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SUMMARY

The purpose of this note is to dis'cuss; from the limited
information available, the order of magnitudek of the strength and
‘the configuration of the shock waves, close to ground level,
generated from aircraft f‘l;}ing 2% supersonic spéeds. Thé level
flight case is the only one considered in detail but brief reference
is also made to other manceuvres such as the éﬁberéonic dive of
limited duration. The alterations in path and strength of a shock
wave in passing" through the heterdgeneoué aﬁnoéphere are.‘shcwn’ 'Eo

" be'very important, For normal temperature variation with altitude
the atteruation of shock strength, with distance downward from the

" aireraft, will be decreased. A similar effect will occur when
shock waves are propagated aga:.nst a W:Lnd ‘whose veloclty increases
Wlth he:t.ght. “ - ‘ ‘

- These results should be of :mterest to ClV‘.Ll eng:meers
and orthers mak'.lng estunates of the poss1b1e damge to 'bu:.ld:x.ngs due
to the above cause, A prelunlnary, malnly gqualitative d::.scuss:.on
of this part of the problem is included,” which although not cbmplete
should at least give some idea of the damage to be expected. In
this commection it is found that for aireraft flying at and above

" 5000 ft. at Mach numbers up to 2 the damage to buildings should be
limited to a mumber of 'freak! cases of window breakage and similay
minor demage. In the case of airveraft diving at supersonic speeds
at a high altitude the excess pressures caused by the resulting shock
waves and their time duwration are so small that the chance of any
dmaage occ:urz'lng is almost negl:v.g:_ble.
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8. Introdﬁntien
 The shock waves generated by alrcraft and other bodles
travelllng at speeds close to and greater than the speed of sound
are heard by ground dbservers as "bangs' .* Experlnents with full
scale alrcraft travelling in high speed dives from high altitude
at speeds slightly in excess of sonic, have shown that the 1nten31ty
of the shock waves, near the ground,’ is generally less than 210, per
sq.f4. It has been clalmed that such shock waves glve rise to
minor damage to bu1ldings, such as window breakage. The avallable'
evidence suggests, however, that in only one or two isolated cases

has damage been caused in thls way.’

j‘Ingthe near future it must be. expected that aircraft will
~operate at supersonic . speeds in.levei flight not only at high but -
also at low altitudes.  The strengths of the generated shock waves
Awili probably, in such cases, exceed those observed in the high speedﬁ,ff
dive. Due to the differences in the two motions and the strong. -
directionality of. the shock wave pattern, which is altered by
4 atmospherlc changes in pressure and tenperature with height, the ,
results of existing experiments cannob. be expected to give guldance .
~as to the possible effects in the level flight case. It should be
noted that because, of refraction of the shock waves by temperature E
and wind gradients, experiments on.m13811es operating at supersonlc .
speeds in climbs close to the ground.may give dlfferent results from"l
aircraft flying at level supersonic speeds at a sllghtly hlgher
altitude.  The available theory is rev1ewed.below and tentative
results are presented for the calculatloneof the strength of these
shoc& waves near ground 1eve1 when_generated in a heterogeneous

atmosehere.

A short account is 1ncluded of the effect of shock wave
reflectlon.fram the ground and walls. . As a result an estimate is
made of the overpressures acting on verticel walls. A compafisoh
of these results is then made with existing data for blast damage

_and some tentative conclusions are drawn as to the likely damage

to property' :

/8 ..

&« See references 1 to 11.
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82. Steady supersonic motion in a uniform atmosphere

The shock wave pattern around an aircraft in Stéaay mo’ci‘o'n" o
at supersonic speeds can be represented approximately, at 1arge ‘
distances fram the aircraft, by the shock wave pattern around an
equivalent body of revolution.. This statement must not be taken
to mean that in all cases at a sufficiently large distance from the
airoraft the individual shock waves from the fuselage, wings and

tail unit will have coalesced into %wo main shocks, but rather thai
for all practical purposes, in Which ground level effects are
required, differences from the assumed pa’ctexﬁ can be neglected.

