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to the hydrodynamical equations which become more nearly valid as y approaoh<s

oneo In the second section, direct point-by-point nuruex’icalcalculations of

Taylw’s equations are carried out for y= lo% and 1~1~ mom these it may be isesn

Lhat Bethe’s approximate.solutions give very good results for values of y oven

larger than 102 ~,
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TAYLQR’S HYDRODYNAMICS OF STRONG SHOCKi@I%&IED’% G&S
<,-:~:). . “’Yq\=.,:....4,

HAVING SM4LL VALU!?AOF y-l ‘$’”>,gY “-y”?\;>=
$ “OA*C ?.->.,~.,‘:,.,1.6

“,-‘\*, ,,

bGo Io Teylor has developed a theory for the h&d@yami>~,o &$rong
%~L.oA ~~y.assumes

shook waves ari.sin~from a point explosion (BM-35; RC-21O). o$~~~tre+.. e
..

\$$

L
similarity, iae. the pressure, density, and material velocity$b~%$ th~~lh’o

‘3A .

are funotions of the radiu; of the shook wave and the ratio of t%e radiu;fi& the
.,

point under consideration to the radius Of the shock wave. when y-l is S~~l, .

the pressure drops from its value at the shook front to approximately half this

value and the density goes from its value at the shook front to almost zero in a

very short distance behind the shook front. Thus the problem may be divided into

a consideration of’the thin shell in the neighborhood of the shock front and a

~onsideration of the central core in which the ocm!$dtionsare relatively simpleo

We obtain approximate solutions to the Taylor equations whioh become good for

small values of Y-10 ‘Nw Taylor conditions in the neighborhood of the shook f~ont

may be used even when the conditions in the central core are quite different from
.

those arising from the point explosion i.e., the simple similarity conditions

whioh Taylor assumes are no longer valid,

1. LIMITING FOIMDEVEHAWFJl BY BETHE OF TAYLOR’S.HYDRODYNAMICSOF STRONG SHOCKS

IN GASESWITH SMALLVALUES OF y-l
——

The following equations were obtained by Taylor for strong shook waves

in gases having any value of y-l:

~ = r/R

A2f(~)
P/Po=Y=—

~2 RS
o

P/Po = y(y) (3)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



.4. L‘?$..\ ,___t-t.,. .-..-—.—
-J v. A

\

%.

u= AR=/2$(?) ... w, :d“ ‘:;>
....?.,9. “’. “. *:L

,-!
. . . . .

u.= J@/2 -cJ:.~,.:~; {:{R%<,
1

u 1
‘.<““/,‘+.=411p&2 (1/2] pff2+ L

“70.j. %3
13~o~

.\

q2dn)’ti,;:..:.. (6’):%.,%-

0 Y(Y-1) . ,.>.’:~~>..<.... .:)>A-+.,
‘..\:.%...

Here r is the radius of a point in question; R
Q?f

is the radiu%A$<%j s- .

front; the subsoript zero refers to the undisturbed atmosphere o#~.~o@%&tions>in‘<’. c?

front of the shook wave; p is the pressure; p is the density~ o is the velocity

of’sounds c2 = YP/P ; u iS the m~erial velocity; U is the

or dR/dt; Etot is the total energy of the explosion~ A is a

determined in terms of the total energy of tho explosion, the
,

shock wave velocity

constant to be

velooity of the

shook wave, or the shock pressure when the shook reaahes a particular value of the

radius; f , $ , and ~ are flmotions to be determined by the following differential

● uquations$

I
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At the shock front,~= 1 ,
r

f(1) = 2y/(y+l)

!$(~)= 2/(y + 1)

y(l) = (y + 1)/(@)

Arid substituting (10), (11)$ and (12)

the values of the derivatives fg , $’

ft(l) ::2y(2~ +7y-3)

(y-l) (y+l)z

p (1) = .=.

f, $ , and ~ have the values:
./-

(10)

(11)

(12)

into Eqso (7)9 (8)9 and (9) we obtain for

~ and ~s at the shock fronts

(13)

(14)

(15)

. .

