise 
th~ ')rcssurc developed b;',- the c .. mtrifugo.l punp is proportiona.l to 
the squ:-..rc of the spocd of the ryunp. The spc...cd of the punp is, there­
fore, directly proportior:tl to the sp..;..:d of the ship. Li-ldicc.tcd 
speed r.nd tot ... l dis-r..ll1c'-' ore dcri·1cd fro:·1 a S-.;co:1d output shaft on 
t:ie ptmp notor, opcrc.ting t,hrough a gc.;J.r roduction, the speed of which 
is a linvc.r function of ship' s cp0~d. This she.ft driv~s , through 
suitable g·ic.r r.:.tios , c-n odoi ,._t~r dick.nee.. indicator :-.:·1d S.;lf-synchronous 
transr·.i tt.::rs i.11 the rot;:,.ry di:n,a.11cc tr.:i.nswit ... vr unit which transru. t 
to aw:ili.2.ry i.ndic.:.tor u.11its revolutions p~o~ortionoJ. to distuncc 
traveled. Tho entire control unit nsse1.1.bly is gimbcl nounted to 
prevent introduction of errors due to pitching end rolli.,g of the ship. 
These u.,its c..re sho,rn by photor'!"apns, Pl2.tes 1 2.nd 2. Details of the 
equipr.,ent are covered bJ previous Labora.tory reports and the manufact­
urer ' s instruction books , 

- 5 -
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DESCRIPTION OF M,'.\TERIAL (Contd,--,--,·-.-·--·----· 

10. Only the tTro units described, the subnarine control unit 
nnd the roto.ry distcnce tr~sraitter, are hydraulically interconnected 
and coupled to ti1.e sea. The relationship bet·rreen these and other 
units in the systen is purely electrical. The i..'1terdependence of these 
tro units is such that complete or po.rticl hydraulic failure in 
either results in excessive errors or complete failure of the entire 
system. 

11. Tvro air cushion chl".r.lbers ..-rere submitted for i..11sertion in 
series i.;ith the h;rdro.ulic lines from the rod Iileter, These e,~perimento.l 
cho.mbers 1.,ere proposed by the mm1ufacturer as o.. possible nenns of obtain­
mg a pressure snubbi..'1g action due to the provision of air pads . As 
sho,m by photogr~ph, Pl~te s, each consists of a cylindrical chnJ!lber 
pro-.rided •:rith :L-uet n!'ld outlet close to the base c:.nd bleeder line at 
the apex of the cover, 

12. The rod neter n...11d sen vc.lve o.sser.1bly vras provided erith 
o. cast bronze c:1anber ·.;hich ,;c.s bolted to the sea valve base in the 
position corres~,onding to the skin of the ship. The rod m.eter tip 
coul d be projected into this chcr,1ber -vrhicn it uas proposed uould be 
hydro.ulically coupled to a dynamic pressure producing device. 

i::s. As requested in BuS~,ips ltr. , reference (a) , c. hydrodynamic 
pressure gener2.tor tank, simila.r to the type employed in test:ing con­
denser tubes by hydrody11D.!,1ic shocl: , reference (g), ,ms designed. The 
detQils of construction and assenbly £>.re given by dr2.,,ing , reference 
( d) . Cha.--iges found necessary on tri::.i.l tests o.re o.lso shovm by 
drc.xring, reference (d) . The o.sse::nbled unit is shom1 by photographs , 
Plo.tes 3 3.nd 4 • 

. 14. The testing system can be considered as a rigid t['nl<: 
-with a piston o.t one end. The piston is suddenly c.dvc,nced at a 
velocity, v, for 2. t:iJne, dt , vrhen the fallinr; weight strikes the 
strik:Lig hec.d on the piston. This com::)resses the fluid, co.using a 
decrec:.s0 in volune of the rrl'.ter in the systen. If the i.:alls 2.re 
sufficiently strong so thc.t expw1sion of the enclosure cmi be 
neglected, the pressure built up in the system adiabatically will 
ul tb.1.0.tely deP':md on tlrn volm:ie change c.nd the nodulus of elasticity 
of the fluid nediun. 

_!. = E 
K 

= - b.Pv 
iv 

(5) E - elastic nodulus 
K - cor,1.prcssibili ty 

coefficient 

15. For the present system employing uater ns a medium, and 
having a volume of app. 50 cu. in. o.nd o. piston are~ of 0 . 307 sq. in. 
(5/BttD), the voJ_w:i.c ch2.nge to produce t.he desired 2000 p . s . i . dynamic 
pulse is, t2.king E = S X 104 , 

- v,\p 

E 
The necessary stroke of 

""" 50 X 2000 • -.33 cu. in. 
- 3 X 105 

the piston is then , 55/ . '307 or 1 . 08 i.riches • 

- 4 -
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16 • The sudden motion of the piston sends a pressure wave 
through the mediun. 

l-v1dt ---t 
While the piston moves a di,:;tance vdt, the pressure wave travels a 
distance v 1dt . (Refer to illustrative diagr2.m. ) Since the total mass 
of the medium is const2.nt, throug11 Emy ti:ie interval, dt, the mass of 
the fluid displaced by the piston oust equal the gain in :nass, due to 
the increase in dmsity, of the volume trD.J.,sversed by the pressure wave , 

A pv(dt) = Avt (dt) (df>) (4) 

Where , A, is the ~rea of the piston and, p , is the density of the 
fluid . Fror.1 the law of conservution of Ponc:mtum, it follows that 

or in terms of t;1e present syste:n 

A (dp) (dt) = v 1 (dt) Apv (6) 

From (4) 

Adp = force 

v 1 dtAp = mass 

vt c V -t (7) and from (6) v' = 9:£ (8) 
fV 

Combinii"'lg (7) and 

(v' )2 

Since E = ::_3£ 
dV 
V 

(8) 

= 
~ (9) 

by definition and 

- 5 -

~ 
~ 

= 

V 

dp 

~ 
p 

, it follows 
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that E = and ~ = E (10) 
d<l /> 

Substituting for ~ from (10) into (9) and solving for v• it 
dp 

obtains t!12.t v 1 = (§. f= (££ )'i (11) , or that the velocity 
,.o dp 

of the travelling pressure v1ave is a function of the modulus of 
elc.sticity :md density of the nedium in ,f.1ich propngated . 

