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FOREWORD

This report is presented as one of & set describing the
Project "Hazel" study performed by the Convair Sen Diego Division
of the General Dynamics Corporation. The entire set of reports,
1isted below, represents Conveir's fulfillment of the publica-
tions obligation specified in Contract NOas-58-812 (S8-100) and
Amendment #1, issued 14 August 1958 by the Bureau of Aeronautics.

ZP 252 Summary (Brochure of Charts with Text)

ZP 253 Aireraft Design

ZA 282 Aerodynamics

ZJ 026 Propulsion, Structure Heating, end Pressurization
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INTRODUCTION

This report presents the results of studies of engine and
inlet performance, structural heating problems, and structural
pressurization systems, carried out by the Thermodynamics Group.
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SUMMARY AND GENERAL CONCLUSION

Several inlets were examined by Convair, Pratt & Whitney and
Marquerdt for this application. It was concluded that the fixed
isentropic spike diffuser with slight internal contraction if necessary
would be best,

Engine performence as presented by Pratt & Whitney, end Marquardt
is exhibited in the report. This performance was checked by Convair and
found correoct with the reservation that the combustion efficiencies
assumed will have to be verified by teating,

Hydrogen appears to be better than pentsborane from & propulsion
and handling standpoint., Both fuels are sdequate for the altitude of
this mission,

Both engine compenies heve facilities that will be available by
1960 that can handle the engines they propose. Government facilities
are also available at NACA and A.R,D.C,

Structural temperatures were found to be within operating limits
of the materials proposed, with the exception of scme sections of the
engine, where additional materials study is indicated, Fuel heating
will not be a major problem for the fuels proposed. Wing surface temp-
eratures will vary from 630° F at the leading edge to 400 end 300° F one
and ten feet, reapectivsely, from the leading edge.

Minimum structural pressurization system weight 1s obtained by

utilizing helium, stored in the liquid state and heated after evaporation
by mixing with hydrazine exhaust producte from the euxiliary power unit,

SECRET

FORM 1813 A\

Declassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400810001-5



Declassified and Approved For Release 2012/05/31 : CIA-RDP89B00709R000400810001-5

ANALYSIS CONVAIR PAGE 6
PREPARED BY A DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO ZJ’026 '
CHECKED BY (SAN Dreso) MODEL HAZFL
REVISED BY paTE 10/31/58

SECRET

'PROPULSION SYSTEM

INLETS

Early proposals by Pratt and Whitrey and Marquardt were somewhat conserva-
tive on presgure recovery, both using values of about .70. Boost and range
congiderations indicated that the best system would most probably dictate ram
Jet take over at or near the design Mach number. This allowed better diffuser
design point selection. Current peak pressure recoveries used were zbout A7 -
-79 at Mach 3.0. Under these conditions the best type of difuser appeared to
be the fixed isentrepic spike. The nearest contender was the Internal Compres-
sion Inlet which may well have been selected on a total thrust minus drag basgis
but was not because of higher weight. This resulted from its longer design and
moveable spike. The fixed isentropic spike inlets selected gave a total externsl
drag coefficient of .11 based on engine area. OF this, .06 was wave drag and
.041 was skin friction of the engine external swrface.

The inlets had to be placed with respect to the wing in a way that sstige
fled radar visibility restrictions. ./in over wing location resulted and two
arrangements vere found as satisfactory compromises. Two engines located out-
board aebout mid half span can be situated over the drooped leading edge so that
the upper wing surface with & minimum of flattening can glve zero angle of attack
vith respect to the inlet. One engire centrally located can be placed behind the
apex of the delta planform with a portion of the surface made plane at zero angle
of attsck to the inlet.

It vas found that the recovery penalty suffered from expansion over the
resulting flat surface when the vehicle was operated at higher than design angle
of attack was lesé than that suffered from the inlet in free stream st the same
off design angle. This is because the flow expands over the flat surface paral-
lel to the axis of the inlet. Por a 2° positive angle of attack the loss in
pressurc recovery is about 4% behind the flat surface and 6.6% in free stream.

