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L shockwave enters o rcgion of Tiuid indtially at rest; the
shockwave motion 1s disturbed by interaction with soundwaves or
temperature fluctuations., It is the resultont soundwaves and termerature
changes behind the shock which are discusced. The Appendix outlines a
corrected version of an eavlier treatment which congidered an initizlly
stationary shockwave, Numerical values of the interaction coefficients
up to M, = b are given.

Antroduction

Consgider the one-dimensional case of a normal shockwave
propagating into a fluid in which there is & temperature variation, say
an increase, Its propagation velocity will increase due to the higher
gpeed of sound, likewise the fluid velocity behind the shocawave, It
follows that if the total energy is to remain unchanged, then the pressure
ratio must decrease, This can only be achieved by a sound wave having a
pressure decrement trevelling back from the shockwave, and this looks in
part after the question of continuity of the velocity behind the shock,
The variation of shock strength affects the entropy change across the
shockwave, subtracting from the increase initially present in the [low,

This is the most simple form of disturbance that can arise,
The other form of disturbance is by soundweaves, where instead of an
entropy change, there is a change of velocity together with an adiabatic
pressure fluctuation, In any case, the result of a disturbance is,
firstly, a soundwave proceeding back from the shockwave, and secondly, an
entropy change in the flow behind the shockwave (a "temperature WaVO"S.

In an earlier note! this problem was considered by veking the
reference axis fixed with the shockwave, and perturbing the equations of
continuity momentunm and energy. Altcrnatively one may congider the
shockwave propagating into an initially still fluid, perturbing instead
the solutions to the basic equations, which is the spproach followed here.
This 1s a gpecial casc of o nore general Investingation, and the author
noticed that a discrepancy existed between the numerical results of the
two methods, which was traced bto the inadvertcnt omission of a term in the
energy equation of the carlicr method. This note conscquently presents the
alternative approach, with a bricl outline of the former method (duly
corrected) in the Appendix, with revised numerical values, 7The comparison
of the details of the two methods is interestinz, os is also that with the
earlier paper by Durcers®, Lolercrnce should be made to the two preceding
papers for a fullecr discuscion of the phcnomena,
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Notation

(in order of appearance)

M

INY

fluid velocity in region 'n!
Yn = Vm
pressure in region 'nt

Pn = Pm

Pa/Ps

Ps/Dg

initial shock velocity

final shock velocity

gas density

speed of sound

ratio of specific heats

(y = O)/(y + 1)

tempersture in rcgion 'n!

™

specific heat at constant pressure
non-dimensional cocfficient, see text

change of shockwave velocity

non~dimensional coefficient, see text

VS:L/CQ
Z z
z=1 Az
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As the problem is made linear by considering only small
disturbances, it is convenient vo introduce all forms of disturbance
together, as illustr:bted in Wig.1.

From ordinsry shockwave theory onc obtains
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Acoustical theory gives

Pago = PgCuVaa, Pyg = = PpCpVy
and Pea = P1C4Vess Pogr = = P48 Veq>
while the temperature discontinuities have

Pog = O = Ppgs Vg = 0 = V.

As the disturbances erc small, one obtains cxpressions like
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Substituting into the identiiy
Vig + Vog + Vg + Vyg + Vgg + Vg + Vog + Vg, = 0

one can, after some rearrangemcnt, obtain

Pan . Pa: Py o Paa
——— = O - a?:+ =t T T7s + ﬂfe ——
58 . 579 TYO 3778
CpPs CpyPs Cppy Cp0a

where the ¢ and ]{ are cocfiicients depending on shock strength only,
denoting processcs enalogous to transmission and reflection respectively,
the variables being expresscd in terms of temperature rise. The notation is
the same as that used previously (honce some apparent inconsistencies), the
prefix denoting the causc of the disturbance (8 for sound wave, T for
temperature), the suffix denoting the resulting quantity referred to,

The + end =- distinguish between the disturbing soundwaves pg, and

Pgq respectively., Yhus SZ:T will rofer to the soundwave pg,
"transmitting” as a temperature wave (T54). The coefficients have the
following valucs
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the upper or lower simm being teken in the first as required.

The resultant temperaturc fluctuation Ty, is easily obtained
in & similar manner, yielding

- Pa + Pgy . Py
Ty = gCp - gln mn + g Cp T + gl o
ol 2

H

where

2
Cg

Ty = gl T
Cy

oy = (14 SRS)Y.