17 . The tank system -~s designed lor flexibility in the 
magnitudes of pressures thct could be produced. The hydrodynamic 
shock t:.nk consists essentially 0£ a rigid closed tc.nk , of app. 50 
cubic inches volu.:ne , ·,rit:1 .i. tightly p"'cked :,iston on -rrhich a weight 
is dropped. 

18 . The pressure produced in the ~'ln.k is directly proportionnl 
to the r:-eig~1t 2.nd the height of f-~11 of the weight 2.nd i.l'l.versely 
proportionel to the c.rea of the piston for a constant volume of the 
liquid cont2.i.l'l.er. By equ2.ting the energy of the mass to the work 
done on tl1e system, 

1 
2 

P MA = 1':h 
lTh..".X 

Pmm: = 2'~'h = 

~Si>-

Fror.:. (3) t:.v = 

hence V - v2 = 1 

ZL"h 
L1V 

6.PVK 

i.':'-J (Pz - P1) or 

tsv KVP if P = O or is the 
1 

reference bound~ry. 

thus: p 
max 

z-;-/h 
KV 

i;here: 1.~f = Feight 

or P 
L1..1.X 

h = Height of fall 
A = Area of piston 

Ll S = JS':!_ = Piston 
A displacement 

K = compression per 
unit vol . per 
p . s . i . 

V = tottl volume 
? = maximum pressure 

developed 

(12) 

For D. given system n.t constant temperature, Kand V may be con­
sidered constc...>1t and the fundo..mental relations:1ip becomes 

(15) 1':here, C = 

- 6 -

C = constant 
u = energy 
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19. The equation, P = ·' 2: .lh. 
;-,ax . -y KV 

~ applies only if all 

the energy from the fl'.lli.,g macs is transferred to the medium, assumes 
rigid cont:~.iner, uniform ~rcssure throughout liquid at any instant, 
and const3nt volume of cont~iner. It neglects frictional losses in 
the syste?:1, piston, wei6ht guides, stc. , mid the variation of K nth P. 
Also, since ~11 of the energy :.ill not be tr~.nsferred ct the ini-
ti=.l cont~ct, a series of pressure pulses of decrc&sing r..agnitudes will 
bo CJ,,,.1)Cctcd 8 inco the weight ,ri-11 bounce several times d1:1-e to the 
elasticity of the water and the steel. The gov ... rning factor that 
enters into the nnximu;:1 pressure gencr2.tcd for a systen of constant 
volur:io change aad rigid confinement, assur:Jir1g frictional losses reduced 
to a m.in:L-:m.'11, is then the amount of tho total available energy tra.ris­
ferred from tho ,veigllt on contact with the piston. The design of the 
syston ,ms such that the stroke of the piston could be varied fron 
1 to 4 inches in one inch increr.ients and a 50 lb. weight dropped 
from a ma:::t:1UlJ. height of 32H or a :maximun ,7eight of 80 lbs . dropped from 
a height of 30 . 5 11 with the piston set for ;·.:a:•-imu,:i. travel of 4 inches . 
The r.i.c.:cimur:1 theoretical pressures generated are then 4520 and 5630 p . s . i . 
respectively using e.. v:.lue of 

K = 3 . 08 X 10-6 

( decref'..se in unit volune per p . s . i.) • 

20. The above c2.lculations are 2.p~)licable only for the case 
where the enclosure cw ~e considered rigid 2.nd its e:::pansion 
neglected. The e:;::p:".nsion of the tc:-.nk '.'ialls was neglected because 
sufficiently thick vralls iTere enplQyed. :-Iowev-er, when external systems 
are coupled onto the tank, the pressure gcner~'.te·d r-ri-11 be decreased 
whenever t:1ere is any ex-pension of the system. Also, imen the volune 
of the w.:,.ter in. the system is increased the pressure ;-.rill be less as 
seen frrna equs.tion (12) . Thus 2.s cliffere:i.t systems are coupled onto 
the tnnk, there will be different pressures generated for the sZJne 
energy input. Using the :maly-tical e:::pression 

p = 2:·.lh for rigid syste;:i n s 

T.'here: t,. t = l +ll s r 

piston travel, ~ s :a /\ V 
1 

A 

piston travel, I:. r • ~ V 2 
A 

and 

- 7 

p ,. 2rfu for expansive system. 
ltA 

where l'V1 is volume change due to 

conpression of 11ater ate given 
prest:ure • 

..,;here b. V 2 is volume displacement 

due to e:cpo.nsion of system (tank 
and att2.chments) at. the sar.ie pressure. 
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Therefore, 
p = = 2r!h 

Thus the externo..l system, :7hen non-rigid, lir.rits the pressure generated 
for a giv3n ·::eight and height of fall. 

21. The pressures were measured by tournaline crystal units, 
described in reference (h), supplied by I•, .D . ?...C. The.se aystal units 
n.re shoi.n in their rnount'ings in Plc.te No . ll. The erystnls· were 
cclibr~ted by the i?.D.R.c. group and mounted in noulded rubber 
enclosures . The e .m. f . ~pplied to the oscillogrc.ph by~ piezoelectric 
gn.Ge is 

E = KPA/C or Q : ICPA Q = charge in coulombs 
P = pressure in p . s . i. 
A= effective ~re~ of crys~.ls 
C totcl cape.city of cable and 

aqplifier input condenser 
K = piezoelectric constG.nt = 1 . 0 X 10.-ll 

coulombs/lb. for tourmaline. 

Since it is very dilficult to detenrine A occurately, the ratio g_ = KA 
p 

is generJ.lly determined experimentally and called the nsensitivityn of the 
gage. The sensitivity given for the crystcls nas 1 . 3 X 10-12 coulo:rabs 
per pound per square ir1ch. This gives a vo.lue of approxi.'II!a.tely 1 . 63 
millivolts per 100 po'lL11ds per sq. in. for the particular input coupling 
condenser of the pre-amplifier used for these neasurements . 

METHOD OF TEST 

22 . 
different 
using the 
paragraph 

It was necessary to cc:.libratc the tank for the several 
systen.s connected to it. The c2.libration v1as accor.i.plished 
tournc.line crystcl, piezoelectric rmi ts described in 
21 . 

