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A BSTRACT

This report shows that it is within the state-of-the-art to desigil
an airplane primarily intended to destroy light targets by the overpressure
and dynamic pressure of its shock wave. Such an airplane would weigh about
600,000 pounds at take-off, would fly at M e- 1,2 and would need 500,000
pods of thrust at attack centions.
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SINAARY

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 (b) 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 a strip a half mile wide at .Least 30
riles long and possibly as much as 600 miles long. The length of the
destructive path is fuel-limited, with the malmum distance occurring
if M = 1.2 can be obtained without rocket boost. An overpressure of
over three psi could be put on a strip 1000 feet wide. Still greater
overpressures could be generated by (a) special aircraft shapes,
(b) flying lower, (c) flying faster, (d) accelerating while over the
target, or (e) flying several "shock s7cepP.rs" in formation to add
their overpressures.

Me airplane to weigh 500,000 pounds and fly at M = 1.2 would re-
quire a:mund 500,000 pounds of thrust, the-ecuivalent of twelve of our
largest ;'et engines or night large jets and two rocket motors for use
during run-id. The configuration would have to be 	 unorthodox to
keep frontal area small. Due to enormous fuel loads, poor LID (= short
range), speed mismatch between "shock sweeper" and aerial tanker, and
need for water basing and overwater testing to preserve security, it is
probable that the craft would have to be a seaplane and refuel from a
ship or a submarine.

The study reported herein is a rouEth-order-of-magnitude analysis
largely devoted to demonstrating the feasibility of a shock sweeper,
and to recommend that others consider the new weapon system both from
offensive and defensive standpoints.

NCL S IFIEb
2



UMW •
UNCLASSIFIED.

Introduct:.on

Numerous accounts of damage resuling from the shock wave of a
passing aircraft suggest using this mechanism as a nonlethal strike
precursor. The practicality of such a system has -peen made feasible -
by the success of the terrain clearance auto-p -7:1 st currently in the
F-111

Data for this study consists of shock overpressure theory and
e)-meriment from Refs. 1, 2, 3, 4 and 5; the documented shock damage
from a supersonic flyby at our Tonopah Test Range, and aircraft analysis
based on the author's experience.

In brief s the inadvertent flyby at Tonopah resulted in incapacita-
ting the range.. Figures 1, 2, 3 and 4 show some of the damage. Windows
were broken and glass dri ven into the living space, sometimes right
throu7,T, -,renetian blinds; many fluorescent light fixtures fell, some-
times the lip-ht tubes were.shaa-len from them; some weak walls were cracked
and moved, and some insulation peeled off. Due to a very small attendance
at the rouse at the time of the tnadent. only one person was hurt, but it
is sst 	 sa— the!--. as T. noicsro o -rgeri - a_tfi -r the range -eras inoperative
ton 	 I qtf-' 	 be 	 imimmtien of another such shock
would rats the staff apP-ohsr ,H.vc at 	 and Potential electrical
ha7aar 0rom wiring 	 r lrousta ant sinif:'_cant point is that

..1=t5.us u - 	,ar:"_y nuclear tests where
fr:t 	 in this case at least,

tno 	 '-= -.Jas. drive- 	 cordit-7ons a'ter look-
incus --e=essure broosm. hIb hrah o us' eorations of the basic design

-f 	 s7nocl, 	sr°7

In. hotanance 1 an eeuetf= for the peak 0 .-..-er-_:rpresrel=e is given as

(1 )
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Where 2 	 a2 - 'CLASSIFIED

ioLc lena;th, fooi;

h 7-- fl±ht altitude, - cet,

= weicht/gS

S = wing area, 
2

ft

= dynemic pressure, lbs per sq ./ft

-1-
2 = 	 acometry, atmosphere. flight Mach number)

= P -mb;ent static pressure

=7' be rewritten

2 	 ., 8 	1,7.!/2;,M - 0
L2  11

(2)

=aft weight,. l'hs - rFt77.o of specf_fic heats for

s.ract- of Equator 2 is well established by
pressures 	 ar. 7 -104 for which

astats'oo 'aL77 7'5 that for

ch.: sweep= shat.l ,-.7, ba as hes77 as possible,
y as, la --,--- as possible. The Mach number
but in the sectf.o7:-. on '').7.esig7o of a Shock
that flight at 	 2,0 at sea level is
f-t7.sesart	 2=2 . 	 cu- -out possible.,

1 the 77-ouns: pressures 	 vary 107 level (6'0 feet =
I-C' a -,7 4 t1de correlate wl_th the air77.,-ne shape_ The shocks off

t:'re 	 ar7, 	 :bear-l"' identifod_ It hiw',her altitudes,

Patti: the 27-104 climonop.7 ir:to Ebuaton 2 (TT = 1 9,8141 lb,
	7 — CC	 -e

Tr 1',

h/
- (3)