In the oore, i.eo for suffid.ently small values of—. 7 (for gamma less

than l.~,~= .9 is already sufficiently small):

f * constant (16)
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front apd

(7), (Q),

simple so

First, we

.’%.\*.
~“., “\-~
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Knowing the behavior of these func n of the shook

in the oore, we can find approximate

and (9) which are valid for small v

that these equations may be integra

must establish the following propositions

1).y=$ is always proportional to (y-1)

At the shook frOKlt,~- $ = (y-1)/(y+l)

3n the core, y.$ =

‘Ihereforeit may be assumed

2). f? =37y/2

7(Y”u/Y

that the proportionality

(19)

(20)

applies for all Valuea of ?0

(21)

At the shook front where ~ i t ft ~
?

2y(29 +?y- 3)

(y i- 1)3
Y (22)

If y s 1 , Eq~ (21) is exaotly 8atisfied at the shook front% ify=lQ2 aat .

the shook front, f? = 1.866y. (23)

In the core, using Eqs~ (17) and (20)s Eqo (7) becomes:

f,if=+ (3/y)7(y.1) .7/2 +2 yjy

(f/f) - [(y/Y) (Y-1)]2

& (?/f) [@Y “ 1/2 + (3/y) (y-l))] A (3/2)~ fff (24)

\

Again the proposition (21) is exactly satisfied if y = 1

if’y = 1.2 . Thus we can assume that the proposition is

and very nearly satisfied

approximately true for

(25) “

(26)
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And in the oore (v/f) (~-~)2 is virtually zero beo

Thus wa aasume thai;this quantity is always small.

4). $i y/Y

A’cthe shook front,,$= Z/(y+ 1), If y is exaotl

proposition (27), otherwise it differs by terms o

example if y= 1.2 , the $= 0909 instead of 0833 as expeoted from (27). In the

oore, Taylor haq shown that (27) is an excellent approximation for any value of y.

At the

values of y ~

zero in the ooree

~ is greatar than

proposition (25),

shook front, ~ ~ (y + 1),’(y-1) and is very

It rapidly becomes smaller with decreasing 7
In praotioally all of the interesting region

large for small

and approaches

of the shock shell.

unity. In this region, ~ iS Pra~tioaW wity. BY the

the denominators of the right hand sides of Eqs~ (8a) and of

● (W) are both unity, also the third term in the numerator of Eq~ (9a) is small

oompared to the first tuo~ Thus the Eqs~ (8a) and (9a) beoomes

‘l’hojustikioation for the

“~?inglarger than unity.

in the shook s@ell is EqQ

● f’ & (3/2) y

+ (3/2) fl/f

last approximation in obtaining

The third equation neoessary to

(21):

(8b)

(9b)

Eq~ (8b) depends on Y

solve for f, $, and?

(21b)
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It ii3convenient to let;

7 - l=(y-l)x

7- $= (y-l)w

(8b), (9b), and (21b) beoome:

dw/dx=l. @=2 (3/2) (y-l) (~/f)w

d log ~/dx = 3/W + (3/2) (~/f) (y-l)

..

df/dx = (3/2) (y-l)~

Eqs. (8c) and 21c)*

Then Eqso

.

Combining

or

(*)

(210)

(29)dw/dx = - (w/f) df/dx

wdf =dlogf= ‘=l—
fdw d log w

(30)

And integratin~:

logf=- Iog w + oonstant

or

(31)

fw= oonstant = f(?=l) W(y=l) = (’= )
.,’+1

Then ooxnbiningEqs (9c) and (210) and making use of !3q~(32)x

d log j@x= 6f+ d ~oZ f/&

Iiowlet:

z=[(yOl)/2] */f (34)

‘rhea: .