25 . The calibration of the cryst2.l units as furnished by the 
N. D. R.c. group was checked by using a pressure relaxation nethod .. A 
crystc.l unit was sealed into a systera in -:-rhich the pressure ,;ras raised 
to a vtlue read on .?..n accurately c rlibrated Bourdon gage and the 
pressure -rras then released by puncturing a copper diaphram disc in the 
side of the pressure ch2..1nber by driving a cutter through the disc. The 
volu.'lle of the t-'.1...11k was lo.rge enough and the area of the cut,ting surface 
small enough so tho.t there -::.o.s no appreciable pressure increase during 
the i.nste.nt of cutting the copper. The crystal unit output Yras fed 
through the preamplifier to a cathode ray oscilloscope Tlhcre the 
deflections y;ere checked ag2.inst cclibrnting vol tagcs fed through the 
sru1e circuit. The pressure-voltage values obtained c:.greed ,-,ith those 

- 8 -
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.,,it:.t 

calculated fr01rr the sensitivity given by the iJ . D. R. C. group. 

24 . For the pressure nea.surenents nade herein, the crystals 
:·,ere mounted in raetal adapters, one of ther:1 directly in the face plate 
of the pressure tat1k and the othE!r in a small rigid cha.raber at· the end 
of the syste1, that -::as coupled to the tank. The output of ·the crystals 
,.·as fed into the pre- amplifier, and then into the cathode ray 
oscilloscope. The deflection of the oscilloscope bea.i-:i -.,as recorded 
photographically. By calibrating the deflection on the screen, the 
voltage generated by the pressure pulse could be scaled fron the 
photogre.ph. ~Uter the photographic recordings ..,,ere nade , it was found 
nore conv0nient and time saving · here many observations uere to be made 
to omit the ca;-,mra and visually observe the deflection produced on a tube 
having a long persistence screen and equipped ,·rith a reference scale. 

25. As poin.ted 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, a..1d the energy losses in the r1ater 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 cylinder rml l nas not obtained. To prevent a delay in the 
test prograr.1, a packing gland ,12..s inserted ,ti th rrhich it ,res possible 
to attain a ,:at~rtight seal up to the 550 ~J . s . i. static pressure re­
quired and up to the r:iaxinwn dyna;nic :pressures obtained but at the 
eJ:pcnse of increasing the frictio;1, slorring the tine for the piston 
displacement, and dccre2.sing the r.i.a.xinum pressures obtainable. 

26. The initial calibration cur7e ·i1as run with one gage. 
nounted in the closed ta.nk. The curve ·.ras 1.u1iforn and is as shovm 
in Plate 6. Because it 1·ras realized that different systems coupled 
to the tank .-,ould change the 1:iaxi--:1.un value of pressure generated, four 
nore calibr2.tion curves for other systcns ·;;ere run. The first of these 
systcns consisted of tuo 8 foot lengths of 1/4 inch copper refrigeration 
tubing, one coupled to each outlet of the orifice plug ·.1hich was 
designed to si:.1ulz.te the dyn&ilic and st2.tic orifices of a rodmetcr and ,ra.s 
fitted into the face plate of the t2nk, Plate 11. The pressure was 
n:)asurcd both in the tank and at the end of each of the tubes . The 
calibration curv,:;s obtained arc shmm in Plate 7 . The next syste1;i 
coupled to the hydrodynamic shock t&nk consisted of tuo a, lengths of 
rubber pressure tubing supplied by the nanufacturer and normally used 
to connect the rodnct0r to the log system and for tho interconnection 
of tho other hydraulic components . The pressure gcnera.t~d v1as measured 
both in the tank and at the end of the rubber tubing . The calibration 
curves of pressure generated vs . energy input arc given in Plate 6 . 

27 . The pr~ssurc generated using rubber tubing and copper 
tubing nere ncasur0d since both types of tubing arc employed in an 
under.rater log systen installation. The capacity of the pressure 
generating system is a direct function of the load on the tank. Thcrc­
f ore, for final tests of the log equipn.cnt, during -,Jhich the other 

- 9 -
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hydraulic components ,:rcrc necessarily included in tho load;,, thc 
applied prcssur-) could be only approY..i.ma tcly pr0dotcrmined fron kno,m 
tank pressures for an equivalent load, and the attenuation of pressure 
for diffcr,mt types of connecting tubes . The pressure generated 
,ias thorcfore necessarily r.1oa.surcd for each blow to the tested equiP­
n.ont . 

28. To further check tho pressure puls e generated by the 
hydrodyne.;nic s:10ck tank, th0 wave forr:i of the pr essure ·wave was 
determined. The pro-amplifier output ·was applied to the horizontal 
deflection :?lates of t!10 oscillograph tube and a 200 c . p . s . timing 
wave vre..s a~Y,-:ilfod to tho Z axis . Tho timing signal appears as a minute 
break in tho oscillograph trace ev.Jry tv-ro hundreth (1/200) of a se<il . 
The timing frequency was obtained fron an audio oscillator accurate 
to :!: 1/2%. Tho tining wave was fed from tho fnJquoncy generator into 
a 11Chronomctric Pulser. 11 The pulser consists of a thyratron input and a 
single a.r:nlificr stage . Tho ti.J.nng voltage at input is a sine wave 
variation. The output is a sharply peaked pGriodic pulse, the duration 
of which is dotcnnincd by the circuit constants, and the period of which 
is equal to the tir,ri.ng input frequency. This periodic pulse is coupled 
to a grid of the C. R. O.,tube to cut off the electron beam periodically. 
The time of cut off is less than 0 .1 the period of the pulse . The 
pressure wave trace when recorded photographically appears on tho 35 r.1111 . 

film strip of the camera as a function of time. Traces vrcre obtained 
for wave forn in the closed tank, wave form in tank and at tube end 
for copper tubing coupled to tho tank, and wave form in tank and at 
tube end for rubber tubing coupled to the tank. These wave form traces 
arc included, together with a calibrating traco, as Plates 9 a...~d 10. 