NCLASSIFIED

7--'o7.:-?npe 1 '77h:a aaa
7.7*tb. the aet -s1

- 7

771a7Ci_7 - 777' 	 a-Terpross-,7ra
a.= shsa-t as possible art fI

-7- s• 	 at- = 2
pointed out

p7s -shah17:" 	 --7d. the stats-a
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F-1','4
Tax, on

500,000
F-101;"

Al.) 	 ric.....xi 	psi

000 lb
Scaled

-7_eizht 	 ft

7.70 5.2° 330

0.991 3.20 66o

07=3 2)1 930

0.620 L 99 1320

0,509 1.64 1650

0.30;-. .93 3300

h/L

55 .L.00

:20 2.00

165 3.00

220 4.00

275 c 00,..

550 10.00

Ap

5
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TABLET

P.Ereerrert for the peek overpressure was poor at h/L = 1.00 in
Rofe-::n ,20 	 being about half when practice is compared with theory,
but good at higher altitudes. Since the sweeper to be proposed will
"1 - 	 of the 14T, = 1 -0 reg:ime, we will use the theoretical values.

same shape as an
- 	 foc 	 thr. 7-10 11 was desned

a :"al'ong s''ock wave,

- 	 , 	 core overc. recrures orill exist at the same
-pigher, wider

ie1v j er
- - -

of rressu -re. re:
7'7 	F.1-2:-at is, if a	 .

-sroduce one-half
-=ecot to 500 foot 	 each side: of iSo flight path. Values from

Tft -e Te -5:-"at at 1220 feet tTler-.?   'he 2 psi overpressure
UvecoT:: bolo- the 	 ana 1 ant (enough to break essentiroly all

ec7 7, of a str4 n 	 wide 	 Several
' factor of 2.0 or more--

eve

7.-277er-Iment

We have niready mentioned that Reference 1 shows excellent co/rela-
tion beteen theory and practice asove hit = 1.00. It now remains to
r=clat ,72., aircraft overpre2-, s1aT,2s and damage,

- -7 	 TFIED



SIFTED
Ca 7antember 25, 1965 an exuberant plot of an F. bussed the

Command Tost at the Tonopah Test Range and izia(1wertently went super-
sonde. Unfo -,-tAmately we have no accurate data as to his flight speed,
flight 7ath or altitude, The estd1-atcs from three eyewitnesses vary
from "2000 to 3000 feet over the C rand Post' to "low, but not over
the Command Pest."

From Table I, an F-104 at M = 1,2, directly overhead at 550 feet
world have produced an overpressure of 0,04 psi. Assuming double the
-weight and about the same length for an 7-4, the evererassure becomes
0.42 psi, The fact that no witness places the airplane directly overhead
and low, suggests the actual overpressure was less than 0.4 -nsi; possibly
0.2 psi. Photos of the damage (Figures 1, 2 : 3 : 4) were stlJdied by an
expert in nuclear blast damage who estimated the damage comparable to
that caused by 0.4 to 0.5 psi from a small nuclear blast, and close to
that from an 7:-104 at M = 1,05 and 300 feet, as determined from Reference
3. 	 Reference 3. F-104 data is sore 1- "" - than that of Reference 1.)
At any rate we nn_st conclde that 0J- 	 disrupt work. An equation
for the number of wf.ndhJws Lroken -nor tl- r,117an. windows (Reference 2)

	nr.r, 	3	 T2
	

( )

Where 	 A = .window area, so/ft

=

shows 	 7 	 = 27 m=ibars) 77111 7ao=7:K shout 200 of the windows
whichI 	 ballpark ad the Camaro. 	 n smaller percentage of
windows er,e -Droken, ene aawld 	 777 	 '7,Tas due to

toI 3 usi.

any everpress=e at sea level the -n Is a corresonaing dynamic
pressn ,.] and.. wind -,,e7oci -'7,w, Tbese -values are as follows:

n7e-nros ,,,ure 	 Peak dwnami 	 Maxtil= wind
psi 	 PrLessi;re, 	 velocity, uph

2 0 ,1 To
160

10 2,0 290
20 8.0 410

IED
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Damage resulting from an explosion may be crushing from over-

pressure (windows, ceilings eardrums) or being thrown about by blast
(People jeeps). In eitber case the duration of the effect is signi-
ficant. From the Tonopah damage (which was more than reasonable from
sonic boom theory) and from measured airplane shocks generated at low
level (multiple peaks, possible 200 millise=as duration), it seems
possible that damage by airplane made shocks correlate with say lET
explosions. These values of damage are in the Table below, and are
proposed as first cut sonic boom damages.

