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ABSTRACT

High V e lo c ity  d isturbances a»  observed to  propagate in  advance 

o f the plans shock f ro n t  along the w a lls  o f  a h igh -exp los ive  -  

oporated shock tube, Experiments were perfonted which in d ic a te  

tha t the d is tu rbance  proceeds a t a cons tan t v e lo c ity  r e la t iv e  to  

the shock f r o n t ,  and c a n le e  a cons ide rab le  amount o f  energy as 

evidenced by i t s  a b i l i t y  to  pene tra te  metal p la te s . Thu v e lo c ity  

o f  a s im ila r  d ls tu r ta n ce  observed a long  a rod placed on tbe  ax is  

o f  the shock tube normal to  th e  plane shock fro n t was e s s e n t ia lly  

independent o f  th e  rod m a te ria l and d iam ete r. This phenomenon 

was observed when shock tubes were f i l l e d  w ith  argon o r ch lo r in e  

bu t was absent ifcen a i r  o r he lium  was used.
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Boundary blaturbences In High Explosive Shock Tubes

I t  Is M il known that a shock float proceeding down a shock 

tuba w ill develop into a plane front aoon after i ts  In itia l 

formation, for very strong shocks, such as eight be developed 

in a shock tube which uses an explosive charge instead of a bursting 

diaphragm, conditions say be altered. Violent disturbances have 

been observed to proceed down the walls of the tube well in advance 

of the shock front.

A nuaber of experiments was conducted in an effort to determine 

the properties of th is  disturbance. They wvre performed with slight 

modification in two basic types of setup. Thu f ir s t ,  which w ill be 

referred to as s type I experiment is shown in this slide (slide 1) 

which shows « front or c&nera view of the expendable experimental 

assembly. The cardboard tube on the le f t w ill be referred to as 

the experimental tube. I t  is 6" in diameter and is glued to s 

2" x 6" x 8" block of composition B explosive which is detonated 

by a high explosive plane wave generator. The la tte r  is a combination 

of fast and alow explosives that converts s point detonation into a 

plane detonation wave. The front of the experimental tube is scaled 

by a 1 mil dural or copper foil upon which a polar coordinate system 

has been inked. The description of a . given experiment w ill include 

the length of the tube, the gas which i t  contains, and any foreipi 

object (such as an axial wire) to be introduced. The purpose of this 

type of experiment la  to  study the surface of the fo il as i t  interacts
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w ith the strong gas shock generated In ths tu ts  by tho high explosive. 

These resu lts  ere in terp reted  to determine the properties of the gee 

shock. The fo il study aade by photographing i t s  surface with a 2$ 

lens framing camera using ligh t from highly a hocked argon.
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The c&nera view of  ♦he second or t^pe II basic  experiment 

shown in t h i s  3lide  ( s l ide  2) i s  used to  photograph u sid-? view of 

tho pas chock and disturbaiicc.  As such i t  supplement:* the ex

periment j u s t  described which in d i r ec t ly  view? the surface of tho 

chock. The 2" th ick  composition £ block and \  lone wave perurator 

are used os before .  Tho cardboard tube, however, is replaced t> n 

r ec tangu la r  box const ructed of l / b n sheet I.ucitc. This box has a 

b n  x i>" inne r  cross sec t ion  arxi i s  16” lonp. No H ash  13 u«;d; 

l i g h t  i s  supplied by tho r a d i a t i o n  from the shocked pas.
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The f i r s t  three experiments were o f type I ,  ana used d iffe re n t 

lengths of a rg o n -fille d  experimental tu t in g t 6", 16", aid <?L".

Tim s lide  (s)ide ?) shows three pictures apacod at 0,9 microsecond 

in te rva ls  ta kH  frera the record ol* the o" shot. The top p ic tu re  

shews the periphera l disturbance surrounding the otherwise un

disturbed dural f o i l .  The middle p ic tu re  shows the uniform 

de terio ra tion  o f the f o i l  upon a r r iv a l o f the plane shock fro n t. 

Note that the periphera l disturbance is  confined to a ring 

approximately 1.3* wide. The bottom p ic tu r*  shews the complete 

de terio ra tion  o f the f o i l  by the shock fro n t. The d«irk v e r t ic a l 

lin e  which pe rs is ts  on th is  p icture is  a ve rtic a l reference wire 

placed 1" from the surface of the f o i l .

The average v e lo c ity  o f the periphera l disturbance in  the 

8" tube was approximately ?,7 nun/nsec. The ve loc ity  o f the plane

shock was 7.6 mn/jisec. The ve lo c itie s  in  the longer tubc3

: \
indicated s lig h t decelerations o f both the plane wave aihi the 

peripheral disturbance.

S im ilar experiments vtre performed in  which the argon was re

placed by a ir ,  .helium, and ''h lo rine . Tht chlorine experiment 

gave a photographic record a im ila r to  one shown in  th is  s lid e . No 

boundary disturbance was associated w ith  the a ir  or helium.

-e -

y-m-v



(
V

SLIDE -3

'X-2W- 1.



The sternd set of ix p tr i im if  was of type I?. The purpose 

wa* to  phonograph a side view of ♦hfe phenomenon described in the 

previour experiments. The i>" x x lh» Luc l ie  box *as f U K  

with arpon. Tho disturbance was permitted to iern over the in it ia l  

10* of propagation! the retain ing  6" of the run won photographed. 