Thus close to the ground the shock wave pattern consists of bow and
taill waves separated by expansion waves. 8) The preséﬁfe 'signature’
has the form of a dlstorted 'N’ in which the pressure and suction

phases are equal : ?
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Theﬁihaghpi_jhﬁde of the presvsﬁre di-scontinuity, (12) Ap, across ‘the bow
waxve, af"a nomal distance y from a parabolic shaped body of
revolution of fineness ratio & and length { , moving through a
uniform atmosphere of pressure p, at a lach number MO' is

i ‘ . AP = 053 (1\52-51)1/ , C easesesenmen (1)
| : | <y/>7‘* D S

where approximately for an aircraft . :
Jori . . . o A Lo L
6 =‘-jg"_2%"z ’ ’ Q.t.ti""l’bb‘(’z)
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‘and V is the total volume, ~Mean values of & and £ for a

wdpom

supersonic fighter will be about 0.25 and LOft. respectively.

The following talle has been prepared using the above
values for & and 1 . = Tt gives Ap, at ground level, as a
function of MO' and the altitude y. ‘

TABIE 1

The pressure rise A p, at ground 1éve1, across the bow wave from

a body of revolution travelling at a liach mmber M_ at an altitude
¥y in a uniform atmosphere having the same values of pressure and
temperatixre"as in the 'standardva’cmospheré at an altitude y.'

Equivalent finehess ‘ra'tiob ) 0.25
Equivalent length of body { = 4Oft.

i

Ap 1b./sq.Ft.
Height Atmospheric | M
, » pressure 4 . .

y 4. | 1b./sq. ft. 1.1 1.4 2.0 3.0
50 2112 | 9% | 23 | 270 306
200 , 2101 1 6. | 83 96 12
500 2078 34 14 47 54

1000 2040 - - 20 2 28 3
5000 - 1761 5 6 7 8
10000 , 1455 2.5 3 M 3.5 L
20000 ’ 973 ' 1 1.2 1.4 | 1.6
30000 629 0.5 0.6 0.7 0.8
Approximate
inclinetion ‘ o 0 o o
of bow wave . ‘ 65 46 30 19
to ground

- The values of A p up to about 1000ft. camot be regarded as reliable

since the distances are too close to the aircraft for the assumptions
of the 'bhez)"ry to apply. In addition values of A p obtained from

equation | (1) become very inaccurate for Mach nmumbers close to unity.

The reason for this is that the bow shjoék wave is detached from the
nose of the body and its strength, at least close to the body, may

‘be greater than the theory indicates.  Far away from the body the

asympotic theary'2) should apply although the size of the region

close to the body, in which the theory ceases to be accurate, is not
knorwn For these reasons the values quoted in table:1 for a Mach

number of 1,1 may be too small.

/The time ...
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The time interval 'At between the passage of ‘the bow
and tail shock waves at distance y from the body is given by
(see table 2 below)

RO — .
B -bf'ﬁtctto-ow(:i)

& Py J M1
0

where a is the speed of sound in the uniform atmosphere at rest,

TABLE 2

The. time 1nterva1 A‘b between the passage at ground level of the
bow and tail shock waves from a parabolic shaped body of revolution
travelling at a Mach number Mo at an altitude y.

