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VELOGITY LOSS MEASUREMENTS' OX ‘SHOCKS IN & SHOCK TUBE
by 7

T Re- e Emzich
Prlnceton Univcrsrcy and Lehigh Un:.vers:Lty

. In the shock tube developed a'b Prlnceton( y as an instrument for

- the study of trar\sn.ent fluid dynamies, the determination of incident plane
shock conditions is acconplished Through & knm:' ¢ of the temperatm-e
and pressure of the wrdisturbed air ang the 'mcldent velocity of the shock,
The mcldent velocity is measured by +1ming the transit of the shoék be-
tween two stations in the tube preceding the point unde; study. VUhile a
simple theory of flow in thé tubs indicates that the shock proceeds. througb
the tube with a constant veloc:.ty for a tme, it is to be expected that
dissipative effects onere.te to cr..use a gradugl -decrease. 1*1 thel ihock :

strength and velocity, - The presentiy réported work was unaertalen %o

measure the amount by which the shock velocity decreasés in 1ts travel

through the tube,

. A, APPARATUS AND METHOD

, Shock tube, A shock tube 15 c¢m in diamete® and 10 me’ter:s.
long was used in thig study( ) . The 10 meter tube, which is 8ketched in

Fig. 1, consisteq of a1 meter long compression chaiiber and a 9 meter

: —

- N : - py
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T T

e -twe-chambers were 166ked ‘together, by a remov-A
a

eble clamp, with a ee"llophan‘e diaphragm held between them. Asr wag pumped:

1. Walker B.Leg.kney, "Shock Waves in a Tube" Phys,. Rev. 69, 678 (1946)

- 24 The shock tube was assigned ond erected by We T. Read and G. T, Reynolds
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into theé compression chamber at pressures up to seversl atmospheres, and

the céllophane diaphragm ruptured with an internal knife,

other shock tubes, the bursting diaphragm~relé33es the high pressirs gas

from thercompressioﬁ‘chambér into the expansion chaiiber, the resulting

flow in the expansion éhamber consisting of

undisturbed gas and a mass motlon of the air behlnd the shadk away fron

the compression chamber,

Iheﬁexpan51cn chanber of the tube was constructed of l/Z“ wall

brass tubing madé in & ft, sect’ons bolted together by flanges with rub-

ber sealing gaskets, 1Two of the*sectlonsrwere-fitted~with two Fairs of

window ports each, arranged in suck a way thet & horizontally dlrecued

“ffa

wo i

L

Ir this, as in

a shock which moves into the

e menp v ey

“

—————— > &% oach of the four pairs

of windows, These light beams wers used to detect vhe arrivel of the shock
ot the fou succes31ve pos1trons*as described in the following sectioin,

Each window port congisted of o window support holder soldered

to the‘cut-away tube wall, a window support one inch in dlameter w1th a

3/16" x_3/8% milied siot which £4
holder,

tted into and was fosteneg to the support

.and a thin cirele of plate glass cemented over the slot in the

window subports The 1r31de surface of the shock tube wis thus distorted

only by a flat 1t dlameter recess: tangent to the tube surfadge,

The compression chamber was similarly constructed of a shorter

sectlon of nrass tubing and prov1ded with a valve 4o admit -sre

2 SSUEG
p5.S ¢ RA 11 TP ﬁﬁ 85

air and a manometer:connection;

Mércuryhinuglass thermometers were affixed to the tube at three
posittons,

‘the thermometer bulbs were immersed in mereury contained in

TR T R i b b ns BN I BiAmtake WY o pebaoe
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axis, 1. ., porallel t6 the shock front,

As indicated in the disgrammatie. sketch of Fig. 3; which is not
to sca‘lez,r the "hmr lmife edges nearest the light source linit the light
entoring the shock tube to .rays slanting r‘sliglr‘r,bly toward the direction of
shock travel, Until the r_trr-ivalr of the shock, these rays strike the third
knife edge and do nob reéach the phototube. But when tl'_;e shéck enters thié

r@gién, the rays are totally reflected by the ghock which may be thought

ors O SR A SR P

" ~of 88'a surface of discontinuity in optical density, The reflected rays

are dirocted slinting back from the direction of shock travel, and, missing
the third knife edge, £fall on the phototube,

It is assumed in the foregoing description that the Iight is

— - . 3
N BRI co? B O
ve
R 3 -] ] f\':
steel blocks bolted to the tube flanges., These made it pocsible to check =
on the uniformity of temperature of the gas in the tubo, The extreme end ;
of the éxpansion chamber was open to the atmosphere whose pressurc and
-feia‘bive hunidity were frequently recorded., After each shot, air was blown f ]
} , | !
through thé tube to remove the fragments of the burst cellophane diaphragm; E
thié also assured that the humidity of the dir Jin the expansion chomber )
was that racorded outside, ' ;
’ §
§
. 3
2. %ipali-elec"?@_rpnic detection of shock, The optical arranges %
‘mént for detecting ‘the apéssagef of the shock at any one of che four positions. ;
in the tube is shown in Fig, 2, épp;q@gtq;ywto scale, Light from the in= . 3
candesuént filament is ‘prevented from reaching thé phétotube, when there ‘;
is no optieal dis-tti'@—ibanée in ‘the shock :)'Sube'g. by three paralilecl knife edges s
adjusted to- all meet a single hypothétical plene perpendiculer to the tube :

b et
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propagated in scesidance »ith getmetrical optics, and that the shock repre~

gents a plane surface of optical discontinuity between tws homogeneous:

media of constant index of refraction., There is no doubt that, under the

extrenely smell angles of deviation which are of interest in the arrange-~
ment uged {about 1/10 degree), geometrical optics is a ‘poor approximition.
iffraction effects 2¥e ‘of appreciable magnitude as can both be demon-
_strated‘ i‘.l"u_aoz'e;t.:i.c'a:-il.l;sr(3 ) and be observed visually. As to whether the -
shock front is g true plane surfoce of optical dlscont:.nuluy to the extent
-assumed, there is no evidence, except that we have observed the incredse
of light on thé phototube to be usually in accordance with the predictions.

of thls assumption, _ N T

Tl

Theé calculatlon of the rate at vhich light is ref;.ected to

the
phototube a8 thet shock moves pf.«st the knifé edges is readlly made when roy
opt:.cs ére used. » The result is that, until other edges tian the lcr;:;i?er

édges limit the. x‘iays; th

ht flux Feflected to the phototube is. propors
tional te the distance. the shock travels ‘bevond_the knife edges.