Three frames from thu record,, ordered in time from top to bottom 

a t 2.7 pare intervals, are shown in thin slide  (slide L). »he . 

black arrow was narked on the aide of the box to indicate the 

d irec tion  of propagation. The black lines forming a rtc tan rle  

are L wires attached for er-Vle and, with the arrow, also serve to 

e s tab lish  rela tive  motion of the ph3nomenor,. The horizontal end 

v e r tic a l distances between the vires a:e  L" and 7*. respectively. 

Several data pertinent to the plane shock front an! the peripheral 

disturbance can be measured from the record. Consider f i r s t  the 

shock front. It is  most easily  identified  in the middle picture as 

the luminous vertica l l in e  at the base of t.he a:row. *he re la tive  

veloc ity  of th is  front determined from 12 consecutive frames was 

7#S mn/dsve. The thickness of the luminous fron t, even as viewed 

from i t s  side, is less than 3 mm. A meaauro. o f the •r.^le 'itfined 

by the edge of the Lucite box and the luminous boundary of the 

oerSpheral disturbance was established on b frames as 11& * 1?5
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I t  was natural to  suppose th ..t the type of disturtance apparently 

supported by the cardboard experimental tube would be in tensified  by 

using a wiro placed on the axis of a 16" long, argon-filled tube* This 

slide  (slide 5) demonstrates the resu lts  of such an experiment. The wire 

was a tinned l / l6 n diameter copper bus wire. One end was glued to the 

center of the Comp B block* The other end extended through and well beyond 

the surface of the f o i l .  The four p ictures in the slide were chosen to 

show the development o f the disturbance. The f i r s t  picture (upper le f t)  

shows the fo il  approximately 1 microsecond following in i t i a l  in teraction  

with the disturbance due to the wire. Note th a t the peripheral d is 

turbance has not yet appeared. The second p icture (upper r ig h t) , 

exposed 6.} microseconds la te r , shows both the wire disturbance and 

peripheral disturbance well developed. An in terval of 5*1 micro

seconds separates the second and th ird  (lower le f t)  p ictures. The 

th ird  was exposed ju s t  as the fo i l  surface was struck by the plane shock. 

The fourth follows 0.9 microseconds la te r  and shows the complete 

de te rio ra tion  of the foil*  The average v e lo c itie s  of the wire d is 

turbance, peripheral disturbance, and plane shock, were determined 

as 10*3 mu/psec, 9*7 nrvpsec, and 7*7 mV pace, respectively*

A series of sim ilar experiments indicated the axial disturbance 

to  be moderately independent of the c e n tra l roddiamoter and 

composition* For these experiments the tinned copper wire shown in 

th is  slide  was replaced by a 1/6" birch dowel and by a 1/6” diameter 

standard thread brass rod. The diameter o f the  tinned vires was 

varied to  as small as 10 m ils. The average velocity  for the axial 

disturbance for a l l  experiments f e l l  within s range between 10.3 and 

11*3 aVp*ec.
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Two type 1 experiments were performed to  demonstrate the energy 

of an ax ia l disturbance. The setup was propped with a l /lo "  

diameter wire extending along the 16" axis of the experimental tube. 

For the f i r s t  experiment a 3" diameter O.OkO" thick dural p late  was 

cen tra lly  attached to the one mil au ra l fo il. • The two pictures 

shown in  th is  slide  (slide  6) ware taken from th is  record. The 

le f t  p icture shows the dural p i ate framea by the t"  diameter 

coordinate c ir c le .  In th is  p icture the existence of both ax ia l 

and peripheral disturbance is  evident. (Approximately l  microseconds 

la te r ,  the ax ia l disturbance tore through the dural p la te .)  The 

righ t p icture was exposed 9.0 microseconds following the f i r s t  

p ictu re. I t  shows the axial disturbance well developed on the 

front surface of the p la te . This p icture was exposed J u j t  as the 

plane shock struck  the fo il.

A second experiment was performed in which the dural plate 

thickness was increased to  0.127". Although the ax ia l disturbance 

was unable to  penetrate th is  ta rg e t, i t  was able to force the plate 

into a dish shape, the center extending beyond the edges by 0.06".
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This slide  (s lid e  7) shews 20 frones space! at 0.9 microsecond 

in tervals from a type II  experiment in which a wire extended only 

30" from the hiph explosive alonr the axis of the Lucite fccx. I t  shews 

how the ax ia l disturbance is  suppressed when the supporting bcunirtiy 

is  removed, The velocity of the unsupported disturbance is  &,y • 

mir/usec over the time of th is  record. I t  is  Lein,? overtaken by 

the shock front which moves at approximately 7.L ^m/usec.
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This slide (slide  6) shows 6 francs, spaced at 2.7 micro- 

second in tervals, o f a type II expeliraent performed to study the 

formation of an a x ia l disturbance. For th is  experiment the wire 

extended axially  along the front bH cf the lox, i .e ,  the in i t ia l  

t r of propagation was unuisturled by tho w ire. The f i r s t  three 

p ic tu res of th is  s lid e  shows the unuisturfcea plane shock fiont 

approaching the axial w ire. The following p ic tu res show the 

development of the  d istu r't ance. The head of tho dicturtance de

ce le ra te s  from rcr* to 10.$ ma/usec.
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