Both Pratt and Whitney end Marquardt claim to have adequately tested the
inlets selected et the required design Mach number. Neither Las matched the
Reynolds number of the flight condition, however.

FUELS
T A table of physical and hendling charscteristics 1s given below
TABLE

PENTABORANE V8 8F-1 FUELS

GROUND HANDLING & LOGISTICS
Property kntéborane -1
Price $/1v. Today 20 1-10
Large Scale Iroduction 3 L2
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Property
Explosive Hazard

Toxiclty

Corrosion

Storege

Hazards

SECRET

Pentaborane
Pyrophoric

Extremely toxic either by
inhalation or contact.

OK with anodized alum., cop-
per, steel. NACA RM EYL E12
has deta on materials

Inert atmosphere. No leaks can
be tolerated

Toxicity and prophoric proper-
ties require inert atmosphere
transfer system and protective
clothing with respiratory
protection.

AIRPLARE PERFORMANCE CONSIDERATIONS

Property
Heating Value BTU/1b

Boiling Point °R
Density at B.P. J.b/ft3
Use as Cooling Fluid
Panks and Lines

at high altitudes.

since it 1s neither toxic nor pyrophoric.
ling and pumping cold liquids hasa been gained with liquid
On performance it has higher heat content and clean exhaust.
o solid-liquid vapor phase as does pentaborane.

Pentaborane
Approx. 29,300 (Lower)
30,300 (h.tgher)
Approx. 600

Approx. 37

Decomposes at temp. 260° F
Inert transfer sgystem
Insulation may be needed on

tanks to prevent thermal de-
camposition.

It can be seen that hydrogen appears to have advanteges in the handling area
Also considerable experience with hand-

Pentaborane has advanteges in 1ts ability to produce e strong stable flame
It has better volume characteristics for tankage.

SECRET

SF-1

Air mixtures can be igni-
ted by a spark

None. Can suffocate if it
displaces all oxygen. Cold
"burns" because of low
temperature.

Non corrosive. Can cause

lov te rature embrittle-
ment. 18-8 steels; low C,
high Nc steel; monels arc
OK. Plagtics will have to |
be checked out.

Devar tanks. Boll off
miat be ventilated.

Protective clothing to
protect against cold
"burns”.

SP-1
51,500 (lwer)

37

h.h
Excellent coolant
Insulation needed

rockets in recent years.
It does not have
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Both fuels appear @dequate for the combusion conditions anticipated for the
Hazel vehicle, Hydrogen would seem to be somevhat marginal at altitudes above
150,000 feet at the chosen design Mach number. This is bagsed on preliminary - '
results from Marquardt and depends partially on combustion efficiency assumptions.| -
This does not seem to be a problem, however, as the present mission does not
attain this altitude. Approximate combustion pressures and inlet temperatures
are shown on Figure 1, together with Marquardt and Pratt ahd Whitney test data
available on the two fuels. The test data is at or near Mach 2.0 but combustion
conditions may be expected to improve at the same pressures and higher temperea-
tures encountered at Mach 3.0, No combustion efficiency,data was derived from
these tests, e fact thgt has led to a marked difference in design of combustion
chamber lengths as will ke brought out later. -

ENGINES

As was requested by the Navy, Marquardt and Pratt and Whitney were the
only engine companies approeched for performance and design data. The results
received from them are presented at the design points chosen for each engine.
These are also substantiated by calculations mede by Convair in the region of
the selected design points.

The engine size range was established by an interchange of estimated L/D's,
gross weights and flight conditions between Convair and the engine companies.
Latitude on either side of the estimated design sizes was given to allow for
chenges produced by more detailed calculations. Contacts with both companies
were made regularly by visit and mail to resolve design problems and interchange i
data.

'
1

Somewhat optimistic engine performance and weight data was given earlier by
Marquardt, while the reverse was essentially true of Pratt and Whitney. Sub-
sequent results received are in much better agreement between the two companies.

