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This repert shows that it is within the state-of-the~art to design
an airplane primarily intended to destroy light targets by the overpressure
and dynamic pressure of its shock uch an eirplane would weigh about
600,000 pounds at ~0f T,

1.2 and would need 500,000

O
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SUMMARY

The possibility of deliberately designing an aircraft to produce
ground damage from its self-generated shock wave is reexamined in the
light of (a) the recent development of terrain clearance radar which
permits low altitude high speed flight, and (o) recently developed
overpressure theories which permit rough studies of altitude and speed
tradeoffs.

It is concluded that substantial ground damage could be produced
by a 500,000 pound aircraft capable of flying M = 1.2 at altitudes of
a few hundred feet or lower. This aircraft could produce overpressures
greater than one psi covering & strip a half mile wide at leact 30
milies AOWB end possibly as much as 600 niles long. The length of the
destructive path is fuel-limited, with the maximum distance occursing
if M = 1.2 can be obtained wit

-

hout rocket boost. An overpressure of

<

L.
cver three psi could be put on z strip 1000 feet wide. t111l greater
overpressures could bhe gene rated by {a) special aircraft shapes,
(b) flying lower, {c) flying faster, (d) accelerating while over the
target, or (e) flying several "shock smepers” in formation to add

their overpressures.

The eirplane to weigh 500,000 pounds =znd fly at M = 1.2 would re-

£ thrust, the eguivalent of twelve of our
large 3ets and two rocket motors for use
a. The ¢ tion would have to be very wwrthodox to
keep frontal area sma~l DLB to enormous fuel loads, poor L/D (= short
range ), speed mismatch between "shock sweeper” and aeriasl tanker, and
need for water basing and overwater testing fto preserve security, it is
probable that the craft would have to be 2 seaplane and refuel from a
ship or 2 submarine. '

i

The study reported herein is a rough~order-of-magnitude analysis
largely devoted to demonsirating the feasibility of a shock sweeper,
end to recommend that others consider the new weapon system both from

offensive and defensive standpoints.
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Introduction

Mpnerous accounts of damege resuluing from the shock wave of a

D air Tt sugge +hi anis 2 >thal strike
. P pracil e zde Tfezsible
E - £ currently in the
: F
] Dete for this study consists of shock overpressure theory and
5 experiment from Refs. 1, 2, 3, b and 5; the documented shock damage

from a supersonic Tlyby at our Toncpah Test Range, and aircraft analysis
5 based on the swrthor's experience.
. In brle‘, the inadverten* flyby at Tonopsh resulted in incepacita~

e. TFigures 1, 2. 3 and L show some of the damage. Windows

ken and glass driven in
any £

S
ere b2 to the ]ﬂ*A”€ p ce, sometimes right
through venetiam blinds: many fluorescent lipght fixtures fell, some-
the light tuvbes were .shaken froz ubem“ some weaek walls were cracked

e 5

Due to a very small attendance
perscn was hurt, but it
ANge was ’1‘1’7’09*‘”‘*‘7'\7‘9
another such shock
ybtential electrical
cant point is that

insuiation
4:;1—. ~

i‘
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was poor at h/L = 1.00 in

ce is compared with theory,

] he sweeper to be propos~d will

of the h/L = 1.0 re: we will use the theoretical values.

We have already mentioned that Reference 1 shows excellent correla-
+ion betwveen theory and practice apove L/L = 1.00.,
J - -

It now remains to




d the
super-

. 1+ speed,
s vary
T over

i - rnead 550 feet
ure of 0,20k rsi. Assuming double the
‘ s

4
- W L.
o at M = 1.05 and 300 feet, as. a
g o at of Rﬁference l )
; work. An equation
{Reference 2)
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Damage resuliting fvom'an explosion may Te crushting from over
J e rdrioms ) or bteing thrown aboub by blast
Fad 4 —i

>
tﬂc dhmﬁ«jmw

s, poubnble 200 mllL;

age by airplane made shocks correlate w1th y

se values of demage are in the Table below, and are
t cut sonic boom damages.

Damage
b

Face on windows out, scme side windows broken.

1.0 A1l windows gone, ceilings dowvm, roef joints
broken, some dwelling damage.

2.0 Sore huildings collepsed, parked aireraft damaged.

5.0 Some eardruns broken, meny buildings collapsed.

7.0 Many eardrums broken, most buildings extensively

danaged, many destroyed.
10k sweeper can

n oversized sireaxzlined
T T and break some

damage ﬂaLke& a
o

o O

calevlations
of this note,

eatures must
on aireratlt

LYLTalT Lnuens L b " TIANIATTL SR0CA 222

1 mmd,fuﬂm
vl t wnich we can

he Tt M= 2.0, but

Ts not design a

o filv et M= 2.0 1in "onvradls% nchtion to a

fly at M = 1.2 or se. This is o avoid losses’

”“l

'

th speed but do nct contribute to the shock
ure-recovery loss, etc.).
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ux s weight. Other things being
strength increases with W2. The shock sweeper should




clearly be the heavies

thing of the order of

500,000 pounds over th

range.

