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SUMMARY UN CL A SSIFIED

This pape- is a gsummary of information given to & group of ¢ngi-
neering executives by the United 5t &tvs Air Force at 8 secre! meeting

~

in Cleveland in late Januuary 1855, The purpose of the meeting was o
drow attention to new data and new problems that have resuited {rom
substantial breakthroughs in aircraft fuels, aerodynamic theory and

opvrauonai techniques such that very rapid progress in general air-
craft performance is expected in the near future. This paper has been
written ‘¢ summarize the breakthroughs as they appear to affect the
Sandia Corporation,

Two items should be clearly noted at the onset: The first is that
while the figures are from a USAF report, the context is from notes
and memory and may not entirely convey the original thought., The
second is that a paper such as this is on a very sensitive subject and
should not be discussed outside the Corporation.

The five most salient points resuiting from the meeting are as
Fest vy o - .
{OLINWwWE!

i, §m;vrn ments in fuels, engines, and design indicate that ¢
raanned usz‘fnanc flying at M = 7. 0 and 230, 000 {cet is now
technically possible, and it is expected one will be built
within two years. Fighter operational speeds are expected
to be 1200 knots by 1960 with altitudes up to 75, 000 feet.
Our weapons should be made compatible, especially as re-
gards aerodynamic heating.

2 Madern jot engines can Suck up rocks and irt from a mmway,
and hence complete runway destruction is not necessary to

deny the use of an airport on a temporary basis if debris can
tie liberally scattered over the runway by a bomb blast,

3.  Bomber altitudes should reach 70, 000 feet by 1960.. Such
slititudes may require special efforts to preserve bombing

G, In view of the acrodynamic heating prnuio:ms, external stores

should phase cut in fovor of internally carried stores, Every

::—*‘fum should he made ‘o make the smrca small, with emphasis
ont Bize rather i"‘*»m weight, e

5.  The nuclear-powered airplane is running ahead of schedule, and
n«:s’zgn roblems indicate that our products will necessarily be
in arens of high radiat irm for extended periods of time, They
shouid, scoords giv o proven usaffected by this raciiadon.

This paper contains reprintg of 2¢ out of 200 slides ac‘*.muy pmsmﬂ

142 shmzzd anmyone be ﬂ'ﬁ)‘eﬁied

¥
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Progress in wireraft perfermance hay been going aiong ever gince
the Wright r.%z mmws, and no special attention need be drawn 1o it except
when techuiesl breskthroughs aceelerate progress s that suppliers of
airovalt pa r‘»;, materialy, and components need to be jc:,s,g,» d into action
Such a breakihrough was the jet engine, A combination of new break-
throughs in fuels, cr,., nes, acrodynamics and operations now appear
imminent such thet aireraft performance is akout to reccive another jog.

L a3

I order that the suppliers to the Air Force might be made aware of
the new developmeins, a meeting was sel up by the Air Force for some
three hundred engineering executives in late January 1956, at which a
series of papers were presented explaining the hopes and problems of the
\ir Force, and sclieiting immediate assistance {rom industry. Sandia
C swwporation was represented at the meeting by Alan Pope, 3142, and the
ttached pages were written by him using prints of some of the siides
used at the meetings.  Inasmuch ag the meetings encompassed two full
days and since many talks had either movies or no visual aids, the ma-

terial furnished is pretty sketchy., It is, naturally, mestly relative o
airplanes and zerodynamic theory. ’

f‘»

&)