We have 7
made ro aﬁtempt to calculate the relationship between réflected l‘ig_ht flux
and. shock travel by diffraction theory, nor hove we caleulated the effects

of errérs in adjusting the knife edges to strict parallelism.

e

3., With & line source at the first knife &dge, diffractic

tion theory shows
that the firsh maximum of intensity of. the diffraction potter T

won wuuw.'. 1 U.l. une*

second imife edgé at the third knife cdge is about 0s02 inch from the
geometrical shadow.

- i1 aboeut -che mcrosecond, and the réflection of all rays. neeting the
shock front at .o grazing angle of less thah about- 1/10 degrne.

This corresponds to the distance the shock moves.- - - SRR
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o In these experiments, the phototube used to detect the changes .
in Jight admitted past the knife edges on passage of the shock s a type o
,:: 931A., A conventional amplifier using high trensconductance tubes wrbh low E
load resistances to vreserve the shaps of the phototube sign;:::';L transmitted f ;
' |
the signal by cable to a central statiom. There the signals f‘rom all four :
- C ’ ) ;

ode-ray oscilloscope #ibe by Heans of a miking stage, a i

BT

The distances be-

_ © " tween detection stations along the tube (see Fig. 1) were determined with

\\\\ by cathctomet“r Settings on the

knife edges. The distances remained uhchanged during the course of these

o= /F
- experiments;

e e o b,

except that half of the measuréments were made with thé de=

tection stations in the positions shown in Fig,

¥

1 and half were mede with
both shock tiibe sections fitbed with windows at the extreme end of thé tube;

the' distances between knife edges were moasured for edch of these arrange= . . -

nmonts indeperdently, o _ -

R N Y

‘Time irnte rvals between ’orans:. £s wére measured with a noving film

camera photographinp a cathode-ray oscilloscope,.

|
|
|
|
|
|
|
_ of the detection stations were applied to *.:he deflecting plates of & cathe~ } ;
4 soiniewhat unustal com-

bination of o loscope spot deflection relative to the motion of the

film in the comera perm:.tbed a 20-fold increase in accuracy of t:lne inter= -

[
: Tval measurement for a given film velocity. Th:Ls is accomplisbed ’ at ther

- r:.sk of obtalning about 5% of the measurements wi‘bh only a lO-fold in-

. crease in accubacy, by ‘8weeping tho oscilloséope Spot back and forth in

n a line perpenalcular to the direction of £ilm motdon and' imposing the
£
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tra..s*": ~mey 1':...‘;5 pulses to deflect the oscilloscopée Spot. in the seme ddrece

e
Hs o,

tion as the fiim motion,

%‘ - ‘ An example of a record obtajned with the apparatus is shown in
‘ Fig, 4s  In this figure, the horizontal deflection of the spot is a con= . ]

c tinuous motion from Ieft to right for pre¢isely 50 p sec followed by motion
from right to 1eft for 50 B Sec; the vertical deflection of the spot conw
sists of timing pips 5 1 see ap&t with the trensit-marking pulses super-

X posed. The resulting record is spread out verticdlly due to the fiim ~ ’

. ‘ motion in the camera; It may be noticed that timing pips occur at the ex~
treme ends of ’the horizontal sweep. The transit-marking pulses are easily
: rd‘iscerpibl,e' the time seéparation betwoen them 3.s neasured by counting the

v number of complete horizontal svwéeps betwaen them, corresponding to 100

+
i
TR AT OP G 2ok TR W SRt

C i sec each, and measuring the fraction of a sweep at each énd of the inter-

>

val in terms of the 5 B sec pips, On the origiral 35 mm film "‘éco’rd the

segan
e 55

intersection of the la.near beginiiing of the transitenarking pulse with the

aweep bage linc can be estimated under a magnifying gless to within 3 p. sec,

il il

L and with a traveling ng microscope can be measured.to. within Ol secs When T Ty N
i - . ‘_aa ’;ransit-marlang Pulsé oceurs within a few nicroseconds of the ends of

. f ' the. horizontal sweep, its mcasurcrient is not poss:.ble to as high an ace

: ‘ curacy due to the. slightly roundeég corners of the horizontal sweep waveform,.

Thc time-control of the sweep and ‘the timing pips were obtained ‘

Y

e w - frem .5 100 KO op stal-controllen sevondary frequency standardw A 10 KC

LN P

sinusoidal signal derived from the 100 XC standg.rd* frequency was used to

e

oo e

synchronize g 10 KC multivibrator at a elightly variablé phase 5 this multin "

vibratior was also provided with a control to vary sl:.ghtly the relative.
4‘%’ ) - . ;4!
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duration of the twe halves of its cycle. The resulting vave form ves

¢lipped to predycé a squarc wave which in turh was intf.cduce‘d to o relas

" tively low time-constent filter to produce the waveform désired for the

horizontal sweep., The two :adjustments mentionéd above provided the means
to sypchi'o_nize the 5weep.with' the tining ~puf;‘ses in such & way as to bring
: .tim_ing_ pulses .,at the exact ends of the gweep.

A Dumont Lype 5CP .cathc’m}.e-rz:zy"- tube with a special low persistence  ~ _
zinc oxide screen vas used with 5000 volis on the intensifier. - This was
photographed ,wit_ia an £/1,9 lens in & General Radio moving £ilm cemera modi-
fied by replacing th_é fllm spools w:.th pi;llc}ys to permit a ccomehtied=to=

gether endless belt of £ilm 87 cm in length to run in the edmera.  The in-

© tensity grid of the cathode ray {ube was maintained at a high negative

bias excépt fér a 90 milliséeond interval when the bias was Peduced nearly

. to zero for a single cxposure of thé endless strip of film in the camera.

The- 90 millisccond rectanguler pulse applied to the cathode=ray tube in-
tensity grid was initiated by the passage of the shock over « contactar

placed near the die‘.phrdgm in the cxpansion chamber of the shock tube..