29. It was first attempted to apply the hydrodynamic wave to 
the log system t1u·ough tho rod meter furnished by coupling the chamber 
surrounding the rod tip (bolted to sea valve base) to the pressure 
tank. This proved to be rath0r cumbersome and impractiblc since it 
.ras difficult to relieve the sea va.l ve assembly of air. The dynamic 
pressure '::avo caused all seals in tho sea v c,;lvc to leak momentarily. 
This 102.k.~.gc , together vri th tho near doubling of tho volUI:10 of water in 
the system, lowered the m2.ximun dynamic pr~ssurc that could be obtained 
to about 1000 p . s .i. For the final shock test of the log system the 
rod m:;tor ·.ras discc.1.rdod ond the pr essure applied to the log system 
through two 81 lengths of 1/411 co!JpCr tubing simulating the r od m.cter 
length attached to the orifice plug in tne face plate of the pressure 
tank, as shor.n in Plate 5 . These tubes were connected to tho manometer 
systom, rl1ich could be i solated by vclvcs, as sho1:m in Plato 2 (two 
tubes coning up from lo,rcr right of picture) Md to the log system 
units, 1.i1ich ,rcrc interconnected ;·:ith high pr0ssurc rubber tubing 
(approx. 61 total) . Tho required 350 p . s . i . static pr,.:::ssurc was main­
tained in the pressure tank and consequently in the undorrratcr log 
syst0m by moans of a pur.i.p which was isolated from the system before the 
dynar.1ic ,ravo uas goncrat0d. 

- 10 
JAN l.~ ~~44 
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30. The manometers are calibrated up to equivalent speeds 
of 40 lmots, a water manometer being used for speeds up to 8 lmots, 
in order to increase tl1e accuracy of setting at low speeds, and a 
mercury w.anometer for s;Jeeds u:, to 40 knots . The manometers are 
calibrated on a basis of water-having a density of 1 . 000 gm/ml and 
a 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 a 350 p.s . i . static pressure for a period of one half 
hour. A check of calibr~tion, removal of air cushion chambers, and 
connection of the log system to the pressure generator tank as 
described in Paragraph 29, prepared the system for the hydrodynamic 
shock test. The hydrodynamic pressures delivered -;iere measured in 
the shock tank by observing deflection of C.R.o. beam on a long per­
sistence screen provic.ed -.rt.th calibrated scale. 

I 

32. The performance of the pressure snubbers was tested by 
measuring the pressure applied to the snub½er and that transmitted 
through the snubber, 1:hen the snubber was coupled directly to the 
tank through the dynamic orifice. The snubber nas supplied with 
vary:ing amounts of '.-m.ter at atmospheric pressure, then the hydrostatic 
pressure uas brought up to 350 p.s.i. , and varying amounts of energy 
imparted to the system. The snubbers ~ere 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 }1alf full of 11ater (air jet hose on) 
(2) snubber half full of ~ater (air jet hose removed) 
(3) s~ubbcr full of water (air jet hose on) 
(4) snubber full of Hater (air jet hose removed) 
(5} no snubber unit but ,rith a length of rubber hose 

on line equivalent to rubber coupling supplied 
1.rith the snubber unit . 

RESULTS OF TESTS 

33. The accuracy check of the log system before hydrostatic 
test and hydrodynamic- hydro.static tests gav0 values of error ,ri th­
in the limits set by specification, reference (b) . The 350 p . s . i. 
static pressure test Ythich ,.-;as maintained for 1/2 hour, caused 
no a·'.Jparent damage to the equipment . During this period there nas 
no velocity hGa.d a:;_Jplied to the system and the log system speed 
indicator operated satisfactorily, ·.Jith only slight hunting of the 
indicator and pum.p. There ,.-,as no observed leal<:agc of the system. 
The results of an accuracy check of the system. follo-rn.ng the hydro­
static test vrere satisfactory. 

DECLASSIFIED 
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34 . Tho hydrodynamic shock test conducted in the manner 
described in para. 29 yielded the folloning results: 

Static Pr0ssurc 
psi 

Suycrimposed Dyna.,-nic 
Pressure psi (in tank) 

P_ccuracy Check at a few 
chooscn points 

350 
550 
350 

250 
425 
700 

No observed effect. 
No observed effect. 
Bcllovvs housing leaking 
2.round extornal contact 
arm shaft . Pump speeding 
up to maximum speed. 

55. It -r,as found, folloning ti1c failure under the hydro­
dynamic s:1ock test, dis2.ssembly, and examination of the bGllons 
housing in the control unit, that one of the rubber sleeves for 
shaft sco.ling _gland (piece no . 46 of dra,ring 6- 1.A Alt . 1, of reference 
(k)) hnd been puhetured. This allowed ,rater to leak frora the enclosure 
surrou.ndi.11g the b~llows causj_rig a large differential to be felt by 
the control unit and the pump speed to r0ach the maximum allo1,cd by 
the auto- transformer limit s;ritcnos . The diffcr .. mtial felt by tho 
control unit •:,ould probably be l oss i£ D. si.'ni.lar failure occurred 
in Service since there 1.:ould be availabl;:: an unlimited volume of 
·.rater a.t the static orifice to replace that -:-rhich leaked out, providing 
that the leakage did not become too rapid ·,.-h ... reupon the bellows 
-"'-ould c:x:~)-:md &'1d be per:nancntly defor1:1cd or ruptured. In tho present 
system, since the pressure built up n2.s in a confined system, the leakage 
resulted in succ0ssivoly lo-vmr pr...:ssur-::s . The pressure -v;as released 
as soon as the ind1c~tor roached maximu..~ speed. 

36 . N,m rubb;::r sleeves for the shaft seal ,;rere supplied by 
the manu_facturer. These ~.-ere installed, the: control unit reassembled, 
the contact arm centered bctl-rcen contacts, and the log system recalibrated. 
Since the mo.star speed Indicator -.ras no longer avail2.blc; it uas 
necessary to check the system against time uith a constant velocity 
head a·1:9licd . The follm,ing results -,rcre obtained:· 

Manomct~r sett:i..l1g in 
equivalent k~ots - v~lues 
approached by acc..:.lcrating 

5. 00 

Odom0tcr llautical 
Miles ---------

182. 600 
183.125 
183. 647 
184. 955 
185. 740 
186. 960 
187 . 835 

- 12 -

% Deviation 
Time From 

Minutes True Distance 

00:00 
06:00 
12:00 
27 :00 
36:00 
50:00 
60:00 

+ 4 . 7 

+ 4. 7 

+ 4 . 7 
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Manometer setting in 
equi valcnt laots - Vc:.lues 
approached by e.ccolerating 