DISCUSSION
The meeting started with a frank disclosure of Russian capabilities -
by members of the Al r Force Technical Intelligence Office. A brief g :
summary is presented below; specific information on landing and take~ e
7 distances has been for carded to Department 5120 directly and is not :
V‘u*zdr o here, ’ " dag
The current situation as regsrds Russian aircraft and capabilities
tg us follows: i
The Russians continue to follow slgntly behind us in originality but oo
nut of aireraft snd ongineers hag frankly startled and dismayed our -
servers,  Peopeasted notice has been given in American *xewspapers to =
he offect that the Russionsg are pushing the production of engineers. At
sresent time, they are cxceeding our college oculput by a factor of ‘
wo and & half,  Their 1954 oulpul was 54, 000 versus our 23,300, In e
shey wizl graduate 1, 440 ceconautical l"ﬂ{:ll‘i‘(f".‘s compared {o 54:’: in e,
his vountry, There is no reason to beleve that these engineers ar :
rier in any way., The fmpact of their training programustaried many
;;ea rs ago--is now twm;;g feit by the c"u.ahi*: and numbers of alrplanes cur- s
verdly fving In Russia,  Some of these worthy of comment are as foldows: T
The performence of the MIG-15 (approximately equivalent to our
F-86) is well known, Thke airplane i, however, lightar than the ¥F-8¢ :
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capable of higher altitude ;,eror....xr»ce‘ The one flyable MIG-15
etously provided by the defector from the Russian Air Force has
i

finished its second year of flight test without operational difficulties,

Tae MIG-17 {called "Fresco' by our pecple) corresponds roughly
o our F-100 airplane. Howevm‘, ihe Russians currentiy have 6, 800
operational, The "Farmer" ig a 22, 000-pound two-engine fighter
bomber of which approximately 600 are currently available.

For the first time, considerable emphasis {8 being given to an
ali-westher fighter in Ruqsm Approximateiy 200 of these 24, 000~
pound fighters (called "Flashlight') are currently available.

The 11.-28 which corresponds to our B-45 and of which the Russians
buiit about a thousand, is currently being phased out. There are about
310 Badgers which correspond to our B-47's and about 35 Bisons. The
latter are comparable to cur B-32's. A turboprop airplane in the :
300, G00-pound class (called the Bcar) has no counterpart in the Ubited
Swates Air Force. It has four 12, 000 hp engines and a range of 8, 800
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{leg, 35 Pears have been built, As far as is known only one turbojer
transport 15 now flying in Russian and it is quite a bit smaller than our
Roeing 797, It is powered by two 19, 000-pound-thrust jet engines.

s

The above airplanes have been designed and put into production in
very short time periods. :

Following the data on Russian capabilities, the military pmbl@m'was
introduced by consgidering data or the performance of paat American air-
;;ianeg prcjeciwi mw :hx.— futu:e. . ugure i ahws the close 'com:emum




between the experimental aircraft and those in actual service.
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Piotted

eon semilog paper the curves straighten out so that Figures 2, 3 and 4

: can

be gonstructed, which show the expected increases in performance

g

o

VIWGLE W F e A a0ty

PE 2
S

" - o - . -

E . > L « e




~ UNCLASSIFIED

P

EREAI L PO NS

L B
- e e

S

¢ H S e e e R PP S et e

s

< i o R A e o B 4 A S s kb B SAPTER. ¢ o A e B2 S

. in the next 10 to 15 years. The interesting fact to be derived from these
figures is that the curves do not seem to be falling off either in altitude
performance or in gspeed as one would normally expect. Prominent among

| FIGURE 4

| the new problems is that of obtaining a fuel which has more BPTU's per - g
i pound and is exceedingly dense as well, so that tankage is small. Figure ’;
) ' ~ x - Lo . i1
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PAGPERTILS QF SFLLiAL FULILS

| TAUN TR
HEATING VALUL, BTU/LE 18,600 23,100 26,000
SPELIFID GRAVITY g.72 0.63 C.52
YERPLR PRISSURE, PSH 2-3 7.5 6.2
BOILING SeNGE, DES T 13G-45C 137 27¢-650
TOXILITY MLl EXTREME MILD
COMBUST 10N PRCDICTS - CPHN 8,0,
REALTION WITH WATER NONE IGNITES NEGLIS