B. -MEASUREMENTS OF DECREASE OF SHOCK VELOCITY

Various shock strefgths are produced in the shocl tube by varying,

- i ——
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" %hé frossurc in the comprossion ‘c’:i'xaﬁbc;r before rupturing the diaphragm. In

the present exXperiments, shock strengths from s snall as éould be detected
by the Op'bica_l-elec'bronic--;pickups o oyer 10 times the smallest were

studied by adjusting the: pre~rupture compressiérr chanber pressure to six
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) B certain values and timing the thansits of the rasulting shocks over tiie ‘ . ;
. four stations érranged as in Fig, I, ‘The velocity of fost of the shocks ;
. i, was found té ‘décrease with travel through the tube, but gome of the weakest. {
R shocks were found to be moving faster at the further end -of the tube than 7
. at ""vh":«‘» end nearést the diaphragn, This anamolous result wag presumed to be b :
e assoc¢iated with the node of formation of the shock upon diaphragn rupture, S SR
’, and all the velocity measurements vere repeated with the four detection }
, St&ti;ﬂné located at the further end of the tube. These neasuréments showed
2 that shocks of 411 strengths studieg decreagsed in velocity with travel,
” The éist&nc’e and tine reasurements are recorded in Table I of the j ‘
apperdix, albng with témperatﬁre and hunidity meaéweméntsa From thése ; }
i -Measurenents, the frr}.cfiopal loss in veloci)tj per meter of travel was sajs ) - i
i ( : culated ang the values are ‘represented graphically for various \pré;-rtithre ;
C comprossion chapber pressires(3) 15 Fig. 5. The vertical intervals plotted
about cach of the average values ineclude all the measurenents made at each
initial pressure, ‘ . ¥
With each of the six pre~rupturc conpression chamber pressures; i
: and with the detection s'bati‘dné in cach of the two (arrangementﬁs‘,, five or
. !, more measurements of shock transit *ings vere made. With the seme inifidal
- J 7 . conditions, which resulted i‘ri_'bhe sane shock veloeity to ‘within one per cent,
: “the vdépi';c‘eaf.s‘c; in velcz@i-’ty&;)\?er th‘?’ interval vafié§ fron shot to shof by just ’
about the same amount ag the avemgedecrcasemseﬁ “While the decrease
o —' . ' miA;vglociﬁy over the interval was quite smoll - of the order of onc perceﬁt‘
: ;
; 3 Pressures rplotf@d in Fig. 5 ére gouge pressures, i, ‘Cey Pressure excess -
N over atmospherie,
. f \\/' - ‘ - " .
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except for the weakest shoéks, tore than ten times

$12%

of the velocity - it was ’

the estinated maxdimum error of neasurenent; it is believed that there was

possibly a real Veriation in the anmount by which a shock of a given strength

vt o b e =

decreased in velocity,

o
l

|
i
- q}—-ﬂk@;’mm”" had

o . C. INTERPRETATION OF VELOGITY 1.0SS DATA g
= : - ;
N TERMS OF DECREASE TN SHOCK STRENGTH b
: C ’ , i
v A nornmal shock: traveling into undisturbeg, 82s. can be described in i i
o . terms of the bressures: and densities on each side of %he shock, the gas :
o - %
velocity behind the shock, and the propagation velocity of the. Shock, These ;
N quantities satisfy the 'Rérﬂcj_ne-Hugqhiot r‘elati@s;,,uwhich, for an ideal gos, o ;
: yield the relation (&) 4
(- -Vf:l,i-L—f.lz (1) o
. 2 2y %
,; a \ N
where Vi3 propagation velocity of shock
| Y is ratio of specific heats of gas
; ) a=sy pl/pi is sound velocity in undisturbed gas
S PBr=p
. . Z = o is shock strength, i, €ey the fractional increase
! 4 p; in pressure of the gas behind the shock over its
: - valué in the undisturbed: gas, : ‘
Thus;, the Shock strength z 1s calculable if V, o, ana vy arc khows, a
T ® and the neasurenents of the deercase in ¥ with travel which haye. been-made. -
TR T " may be r€§ré§ented in terms of decrcase in shock strength with travel,
. : . [
‘ 4e Sce, e, g, Licpnann and Puckett, "Introduction to Aerodynanics of a
| Compregsible. Fluid", page 404 Wiley 1947 . 1
4, ! Q /I" ) §
< ‘ :ié g




| in air has been measured bymany observers using quite different methods, . et

(5‘)‘ n h -

— e D s e e e . : 2
£ =TTy _ %
Y = - _ - - 3
SRS S N A e S BB L T G Pr BN g ST e e e s
5 o - 10 = A
- \: C\ i
) - 1. Measurement of Sound Veloeity. While the veloéity of sound g

RS the values published differ by more than the expérimentel errors

addition, the corrections to be applied for variations in the c¢omposition

o

of the air are somewhat indefinite. It was relatively simple, with the. B

PRI AT

c ) apparatus for measuring shock velocities already st ‘hand,. to measure sound
velocity in the air in the shock tube directly. From this measurement,
smell variations in temperature and humidity could be allowed for in com=

—-puting sound veloeity.

" ‘The measurement of sound vglggity was. ma_,ae by placing a steel
‘ : plate in plagh of the cellophane diaphregm at thé one end of the expan-
: sion chambér to act as a reflsctor. and & niici‘w:'a;i:llc')r;eAc‘oxﬁpoé:ed.“Ac)A'iT a2 inch

diameter tourmaline crystal at the other ends Imside the tube, z2bout.