The mission performed starts at 125 000 feet and ends at approximately
140,000 feet. It is assumed that. the vehicle will be boosted to the design Mach
-number of 3.0 and follow & Breguet range path at constant Mach number. Mach 3.0
was necessary to keep within the structural limits of the Marquardt engine, as

. well as the plastic airframe. ’ '

The Pratt and Whitney engine is shown on Figure 2. It is constructed of
high temperature stéeels throughout. The fuel system is designed to vaporize the
fuel vithin the cowl surfaces and center body. This general fuel system approach
is proposed for both hydrogen and pentaborane. The same basic geometry vas held
using pentaborane as SF-1 except that the exit nozzle throat diameter was ad-
Justed. This was done to match the higher combustion temperature considered op-
timum by Pratt and Whitney for pentaborane. The inlet sown 18 not the final
Pratt and Whitney design. 1In prlace of the two astep cone, an isentropic spike
was used and the cowl lip geometry altered to match.

The use of the engine was limited earlier to 54.8" exit dismeter by Pratt
and Whitney facility capability. This was relexed to 104" diameter as later

SECRET
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facllity availability data revealed possible. A graph showing Pratt and Whitney
facility capability by 1959 and 1960 is showr in Pigure 14. The aubject of
facilities is discuseed later.

The Marquardt engine ie shown on Flgure 3. The proposed construction is
plastic honeycaubd exeept for the fuel system, flame holder, cooling ghroud, and
engine mounts. The plastic 48 a ceramic fiber impregnated with a high tempera-
ture phenolic. Plagtics of this type are marketed under the trade name of
"refrasil”. The maximum skin temperature allowabls is 800 - 900°. Very little
data is avallable for strength at these temperstures for time periods typical of
the Hazel mission. The critical point is at the exheust nozzle throat where the
double skin area surrounding the exit nozzls has to be perforated to allow cooling
by radiation leekage.

Marquardt is facility limited to 8' diameter as shown on Figure 15. They
do not look at the scaling problem for this epplication as belng a great risk,
hovever. This 1s backed with considereble experience in the ram Jet field.

The Merquexrdt engine, as was Pratt and Whitney's, 1s deelgned for veporized
fuel. In this case, too, the nose cone and recirculation zone walls are utilized
but sdditional heat exchanger swrface supplied by Convair is required. This is
degeribved in more detaill under final tankage study results elsewhere in the report.

PERFORMAICE
Mar@t

Data presented by Marquardt for design point selection is shown on Pigure L
for the pentsborane fuek and Pigure 5 for the SPF-1 fuel. The “nat jet" thrust
coefficients are based on “A3" as shovn on the inset cketch Figwre 5. These data
axre bagsed on the combusticn efficiency variation assuwed for a 16' combustion
chamber length and shown on Pigure 6. Shorter lengths were examined tat there ves
no resl requirement. The weight of the additionsl length of cambustion chamberx
vas negligible campared to the loss in range caused by a reduction in lexgth.

The englne selected has a geometry peculiar to the design points ahown on
Figures b and 5. The exit nozzle throat and exit areas "A5" and "A6", are glven
ag ratios to & reference area A;. These ratios are held far the entire graph while
the inlet area "Ac” 18 allowed To vary to place the diffuser alvays at design
pressure ratic. Thus, each point on the graphs represent a single engine geometry.
The basis for cholce of the particular engine in each case was a compromise between
angine size and best specific fuel consumption. The cholce of the particular sat
of AG/A3 end A6/A3 ratios resulted from the exchange of vehicle L/D, and gross
weight data with Margquardt, vhich led to & nerrover £ileld of engine geometiries
giving best range of the totalwehicle. The curves supplied by Marguardt and used
for engine weigats are shown on Figure 7. Fere dlsmeter and cambustion chamber
length is given along with the effact of altitude on the design welght of the
engine at a combustion chemwber length of 16 feet. OFff design per-
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formance variation with Mach mmbeEr ig gBenEo:-r tvo altitudes with pentaborane fuel
on Flgures 8 and9 . Effect of angle of attack is also shown on these figures.