At secs.
M
Height - = S :
y £, 1.4 Sk 2,0 3.0
5000 . 0.1 0.08 0,07 10,07
10000 0,13 0,09 | 0.09 0,09
20000 | 0,16 0.12 0.11 0.1
30000 o022 Oull 0.44 | 0.1k

" It can be seen from tables 1 and 2 that the Mach number
has less significance than at first might have been thought, The
above tﬂables can also be used to obtain an approximate value for
Ap at a large distance from an aircraft, whose flight path is
not uniform. The veason for this is as follows. Each portion !

of a shock wave at a large distance from a body has been formed

at some particular point on the flight path. | Tis initial strength
is la“i'»gely._ a Punction of the irstantaneous speed at that point
althoﬁgh the attermation it suffers, whilst moving to a distance, dep-
- ands (a) on interactions with shock waves and expansion waves
generated from other positions along the flight path (b) on viscous
and thermal effects and (@) on the spreading of the shock from its
source. If therefore we assume that such atbenuation is similar
to that existing under um.foxm flight conditions, we find approx—
ura’cely that the shock s‘breng‘bh at equal values of y and. M in
non-uniform motion is equal to that in uniform motion. If we: a.pply
this to the case of the supersonic dive in which the maximum Mach

number reached is 1.05 and the supersonic motion finishes about,

/20,000£%, & ...
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20,000 ft. a value of shock pressure ;"isé of sbout 1 1b. /sq. 7%, is
obtained across the bow and tail waves at ground level. Naturally,
when more than two shock waves exist in the non-uniform flight case
the above method will not disclose them,

/ S "M”"“*w;« |
bow wave

Thus in the example quoted a third wave (8) ‘sometimes exists, but, since
it ::.s Weak it plays a relatively unimportant role in the consideration
of shock wave damage to property.

(3) gy

a focussing of the shock waves might result in excess pressures of the

It has been suggested ”“that in certain aircraft manoeuvres

order of 400011) /sq. f't. More 1nfornatlon is however necessary to
ascertain whether these results are valid and whether they have
practical application. Such manoceuvres have not been considered here.

It is of ‘interest to compare the strengths of the shock
waves in the cases dlscussed above with the strength of blast waves

=
from explosions,

T.N.T, dls’cance from explos:.on AP

1b, ' o . 1b., per sqg, ft.
40,000, 000 12,000 R 216
4¢ooo 000 6 000 216
400,000 3,000 216
40,000 - 1,500 . : 216
15 000 750 _ 216

400 : 375 ‘ 216

L0 188 - 216
L. . 94 , : 216
20 580 ' ‘ 22
200 1,160 : 22
2,000 . 2,320 ' 22

. /gj;‘ vvn LK) )
#® These :f':.%ures are based on the assumption that AP =1 /r and
r At
F: = w
~ the charge of T.N.T,, and suffix o refers to reference values.

where r is the distance from the explosion, W is
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8%, The effects of a variable atmosphere

In section 2 above it has been shown that the increase in
pressure across a shock wave at large distances from an aircraft is
small compared with the increase in atmospheric pressure downwards.

Tt is important to consider, therefore, as to whether or not such
shock waves will suffer considerable attenuation in moving through
this large pressure gradient. A simple calculation, based on acoustic

(13)

approximations , shows that, due to the change in air density, the
strengﬁh* of a weak plane wave propagated vertically downwards will

be reduced by a factor

s
1 //éxp {ng%»
/ r2a )}

7 o
where ‘v = ratio of specific heats (1.4 for air)

g = acceleration due to gravity

a, = speed of sound

y = height.

Thus a shock wave propagated from Z0,000ft. will éuffer a
reduction in strength of 0,6 in moving to ground level,  Similer

results can be expected to hold for weak oblique shock waves propagated

from aircraft in level motion at high altitudes.

© The effect of temperature and wind variation with height on
the refraction of sound waves is well known and similar results will
hold for weak shock waves. Thus in the normal state éf the atmosphere'
a shock wave whose course is approximately horizontal will turn
gradually upwards., A temperature inversion in the atmosphere will

have an opposite effect,

’ »" vpath .of shock temperature
wave increasing

shock wave

Similarly when the wind speed increases with altitude a shock wavs,

moving with the wind, will be bent downwards.

