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ABSTRACT

!!%sequationsof the one=dimensionalmotionof a

and projectileare giwn. It is assumedthat the

behaves as a perfectgas and that it is initially
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ONE-DMEX?S1OINALMOTIONOF A I)ETOi?ATEDEXPMSXVE

desiredto cstima%eroughlythe mot~onsthat cccurit a spherical

surroundedby a sphericalshellof Mgh explosive,and the IsMxw

is asiwmedthat the strength of the

only its Inertiais important.

To avoidthe mathematical difficultiesof

Zw3ponrmlg

inotiormof

caseWere

meialis negligible,and that

the sphericalproblems,cor-

one-dimensionalsituationsrJiU be considered.We shallconsiderthe

highmplmlve IMd projectilesfna tubeand sSncein the spherical

is no effecteorre8poiidingto a frictionalforcebetweenthe wall of

the tv”mand the bodiesof the tube,this forcewil,lhe ignored. Tho results of’

the cm-dimensionalcalculationshculdgive some infmwtton on the motionin tho

Gphi’hd case.

It will be assumedthat the detonation

gaseousproductshomogeneousand at rest. Heat

are ne@ected. For simplicitythe equationsof

is Instantaneousand leavesthe

transferand viscosityeffects

s+=teof a thermallyand

caloricallyperfectgas will be assumedto describethe behaviorof the detona%od

mcplokve.

Cocmlmim SYSTEM—.

A particleof gas is

ordinateof its positionin a

its initialdistr$buticii.ThcJ

iniUel positionIs c?ono%edby
● 9**●

●:0:
●.aoo

Identifiedby its index x; %hatiis, the co-

me-dimensionalcoordinatesystemwhen the gas haB

displacementof a particleof the gas from its

Ye

.,.
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If them existsa discozzttznzityof

homogeneousM composition,and if in their

tinepressure,p5 in a body oi’gas

relativemotionthe bodiesof gas

where pz> p, and c=/&’~)-- io the spwd of

The rmereo motionis impossiblesfnce

of Thermodyzxmics.

THE DIFFERENTIALEQUATIONOF MOTION

If thereare no discon%inuitiesof p,

homogeneousbody of gas is describedby:

sound. (Fig.1)

it violates‘WuaSecondkw

the motionof an initially

MOTIONFROMh SIMPLEIITITIALs.TATE—-— ——

If the systemconsistsof two homogeneous,semi-hfinitebodiesof

gas, initiallyatrest,the originof x beingat the commonboundary9it

followsfrom dimensionalanalysisthat the solutionof the~roblem Is of the

form Yfcoqw cot). That 2s a graphof y as a functionof x

retainsits shape,but increasesin size in proportionto t9 the origin
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equat%on
●

m?

constants and the upper or lowersign is taken

O or

MeeA, B,C, are any

accozding88 X/eo%>

is an arbilxw?ystraightline;

graphicallyin Fig. 2. In the

gas of the pointcorresponding

Mxd velocityof sound.

These solutionsmay be combinedto solve the followingproblems:

x/cot~ 0. The f%st solutionfor ~(~)

the natureof the secondsolutionis shown

semnd solution,tine velocity rel.at~ve to the

to a particularvalueof ~=x/cot is the

c~P~~I()~ TJNDERc@JJTJUJ’T PRESSURE

The gas is in the region x> O, Snitlallyatrest,and is com-

pressedbya pistonat x s O exertinga constantpressure P> po:

y=h+w (O<x$ut), y=o (W<x)

\7here 7)=

R=

/-i- .

>

—.
—- . -..
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-

state; the other,adjacent

and expandingrevwwibly. The boundarybetweenthe last two is movingwith

the initialspeedof sound. (Fig.4)
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SIMULTANEOUSEXPfiN&%bi C&&&*&

Two semi-infinite bodiesof gas are initfallyhomogeneousand

motionlessand separated~ a commonboundary. The one underhigherpressure

expands,the one under lower pressureis compressed,

pressure P givanbyequatlng the two corresponding

velocityof a pistonmovingwith constantpressure:
b

undeethe constant

expressionsfor the

-J

where p2>pe If p*aP, and

end SOZW the equationapproximately,

~2* fq, m may assume p2>P* pt

obtaining

(W. 5)P=2
ifs

($+ 1)g p2
(Y2 - IF’

EXPANSIONAGAINSTJIPMJECTIX31

The solutionforoxpansionof a gas initiallyatrest $n the

region X>o intoa vacuumin the region X&o is

Y
2

()

3+1 x~=t.x-- .—~o~—— (0s Xs Cot),
if-l /f-lCot 0

Y=o (cot~ x),

TMs gives %+@= “P(*R, @ (%> ~) where Iw+&foxti.