10:00 

15:00 

20:00 

Values 
Approached by dcc0lcrating 

15:00 

10:00 

DECLASSIFIED 

Odometer Nautical 
!viilos --- -----

192. 900 
193. 903 
194. 902 
195. 904 
196. 905 
197 . 905 

199. 000 
200.000 
201.002 
202. 004 

224. 000 
224 . 997 
2~5.998 
226 . 995 
227 . 997 
228. 997 

250. 000 
231.000 
232. 000 
233. 005 
233 . 99 

5 

236. 000 
237 . 005 
238. 005 

Time 
Minutes 

00, 00 
06 :00 
12:00 
18:00 
24:00 
30:00 

00:00 
04:00 
08:00 
12:00 

00:00 
03 :00 
06:00 
09:00 
12:00 
15:00 

00:00 
04:00 
08:00 
12:00 
16:00 

00:00 
06:00 
12:00 

% Devie.tion 
From 

True Distance 

+ . 3 
+ . 1 
+ .13 
+ . 12 
+ .1 

o.o 
+ .1 
+ .13 

. 3 
- .1 
- . 2 
- .1 
- .06 

o.o 
o.o 

+ . 2 
- .1 

+ .s 
+ . 3 

The above results indicate that the system was undamaged except 
for failure of shaft seal sleeve . 

57 . The effect of the air cus~1ion chambers in reducing the 
transmitted pressure pulse vms in propo:i;-tion to the original volume 
of air yrcscnt before its compression under 350 p . s , i . The pressure 
a.t the end of the l ine in ,;,hich the ch2.mbor 1"ias inserted, when 
originclly half full of 'i!D.ter and ,:rith the supplied length of rubber 
hpse 2.ttached to bleeder li.110 cut off, differed from that uith the 
chamber full of ·,;atcr originally by less thim 5%. Air bubbles 
escaped., as shmm by ap)lyi.ng soap solution, around cap of cylinder 
and from bleeder lino when tho pressure surge ·was applied, 
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58 . A sim "Jle analysis of the snubber chamber between the 
pressure operation lini ts set, shows that the volume of air in the 
chamber at 350 p. s .i. is small, even with the minimum original 
volune of vwter, 2md that most of it will most likely be in the cap 
and bleeder tube (co~per) , or taken up in the expansion of the short 
length of rubber hose attached to the bleeder tube . The mini mum 
ini tia.l ,,mter level for the chamber is considered to be at least 1/2", 
or 1/811 above the outlet pipe which projects approximately 3/8,i above 
the base . The minimu.m volume of water then would be 

V = n 4 . 07 cu . in. or 
66 . 7 ml . 

~---- 3-7/3'ZU 

- ~--

The volume of the cylinder, bleeder tube and attached rubber tube were 
measured and found to be appro1d.11e.tely: 

Cylinder 
cu tube - -
Rubber tube 

475 ml. 
2 . 5 ml. 
10 m.1 . 

The volume of air :present at one atnosphere is then 487 . 5 - 66. 7 or 
420. 8 ml . Increasing the pressure to BSO p . s . i . decreases this 
volu..me, if the ideal gas law is applied, to app. 

420,8 X 15 = 17 , 3 ml. 
365 

Of this volume at least 12, 5 ml. is in the rubber and copper tubes 
of the bleeder line, or at most a:pp. 15 ml . of air remains in the 
eh&~bcr if the rubber tube on bleeder line is of minimura l ength. 

39. The approx:L--n.ations of air volume at 350 p . s . i . in the 
air chanber for minilnun water fill neglect effects of temperature 
changes since the temperature rruiges of operation are not kno-vm. 
Decrease in te1~perature 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 ,·rater vapor in air decreases 
with temycrature . The latter effect is small and can be neglected but 
the volurne coefficient of temperature is 1/273.1 per degree centigrade. 
calculation of volume change with tem,erature and pressure can be 
made from the follom.ng: v2 = PiViT2 

.- 14 .. 
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In any event it is most likely that the volune of air in the chambers 
would be less than that calculated because of difficulty in maintain­
ing the proper fill of vratcr und0r operating conditions . The present 
bleeder line arrangement should be nechanically inproved to prevent 
loss of air arid to take up the ninimur.l volume of the compressed air. 

DISCUSSIOiJ OF RESULTS 

40 . Tho dynarlic pressure produc:L1.g apparatus employed in the 
present invostigation was s:ilililar to tho final apparatus built for 
hydr2.ulic s:10ck test of condenser tubes. The first method used, 
(1?.cfcrencc (g)), was based on the ret2.rdation of a water column moving 
at a volocity, v, by quick closure of a valve in timed t . This 
produced the pressure surge by means of watorhai7lD.cr. Later the water 
col'llml .-ras o.cccler.s.tcd by conprcsscd air. The pressure built up in 
waterhamner is dependent upon the rate at which the velocity of the 
nater column is extinguished, tho deceleration of the water . 

41. The type travelling pressure waves expected fron para-
graph 16 vrcre observed suporinposed on the pressure tine trace in all 
cases ,,ith the gage locat~d in tho tank; but uere absent :in the 
pressure- tine records taken at the ends of the copper and rubber tubing. 
Tho vravcs arc rapidly dissipated in passing through media confined 
by non-rigid boundaries such as the copper and rubber tubi..Dg, so 
that in .s.11 c2.ses the pressure vmve applied to the log systen can 
be considered as a suooth Ti~vc without the rapid oscillations observed 
:in the tank. (This holds Hithin the range of frequencios effectively 
visible at t,1e film speeds CD.ployed, up to 100 in/sec. ) The present 
apparatus has b...,en described in some detail ,.'ith r espect to the ,-mve 
forn, a1plitude, and tine duration of the pressure pulse produced. 
There rcr.1ains to be attcnpted a cor,1parison ;rith the dru:iaging effect 
of tho shock ,:ave producod by an undo:r'lmtcr explosion. To this end 
the anplitude, forJ:1, and tir;1c duration of the shock nave froo an 
under~ator explosion is approxinately described. 

42. The complete cxpe:rincntal .-md theoretical picture of Yihat 
occurs during an eX!_)losion is not nrccisely lmo'::n . Conclusions made 
by Hilli2r, reference (i) , have been 12.rgely substantiated and found 
to be generally accurate by subsequent imrcstigations on large numbers 
of explosi vcs •,ri th various measuring me&.7.s . The runpli tudcs and gcncrc.l 
shape of the shock waves fror.'l brisant ox:plosi ves is characterized by an 
abrupt rise of nearly infinite slope and logarithnic decay or wave tail 
described in general by the enpirical equation (Diagram Curve I) 

2400 .., ~ P = p 0 -nt 
2000 I/ IlJ' - ----------- t 0 

1500 / 1 
', Whc~rc P0 is the peak pressure. 