The importance of the refraction effect lies not only in
the change in shape of the shock wave with time but also in its change
in strength (measured as the pressure rise across it). This effect
can be well illustrated from a consideration of the refraction of a
plane shock wave incident to an interface between two separafe layers
of air at different temperatures,<14) Let us assume»fhat the tWo

media are separated by an interface 'A and that no mixing of the

JEWO 0

& The strength of a shock wave is defined here as the pressure rise

across it.
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two fluids takes place. Let the incident shock i move with a
velocity V parallel to the interface (see figure a)

r i _
( p MEDTUIE T
‘ _ ; i Y]
CID e A
C MEDIUM IT

(a) (o)

For ease of discussion we can consider the equivalent
problem of the shock i at rest with both media flowing towards it
at the uniform speed vV, (See figure o). For equilibrium the
pressﬁres in both media upstream of i must be equal. If the speed
of sound 2, is greater in medium IT than 2, in medium I a shock -
wave t will be transmitted into medium IT provided that V/é is
greater than unity. The reflected wave r may be a shock wave or
an expansion and for certain values of V/'a1 ﬁV‘/a and incident
shock strength, it has zero strength. Tts strength is automatically
adjusted so that the flow direction and pressure are the‘same on both

~ sides of the downstream interface D, which must represent a vortex
sheet. Strong incident shocks give rise to reflected chocks whereas
weak incident shocks may give rise to reflected expansions. For
given values of V/a and 'V/a we find that with increase in the-
incident shock strength the haoh number of the flow downstream of t

approaches unity.

. {\\ L1

\
N
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t - t
Further increase in the strength of i produces the strong type of

transmitted shock + with subsonic flow behind it.

When V/éz is less than unity we find that although no
shock wave can be transmitted into the lower mediun the presswre rise
across 1 is partially transmitted upstream in the medium IT since

the flow there is subsonic. In this case a continuous increase in

/pressure ...



Qe

pressure occurs along the interface ,A up to the position of the
incident shock.  Approximate calculations show that for values of
V/a, and V/a, just greater than unity the transmitted shock t
becanes more nearly normal and the pressure rise across it is in

general greater than that across the incident shock i.

The above results can be applled qualltatlvely to deduoe
the strength and change in shape of the bow wave from an‘1nf1nitely
long wedge shaped body travelling at constant height and constant
supersonic speedeih an atmosphere having uniform pressure'everywhere
but”conﬁinuously variable temperature (decreasing upwards). In a
uniform atmosphere the bow wave would have eonstant inclination to
the horizontal but in the variable temperature atmosphere its inclin-
‘ation increases with distance from the body, At a certain point
regular transmission.breaks down and a nearly normal shock wave is

transnltted downwards.'

‘ \ "
W&_

. N v
, - ' | TEMPERATURE
| o o . DNCREASTNG
VORTEX . i e e
SHEET . I >
: Y

The speed of propagation:of v will equal‘that of the body bﬁi‘the
ratio of its speed to the local speed of sound in the uhdistufbed"'vv
me dium w111 be smaller than that of the body, since the speed of
sound increases downwards. A complete solution to this problem has
not yet been published. It is perhaps unfortunate that in the range
of Mach numbers close to unity, of direct interest here, the solution
is likely to prove very difficult.  Howevey approximate.calculations
~ indicate that the pressure rise across the transmitted waves, in this

range of Mach numbers, are greater than that across the inoident waves.,
g &

In order to illustiate the 1nportance ‘of this atmospheric
refractlon.effect the follow1ng table has been prepared I+t shows -
the pressure rise across normal ‘shock waves travelllng at speeds just

 above sonic.

/Teble 3 ...
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TABLE 21
.The pressure rise across normal ' shock waves at ground Tevel
M ST
Speed of normal shock wave pressure rise 1b./sq.ft.