(.p, psi 

0.5

2.0

5.0

Damage 

Face on windows out, some side windows broken.

All windows gone, ceilings down, roof joints
broken, some dwelling damage.

Some buildings collapsed, parked aircraft damaged.

Some eardrums broken, many buildings collapsed.

Many eardrums broken, most buildf:sgs extensively
damaged, rag destroyed.

It will be seen that an oversized streamlined F-104 sweeper can
break windows, damage dwellings, damage parked aircraft and break some
eardrums using only state-of-the-art values,

ef a Mock. Sweeper

thp layeu± weis, and balau ,-e 	 performance calculations
sweepey comprise a. task. well beyond the scope of this note,

it isci ntest to comment - on what the general design features must
be for an aircraft intended to create maxi= shock damage,

7- 73F 	 Parameters ..,

iiT, F, Si0 parameters affecting shock strength (Fguation 2) are
shape, weiaht,..c -ma height of flight path above ground, flight
yach number, ond atmospheric static pressure (about which we can
ac nothing), The shook strength parameter peaks at = 2.0, but
it is clear that, given a total thrust one would not design a
clean airaft to fly at M = 2,0 in con .c,rastinction to a
"blunt" one to fly at N = 1.2 or so. This is 'c,o avoid losses'
that increase with speed but do not contribute to the shock
strength (skin. friction, engine pressure-recovery loss, etc.).

One parameter within our control is weight. Other things being
equal, shock strength increases with 'V. The shock sweeper should

ASSIFIED
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clearly be the heaviest aircraft possible. This suggests some-
thing of the order of the 051, C00,000 pounds at take-off,
500,000 pounds ever the target. The large size also helps with
range.

For very low level cruise, a high wing loading (say 140 psf)
would be reasonable, and for low supersonic drag a long wing
chord. This points toward an aspect ratio of n0 or so and
a straight (unswept) leading edge--a configuration that gives
maximum shock strength at M = 1.2. The low aspect ratio would
have to be heavily flapped to avoid high angles of attack for
landing. It would also be bard on range  which will be discussed
after we cover power considerations, The large trim changes
rich occur when passing througb = 1,0 suggest a large hori-
nontal tail--perhaps 25 or 30 percent of the wing area as
compared to a more normal 18 to 20 rercent. It should probably
be swept to remain sub-critical.

7wer requirements and performarca,

The shock sweeper will reel :e enormou2, thrust. For a rough
Pumer, the streamlined 	 uses a-ocut 35,000 pounds of thrust
at = 1.2 2 at a weic,'ht of 35,000 pounds. If our 600,000 pound
take-off) aircraft is reduced, to 5CO 3 000 pounds for run-in, it

will still need 500000 pounds ef: thrust, provided it can be
made as streamlined as an 7-4. This ',maid call for two 250,000
round jets which could be burted in the fuselage. Since such
engines do not exist, we must lock elsewhere for 500,000 pounds
of thrust. We could use 72 of our largest jet engines (40,000
pounds each), or 'eight 25,000 'round jets plus two 150,000 pound
rockets to use during rem-in. It. is not clear how one could
mount eight engines p7= two rockets. The 3-58 large wing area
plus engines-in-ods is a oonftgurattcn recommended for reducing 
son ic boom, not increasing it. The need for a short span unswept

suggests four eng ines on each side or possibly pylon mounted
on the fuselae. The rocket engines ,,Tould have to be rear-mounted
to provide a clear oath for the efflux and a reduced. yawing moment
in case one mdsfires,

Ti' the gross weight is composed of ?50,000 pounds of airframe and
250,000 pounds of fuel we can hypothesize the following for cruise
Fnd -run-in.

Cruise. Assume 200,000 mounds of jet fuel, average gross
weight of 500,000 pounds, and L/D = 4.0. 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
hour gives aboul, two hours radius, or around 1000 miles.

IFIEDU 4. 'I
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(.1)Run-in. Assume 150,000 pounds of liquid. rocket fuel and

a specific impulse of 300 seconds. he would hence use
1000 pounds per second (for 3CC000 pounds of thrust)
and have enough fuel for 150 seconds of run-in (= 30
miles, neglecting acceleration time).

If methods could be found to use jet engines only (with
afterburners), the run-in time could be increased to
15 minutes (= 200 miles) if present time limits for after-
burners are observed, or possibly 600 miles if they are
not.

The short cruising radius of the shock sweeper, its enormous
fuel load and probable incompatibility with tanker cruise
speeds suggests using a seaplane configuration so that refuel-
ing could be accomplished by tanker-ship or submarine. If
this type of craft is se:lected, engine location becomes more
or-itical to avoid spray ingestion curing take-off and landing,
and ell jet engines would have to he located well forward.
In order to permit a smooth body contour for low drag re-
tractible hydrofo ils would be needed. Further arguments for a
seaplane are in another section.