* FOR (OMPARISON

g
FIGURE 6

considered as possible fuels. Hydrogen, as is well known, has the

maximum heating value per pound, but has so little density that fuel
tankage is an exceedingly difficult problem to lick. Moderate success
has been obtained with & compound known as ethyldecaborane. Ethyl-
decaborane has approximately 40 per cent more heat per pound than does
JP-4 and is at the same time more dense than JP-4. Other characteris-
tics of fuels considered are in Figures 6 and 7 and their comparative

b | :
PROPERTIES OF HYDROGEN VS JP-4 f
| :
MEATING VALUE, BTU/LB 53?270 15?830 :
HEATING VALUE, BTUJCF 225,400 913,700
SPECIFIC GRAVITY 0.67 o0.718 g
BOILING POINT, DG F -423 130-~480 :
LB/GALLON 0.58 6.55
LBiCL F3 .37 43,0
FLAME SPEED, FT/SEC 8.76 -2 £
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volumes are shown in Figure 8. The effect of specific heat on range is

‘essentially linear; that is, an increase of 40 per cent in BTU's per pound

yields a 40 per cent increase in range, A pilot plant for the manufacturer
of ethyldecaborane is now in operation and its capacity is expected to be
25 tons . day in three vearsg, Much hag to be learned about the handling
of this new fuel, but it is much easier o handle than a2 number of other
furls considered and discarded. Its cost is thirty times that of gasoline,
The magnesivm slurries which are capable of increasing the thrust of a-
jet engine by 100 per cent and scemed so promising a few years agohave
worn cut fuel pumps o rapidly that their use now seems improbable.

There is an unmistakable and complete trend toward turbine-powered
aircraft for every duty. The long-range bombers, transports and training
alrpianes which now use piston engines are heing replaced as rapidly as
possible by turboprop airplanes while turbojet aireraft will maintain their
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FIGURE 9

position with or without spccial boost arrangemen:s.
remarkable progress in reducing the weight of turbojet engines that has

Figure 9 shows the

Figure 10 shows the shape of typical

thrust drag curves and how & comparatively small increase in thrust al

high Mach numbers can yield a large ircrease in top speed as the thrust
availanle-thrust required curves are then nearly parallel.
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FIGURE 11

limits and minimum goals for 1870 are showrn in Figure 11 where it may s
be seen that altitudes of 100, 000 feet at Mach No. 3 are expected at that B
time. Present technology, it was pointed out, is adequate and sufficient

for the construction of a rocket-powered research airplane capable of

M = 7 at 250, 000 feet, Contracts for such an airplane are being let and

the oraft should be flying in a little over two years. The 1970 goal for
tombers {not shewn in Figure 11)is M = 3 at 25, 000 feet minimum and
‘ i mile radius. It ig net anticipated that either fighters
) 11 be cnpoble of much over sonic speed at sea level, In 3
crder to satisfy the above perfermance goals, engines of 33, 000 pounds s
inaugmented thrust will be necessary. o %
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FIGURE 12
‘The propeller, while suffering dgifficulties in the high-speed range,

is by no means dead and tnin propellers of very high efficiencies are
currently being developed. Their high efficiency (see Figure 12) seems
1o indicate a place for the high speed turboprop -powercd transport for

the foreseeable future when range is a major consideration. Some new
and odd-looking propellers are being considered, but have not yet reached
the flight stage. '

There is ¢xpected 10 be widespread use of the ram-jet engine. These
engines have now made many hundreds of successful flights and while their
fuel consumption at the present tirne is approximately four times that of
a turboiet engine, 2 theoretical capacity of only double jet engine consump-~
tion is possible at M =3, One of the surprises of engineering performance
i that the turbojet has shown itself to be highly efficient in the supersonic
speed range where a few yvears ago it was believed that ram-jet wouid
reign supircome. Figure 13 shows the contribution to thrust due 1o the

compressar in z turbojet and that dur 6 the inlel, and it is seen Al as
i3 3 »