(35)d log Z/dx= 6f

“ And Eqo (210) beoomes~

d ~Og f/dx=3Z
●

(36)
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C.onibiningEqs, (35) and (36):

%~. fdZ_2
d 10G f Zdi’

or

tiZ/df= 2

So that on inteGs=atinC:

f/z

f ~ (1/2)Z + constant (39)

Sinoe i’(7=1)= 2y/(y+ 1) = 1 811d Z(7= 1) =~Y-v2][2AY-l)]f(7=l) = 1

Thusg

f’= l/2(z + 1) (40)

Substituting this hack into Eqo (35): ,

dZ/dx = 3Z(Z + 1) (Q)

And i.nte~rating:

s3X = dz.— ~ log Z/(Z + 1) + oonstant
Z(Z + 1)

(42)

Aad at the shock front x = O ~ z = 1 so t~t:

These equations then determine i’, $ , and ~. The oompleto solution to Taylorqs

equations for small,values of y-l in the region of the shock shell oan be obtained

from the following expressions for f , $ , and :
Y

f= l/@ G3(7”MY-~))

$ = y-(y-1) [1-(1/2)@3(~”’1)/(Y-1)]

v
/~. .3(~=’lM@] ]2~ *3(7 -1)/(y”l)

y=l

(45)

(46)

(47)
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FroxnEq~ (45) it appears that f

result migk.tbe questioned

the coreo However$ direct

indicate that in the core

XI. NUMERICAL SOLUTION OY

-%

1
..+ :

.. ‘\_
—

—
\ \.\“.

‘, 0., -~, , i

‘+. “,, “’;. \

approaches

Ne mado a straight point-by-point numerical integration of Taylor’s

equations for y = 1.2 and 1.1 . The values of f, @ and ~ so obtained are

given in tables I and II, and shown in Figs. 1 and 20

obtained for the solutions of the equations.

w—

Y = 1.2

0.2374

.—-

0.1766

0.1941

0.3275

The following values were

——..

0.2673

001736

0.184?

003167

*
All values for Y = 1.4were taken from (BM-35; RC-~10) by ~0~0 TwlOrO

.
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0

1.2

1.1

.——

E

. ergs

5,36 poA2

100742

21.620

“ .

Y I P/PQ

<! .

r,-,, # ,
,> 4

c +-,‘
tons TNT $

6
1.2808 X 10”16p~2 ‘

2.5668

5.1422

-—

102

l.l .

.— .—

ergs,)

5.677 x 109R-3f(7)s

302466

1.768

t
seo ~%d%nt—

.1626 x 10-gRs~2+ 02774

!,2302 .1613

c.3258 03847

(A convenient unit for energy is the “ton of TNTW equal to 4,185 x 1016

1.

Here p. has been taken as one

In aalculati& the energy loss

Taylor’s paper (BM.35; Rc.zlo) which WaS

enerSy in the system after the blast wave

,
atmosphere and p. = 1.29 x 10”3gms/cm3 o

we should point out an error in

first notioed by ‘WilliamPenney. The

has passed should be estimated from the

enthalpy instead of the internal energy and therefore Taylorgs energy losses~

El ~ should be multiplied by gamma. lTiththis in minds we obtain for the fraotion

of energy lost up to the time that the blast pressure is yl = p/Po *

Y = 1.4

El (correoted)/E= (l/Yl) (1.342 y1M”4) -2.2s2)

t

*
All values for y= 104 were taken from (BM-35~ RC-21O) by G~S~ Tayloro
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y =102

El (corrected)/E= (l/’yl)(1~152 y~l/1t2) ~2~090)

= l.lY
,.

El (corrected)/E= (l/yl) ( 10084 y$l/102) =-10937)’

The second term in these equations is due to the intrinsic en

undisturbed gaso If we intend to use these relations for hot air, th~n it is

clear that the intrinsic energy of the initial cold undisturbed air corresponds

Y = 1.2 (hot air)

El(corrected)
—..
~

● Y = 1,1 (hot air)

El(corrected)
—.
E

The results are shclwnin

becomes smaller. Eelow

considered as strong and

z (%) [1.152 yll/102 Q=1.241]”

.

= 1(l/yl) [1.084 y~ogog -0.649

Table 1110 The energy loss beoomes Sargor as gamma

20 atmospheres shook pressure, the shock can no longer be

the Tay?.orsolutions no longer are valid.