(M

I n‘ S YR P O ptebsinbtied, o T n'«'mﬂqwﬂﬁm e v X

. 1.5 méters from the microphone, a Vi‘s‘eble spark géterated a2 sound pulse
! " which Wos detected by the microphone first after reaching it direcily and - - f

‘second -after reflection from the ¢loséd eud of the tube 8,419 ﬁ;eters dis= |

- . tont from the spark. The tiime interval bétwe’t-;n- the arrival of the direct i

and reflected pulses was determined by applying the microphone signals to

r e g I the oscilloscope rhotographed by the moving £ilm camera. 7]

. I #iz ot 25,5° and or 55% relative hunidity, the measured ‘
o , . value of sound velovity was 34%.4 n/sec®), o |
IR - R

- — 5. Alexander Wood, "A’cousticS", i)’. 262, Blackie, 1940, - ;

i 6. This measurement when adjusted for tehperature ond humidity by the
! Regnault formula quéted by Wood; p. 250, gives 330.4 /sec for sound J
velocity in dry air at 0°C, , "
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2 Decreese An shock strcngth,with travel. Since the meagupe~ °

ments showed that shogks of & given strength decreased in velocity by

e

variable amounts even when the ¢

tube were the 's‘gme, it is only feasible to derdve the averg

‘U_sj,‘ng' 1,49 as the v:;ilt;e of v,
shoek strength, Zg

the expression {1) gives. for the

D_fferentlatlng equation () witn respect, to.

N
n
1OM~3

the position coordinate x,
we; have for a average conditlons pertalning during the meaguremonts,

oz

~

S

n

(WO

pw,<‘
W g
‘%H‘o
‘q I:—'
ol =

mmlﬁos

é:
dx

g KR

and the average. fractional decreaseé in shock str,ength per meter of travel

Ldz_2%x

L. (3)

@‘b‘?a‘

ky the quantity plotted in Fig, 5, is the fractional
V of the shock per meter,

decréase in veloeity

e AT s i

In ’@abj:e IT of the: ePPendix, the average values of the shock
velocity, sound Velogity, and perce.“ léss: 6f Shock ve

are tabulated,.

loc:.t_y’ Per meter

the aversges computed over the measurements taken with a

W O G Py

Brh R P i D sl

LLRET 0 SOTRN

2P x : ' R

A

R ap—

v

Yo por

T i e g,

aiA

_given Fre=rupture_ compresgisn-chalnber ore mressure and arrangement of deteculon

stat::.onb, the average sound velocity at each set of condit:.ons hag been

obtained by ad,)usting the mcastu ed velue at 25,5°0 ang 55% hunidity by

< 4y e
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N C the Regnault ';‘ormula((,‘r" ) for average ‘conditions of temperature ‘and hwnidi‘by‘ |
. % pmevail;hig; <during the measurementsf.,, Froja these avgz‘agev values, the averm j
‘age shack strength has been computeq by means of Qquatibn‘ () and the- ;
fractional decrease in shoek strength per meter has been computed from [ 7
‘ ’ equation (3), Tn Fig. 6, the latter of these two derived quantitieg is | ' %
“ rressnted graphically as a function of the. former H {:he vertical intervals ) 1 ‘ ‘ 7
) ; &1 this graph i?gp;iesént the vaé:-iat,,ion if the méa‘suréd decrease in shoek ; %
n ' 7velocity~'. ' ‘ - {I g
k
, ‘ X ‘ ‘ £
: D. DISecussion OF RESULTS ) } j ‘
‘ : From Fig, -6 i4 is seen that shocks decreased in strength by iesz §
* : than 2 pereent por _metgr;of;rbggjrel; and that, on the average, shocks of Z 7
‘ - 7 C’ all strengths studied beyonq 7‘ metérs fron the diaphragm décrea’ééd at the §
‘, ‘ ‘rate of aroung 0.5 percent per meter of travel, B o 2
, Comparing tae measurements§ over the longer &istanée interval with ;
o those over the shorter, it appears that the Veakest shocks increased in
. ‘ strength at- first and ‘then decreased with travel over the longer interval,
, whereas the strongest shoeks decreased in strength more rapidly at the be- [
- a ginm‘:ngj than at the eng of the longer interval, ,“Shoclé‘sw of ohe intermediate
‘ ; strength (z = 0.4) seemed to lose strength at a uniform rate, azg these, . ... . S
; o f@themere, showed: Iés’f’véj;zaiatio"n“i“n/ the’;easur;c;t;locﬂy IOSE{ over both ——
-~ 7 . the 5, .,54,“e~nd_al.=8~~~m,,"sez“»:i~nt~e1=v2ﬁ§ ‘iﬁéiifdiahéﬁaglgsw o}‘e;’c:her ;egtgr 2r less
o _: strength, An inf;erp;'etation of these observationg nay be conneeted with :
J,:) C 7. See footnote 6, ‘ ‘ h
! .
“
; :
! ]




i

<
\
i
3
1
1,
]
F

> - - i R . Tt s S R Bt M N ety S P

. X

‘a&o.,u,“,.,mca.. o W i et

"

S Y00HS HLONTYLS Snoiwvh-40
E.wzmﬁm MO0HS NI 35¥33030

(O
Lo

. HAONTYLS xOQWw | N o -

| B et el
_ B i b
. ‘ 32 saiogss HHH 22 R snicy fitise : ;
. e M_ ” . iz T
H oL yer
: E w. m \ mm>O 25328 :
; jicd 221t 13tiaiasates i i 152 S
; s ) 1HEHER |
. BE [ 3 b 3 5 L ,
' ! 2 1.3 m>O y : o Jiysiiiiy e
; : - 41 i s i
f : : TN m T # ﬂ
§ )
\ N e Fzmg\ &;m -t H T HHERHET ;e i S0isia ﬂ- .
R HHE A 4 HHHS yu *W 2t i
{ . e : R 2 13811t H tHi ;
) : H : 24 EE ¢ siasiigiice dhiis s
¥ W k T a8 T ek $ H 0 11 e
H - - n T i
B 5 X i i 58 ol ;
B s 13 sesta |t Soead 13282 H -
_ i : 4 FHHERI H# Lo
] ‘3w T $ TR s I I R e I R S e It 1 1% '
! ! 3 SR D

RENED
' . Nm,.i.nu,
| e e smeas e WDIERIG

B It 4
A

,,,,, 0085
A,. ZN

323353033

sessifsani:

| p maa s S EEENRE)
. e

| “
“ 5 v L R - ; | ‘ c
|

T H

D A B R LS N R - . S BT fre wpes e i w L. S e ] e




4

)lﬁrﬁ“elgﬁ}formation of the shosk after dmphragm rupiurc, A further

&¥Soussion of the résults follows, , , 4 ’

1.  Attempts to find source of veristions in shocl strength,

Since there were, during the time occupied in performing thess measuremerits,

. variations in temperature, mmidity, and Pressure of the air into which the .