Continuing our assumptions of a high wing loading (140 psf at
cr,ii se) the wing area works out at 3500 sa/ft with a span of
nerhaps 120 feet and a chnrd of 30 feet. Even with the low
altitude auto-pi nt 7itt,De range 77enefit wou 1 6, accrue from
flyng low en0rg. to use ground effects,

he Shock Sweeper as a y‘eanon System

7 -nom the oe -.essure ranges of the proposed shock sweeper--
t 5+ psi--it is apparent that it would not be a lethal system,
- sense that 	 7° 007,3 7 d 7.).e 	 ',Men their houses fell

Bu -t, 	 the threat if the Russians had one. They could knock
Creiri 	 ° in a dozen cities in a slave country, deafen a few thousand

people g ,-,d demand any action they desired_ Repeated sweeps would produce
a panic-stricken populace. People can't wo rkeffectively wearing ear-
plugs, nor stay away from windows, nor live under continuous bombardment
by shock waves, For the first time it would. be possible to punish a
populace; just beat, them with shock waves until they give up.

Effects ef a shock sweeper would he somewhat, different between cities and
and the countryside.

Against cities, a high (2500 foot) sweep would break out windows,
cut some personnel, and in winter probably end 1/70 with a lot of frozen

LASSIk 1ED
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and burst water pipes. A hich sweep across our eastern megalopolis
wo:ld be a real panic generator. Low sweeps at higher pressure would
deafen great nl - nbers of people, (making communication between them
very diffic ,)lt) and knock down dwellings.

Against the general countryside, barns could be flattened, probably
some animals killed, and maybe ripe grain crops knocked on the ground.
Possibly personnel mines would be triggered. While the jungle canopy
would be an attenuator, possibly enough overpressure would get through
to bend radar vans and reduce troop effectiv,ness. The sweeping is so
vast that targets do not need to be seen or identified. Five changes
could. be used to increase the overoressures shown in Table 1.

1. Sho:.-t the aircraft. This could yield ten percent higher
pressures.

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

3. F - y faster. The drag coefficient of a stz,,ight wing falls
so rapidly abo%a. Y = 1,C that a higher speed might be possible.

= 	 would g! -c 	 pereent more "' 	 M = 1.2.
Accelerate over the tarR,et. As shown in Reference 5, accelera-
tin,7 flight causes a coalescing of shock waves which under
some circumstances ends up with three times the unaccelerated
'value (but less duration). It is conceivable that a sweeper
couTd dive at a hard target to destroy it, or accelerate over
it.

77-1c, lateral fP 71 -('ff o -f overpressure is so gradual that a wing-
tip to wing-tip formation o -P two Ipines could amost double
single plane pressures.

Develcpment, Fliht Test, and Security

The problems of developing a radical 	 condur ding flight
tests which would damage people and things below it, all the while main-
taining secrecy are many, but not insoluble. Indeed the previously
developed concept of a shock sweeper seaplane points toward this con-
figuration. The sweeper seaplane could be assembled and flown from a
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 from overhead. Sonic booms could be explained
as gunfire or such.

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

UNCLASSIFIED
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No engineering limitations prohibit the development of a heavy

airn7ane specifically designed to -produce shock waves strong enough
to break ',7:nos, collapse weak structures, and break eardrums. Such
an aircraft woald be unorthodox in configuration to provide for suffi-
cient thrust, needing eight large jet enc:ines and additional rocket
boost.

A shock sweeper would be a fearsome weapon; in general a city
Moderate altitude sweeps would break wirZows and tear down

ceilings and lights, and lower sweeps could collapse some buildings
and produce deafness.

As with any n(;14 weapon system, more data is needed on (a) actual
shock pressures produeed and (b) the damage levels incurred by this
specific type of shock wave.

Overpressures given in this report may be increased due to the
sweeper's special shape, by flying faster than M = 1.2, by accelerating
as the target is flown over, or greatly incr eased (doubled) by a
formation of sweepers.

Y
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Figure 1

Windows broken, trailer split by
supersonic flyby. Estimated over-
pressure 0.4 psi or less.
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Figure 2
Window broken by F74 supersonic flyby.
Estimated overpressure 0.4 psi or less.
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Figure 3
\-r1	 Fluorescent fixtures and other damage

caused by F-4 supersonic flyby.
Estizsted overpressure 0.4 psi or less.
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Figure 4
Bent longeron 2 displaced insulation
caused by F-4 supersonic flyby.
Estimated overpressure 0.4 pSi or less.
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