* Ifwe let E1/E = (~/Yl) [aY~l/y -p] , then fl/yl is just thohwatoontont

of the air within the sphere oi’’radius R divided by E. or

(lo4)4npoR34 _______
Y~ 3(04)Ey1

But R3/Yl = A2f(~=l)/c~

o Sa that

fl/yl=29.322/~y+ 1) (E/A2po)]
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r= 1.2
TAi31EI

.- :+”’-
11.0000
la.-?ti25
10.5322
10.505’7
19.3212
“9.9!313
9.6’7157
9*4777
9.224’2
cj.~~.:1

, 8.9134
-“:.7%9
s.Fiz.33
,:.3; 5’?
~.~~2;

8.C)732
7.9191
7.7655
7.s219
7 .“4721
7“13400
7.2045
7.C1725
6.9433
6.8184
6.6961
6.5769
6.4606
6.3471
$.2363
6.1281
6.02:4
5.3192
5.3184
5.’?233
5.6258
5.~’75
5.43’7s
5.34s1
5.2603.
5.1745
5.090:
5.9086
4.32s4
4.24’2;
4.77.31
4.6990
4.6245
4.5526
4.4322
.4.4133
4.3458
4.2?97
4.2150
4.1516
4.0994
4.a2’35.—-.
3,96~6
3.9103

-. .

f“. $
1.530s : :’O.?091

-1.0806 0.9080
1.g70.6’..0.39?9
1.0208 i“~:’!).~u6tl
1.’3514 !3.$053
1.0-:13! Q.9040 ‘
1.0326””.’0.9039
1.a”?33 ge-l~~o
1.01=8 0.9010
1.00;2 ‘: ().~o~g
3.~?7G ,. 0-.’53!39
0.9993 !.”!).8?33
S.?316 o,s~?~
oqQ73r7: 0.-3.259
o.~afl!?!“=9.3:5”0
~.~5a3 ~● ~940
0.2509! 0.9:30
0.9435 o.~gqg
0.s3:4, .. 0.5910
0.s2%4,. 0.9309.’,
9*9~.?5 0.9’390
0.915s: D.88+0
0.9092, 0,8S70
0.5027 o.gg~()
o.e963” 0.3350
3.8901 0.8~40
0.8840, o*~:31
0.%730 0.8822
0.5721 0.3813
0.8663-. 0.9904
0.a606 –--0.8?95.
0.8550 0,8786
0.8495 0.8777
0.e441 0.6768

“ 0.83~3~._ 0.9759
0.9336j.2.O.8750
(3-8~65 J0.8741
0.3235 0.8732
0.a186 0.3723
o.s132~ o.a714
o.ao91. 3.8795
0.6045 o.36~6
0.7993;. 0.8:97
0.?254:. o.36?a
0.?210’ “0.9&69
0.78E? ‘,0.8660
0.7824 : 0.8651
Q.7782 0=8542

: :=;;;:: :_-”u.8633O.8Z24
0:?6C0, : 0.8615

- 0.?621 “*0.8606
,,.0.?55~” ~ 6.859?
; 0.7544” j 0.$509
0.7507

‘“oi7490’--j::;%
, :.g74:-” 0.8565

.

, L

0.8557
0 ● 73al- 0.8549
,,+3$:. -_B...

4
i ....,.. -:. .

! ‘...

. LAK)o
-ae-

. a
?+!)

..-”

..2- ----.
.~.~.30
.3975
.9970
.3?65
.5?59
.9055
.9950
.9945
.9940
.9935
.9930
.9s25
.9920
.9915
.9910
.9905
.9990
.2895
.9890
.9895
.s920
.9675
.9870
.9865
.9860
,9855
.9950
.9e45
.984!)
.9835
.9830
.9825
.9820
.9815
.9810
.9805
.9800
● 9795
.9?90
.9785
.9780
“.9775

● 9770
.976&,.,9q60.

“.9’755
.9?50
.9?45
.9’740
,.9735

.9735

.9733

.9695

.9.’?0

0.
a.
o.