shock moved, & correlation between the veloci?‘cy loss and these variables

has been sought, No such correlat:.on has been found, and in fact, several

- em.mples of large dlffere‘aces i1 veloei ty loss with no variation in the
ccondition of the undisturbed air may be s’e’lect_ed'. )

An increase in shock velocit uy over the vnte'mrﬂ", Such as cbsérved

} b with the Weakest shocks, can be p:.ctured as a set of ome or Hore: shocks, _

B i R LR LI gC T S NN

{
{
i
i
c R  less ' ifitense than the miin shock and f‘ollow:mg ‘behind, éventually coales~ i

C cing with and strengthening the main shock, Such wWeak f,si'éc‘qnciary shocks

-~

o

'g night be delected by the optical-clisctronic stetions: s howeveF; none was
ever recorded. It is not te be .expected that sé econgary shecks would be

recorded in the case of the weakest main shock, because the strangth of

e

. ! these main shocks was at just ~ch3ut the Iimit 5f the detectors, In the

S case of the stronger main shocks where secondary shocks would be capable

of dctcct:.on, the failure to record any may indicate that any such had ale 1

ready coalesced with the main shock before reaching the first detect:.on 3
I S station( ) — \ - . -

8. The strongest shocks appear to have decredsed in strength more rapidly
R neor the begmnlng of the 5,5 meter interval than near the end, This
; could be accounted for by rarefact:.on waves following behind -and o
coaléscing with the main shock; rovefaction waves would not. be detected Do d
by the opticalselectronic pickups. - ' |

®
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. The Bsources of secondary shogk mentioned in the precsding para-

graph might be cithor of the £ollowing:

SR

1) Reflcetions from the sides. of the shock tube of the jnitial

gurved wave. front .of the disturbance, The cellophane dia~

‘Pliragn bulged under the pre-rupture compression chmnber
: Pressure, so that even if it burst ina hegligibly short

tine, the °scaping gas hag an initially curved front, ‘The

segy

. : possibility that the diaphragn when punctired at itg center

releaged: thc gas near the conter before that nhear the edgoes.

T
VL U AT Vs o

cannot. be overlooked, )
(2) I'I:*n-simultanéous rupture of multiple layers of cdiloph@,né

used ag diaphragn i‘;vr thé higher pressurcs, ' Fép the. two

Iy

3
>
| CAIEAD e

C" Tosest Pressurcs: used, only a single thicknoss of ccllophane

Gonstituteq the d:.aphragm, and for the two intomediate prese !

"o ®

sures two thicknesses sufficed, while fop the two highest
: Pressures 4 and € thicknesses were needed, It is possible

. that the knife merely jjunctured the nrst sheet of the mult A

TN

[

ple 1aycrs and the prossure exariced on the rema:.mng sheots

caused +thom, ‘bo rupturdé in Succession, sending a train of foms

Fry—.

Moo

pression &» shock waves into the c:xpms:.on chamber,

R _ ' The second of these Possible scurces of Secondary disturbance 'Thas’, ML_“J

- 4t is folt, been oliminated ae & WAjor soures of Variability by 2 sct of !

B - subsidiary measurcments with diaphragn materials other than the usudl tello-

Phane, and with multiple shects of cellopharie used when one woldd withstand © - - ¢
R the prcssure. No effect of the nulb:.plicl‘by of the diophragn on the shock

|

] Cr velocity op the apount of deereage was noted within the variations which §

| g;

z e g
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. :’m —_ - %4




T

&

4 §

74

b

!
I -
(, !

.

:

i

X
; y ‘,
C/

i

i

H

H

T

,

5

H

i

H

H

f

i

i

13

\

i

;

_ i

i

)

e T

ated with variations Tess

A, Toub is apprecisted,. .

_ £S5 - g R =
; %v@‘\;\-wwj‘:_‘ e et s TR
o em——_
- R S R,
. - . o e e e e T SN
B - ST« R [ L S Tt Bl L
R N A I [ SRR SO W AT S i

occurred With a single dlaphragn, ag indesq is evidenced further by the

main selt of measursments whorg siﬁgﬂ.g sheets .of vcellgphgné at the lower

Pressures were not associ than vere multiple lay=

ers .at the higher Presgsures,

e

2. Persistent decrease in Shogc

creases and decresses in shock strength ag secondary disturbafnées_' associated 7
wWith diaphzagn rupture coalesce with the pain shock, there appears to be &

decrease in shock strength of about 055 percent per neter which persists

T with continued travsl 4thrdugh the tu‘be~§ ‘The scurces of. thi‘s'dissipatibn« are.

-at the wall of the tube
vhere the gas moving through the tube bohind the shgok meets irregularities,
These dis'bu.f'bances would consist of small rarses ctions which vould be con=_
tinually traveling in the air bohind the moin shock toward the main shock
and decreasing itg sf.rcngth‘ ag they coalesco with it, Fudther experifientg -
with shock tubésr of different Si2e and with Vorying roughness of the walls

are needed tg Support this explanation,

i strength, Aside from the fpe N

- -mwﬁ«;&.&‘t o
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The Reasurenents deserihed herein were ,

Univeraity in the sumner of 1947 by F, B, Harrdson and the author. The

si';iﬁulafbion and support of the work by W, Bleakney, G, T, Reynolds, ang

peri?oméd at ‘Princeth !
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. APPENDIX '\"