1000 
\ 

500 ' 

\, "' irb, ' , '15 , , ' ' ho , ' 25 ·3b ~5· , -1b. 0 

Milliseconds 
- 15 -
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43. The sno~ r:r.vc originates from the ini tiol 0:cpe.nsion 
of the gz.s globofc~nvdr'~on of tho solid Tic'.SS of CX•Jlosive to 
ge.scous co:1bust,ion yroducts . The ti.ric const .. 1.nt of the rrave ( the 
tine for che pr,.,ssurc to decrease to 1/c of its peak v,:,lue) the length 
of t·10 r:;:.,.re , end the peak pressure, for a given exolosivc, YTill be 
go•:~rned by tho din.::;n~ions ~d nass of the e:-:plosive charge . The 
intensity of the pr-Jssure v:~vc decroo.scs z.pproz:i.r:1.;,tely as 1/r ,·men 
the dist nee, r , fron the charge center exceeds a:?:) . 10 ti,ics the 
initi.::l radius of the solid charg\., . The length of the inpulsive wave 
is of the order of 10 tiraes the radius , reference (i) , of the 
original mss •. The uaye eventually travels nt the speed of sound, 
the L,iti~l velocity being greut~r due to incrcas~s in density of 
the nediun n0ar the charge . The spherical syi;imetry of the ,rave 
about the ch2.rgc uill be governed by the syr.u-:ietry of the charge and 
the point of initiation of the detonation in the explosive nass . 
II the linear dincnsions of z. given m:plosivo ar e changed in the 
ratio X, the pressure curve previously a;;ipcaring c'.t a distance r from 
the c:mt..,r of the charge will be obtained at o. nC";r distance Xr o.t 
tine also changed in tho rati o X. The energy cc".rried by the wave m.J.l 
clso be X t:L7.es as great end since the ··mve covers a spherical 
surf~ce x2 tines as gre~t, the total energy is , therefore, proportional 
to x5 or the weight of the charge . If a nr.ss W of a givun explosive 
produces nr~ssure Qild velocity distributions , p = C (r, t) , v = c , (r,t) , 
(t n(.)o.surud fron the initation of the explosion) then a nc1.ss w2 
of the sa:-:i.e e.;~plosivc ;·till produce distributions 

P = c ;rc:;1f ,t (!i f ! ; v = c• l~(w1J , ti~_:_;-)~ 
._ ··2 ·2 __ 11 • \. t L F.2 2 _, 

The shape of the chcJrg::! nust rcnain tho SMC. Tho peak pressures 
occurring fror.1 TNT c:~losi·10s (THT, A,--mtol, T ·inol, etc . ) ca.n be 
predicted by the inpirical rdationship 

.L 
P

O 
= K"lf ,3 ..,,h:;re K 2 1.3 X 104 

r 

if ., in lbs . and r iii ft . p in p . s . i. nithin the range ,mere p varies 
us 1/r. 

44. Subsequent :iotion of the gas rubble, ·rhich retains 
sonething nore th2n half the ini tiul energy, after generation of the 
shock wr.ve, gives rise to a series of :i.l:1puls0s generated by al tcrnate 
contr2.ctions and expansions of t11c gas globe . Tho interval betlrcen 
successive inpulscs for a given explosive charge (n.ass and dir.tonsions 
constant) varies ::ith the depth of subi::orgence. The tine int~rval 
bct,:.:en the ( n- 1) and the n-th pulses for large ::i.:.1pli tude 
oscillations of the globe , is given by •rillis 1 fornula . (References 
( e and j) ) .1- 5- , J 

T (n-1) "' l.l-1 f, 3- po - b r,n·J ,rhora f: is the 

density of ·.-:-z.ter, p pressure z.nd Yf thl: ·1~:.i.r.n.L, ~nergy of the gas at 

- 16 -
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the end of then th oscillation. 

iJECLASSfFIEO 

w zj_ll be less than the total 
energy rclc~sod by the ex9losion rnd nay be e;:prossed in terms of 
the naxi.7UD r~dius of the gas globe 

W = 4 n or 
3 

T (n- l) = 1 . 83 F''J.; 

J_ 

p - .l, 
0 rmax. 

Tho relation of the initial and successive ir~pulses passing a point 
at distance r from the explosion .rill then be sone,rhat as follons: 

p 

It is thought thut. each of t~1osc successive impulses ,;ill carry 
less cmcr_;y than the shock v;ave and be more or less rounded (·;;ithout 
steep fronts) because of lesser amounts of energy transmitted to 
the uatcr after the initial loss oi: cncrr;y. 

45 . Tho pressure ,·:ave generated by th3 test apparatus 
omploycd in this in'rcstigation is fairly symmetrical except when 
rubber tubing, ,:hich has a lorr spring cor..stant and conscquont long 
recoil period is coupled to the system, and rises rolati·,.rely 
sloTTly duo to the finite time required by tho accelerated piston to 
comi_)rcss the ·,rater in tho syst.Jm. The general shape of the Have, 
comp2red to that of TIJT is sho-7n by diagrD.m, paragraph 42, Curve II, 
and oscillograms, Pl2.tcs 9 a...7.d 10 . The time of rise v!as undoubtedly 
slo·.rcd by the friction between piston and packing gland and the 
compression of liquid in a small cyli.'1der (immediately bclm-, the 
piston) feeding into a larger chamber . A free piston uould give a 
much stocpor rise as ,;:ould a larger diarnetor piston working in the 
present system. The test conditions, ,;hich necessitated maintaining 
a 550 p . s . i . static pressure, required a tight swal betn()en piston 
and cylinder. The overall efficiency of tho system as a peak pressure 
gencr2.tor is about 45% as used .,,,i.th tight seal. (Soc comparison of 
calibration curve and theoretical curve l'or tho system, Plato 12. ) 
Efficic~cics as high as 62%, corresponding to pressures up to 3500 
p . s . i . were obtai.'1od -.-.rith v.cll lubricated guide rods and mininrum 
friction boti;r...;en piston r..nd packing gland . 