Pratt _and Whitney

Date presented by Pratt and Whitney for design point selection 1s presented
in Tebles 2 through 5 . The size of thie engine vas fixed at what Pratt and Whitney
congidered ressonable for full scele testing. Given the same general input on
mission requirements,s basic engine geometry vas established by Pratt and Whitney.
A possible slternate was provided for the SP-1 engipe only. These are designated
SRJ-143D for both the §F-1 and pentaborane engines, vwhile the SF-1 alternate is the
8RJ-43E. The engines were scaled down in size where pecessary but not up, as this
would exceed facility limits. The scaling curvee provided by Pratt and Whitney
are given in Flgure 10.

Performance and basic physical data of the engine is given at altitudes from
80,000 feet to 150,000 feet on & standard day at the design Mach number of 3.0 and
for 80,000 to 135,000 feet at the off design condition of Maca 2.5. The off design
date vas requested of Pratt and Whitney for turns and/or climb. Angle of attack
effect on performance was also provided by Prati and Whitney to determine the effect
of & 2* trim error on angle of atteck. This is also shown on the tebles.

Camparative Data

The engines selected are arranged in tabular form below with pertinent phyei-
cel dimensions and performsnce. All engines are for a deslgn point of Mach 3.0 on
a standard dey. The renge for all cases is 3240 nsutical miles.

Total |
Dimension, In. Engine | Total |Fuel- Specific X
Dianeter Welght | Thrust | air Fuel
MFGR. fngined Puel| Tolet] Exit | length | Pounds | Pounds |Ratio | Conswmption

(Vehicle: K- 22; Altitude: 135,000 ft. at start of cruise)

P&W
(vehicle: FC 20; Altitude: 125,000 ft. at start of cruise)
- P8 | 68.3] 82.7 221 1590 3520 .0366 1.950
(Venicle: MC2Q; Altitude: 139,000 f£t. at start of eruise)
AR 2 SF-1 81}.7 04,7 808 - 920 2260 .0150 970

QUARDT | (Vehicle: MC10; Altitude: 125,000 ft. at start of crulse)
1 PB | 125.21153.5 | 786 | 1460 3640 | .0175| 1.460

(Vehicle: MC20; Altitude: 125,000 ft. at start of cruise)
2 PB | 85.7[105.3 808 | 13w 1695 .0175] 1.460
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As can be seen, Marquardt presented pentaborane engine data at lower
fuel - ratios favoring the plestic construction. The lower fucl - air ratios
dictated a larger engine. Marquerdt erglne welghts are lower despite tae
larger size by a consideratle margin. Tais 1 due to two factors; (a) the
plastic construction with a more liberal use of honeycomt structure and () the
size restriction by Pratt and Whitney which required that two snaller engines
be used instead of ore larger engine, avit’ hir~hax wred pu- 25 . shdvn in Plgure 10.

An &vious difference in the two engires 1s in the over-all lensths.
This is due to the difference in combustion chamber lengtus. Marquardt used
16 feet while Pratt and Whitney used U feet. Marquardt may be quite conserva-
tive but the question of which is correct can only be resolved through adequate
testing. As yet, neitier company aes meagured coabustion efficiency accuretely
epough. This may not be an importent issue, nowever, as very little engine
weipnt is involved and the gpace requirements of most vehicles studied will
permit both engine lengihs.

A check was made by Convair on the performance estinmates of the two
companies. This wae done at canparative performence poirts using Convair
amethods and without knowledse of Lhe camplete cycle assumptions made by either
engine company. The results are ghown in Fizures 11 through 13. The agreement
was very good in all cases on both engine peometry and performance, and is con-
gidered edequate to substantiate both companies estimates. Taoe differences
that do exist may be caused by slightly differing diffuser efficiencies, assuup-~
tiong of combustion total head loss and degree of dissociation and recambination
in the exhaust nozzle.

TESTING AND FACILITY REQUIREMENTS

Both Marquardt ard Pratt and Whitney have adequate home facilities for
rem Jet testing. Pratl and Whitney will have capacity by 1960 for testing its
86 inch engine as shown on Figure 1k. At Mach 3.0 there appeers to be suffi-
clent margin to operate with the exit nozzle throat sonic. Margquardt facility
capacity is chown on Figure 15. The 8 foot diameter engine car be opersted
with the exit nozzle throat sonic simulacving the Mach 3.0 case at 125,000 feet.
Certainly, the two engine versions of toth Prait and Whitney end Marquardt's .
engines cen be tested with the facilities availsble in the time period. It is
also very pforable that Marquardt's single engine is within scaling distance of
the 8 foot diemeter engine which weuld be simulated with sonic exit av 125,000
feet altitude and with subsonic exit and cembustor Mach number matchirg at
140,000 feet.