::
3.7163
3.?13’?
9.7131
3.’7379
g .‘?c)~q
0.7919
CJ.zssl
Q.:95~
.’9.?~!?4
3.??95
3.:263
~.:~~~
3.~~15
3.F=799
0.6733
3.:737

9.:712
0.13:62
3.C 14
0.E567
0.35?1
0.<$77
3.:434
0.2322
0.6351
0.6311
0:5~7~
r).5~34
0.:197
0.6161
9.;126
0.6392
Q.&359
0..3027
0.59n6
0.59:6
(3.5~36
0.5907
0.5!379
0.5~52
0.58~5
0.579’-’
0.5?74
0.5749
0.5725
0.5’791

0:5679
0.5633
0.5590
0.5549
0.5510

~.~$~t ‘

3.li16

3.9!392
3.927G -
2.9%7
7.’3M5
2.s072

2.3%84
2.7’32e
2.7192
2.&i32
2.5795
‘2.5131
2.4489
2.3~39
2.3270
2.2:90
2.2123
2.1523
2.1055

.-
.cJ- 3’
. 559
.?5?
.35?
.Q5~

.955

.954

.353

.352

.’251 ‘

.35~

.549

.G45

.947

.346

.345

.944

.343

.9&~

.241

.949 ,

.933

.938

.937

.933

.935

.934

.933
“.932
.931

2.0543
2.0947
1.9566
‘1.9103
1.8638
1.CI31O

1.7785.
J .7372
1.6970
1.6579
1.5199.
1.5!330
1.5471

1.5122 -
1.4783 ‘_,j”.,
1.4-!53
1.4132

● 330
.928
.926
.924
.922
.920

0.7923
0.7939
0.7915
0.7891

, 0.7867

1.3!320
1.3219 .
1.2647
1.2102
1.1582

.9?30
,9725
:9?20
.97’15
.9710● I ,.5473-,

=

I ,.
i.
i ‘i .“

,.

“G :... . -,_.,.—
..= --

f
t..-—- ;

.,. {.L.-. —. _
.
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Y
,918 0.5438 ~
.916 ; 0.5404 :
.914 + O. 53?2
.912 ! o.5~1 ~
● 910 ~ 0.5312 j
.908 i 0.5293 !
.906 : 0.!5257 ;
● 904
.go~ .: ;.::::;: ,

0.7821
0.7798
0.77?5
0.?752
0. 7?30
0.?708
0.7686
0.7664
0 ~7643

1.061’7
1.0171
0.9?47
0.934-3
0.”8958

, 0.8591
008~41
0.’7907
0.7589

.900

.896

.892

.888

. 8e4

.880

.876

.872

.868

.864

.860

.856

.852

.848

.844

j 0.5182 0.?622 0 ● 7286
0.7580 0.6705
0.7538 ; 0.6174
0.7497 : 0.5688

I “10.5137
I I 0.5096

1 0.5058
I 0.5023

; 0.4991
0.4962
().4935
0.4910
0.488’7

: 0. 486=
O. 484;
0.4830
0.4815
0.4891

, 0.47875

.1 :“~;:g

‘ 0: 4?245
0.4’7099

0.7457 j d.5244 [
0.74’17 . 0.4837 “
0.7478 0.4464 ~
0.7339 ; 0.4121 J{

1

v

,

i

., ,,

“1
0.7301 ‘ 0.3806 ;
o.7~63 ~ 0.3515 I
0.7225 { 0.3248 I
0.7189 ! 0.3001 /

i.

I/

I
I

!

0.7151 / oo~773 i
0.7114 o.~563
0.7078 If 0.2369 \

i

t

!

.840

.832

.824

.816

.808

.800

.?92

.784
:?76
‘.?68

0.70419 ‘ 0.21900
0.18580

(

0.69702
0.69993
0.68292
0.67597
0.66907
0.66221
0.65539
0.64860

0.15?59
0.13360
0.11318
0.09579
0.08098
0.06~37

I

i.

Ii
,10.46976

~.468~3’
0.46?5?

I

I

,; 0.46715
.0046C55

0.05764
0.64184 0.34352 J

.76

.74

.72

.70

.68

.66

.64

.62

.60

.58

.56

.54

.52

.5

.4

::
.1
0

0.46605
0.46501
0.46441
0.46407
0.36388
0.463774
0.463717
0.463687
0.463671
0.463664
0.463661

i 0.463659

I
0.463658 I

-1
Q.463658

“QA6M68’
, “0.463658

0.463658

1
0.463658
0.463658

0.63510 8 0.94977
9.61829

I I
,

0.6015~
0.58493
0.56831
0.551719
0.535145
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