. divided by the undisturbed
. local speed of sound

1.0 0

- 1,01 | | 48
1.02 - 96

- 1.03 10

40 | 192

1.05 240

The increases in shock strength as a result of refraction
can be compared with the changes in shock strength found when a
normal shock wave traverses concave and convex corners formed between
two straight walls. (15) As a further check towards ver:x.fying the
trends indicated in the above quallta‘blve results approximate calcu-~
lations based on the acoustic theory of weak shock waves show that
as a shock wave » whose path is nearly horizontal, burns upwards so
its strength increases rapidly., In the discussion above the
attenuation of the shock strength with distance from the aircraft
due in part to the interaction of the expansion and the shock waves
has not been considered. The inclusion of this effect shows,
qualitatively, that as the shock waves are transmitted towards ground
level their strength will decrease but at a smaller fate in a variable
temperature atmosphere than in a uniform atmosphere. Similar effects
will result when a shock wave moves into a wind gradient.

An overall quantitative assessment of these various
atmospheric effects is difficult but some approximate calculations
indicate that for low values of supersonic Mach number the strength
of the shock maves close to the ground, given :m Table 1, should be
aultiplied by a factor of about 5.

- A fﬁ;ther atmospheric effect, which may be of some importance
“in certain cases, results in shock waves being reflected back from
very high altitudes with increased intensity. The explanation of
this phenomenon, which is well known from records of - ground explosions,
lies in the temperature inversions which occurs at very high altitudes.
Thus the 'upward going? shock wave from an aircraft in level supersonic
flight will be reflected and then refracted back to the ground some
time after the alrcraf“b has passed overhead. - It is unlikely, however,
that the strength of this wave will exceed that of the original

'dovmgoing wave',

/The conclusions ...
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The conclusions that can be drawn from this section can be

sumarised as follows, =

(1) Shock waves transmitted towards the ground from aircraft in
level supersonic flight will be attenuated slipghtly as they move into

regions of increasing density.

(11)  The change in shape of a shock front as it moves into
regions of increasing temperature is shown qualltatlvely to 1ead to

transmitted waves of increased strength.

(131) The values of A p in Table 41, which are only strictly

valid when (a) the bow wave is attached to the body, say for MO 1o by
(b) sufficient distance from the aircraft is taken, say for y 1000f%,
must be modified to include the effects of the heterogeneous atmosphere.
It is suggested that sufficient allowance for these can be made if the
values of A p in Table 1 are multiplied by a factor of about 5. (1t
should be noted that the quoted values of A{p are for particular
values of fineness ratio and body length).

(iv) Since, as stated in (iii) above, the data in Table 1 are only
very approximate for values of Mo less than 1.4, even though the
calculations are based on the assumption of a uniform atmosphere, the
values of élp should be multiplied by a further factor of about 2.0

in this range only.

§4. Shock wave reflection at ground level

When a very weak plane shock wave strikes a solid surface
obliquely i% reflects from it and the angle of reflection is only
slightly less than the angle of incidence. The pressure behind the
reflected wave is approximately twice that in front of the incident
wave, The angles of incidence and reflection are no longer eqpal

when refleotlon of strong shock waves occurs,

\ %
i A

ra S LSS S Regular reflection (a)

In the latter case the pressure behind the reflected wave is 8 times

that in front of the incident wave. It is important to note that
reflection of cylindrical and spherical waves causes pressure increases
far in excess of elght.(16> However, in our problem since the incident
shock waves, at a large distance from the aircraft, will have intenﬁities
of less than 2001b./sq.ft. they may be classed as weak shock waves,
having a pressure doubling on reflection. (iﬁ nust be realisad,
however, that for aircraft flying at altitudes of 1ess than say 200£+t.

/at speeds ...




might well exceed a figure of 2001b./sq.ft.)
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at speeds just greater than sonic, or at heights very close to the

ground at speeds just below sonic, the strength of the shock waves:

~ When the shock strength and angle of inclination of the.
1n01dent wave exceed critical values for each Mach number the reflec-
tion can no 1onger be regular, or Weak as it is usually called,’ ;The
shock Wave conflguratlon changes frmd the typlcal 'V‘ to a 'Y’ pattern.