the gpeed increases, thenlet takes over an over-inereasing imporiance.
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nge increages, the proportionate amount of the total wexght
the fuel increases substantially. Figure 14 shows the distribu-
tion of eng ine and fuel weights for the Navaho long-range missile and:
ows how range is hurt by increasing flight speeds. The flight
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speeds shown are substantially higher than anything currently possible.
While, as mentioned previously, range is directly dependent upon the
BTU's per pound of fuel employed, it is also directly dependent upon the
lift-to-drag ratio of the airplane. Maximum missile life-to-drag ratios
are shown in Figure 16, Figure 17 shows the configuration of

the Republic XF-103. The pilot flies this airplane by means of

MANIMUM MISSILE LIFT-DRAG RATIOS
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OOUBLE CYCLE
PROPULSION SYSTEM FOR THE XF-103

TURBO- JET 1 OPERATION

FIGURE 17

a periscope in order to reduce the over-all drag of the typical cockpit
nood. At high speeds, the jet engine is shut off and the air bypassed to
aectivate a ram-jet. It is assumed that pilots get time and a half for
flying this aircraft,

Significant progress in rocket engine performance hag been achieved
in recent months. On exhibition at the meeting was a rocket engine of
175, 000-pound thrust, while instaliations of as much as 240, 00C pounds
are being considered, The rocket, as always, presents a serious fuel
problem since it carries its own oxidizer, but it is the only engine pres-
ently conceivable for operating well above 100, 000 feet,

R
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The new engines and aircraflt performance figures discussed above
led 1o rather striking requirements for secondary power. This power
is used for operating the landing flaps, spoilers, ailerons, brakes,
elevators, rudders, radios, cadar, landing gear and fire control appa-
ratus, and in the B-32 equals the electrical reguirements of 1000 typical
suburban homes, There will be a continued effort to reduce the secondary
power requirements ot all apparatus carried in high speed airplanes.
Figure 18 illustrates the electrical power requirements of past airplanes :
and shows the ir di{:ated trend for the future, &

%o

Great dif{imxitv is being encountered with hydraulic filuids and iubri-
cants needed to cperate the extremely high temperatures, New gasket 3
materiais are n ef:dr:d ag well. ’ :

The problems associated with landing {ields seem {0 pass through
alternate phases as the years go by, ’I‘ew;,arcis the end of World War 11
very great runway lengths were needed by sirplanes uvnderpowered by e
modern standards, At that tirne take~off was much jonger than I:mdmg :
ran.  The increase of power which in turn yielded great increases {n «
speed reduced the take-off ran to the poinmt where modern fighters take~
off and iand in aboul the samne distance aithough bomnbers require twice .

the toke-off run they need for janding, Operational take-off sud landing

O
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Tane-0Off Landing Take-Off = Landing
Fa84F 7500 fret 3000 feet YF-1058B 3500 feet 3500 feet
F-100C 3500 feet 3200 feet F-104A 3000 fcet 2400 feet
B-37B 5000 feet 1500 feet B-66A 6500 feet 3400 feet

C-1238 1500 feet 1000 feet C-130A 2000 feet 1500 feet

C~1198 - 3090 feet 2500 feet

Table 1. Operational aircraft Table 1I. New generation of air-
-~ landing and take-off craft, landing and take-
distances. off distances.

distances are given in Table I for current aircraft and in Table II for
aircraft available in the near future. Efforts that have received wide
publicity towards reducing take-off distances are not yet operational,
Movies of one of the most promising take-off devices were shown. This
system consisted of an F-84 fighter on an inclined zero-length launcher,
The aircraft with pilot was boosted directly into the sky by a very large
jato unit. This system is simple, direct and effective and permits wide
dispersion of {ighter aircraft. Laading is not as completely under con-
trol, Movies were shown of a tremendous mattress intended to accept
an airplane without landing gear. The mattress appeared to be inflated
neoprene about 100 feet wide, 400 feet long and 4 feet thick., It had a
hook landing apparatus similar to that employed on aircraft carriers.
Landing attempts shown in the movie were not successful as the aireraft
was unable to engage the cables and slid off the end of the mattress and
continued on out in the desert.