TMs is the bcundaryconditionfor tbe fo210wingproblem: A% time tq=~

the re@on x> XM is oocupiedbya motionlesshomogeneousbdy of gas

boundedat x= Xm by a p?oject~leof c?ross-seetiond density M. The.

displacementand velocityof the projectileare respeetimly:

w: L ‘:
●* 9**.**:~o: : .*.
● **.000: ●00 ●

● 9*** ● **
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Y(t) = - -y&

● 0
●

●

● :
●

co%

i(t) = .+.$-(!-?#q

where 2Y hi—-
% = Ytlpo

Thismethd of

if the pressure-density

.

treatingthe projectileproblemis successfulonQ

relationforthe expandinggas is of the form hem

assumed9namely p s K y where
Y

K and & are COllStSRfX.

PROJECTILEPROPELLEDWA FINITEBODY @ GAS

An Initiallyhomogeneousfinitebody of gas h boundedon one end

at x= xM ~ a projectile;at tineotherend it is limited@ a stat40n-

ary wall (closedbreech) a% x = Xm-? or permittedto expandintoa

regionof lowerpressure(openbreech)beginningat x= XM* 2P.

In the intervalof time X+/c.+ * * (xn+ ~ )/co, the motionof

the projectileand the gas in the regionxH< X< xn~ is describedby

the solutionfor the semi-infhite bckiyof gas expanding against a projec%-

meets the closedbreechor the rarefaction from the openbreech,and a now

soluktonIs requkred. The junotionbetween the new solutionend the ofiig-

inal soktionmoves towardthe projectilewitha velocityrelativeto the

where m =ye~ is the cross-sectionaldensityof the gas In the length1.
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The motionof

infinitebody Of gas

its displacementand

in the interval ofttme XJCOS tstcy nalriily

velocityam, respQctive&,

%-\

.d .

Fig. ‘7givesthe

velooityat

to the mss

projectile

Wle tfilne *C

of projectile.

velocityas a functionof position,and the

as a funationof the rat~oof the mass of gas
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Fige 1 ShookWaw

The diagramshowsthe posttionsof typicalelementsof gas and

of thediscontinuityof’pressureat two instants. The coordinatesystem

is chosenso thatthe rarerbody of gas is at rest.

● ● aa ● .00 ● 9* ● *

● 0::: :::
●

● ● :* : :* ::
● ,, ,:. . . . 0.o too ●*

●* ●** ● *9 ● ● ●

● 9* ●’*● ● mem

● 00:: ●** ●

b*** ● **

..* ● ** ●m. ●

9* ● -. ● ●
● a

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



particle

intothe

Vwbically. The curve is tangentto the axis of

Xn thfs region ~> 1, T- is negative,the C’UrVS-

the Shpe approaches -L Tlxlsgraph!hdiostes

of’ $ ; tke

the probloms

Tim valueof C used iathe salution~ - 2/(Y- 1), is Inserted;vary$ng

C sh~fts+i3iS cu.rm

ordinates at (O,C).

ture is negative and

onlypositivevalues

the point (O,C). In

functionin tha rogiua o<~s

The velooityof the particleis giveninuniis of the initial

speedof sound: i/a~ = c (@+ .2)* The cwve is tangent%0 the

EU& of ordinatesat (O,C)and in~rs=cts ~he As ofabs~issa at (ly~)o

The densitymd

and presswe:

pressureme givenin units of the initialdensity

Tim numeriealvalueof g

I?otethe difference of scaleson the

ordinates.

used in plottingtheseoiurvwis 7/5.

pos~tiive and wgdiwe axes of
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Fiz.3 CompressionUnderConstant

At timesO, *,> O and 2tb,

Pressure

the displacementy is givw as

a functionof the indexx by the

.sSeckivelyoThisgraph is drawn

curvesOD, E~D,D,and E2D2Dro-

for the wise P> poo
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I>ig.4 ?Ixpa.nsion UnderConstantPressure

At timesO, tl> O and 2t~, the displacement

a function of the index x

respectively. The curms

by the curves OH,

F,G,”H,and F’2G2H2

displacement curve of Fig. 2. The curvesE,

E8G$H,H,

%

y is given as

and E2G2H2H~

are repetitions of the

Gi and E2G2 are straight

lines tangent to the curves I?tGtli~and F#2H2 respectively.
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?ig. 5 Simultaneous Expansion and Compression

The region of initially higher pressure and temperature

on the right of 0. At times O, t,>

is given as a function of the index

and DD2!32G2H2H,respectively. This

O, and 2t8, the displacement

is

Y

x by the curves DOH, DDIE,GJH,HO

is a combinationof the curves

pf’Fig. 3 (reflectad through the origin) and those of Fig. 4.
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‘~ig. 6 ExpansionAgainsta Projectile

At times%RS Xw ,/Co,2tM , and 3tn tho displacement y of’

the gas is given as a function of the index x by the ourves HJH,

121f2Hsand 13H3H respectively, and the displacement of’the projectile

repetitions of the displacanent curie of’?i~. 2.
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