The 1atﬁer is caliedlﬁxﬂlzaflectlon.
R :

~ - T
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vortex sheet |
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In this case the nearly normal shock wave, close to the surface, has

Mach refleotion Cb)'

a strength exceeding that of the incident wave. - Ordinarily at low
supersonic lach’ numbers Mach reflection does not exist, but a gimilar
phenomenon occurs when a temperature gradient exists ahead of the shock
waﬁe, in which one or more of the shocks are curved. It can be secen,
therefore, that this modified form of Mach‘reflection plays an important
part in both the estimation of atmospheric refraction and ground

reflection effects.

_ Ag an example we can take the case of an aircraft travelling
at a Mach number of 1.1 at a height of 25,000ft. under normal atmospheric
conditions, Onithe acoustic’ approximation to the shape of the bow
wave a cusp wiil be formed at ground level, In reality this cusp will
be a nofmal shock wave travelling at a speed just greater than sonic.

The pressure change across 1t would lie between 5 and 201b,/sq.,f't,$

The treatment above for shock waves passing o#er horigzontal
ground can easily be applied to their movements along vertical walls.
In this case pressure doubling also occurs between the pressure initially
upstream of the incident shock and that finally downstream of the
reflected shock. An interesting problem presents itself when an
oblique incident shock reflects regularly from the ground and then moves

towards a vertical wall.
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# An estimate of the strength, on the basis of the method discussed in
‘section 3, could be obtained as follows. From Table 1 A p =1 1b. /sq.ft.
Since M_ is less than 1.4 multiply by 2 and to allow for auaospharlc
effects multiply by 5. Hence & p = 101b./sq.ft, ‘
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When the shocks reflect in the corner between the vertical wall and.
the ground 1t is found that a pressure excess of four ‘times the
original strength of +the incident waves results. Subseqpent reflec~
tions cculd increase this pressure excess stili further, A llmlt is
necessarlly set in practice by dissipation of the waves and'by the
1nteract10n.of the shoek waves with the expansion waves springing
from the flnlte edges of the wall, The reflection of expanslon.wéyes
which follow in the wake of shock waves can be treated in a similer
manner., It is found that these create a negative pressure equal in
magnitude to the total overpressure exerted by the incident shock and
its reflections.

We can summarise the results of this sectlon4by estlmatlng
the . shock presuures for two typical fllght cases (1) A supersonlc dive
from hlgh altltude in which the max1mun Mach number reached is 1.05 and
the shock waves separate from the alrcraft at about 20, OOOft (ii) Level
flight at Mach numbers below 2.0 at an altitude of 5,000ft., Ve will
consider the maximum:overpreséure developed on a vertical wall in both

cases.,

, In case (i) the strength of the incident wave should be about
21b. /sq. £'t. Hence the méximum overpressure would be 81b./sq.Tt.

In case (ii) the strength of the incident wave, on the
assumption that its value is about 5 times. that quoted in Table 1 would
be aboub 251b, /sq ft over the Mach number range con31dered On
reflection from & vertical wall thlS»WOUld 1ncr¢as¢ to 1001b./sqeft;

As stated previously no great éccuracy can be claimed for -
these estimated excess pressures. From a number of different
considerations it is felt that they are more likely to represent maximum

rather than minimum excess pressures.

@5. The range of excess‘pressures on structures for which minor

damage is likely to - occur

The tests on atomic bombs( 7)have shown that overpressures

of about 2001b./sq.ft, on the ground behind the incident shock wave
(exclusive of pressure rise due»to:refleqﬁion) causes complete window
breakage, light damage to windowyframes and doors, and moderate plaster
damage., Overpressures of about 501b./sq.ft. cause windoﬁ breakage

and miror daﬁage to plaster. The duration of the pressure and suction

phase, in these tests, are 1 sec. and about L sec. respectively.