lcing of high-speed airplanes does not appear to be a problem except
for slow-moving aircraft such as helicopters and transports. It is not
anticipated that high-speed, high-altitude aircraft will have de-icing
equipment,




FIGURE i9

The increase of range by irnprovements in fuel and direct aircraft
L/ D ratios have already been mentioned. A new system now being used
with apparent success is to attach fighters to the wing tips of bombers to
increase their span and hence their L/D. The engines of the fighters are
not employed during cruise out. A second system is to attach fuel tanks
having their own wings to the wind tips of airplanes. The two systems
are shown in Figures 18 and 20. Fighters on the wingtips are released
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for high-speed run-in whereas the winged fuel tanks are for the direct
increase of range. A third system is, of course, the well-known inflight
refueling, Develcpments in this field include faster tankers and the buddy
syvstem shown in Figure 21, With the buddy system, an external fuel tank
containing its own fuel probe is attached to one fighter and used to refuel

a sccond fighter a few hundred miles from take-off. This svstem is simple
and direct and can be applicd to almost every type of airplane,

The high temperatures certain to be encountered will require new
structural material capable of holding adequate strength at high tempera-

tures, Figure 22 illustrates the corrparison of duminum, titanium and

steel alloy as regards this effect. It will be noted that titanium ig superior
only in the range from M = 2,2 t0 3.6, Since it is expected that this gpeed
range will be bridged in a very short time period, the question was posed
that perhaps titanium should he bypassed and the maxiroum efiort directed
towards ateel, '

Efforts to increasge the performance of aircralit have led to the im-
provement of devices which blow air over the wings of zirplanes or draw off
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FIGURE 22

the boundary layer through vacuum systems. Some of these are shown
in Figures s 23 and 24 while the list of current a;rplanes employing such
devices is shown in Figure 25. The lft of 2 wing may approxv*xatelv be
doubled by a boundary layer control system.,
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LisT OF AIACRAFT WitH TYPE SYSTEM
4 ‘ F86 SUCTION FLAP b
: UF. BLOWING-EJECTIQR FLAP
2 £ £, SuUCTion
F-i00 BLOWING FLaP &
101 SUCTICH-BLOWING FLAP
Feifl BLOMING FLAP
Feils SUCTION-SLOWING FLAF
T-33 L.f T £, SUCTION
£-123 SHCTION-BLOWING ) f
£-130 SUCTICN-BLOWING g
, ' 852 ' SUCTIOK-BLOWING :
‘ 846 SUCT LOM-BLOWING - §

1 FIGURE 25
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FIGURE 26
L/ D ranges of aircraft are shown in Figure 26 which illustrates
clearly the difficulty of obtaining great range at high speed. Figure 26 : .
is a current-day figure and breakthroughs are expected and indicated by i
recent theories that wili enable higher L/D values to be developed. It is
interesting to note that the most efficient airpiane ever built was a re-
vised B-57 Canberra. Special wing panels account {or the remarkable
L/ D ratio.  The performance of 2 number of high-speed airplanes {some
newj is shown in Figure 27. o
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CIRCULAR AIRTRAFY AT TAXKLEOFS
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to offer vertical take-off and reasonable forward speeds,
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raft currently being developed, Thelr appearance is shown in

: CIRCULAR AIRCRAFY IN FLIGHT
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Among the new and romantic type of aircraft are the circular air-
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28 and 29, At the current time they are entirely experimentai but appear
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While no pictures wers shown of the nuclear-powered airplane, it
was mentioned that its layout is such that its bomb bay will necessarily

be in a field of high radiation, Accordingly, all materials and components
of atounic weapons should be imma?criauv m’{ectm by raf*xatzom

in c:c:nc!usmn, the progress shown by Russia furnishes ample require-
meant for the maximum increase in performance of our aircraft and the
atomic weapons they will be carrying, In turn, thege atomic weapons will
have to withstand new levels of heat, altitude and radiation.
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