46. "t7aYcs ha.virlg nmch steeper fronts can be obtained by 
experimenting ·i.i.th a rigid cylinder of water in nlu.ch the piston area 
and colUilh"1 length can be Yaried. In order to avoid practical 
difficulties in the laborator-J due to excessive heights of fall nec­
essary to obt~in high impact velocities of tho falling mass, tho mass 
rniGht be acc~lcratcd by compressed air or springs. Waves approaching 

- 17 -
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the slooc of the front of the explosion si1ock ",ie.ve, (Cur'7e III 
dia6ram"' para:;rc.)h 42) could be obtained in this manner. In t:'lis 
connection, houever, duplic2.tion of the decay form and impulse 
veJ.ues of e:;:ploslon shock .. ~ves ,;;ould ·1robabl;; not be obtained 
practicably. P2..ragraph 5 of reference (f) st<-',tes ·• - - - the 
precise shape of the steep front of tl1e l)ressu.re wave is probably 
of no practical interest . Hor should t:1e effects of the secondary 
impulses be altered much by the filere fa.ct that they probably have 
no steep fronts at '""ll , The generaJ. form of the pressure -rrave 
may, ho,;ever, be of :i.mportence, ii, some cases because of resonance 
effects . n A series of ii7lpulses is generated by the bouncing mass 
in the test a·,paratus , One record in ·i;hich four pulses ·,;ere 
recorded is s;1ovm by Plate 9 , 

47. The dmensions of the rod meter are such that it 
would be smo.11 rel2.tiYe to the lengt~ of the 1Jressure wave from 
a :300 lb, THT depth ch2.rge and an appro:~:i.mation of conditions at the 
target (rod meter) :}an be obk.ined by treati.t,g the flow as non­
compressive e.nd the pressure as static . At 50 feet from such a charge 
·t.he pressure would be 

p 
max 

1 
(300)5 = 1740 psi. 

The resu.l ts given by the above eqm.tion based on duta obtained with 
mec11anic2J. ga.ges a.re thought to be lo.r by 10 to 15% considering 
d&ta obtained from 3.Jiezoelectric ... .;ae:es as more representative of the 
true pressures. For a liaear small amplitude -wave, 

(p the e~ccess pressure above norm2.l, c velocity of sound in the 
medium, u the particle V8locity 2ri.d f tl1e density) using 

r c as 68. 2 lb sec . 
. ft iJl 2 

for sea ;Nater, u = . 176 in/sec per psi. 

pressure differc.i.tial. T:1en the particl e velocity at 50 ft . from 
the depth cl1c.=:.q:;e Fill be 25. 4 ft/sec , Inter;r2.tion of Hilliar• s curve 
for a 500 lb . TNT clr.rge, reference (f), gives an equi'!alent of the 
r.13.;::imum pressure acting for . 85 milliseconds or a.11 impulse of 1 . 48 
lb. sec. --:ier sq. in. Typical curves for the pressure tank v:ere 
integrated roughly by tracing frcm t~1e film on a Good g1~ade of 
graph -oa.::-ior , cutting out t:1e curv~s e.nd ·neighing them accurately 
and wei ghi.i,g a piece (a unit square) of graph ')a.per corresponding 
to the time a:ds ::-.nd r.i.axi.i""ilum a.m1Jlitude of the pressure- time curve. 
The areas a.:::-e in proportion to the 17eights of the graph paper sections • 

18 -
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Curve Pmax psi 

Plate 9 Clos~d Ta.'1k 

Plate 9 Closed Tc::.nk 
Plate 9 Closed T~"1k 
Plete 9 Closed Ta"1k 
Plate 9 at end of 

161 o: Cu tube 
Plate 9 at C:I;d of 

16' of Cu tube 
Pl2.te 9 i:1 tank ·.:i th 

13' of Cu tube 
Plato 10, o.t end of 

161 of rubber 
tubi.Tlg. 

Flute 10 in taru: 
' ' r.ith 16• of rubber 

tubin6 

2400 
1650 
1120 

660 

2100 

1250 

1800 

280 

510 

DECLASSIFIED 

Equiv. Tirle of 
Pc::i.t Pre~3Sure 

/I ;• 2 t Impulse ,,,sec in Ac ing }:illiseconds 

77 . 5 

52. 0 
31. 8 
23. 6 

37 . 3 

60. 8 

17 . 5 

32. 5 

31. 6 
28. 4 
28. 0 

34. 0 

50 . 2 

33 . 8 

s.s 

48 . Considering the pressure as static Hhen the wave 
front 2.rrives .:.t t~e roci :meter, tl1c pez-.1: ressu.re of 1?40 p.s . i . 
act:L'"lg for . 85 •.:i1J.iscconds , (the t:!..,,e fo:" ··:hich an eq.1ivalent impulse 
of the ·.r:::ve voi..ld be obt:::.in.etl if the peak pr.:;ssurc of 1740 p . s . i. 
acted alone) r.:1d -::,l10 diameter of the rod orifices as ~" , the total 

32 
e.moTu,t of ,;ator tl12.t could cntE;r the s:.-:Jtt:m through any one orifice 
of tl1is diameter ce.:1 be estim£.ted rou6!-:J.y .from Torricelli • s Theorem, 
neglectin; t:,e coeffici..:nt C (·<lich is one (1) theoretically) . 

V = C v 2gh 

Using the density of se~ ·,~ter ~s 
64}/ft 3 , the cc:,uivo.lc,:t ~1c,ad of ·.rater i~ 3920 ft . The 7elocity of 
cfflu:: t. roueh a,1 orifice of 5u die.meter 1mder ·i.,~1is head ~-:-ould be 

32 
Vb/ 

sec 
= 12 -J 2g5920 = 6029 

Tho qu3.ntit:r of ·i:atcr/ sec , Q =VA= 60?.9 Z P( _5) 2 0/ = 41 . 5 in sec. 
32 
{ 

-3 and t'.1a.t i:, . 85 X 10 seconds 

Qt "" Vi.t = .as x 10-
3 x ,.a .s = . o5s Li15• 

Such s,nz.11 volume cha.n6es ·,7ould be readily 2.bsorbcd, ·;,itl:out & • .;yrcci<'-ble 
rise in przssur..:, ·~j tl1c rubber t..:.r,ing c.ac ::,a.rticvlc1.rl:,- the c".ir :_:>ad 
prov-idcd in snubber c'1amh;;r; nro~rided of cot:.rsc, t:1z..t a volumo of air 
comp:.r,~.blc to th:>.t c-.lculz.tod in ')r.,r.s.gr2.ph 58 is prcs~nt . 