On thé»other hand in a strong gale (50 m.poh.)’wheﬁ the
maximum positive and negative excess pressures reach 6 aﬂd 101b../sq,f’c°

respectively very minor damage to property cccurs. Widespread damagé

/results from ...
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results from a hurricane (100m.p.h.) when these pressures reach 20
and 31 1b./sq.ft. respectively. Natﬁrally the reason why such low
excess pressures can cause damage is that they are acting for long
periddé'and in addition the structure receives a buffet due to the

gusts present - - : - : "1.w

In order to assess whether any given structure w111 w1thstand

a shock 1oad it LS necessary to compare the impulse ( \ pdt) of ‘the
: Uvo

shock with the elastic constants of the structure and the criterion
for failure of the structure. In all cases it is known that the
overﬁressure must exceed a critical value FO , which is a function
of the given structure, before a failure can occur. The value of
FO is independent of the magnltude of the impulse. For.instance

a typical value of F_ for a glass window 3ft x 3ft x 1/16in. thick™
would be about 121b./sq.ft. (This figure depends eritically upon
the thickness of the glass). Actual failure depehds mainly on the

displacement of the structure, and its pre-loading.

86. Some tentative remarks on the possible minor damage to property

from shock waves generated by supersonic aircraft,

Tt has been shown above that at presemt insufficient
informetion exists on the precise ccnf{guration of shock waves; close
to the ground, generated by supersonic aireraft flying at various
altitudes. Published papers 8 give sufficient information to
explain the character of the noise heard but give little or no

information on the exact shock pattern giving rise to the noisge, - It
is therefore of little practical value to perform extensive calcula-
tions on the resistance to shock of the different componenté of a
building. It appears to be sufficient to compare the results
obtained in sections 4 and 5 to establish at least the order of
damage likely in typical flight cases. The eff'ect consequent on
reduction of the shock impulse, due to the small time duration,

will be neglected

Tp the case of the high speed dive (case i in section 4)
it is seen that the excess pressure of about 81b./sq.ft. is in
general too smll to cause even window breakage.  However, freak
cases, involving milti-shock reflection and favourable atmospheric
refraction effects, might occur when the excess pressure was just
sufficient to cause such minor demage.  The number of cases,

especially .outside of main built up areas, would be very small indeed.

/In level flight ...

@ This thickness of glass is used to illustrate the worst possible

effects. Naturally the thiclmess of glass for a window of this size

would, in general, be greater than 1/16in.
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'iﬂ level flight at 5000, (case ii‘sectionAh) the’incideﬁt
shock strength is also barely sufficient to cause complete‘wihdow
breakage and minor damage to plaster. “ The numbeyr of freak casés,
when such damage will occur, is likely to be many times greater than

in the.previous example.

87. Conclusions
A brief survey has been made of the factors involved in
making a prediction of the strength of the shock waves and their con-

figurétionAolose to the ground from ép aircraft travelling at super-

sonic speeds.

Attention is drawn to the following effects which hitherto

have not been fully taken into account.

(1) Attenuation of the shock waves due to their receding

distance from the aircraft.

{ii) Atmospheric attenuation as the shock waves move into

regions. of higher density.

(iii) Atmospheric amplification due to atmospheric refraction

(temperature variation with height).

A qualitative assessment of these various factors has been
~applied to a discussion on'the possible damage to property due to the

passage and reflection of the shock waves.

It must be emphasised that until further evidence is available
to establish the accuracy of these calculations they can 6nly be
regarded‘as guides to the orders of magnitude of the pressures,involved.
It is tentatively concluded that

Ga) » For aircraft in supersonic dives of finite duration at high
altitudes window breakage or other very minor damager is only likely to
occur in a number of ‘'freak' isolated cases. o

(b) - PFor aircraft in level supersonic flight at Mach numbers less
than 2 at 550@ft, the streng%hubf the incident shock wave is generally
not sufficient to cause,widespread minor damage but the number of "Preak?

cases -when such damage is likely to occur is pgreater than in case (a) above.
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