For very low level cruise, a high “ring loading v 140 psf)

would be reasonable, and for low supers
chord. This points toward an aspect ratic o .0
iguration that gives
- f=¥al

a straight (unswept) leading edge--z conf
maximum shock strength at M = he 1
nave to be heavily flavped to
landing., It would a2lso be hard on

cover power consideraticns
cur when passing through I 22
ail--pexhaps 25 or 30 percent of the wing area as
compared to a more normal 18 to 20 percent, It should probably
be swept to remain sub-critical.
- avE regul exiormanta,

- require or = rough
he us ds of thrust
.2, at 2 35, £C0,000 pound
T} eircrafi is weed or run-in, it
11 need 500.000 nounds it can be
streamlined as an P-4, r two 250,000
~und jets which could be burl Since such
engines do not exish, we mus Q0,000 pound
+ -3 1

ines (LO, OOO

plus two 150,000 pound
clzar how one could
e B-58 large wing are
- ecomrended for “Dduc*ng
for & short spar unswept
or possbeV rylion mounted
ave

T¥ The gross welight is composed of 250,000 pcounds of alrframe and
350,000 pounds of fuel we can hypothesize the following for crulse
snd run-in.
{2} Cruise. Assume 200,000 pounds of jet fuel, average gross
weight of 500,000 pounds, and L/D = k.0. The required
thrust will be 125,000 pounds which at a specific fuel
consumption of 0.7 pounds of fuel per pound of thrust per ’
our gives aboul two hours radius, or around 1000 miles.

U x vl&Aﬁkij;jFIED
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») Fun-in. Assuie 150,000 pounds of liguld rocket fuel and
a specific impulsce of 300 seconds, We would hence use
1000 pounds per second (for 20C,00C pounds of thrust)
and have enough fuel for 150 seconds of run-in {= 30
miles, neglecting acceleration time).
If methods could be found *o use jet engines only (with
afterbumers), the run-in time could be increased Lo
15 minutes (= 200 miles) if present time limits for after-
burners are observed, or possibly 600 miles if they are

notv.

sweeper, ils enormcus

The short cruising radius of the
! with tanker cruise

fueW load and probable incompatib

.

eeds suggests using a seaplane configuraticn so that refuel-

N

*na could be accomplished by tanker-ship or submarine. IT

Iy

ocation becomes more
take~off and landing,
ell *ovward.

e V(') [

o ’p)

a Wespon System

ges of the proposed shock sweeper--
rent that it wouldd not be a lethal systum,
could be killed when thelir houses fell
the Russizns had one. They could knock
try, deafen a few thousand
BN

£%

v Repeated sweeps would produce
vle can't work effectively wearing ear-
ws, nor live under continuous bombardment
time it would be possible to punish a

shock waves until they give up.

cts of a shock sweeper would be somevhat different between cities and
and the countryside.

5% cities, a high {2500 foot) sweep would break out windows
personnel, and in winter probazbly end up with a lot of ;rozen

U CLASSIFIED




and burst wate
would be a real
deafen great nun
very difficulit) an

| Sl

<

Against the general countryside, barns could be flattened, protably
some anizals killed, and maybe ripe grain crops knocked on the ground.
Possibly personnel mines would be triggered. Wnile the jungle canopy
would be attenuater, possibly cnough overpressure would get through

=7
<l

tc bend radar vans and reduce troop effeciiveness. The sweeping is so
vast that targets do not need o bv seen or identified. Five chznges
could oe used to increase the overpressures shown in Table 1.

1. Skt the aireraft. This could yield ten percent higher

2. Specialize the design for shock sweeping only. The possible
gain is unknown.

3. Fiy faster. The dr eht wing falls
so repldly above rossible.
¥ o= 1.5 would give

o, rate over the £C As showr: in Reference 5, accelera-

c;ng of shock waves wnich under
with three fimes the unaccelerated

It is conceivable thet a sveeper

it, or accelerate over

s g0 gracdual that a wing-
ould amost double

h%3 ]

Development,

of developi
154

damage 12 whlie main-

are many, not inscluble. Indeed the previously
concept of a shocA sweeper seaplane points toward this con-
flgurat;on. The sweeper seaplane could be assemvled eand flown from e
remote base, using one of our great lakes or possibly the Gulf of Lower
California, or the ocean. Fishermen could be moved out on some pretext
and the aircraft taxied out at night and test flown in the early morning
with air transport diverted frum <verhead. Sonic booms could be explained
as gunfirce or such,

hings bﬁlo

Flights over land which would expose the odd craft to observation of
hunters and sheepherders would not be too damaging to security, but knock-

ing down huts end breaking eardrums would. - \ o
UNCLASSIFIED
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ibit the develonm:nt of a heavy
to produce shock waves sirong enough
- £

. ye tructures, and ¥ :akeW@mm, Such
unorthodox in configuration to provide for suffi-~
Jet engines and additional rocket
oost.
A shock sweeper would be a *earSOM¢ weapon; in general a cilty
killer. Moderate altitude sweeps would “nak wihcows and tear down
eilings and lights, and lower sweeps could collapse some buiidings

and produce deainess.

As with any now weapon system, more data is needed on {2} actual
shock pressures produced and (b) the demage levels incurred by this
specific type of shock wave.

Overpress;rQS g*veh in this repert may e ased due to the
sweeper’s s p cial shape, by flying faster than M = 1.2, by accelerating
as the tazx is Plo"n over, or greatly incraased ’doubled) by a

arget
formation of sweepers.
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Figure L ‘
windows broken, trailer split by F-l
supersonic flyby. Estimated over-

pressure O.4 psi or less.
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‘Fluorescent fixtures and other damage
caused by F-l supersonic flyby.

Jpsioor less. |

Estimated overpressure O
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: oo
b Bent longeron, displaced insulation ‘ C
4 caused by F-I supersonic flyby. _
Estimeted overpressure O.k psi or less.
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