19 -
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49. The lo:;; system was. undruna,_,cd by t:1c increased static 
head 2.ppliod. No accurn.cy or endurance tosts ncre requ0stod under 
conditions of simulated submergence . Accuracy tests under sirnulc:.tcd 
submerbencc to a depth of one hu."ld.rcd (100) feet ·..-rcrc r eported in 
reference (c). 

50. The log system failed under 700 p,s.i. dynamic pressure 
pulse supor- im.posod on 350 p . s.i. static pressure under a condition 
in rf.-iich the lengths of rubn~r tubing connecting the rod meter to 
the log system were omitted in order to subject the oompononts to a 
high value of dynamic prJssure, ·;hlch could not be obtaii.'!cd ·with 
the rubber tubing in the system, ai,d discover the -weakest point in 
the hydre.ulic s:y-stcm. 

51. T:10 pressure impulse /pelt deli0:crcd by the t:;st 
apparatus is considerably grcat0r for an cquive.l.::mt poak _pressure than 
that resulting from the s~1ock ,:ave of an U..7.dcr 1rator mq::,losion. Also 
the total v2.lue n 

I-'. /pdt 
1 

of the multiple :impulses dcli.v~rcd by the test aiJparatus is probably 
much ir.:;atc;r tha..11. tho surnn12:l:.ion of 2.11 the ir.tpulscs r esulting from 
the 300 lb. TNT explosion considered e:-~empl::rily or a considerably 
heavier c:::plosion. Fron fois strmdpoii.,t , ·. 0hen mi equivalent 9cal<: 
pressure is e.pplicd, tlw pressure 6cmcrating apparatus roprvscnts a much 
more severe test t:1c.n r. r2.t~10r :1oavy monconto.ct under-m1ter explosion . 
The grcs:c.ost differe:nc.:..:, as compared to tlw s;10ck waYc of an under-
Trater e;::plosion, li~s ii.'1 the relatively long puriod of t~1e pressure 
pulse from the ...'..)paratus ,.,:1ich ·.rould produce r:,-rcater effect on com­
pon.::nts of an c1ppi:'.ratus tcs-Lod in this mcnncr should t:1cy ha,;e rdatively 
loYr frequon.cy responses . It is t:.1ought thr.t the s;;condary impulses from 
an undcniater explosion, some of -r.ihich carry considerable energy in a 
rclt.·i:.ivvly lo·.-r 1Jrcssurc 0::avc of longer time dure.tion than the shock 
r-m.vc, arc more nearly appro2.chcd by tho type 1:avc genorakd by the test 
apparatus than is the initfol shock -.~ave from an underwat-.)r ezplosion. 

52. The dama;c p.:!ramotoro considered s i vnificant at the 
present sk.60 in attempting to correlate structural dc'U'lagc ·.1ith the 
measuro.":)lc qu:--.nti tics associG.ted ':·i th undc!".ro.tcr explosions are ;Pmax. 
~02.k pressure) , / pdt (impulse),~ ( instc-.nt8.Ilcous slop9 of pressure 

dt 
time curve), &nd ~ (pressure grr.dicnt) . Little is kno,m c.oout the 

dx 
effects of tl1c last two p2.rM-ctcrs; but considerable correlation has 
been attm,1.ptod. using th:: first tno .92.ra:,1otcrs . The test 2.ppe.ra.tus 
c;.ppro::i.m2.tcs 2-!1 explosion in tlnt it reproduces P ma;r overproduces .. ' 

/pdt_; but doos :,ot r..:;prcscnt ~ and dp • 
dt dx 

55. Tho rubber tubi.-rig and the proposed nir chambers i.l'l the 
log system i."'1stallation have considerable effect in absorbing pressure 
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changes in 2.ny form. Provision of an o.ir pad i.11 the system ,rill 
ab.sorb, i,rit:1 r :;l:'.~iv~ly small ovJrall c:1c.ng3s in pressure, lG.rgc 
pressure fluctuJ.tions of pract.ically :-.ny frec~uc.mcy iJ1 tho range 
considered. Tl1c difficulties ..1.ttcnd.ing tl10 use of o.ir chc,mbor 
snub:Jcrs ·,;ere pointed out :L11 t:1c body of t'.1is report . Further 
dif r'icul tics -.rare experienced 1.rith tho submitted c.ir c;1.anbcrs Yrl1ich 
Herc functionally :L,r:_x)rfect in th2.t the c..pc;~ sc2.ls lco.kcd c:?.ir under 
the lJrcssur0s developed end ti:10 major ~J2.rt of the air ·;;as contained 
in thG blc:odcr lines e.nd 2.tt2.c'1ed ru½bcr ~10s0s and pinch cl2JI1ps , The 
ape:: scD.l s'.1.ould be made more cffoctiv-0, t~1c rubber ~10s0 r.nd pinch clai,tp 
disc2rded, c.nd the bl~cder line s'.1ortcnod. to the m:inimum length necess­
ary for use of~ ,ositive acting, yrcssurc- proof stop cock or sm.:.11 
valve , Inst::-.llation in tho log system s:1ould ba made sucl1 that the 
air chrunb0rs can :-,e isolated by bY3JD.sscs during Hblm,- off 11 procedures , 
to .:,.void lo.,s of c.ir or introduction of .:.ir from tho cha'ilbcrs into 
other co.n.po:1 ;nts of t11c system, 2.11.d a drain cock should be provided 
for co.ch chc.:nb0r to ycrmi t drainage of excoss ·,.·c::.tcr from the chambers 
so that t~1e :initial 11 ch2.rge 11 of .:i.ir may be obt2.incd. No method vrns 
:i.J.7corporated for ascortc:.ining the r..mou.,.'1t of air :Ln tho snubber chambers . 
Some morn::; of dctcrlilli"'ling the 0.:a:l:,~r level in the cham.bcr, such z.s a 
pr:..ssur J proof 1..;indow, would :12.vc to be provided• 

54. For r;reater protection of t:10 log system components, 
rub )Cr tu~Jing should be used throug].1out i.7 connecti.11.f; tho system 
to rod motor and i.11 intercon:1octing tho units . This tubing should 
be securely cl2mpcd to prevent 0lowinc oi'f of c.ny c01moction. 
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