Distance and time measurements for shocks of various strqu:l;hg

‘appear in Table I. The four detection stations are numbered 1, 2, 3, and
l i 4y in the order of increasing distanice from the shock tubée diaphragm, The E
s.\y‘mbois used in the table have tHe following méanings: f %
Pc = compression chambap gauge préssure before diap}g;'agm rupture .}
SZ’SI’ étc. =~ distances betweén detection staticns
> ad 3
. < o o . - ) 3
~ t=tys etd, = time intervals betwsen transits - 1
‘ = . % -
At = (¢ A‘-tB),. - (tzitiﬁ' = difference in time of travel ovér nearly i
. _ & 3 ©  equal distances at two places in shook !
E ’ tube : : b
H < relative Humidity j
! T , ¥
' - -« .. T = temperatiite of shock tube near Tirst detection station i
o :
C\) ' AT = temperature near first detection Station minus temperature: - ;
: near third detection staﬁién -
At¥ - adjusted average value of At to represent cijfferenée in - :
j . time of travel oveF equal Gistances of 0,7618 m at the ;
g ‘ two places in shock tube ang to take into account tem=
; . perature variation along tube as follows:
. % _ g - . - ”:‘
t For a nornal sh,éck(L)’ v = a2 Q_ + zﬁY]: z) s where V is
? i shock velocity, 4 is sSound veiocj,ty, Y is ratio of heat-
, capacities, 3 = (pz-pl)_/pl is shock strength, i, Sy .4
o fractional ircrease id pressure behind shock over that. in
| front of shock. Using y = 1.4 for air, V2 . 2)(1 + % z)
; h .3
C L 2z in these experiments rongés from 0,05 to 0.7, and V. __ e
RS thus ranges between 1,00 & and 1.27 a, Variations in 1
i ’ - . |
L. Liefmann and Puckett, *Introduction to Aerodynamics of a Compressible
C - P luid", P. 40, Wiley’ 194-70 l
J ' ' 8
R i
v H
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. Appendix  Page 2 o4
€ I
, “ temperature of the air in the tube load 1o variations in accordance with f‘%

a '=‘\""-Y RT, whete R is ‘the gas constant apd T Kolvin temperatiires Thus, .

Anfa = AT/2T which is at the most 0,05 percent. The afféect on At of
‘ the gmall average measured differences in temperature at the two posi= °
- 5 ' Lo
; tions is subtracted from the average of the measured values of At fop a I
‘ ' o !
- given: Pc and drrangement of detéetion stations, ?
) | p— Ab% e L S :
T 15,8, )(5,5%.) * = fractionsd loss ip velocity of 7 o
o ’ 37172780 shock per meter of travel P
o i
: 7 P
i .
i
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.
i
- !
| ;
ey ) A
i - 7
. ]
e R e . ] | 7 ‘
f‘ -
R ; -
— |
P |
, L 7' |
“ «é é‘

’ g



e

I3

& he.
\Q.\:.‘
[ Jiref
é@%\

(I A N s . LB AT e e

T,
- 50
b
Q

A oa

.W‘\Q:

igr
£l
ﬂ\

ST L grypg s !

_=
| ma_ 1
J&Q\

e alio g e -
34 o.‘z,.,

o

L9 el
YA ALY
| pgoes

‘”ith‘

: : |9z lasz] o (5T | sogg,, | g |
( I sor -1 -~ 724 eth || in
: - | (A ,m\& S0 fo ,.wh\\.\?v%nw L s
ol e Ll am | ETCUL N Sty eygyy |
Ra%ﬁsn\ 01X Q\‘ .ﬂm,\\q m\\ S 778 %\»N Ok A AT TS Sy I !
o, ‘ e M\nw\n. AN Wsh\} h \v SELL $&1
MUMQQ.L.Q «5«%3&\;&\ | n ,.w.\q«f . |59 . V:me\.ﬂ. N\MM \\M&\ HEI
o?\.m m‘%\\m w%ﬂ% | mm - HR.. ST . b w SEéSLL | 9z M\W\%\M“ \MM\\
qﬁs\mﬂﬂm} m S M bl *M\VN m\& % | N\a\n\ STy | ,N@.\ T.n\
.\ s : 4 ] | ’ .s..
e coL 0= €45 z\\% 7= \?nm #2%§ ?\m‘w | L
” A b , .“ .
| o .n - - o C : .“ L o , ,_
N I e P
P T I PoUl N L RS A L ?5 "
w O I B L Bl SL A\ S5L19 .
: T I T D b ; SELL N SLITT) (s sy
‘ - o e 75 Lo ..M.\ ysi) L grmer r\wb\ &M
d L um\w 77 1oL _m\am S'9SLL | 109°Cl | 5L
il o 01% (45" ﬂ& =Y \3 N A 6/ | LI Lesr | seL \\@
| e A A A L B T S TR S Y
@.\,i.%?i?ﬁé R A R LR A N T
! w57 V= w2V P | 00 9T o EIL) €89 [ 54l g
R A A uwn\ 899/ " IBLl 9
; o)y gy =Ry | " U oo | ! \V
: e L7 8/ - |02 lpse |0 | Ll yses ey ThLL
- ~ETIU Y= 5S= \a ;@@,le \mtm g B E ,-..%ﬁ* W.W.Nm,wm\ g Ar .m..:
,‘.m,. ‘ % o . \ *&.voruﬁs ‘ QQ , hﬂ $ 1 vam\\ ,fﬁ\,vﬂvw,\,\ , \N\NN .QZ\.C&% .
SO DO | LY A A | LY | x M x...ﬁ 7 i ER e
S A rop QQ\§§R,G§NXé |
[ .. _ y o
IR o v“ .
C SN PRI LR CREVE O [ EEA S A




S

O X

aktd 3

A e e acenmmmcr e .

Bt e s ot o S i+ e

| ﬁzs&m\sx am\;w ﬁ &\

[ )

L B EF LT

°
FRR
i

!
A

c‘.‘“"“ -

@3 X._«\m\% X
- (TB0PLY

o7

{o 7 (o Art=L Ve

a \NNSR
AQV&Q 7= L

d‘x\\u\ ﬂmh\%\_\

Sxa\\“mgﬁu M\
kc,}‘\“&%\
\.:s\w.\ e %Q

og\ﬂsm Y TITe? |

shwre .3.\&\ .
§§® CF 1T/ =tV
.N-Qc\md\v‘\v“

\lﬂiq%k«% .