The chenge of shock velocity is casily found by starting with the expression
for (v} - Ve)s
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The valuc of the coefficients for a series of Mach numbers are given in
the Table, and shown in Fig.2. A point worth noting is that while the
interaction of the shockwave with ‘the temperature wave produces a relatively
weak soundwave, the lattor may well be large on an acoustical scale, TFor
examnle a uomueraturc fluctuation of O, tOC ahead of a shockwave having

= 2 end ILT.O, cond:cvons behind it produces e pressure fluctuation
o% 120 @b above 0,0002 dynes/cm®. Another important point is that the
reflected sound duc to a soundwave catching up a shockwave is very weak,
particularly for small shock strengths when the closing velocity is small,

Table/
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Table of Interaction Coefficicnts

1 : 2 P L

5
1,000 1.3k5 1,863 2,565 | 3,439
0, 000 ; 0,214 -1,03 f 2,481 | ~4.533

0,600 | 0.87% | 1.029 . 1216 i 4,417

0,000 | 0,0975 : 0,354 | 0,755 . 1.300
0,000 | =0,99% | -2,952 © ~5.513 | =8,63

0,600 | 0,128 | -0,19% | -0.458 . -0,700

0.000 | -0,156 : -0,335 ; 0,565 : -0.855

S S N

1,000 | 1,590 { 2,235 | 3,099 ' 14,158

1,000 © ~1,376 i -1.706 ; -2,059 | 2,43k |
e
0,000 | =0,0396 E ~0,0780 ; =0,0995 | =0,112
0,000 f 0,600 | A7 | 1.507 © 1.705 |
0,600 | 0,998 i 1,16k | 1.242 ; 1,283 %

i on % A i i tnd 4 R i b e e e wm o vn e kb e e e



APPENDIX
Notation
u fluid velocity
o2 pressure of soundwaves upstream
Dg resultant sound wave pressure downstrcam
Py pressure of soundwave catching up shock
3 entropy, having similar primes snd suffices
8 (1 + u)? g = (3-9)~-(y~-1)2w
b (y - 1) d = ah g, + byfh
£* (y-1)M""tzyzxz[ﬂu(yafs)w:ls-I r = p/p,

The coefficients a, b, £ and g take suffices 1 or 2 according to whether
they refer to M, or to M, ec.g., a, = (1 - M,).

In this section the shockwave is taken as the freme of reference,
Then equations of continuity, momentum and energy are

by = Pu,,
2 2
Py + piu1 = Dy + Paup
2 a2
Uy ; Uq
and -2- + C’p'11 = -2- + Cp’l‘2

where the suffices indicate the samc flow regions as before, see Fig, 3
(where if region 1 were stationary the shock would advance to the left).
If disturbances from upstrcam are denoted by a single dash (e, g., )s
that from downstream by a double dash (e.g. s g) s, and the res ’can%
effects downstream by a single dash (e.g., pgg), & being the change of
shock velocity, then the above equations give

pi(ui’-:‘;) + pluy pz(u5+u‘§-é) + (pi+py)u,

ph + 20.u,(ul-€) + pju? P!+ P + 205u, (uftup-E) + (pd+ol) ul,

[}

u (uf-8) + T = u,(upui-g) o, (14+17).

Since the pressure fluctustion completely defines the soundwave, and
entropy fluctuation the temperature wave, we add

LR il
T 12y I P2
§ = Cy-m=R -, 8 = G -2-R-2,
Py i T
1 1 2 P,
1 i1
P; = % piCui, Py = PpCauy, Py = - puouup,

the upper sign for p! being taken if the soundwave propagates with the
Tlow dircction, and the lower sign if ageinst it (see Fig.3), a notation
continued in the superscripts of ccrtain coefficicnts, After some
manipulation the perturbed momentum and cnergy couations become
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FProm these the required p, ond 8] can easily bc found, and then é

from the continuity =nd momecntum equations,
earlicr oncs apart from notational changes:

corresponding cxactly to the
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The formulae for the coefficicents however take on a diffcront form;

terms of the abbreviations given above they are
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Their numerical valucs axec of co
the other sct.

in

3&\, —‘i.
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i
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identical with those of
This mothod has the advantage of prescrving a symactry of

the oquations in the derivation, but the computationsl cffort required to

evaluate the coefficients is noticeably grcetcr.

The author wishes to apologise for any inconvenicence earising from
the former inaccurate results, 4o thank Dr. E, M. Kerwin for commenting on
b

the possibility of an

crror in the carlicr note and to thenk

Miss Nancy Francis of Douglas Aircraft Company, Santa llonica for assistance

with the numerical work.
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Fig.l.

Disbance

Space -time_diagram _defining flow regions for disturbed shock
wave. Region | is to be taken as the undisburbed fluid,

with_ (20 _the initial shock—wave fronb,_and (o6)Ehe final
snock wave. (8)and ©7) imib_disburbing_sound waves overtaken
by_and colliding _with bhe shock wave, (78) marks a
Lemperabure discontinuiby_in bhe flow ahead of the shock,
while (32)_limibs _sound wave cabching_up wibh the shock from
behind. As_a resull of these disburbances are the sound
wave @3) and temperature disconbinuiby (54) ——shock
fronby——\imit:_of sound wave,~——-tbemperabure
disconbinuiby.




FIG. 2 (a-b).
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(b) sound wave caught up by shock wave

Interaction coefficients for disturbances.




FIG.2.(ca d)
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Souwnd { .
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(1) —— P Sound
~————— Nave
Temperature
S
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P wave
Restemnsans ol
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(b) Resulbant perturbation

Diagram_illustrating_nobabion used in the Appendix. The
sound wave p| bakes bhe upper sign, when achoice
arises, when moving_with the stream (case (i), and the

lower sign_when_against_ib (case (1))
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