“A.\égtM\ ,\:. hﬂ\k.myﬁ

|FEe a0 e
1 or
s
Q1
1al
s 500 |

>~ }}Q\

St
B Y4

e ppapS 25

59 | zwT] g

w...a,. 5|

<S5 Hs on i < w-um Cografp e

Q194 0 <

2%

iy

et o _. 17

.z,\% i3
“ \Q& F

m\;..&
58681 | \Q& @ &5,

004/ -V 2995t | opar Thh
T\w ._,wq wsogg =¥
GLEE - 4181 ‘35..« :
FLéh gyl o9
SLER | (T8t Y4k
| sLEh | wTE |39
o gLER | gTsl €Sl
£ 1 9187 LAl
‘5. n.m \ . e

Ny o

$ceH
STEt
Scdt
9Tt
STa
9T/

110 ‘6
20 €l
SIgl | SME
Y Qwa ‘€l
socdl |5 8LS
V7’55 By e

/1 4] | S\

L0

V LeLl
VL6LT
| g0y
fradl
Sodl
%QL&

. . Ty 3 — e w
( N:QQM\UQ [ o7 o%o\ Rz iy B A.,ué\\ .33\ )SS%;%
. ol VALV 2 | gerg | 2-%2 | 4] Y
[ Q.Sﬁ,(\ Il o

i




e g i S iy W s

5
e

1" . .M,N, | ‘,. “ ;! . S P u
£ gl _gix (827 49°0) =% . m:w | \m \mw\\ m_\mw wwww tosr
3 ’ qmvc ooy 1 ( SR , ..s }._ i , . !
L eosragyioenfomy o Jweq) 51t | sp L SWL | 995k \S00b] 195/

~ dﬁg\\%Q.T\\.N.“.tk«\
o O FFE = 2y oy

METIUY

72
&L

125t

s8°LC

Cgats

59 .
Q‘\ .Q‘

b

b ¢&

hIhS = s ~Es ¢

“L/9L ] =

241 " OLSh
SSppl w&k

s nw ~%~\ R (0 p =

b |
TEg !t

EL .,B,m o AF e : S . o
) Sy ol 667, 50° v L10G | thih SHT {741
s Poosp pEsel St L kL olaT | lggh | 9908 {ghl
g A _0ig (9% 3& SR ¥ 232 AN IELC I LIS 1 L B L NT T
, ...\.S%q..t\ q\w«sé\@ oy éw .:;.. 15z ek IO \.\ Stag T _w&x\ 11a@C |61 |
T e LI FETE AT U S U D B LR R T
| L o§\N ) - e « (VT 0Q- | SE -] 5900T | | 1E%h TIOT |z8f |
. ! ‘ n\u+bm)$< ; ) P , , L ~
nﬂm\ﬂ.kxﬁ&éf D\E\.&Q " \@ #e | : | \q . _.?qd N_ L%mm\u | t1at fbTl.
- o : . &L | shpe S0 A S'oec | Feih | F7al T
o METILG 2 5mhs N YhLyy iS5 (M gILg 5= | w
] woo|5esT 917} A Eiaz | & b 990T w_s\, j
X woo | sesTl SUUTE A 7/9T | Lph Bl 960T ;2\ _
K 37 |Sart) ar 9 L1aT | Sl Bl fae Yigo |
& w\w 1 wmwm ! S Eret | vék ki 509C |og
A .. 25 | sewc) S0 L e | dusy | Shoar
= A il B B I A 5 A R
P Cﬁév%%&»%@é\ . S N L 2 4 1ot 23\1 5909¢ | g9
S dg\d%ﬂm%:*‘vﬁ\ ’ P2y fo TIT [s98k By gogl ‘79 -
b S’ '3 289 = 27 Sheuy u | 7)o g0 daot ‘mi\: | 53461 198
S g9 | 05T} ag 7 5914t ;ni\x\i 1 $0/9C 178
6 & | Lhe ot 1 & LT | g18m1 0T | sk

| I A et S JNL A2 3 .\,akm:..%,.\..@.w 5255 () by ~H.H%§%hqu_ |
u %\:\\cg .wo, ] J 1 7w e A “ , 03\\\ e qmwxmw\y .
b KL kq LA R B PR R m
s Qigwe(\ b A ,,E,r,u‘,z--,tré =

et e s

i
|
i
1




——r T b s " v g

ST T o

TR

™

P S A

e e 2 e o e e <

| J |
RS A 5 f\ . o | o . 5 ; - P ﬁ
Fore et TS 5 i3 E.ﬁ A ke m,:wr\“,m,ﬁ: CEAIT R T .|
TR A A T w.. 1o S xaxiﬂ 109t | epic L 01 ,w.w_ |
R B B LR R A A A L |
_ | | | b9} bt joc e | i\w SRl { sty B!
- | b e = e L gestse | etre 1y B
wV\e\G\ ' ' , oy e g 5. ¥ N L 4
(e 0)=-7 | &2 Jersetor b 2m L Sysiz | gomier (Snic {arT [ ]
- : vossee N = Lbke 08 % | gk Th (S
er&\QlRw\\WQ%XQ V ¥ R : W WM\,. ’ T ‘..,, o . | b il
W TEIL) = =gV | b IVIE A § U g wrs | apic |k

6HIT | UK S | QRIT | op
054 | 18k S L gpir | g
25T | iegnss | gk | g6
L T Shﬂw 212 | 7%
WAL =55 "y ) o3y

660T | | Fgas | ez | p
J60¢ | | €505 | s40c | g9/
869L | 1 S€9.8 | Shor | T
Q01T 1 Op0s | 8LaT | fst
01T (7705 11T | a5t

= 3 O Aoy | m_\wﬂmw;
o’ 9Y FIG =3V I m.\»m;qw.

| &7 wg ol
MECILQ <E5-58 "™ ppop o
I ) gfc) o

| | L N Yo

st 0 (5% ) wem\ A | s s |
o o | s
, x%%\m\ﬂﬂé a&.w.ﬂ . ‘

£, :ﬂ 50" L W0T L ST0S | 040T | pt

u L ETIY S ey st g dieeg
. N PSS e gpor | E80S \ opar | g
L [ ¥ T ISV SisgoT | &0 | S | ¢4
: | 47 | g0

. LT | ?.Ni 1 \She0tT | g
. 08 | Lo g |5 8k0r |- xf\ e
&Hﬁi O (26" T2 =Y | um, P L 6 bl

N o "OC @3 S7AN N YT 57

_MAs Jhg = L\ﬁﬂ? ifistaie Ang/ S SLscl o1 \_.W.\&mw | si9a'sy G980 T M‘m
o LE TS L4V o S952 L ¢ Srévr ﬁi%\ 420 | ¢
N qﬁxwm« T 6| - 7608 | 4N/ | 5407 |
1 €7 .\wm\& 000 | | 60T | 180 | gac | ée
METIL Y < 5 s E\g\v% 's=55 T gL g = s ;wn, WNODE =Y

(

\,;
\

‘ o \(,M
*") NPANNESIE S NV S

\y

11 § - , i ‘ _, | B
A\.w»\“.\ 57777 5777 - ,
R 'N.\UV ~QN\ Q , 7 w . \. ." “ . U\g\ ..ﬁv: w. ..,.“‘S.M. \ | ..
o o | A7 A G« 7
= ERR T : I v s ° TTTL T T e vt L e (‘_“Jw_ QAT TMT S e .J/Jldm%‘W/W» .
; o



‘“W’ - R e O W RN 5 B TS 05+ bkt Zp, &~ - i _ R e ke ¥ 550 AR \mis% O
’ ‘ o
o -
b# A L
* 0 4 \
MA Wﬂm U , . s 4 . ° "
*‘.a _ , ! i i u{ ¢ < )
Bl , M | ! .
¥, ‘ , k y
¢ | o
h .: i |
S : - \
/ | o o
. \w L
, . .A ‘ U A
1A NI |
W
vu»_ ) ) : ,, .
) . 0, Vegze | ppe 1 | | |
9 Q.\; ‘\Q‘»NN. . Q\ 4. }‘ ‘h“\m‘...o \AWW\\“ .%..v. Mmﬁ, w )
o . L | 57.5C | ge £ A1 ‘e o § birt
o o . [ E ! LELS | S Y gf
Uost gl o (17 781°0)2 Y D R | pre | s | shel oo
t (eostrar \?s,s\gsswé L (PR L 5T A 5hie | suals | aare| oo
7 (o7 -..Ss\w & | | 7 E o %ie  Apis | pkic] we
e —er e A R L P AV IR B gE: Schic oy
| : ‘ . {9 ¢s/m | Y s
Y R il ?& /e ,?w, ~4r9L =55 m_v,,%ﬁ.‘ué mﬁi% %
_ | .h: | o | o9 P, | orep Ty sf,,im?}. o
| ; .~ ¥ - " , _ ,\ . . d,_h‘g? ‘M.Nd.aw«\. _x..u,v.\.ww?vn.xﬁ MM '
S R ol L v | v fasy | | T
_ T (r) 2L | gt




4 ry ,,1% - - - - T 4, " «Jﬁ
) Lo ,_ | .N e N
k w :,, ,, )
W TR EI G {, ELkE sE gL pesss | \f&l \
T ol Ao dAit MRS Wi S S S S5 Y
U FSSeem e T el he 61 (RS gy
- w\‘ ..Sm TR e ovake @t;:;,,..,; T f:}...s%?% -
B (g B R W T T
% e Fls \verEpT 2l SLREL 05T fg @?\. g:%%
! ,&.,.ﬁ& om0 7092 g e hel ahe ¢ g ) -
— BRI DL g e lee gi %M%Q,P ”
\.& \&Q +x\§ _ bIT"  RLRE T 5T 9 mQ&;m \meh o
o ﬂ& GG 488 eine LR S0 \L.),&,‘,w& Jeest T
T E ST AT T e siAE hAt ,@-; osTah) pasn's o

16 ﬂ,g?ﬂ | $HOFEW" \mm”v. | Q‘w\\m N wm o &K. : * g m\}ﬁ :&Q \ w e
BT FpL | ber =0T Shs \;m :a. b9 \%32 \&&% A_ oGz ]

S

,..N\q.,ﬂm.w. ., L FEN
@wbﬁ th

skt bl u@ﬁi /63l

T W Te— -

\z §. hsan s

~
|

_ ¢ . . .
s O ) OO T N L L v .




Reproduced by

@o CUMENT SERVICE TENTE

’ ,‘ARME‘E; SERVICES

TECHNICAL INFORMATION Ags&c*:

....

v =~ i
R J ) R
[P .
4\«‘~_m . “f N

GT CE ‘When Governm.ent or othe‘*' drawmgg, peeiiications or, “'* |
ata are used for any purpose other than in connection vmm |

related Government procufement Cperation,-the U8, -
overnment thereby mcu'-§ no.re sponSLb“’ Ly, nc‘;- ut‘a'i u}jhg@ti ’ '
whatsgéyer; and the fact that the Government nay have fbrqmia
ed, or in’any way supplied the said drawings, Qﬁl@ ¢

Mdata is not t,o,be regarded by 1mphcat10n or, otherv

its or pprmlssmxi 0 mamfac‘mre, use‘ow%
rtion tha.t may in any way be related thefe

P Y




STI-ATI=208 346 w’wﬁ(’ 20/ UNGLASSIFIED

30/3 Dept of Physics, Peinceton U, NI,
- VELOCCITY ‘LOSS MEAS[MAENTS ON SHOCKS IN A SHOCK

SEC: Inscumentation (3)

= ' TUBE, by R.J. Emwich, Tech Rpt. 18 Nov 48, [17]p, illus

= (Conzxact NGoczi=105, Tz )

— . _ SUBJECT HEADINGS
= " DIV: Flufd Mechanics () " . Shock tibes s
= SEC: Compressibility (2) shock waves

= DIVs Research & Recearch Fluid mechanics

% Equipment {30) [// Sros ‘/

5 hoc /é( 7 e é /;
(Copies obtamable from ASTIA=DSC)
Proj NR-061-020

|G 7, e T O NP rizirts, SELSPNAASSFID J

ADéAg(@@ 028




30/3

STI-ATI>208 34§

Dept of Paysics, Princeton U, N,.J,

UNCLASSIFIED

VEI@CITY LOSS MEASUSEMENTS ON SHOCKS IN A SHOCK
TUBE, by R.J. Emrich, TechRpt, 18 Nov 48, [17]p, illus

(Contract Néoczi=105, Teoek 1)

- Sxle
DIve.

SEC:
DiVe

SEC:

(Copies obtaineble from ASTIA-DSC)

Flufd Mechanics (9)

Compressibility (2)

Research & Research
Equipment (30)

Instrumentation (3)

Proj NR=-061-020

NG

.SUBJECT HEADINGS
. Shock tubes

Shock ‘waves
Fluid mechanics

UNCLASSIFIED




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033