Cepacity 18 also availsble at the present time at HACA to nandle a 10.5
foct engine to 117,000 at Macn 3.0 vith sonic exit. A.E.D.C. plans within one
yeer to handle an & - 9 foot diameter engine at 135,000 feet under the saue
conditions.

CONCLUSIONS AND RECGMMENDATIONS

The estimates of engine performance sppear to be correct depending upon
the validity of tae combustlon efficiencles assuned. It is recommended that
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testing be directed tovard substantiating the values assumed as this affects
range directly.

There appears little question that Pratt and Whitrey can build the engine
presented using the materipls selected. Similarly, Marquardt could build their
plastic design but it is obvious that more development work would be required
to obtain the advantege that plastic offers in weight suaving. It is also not
entirely clear that by use of honeycamb structure the metal engine could not
have been made lighter. .

Both fuels have undesirable logistics characteristics but are considered
esgential to do this high altitude mission. Rydrogen appears to present the
least over-all problems from the propulsion standpoint Ita volume characteris-
tics appear to require a two engire vehicle. ‘ : i

Facilities apparently can bs mede avallable in the required tiwse period
that will satisfy the basic engine needs either at home fa.cilities pr Goverument
test laborstories.
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The basic problems of fuel and structural heating have been evaluated.
Aerodynemic heating and heating effects from the engine, contribute to increase
the temperature of the basic structures. Both factors are considered in the
anglysis,

SUMMARY

Structural temperatures will not exceed reasonable operating limite for the
materials proposed, with the exception of some sections of the engine case, Some
areas of the engine case may require additional meterials study for an optimum
design,

Fuel heating will not be a mejor problém if a liquid fuel system 1e selscted.
No insulation will be required for s liquid pentaborene system. A hydrogen fuel
system would only require insulation to &void iclng conditions.

The wing surface temperature will vary from 630° F at the leading edge to
400 and 300° F at one-foot and ten-feet from the leading edge respectively.

RECOM(ENDATTONS

During eerly stages of development, run heat flow test across simulated engine
wells to ascertain thermal transmission. Radiation properties are of prime
importance, , :

Determine rates of decomposition and deposita within fuel controls and the
heat exchanger if vaporized penteborane is used as fuel,

DISCUSSION OF RESULTS

Fuel System Heating

Two types of fuel systems were investigated, gaseous and liquid injection.
Pentaborane and SF-l1 were considered for both systems, With the liquid injection
systems, the possibility of fuel losses by evaporation, and malfunction of the
fuel system due to vapor entrainment, are two mejor problems. The major problems
in a gaseous distribution system are the correct sizing of generators, or heat
exchangers, to vaporize the liquid, and considerably larger flow controls then
normally needed for liquid aystems.
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Pentaborane fuel can be used as a liquid in the proposed tank arrangements
without requiring insulation to avoid overheat, or boiling, at a 15 psi fuel
system pressure. This requires a fuel temperature at take~off below 60° F, which
is not considered restrictive. This system will result in lesser maintenance
problems due to the absence cof deposits of decomposed fuel elements. The analysis
was based upon cylindrieal fuel cells, If the internal wing volume were used to
store fuel in bulk, a small amount of insulaticn may be required on the lower
surface to maintain fuel temperatures below boiling., A schematic diagram of e
liquid system is shown on Figurelé, Due to & possible fire hazard, the fuel tank
pressure relief line must be vented downstream of the vehicle., Fuel decomposition
1s negligible but the system should be flushed after each flight., Deposits in the
fuel system that occur, due to temperature, are absorbed by fuel at temperatures
below 100° F and sea level pressure, Therefore, fuel may be used to flush the
system after each flight,

Figure 16 describes & vapor feed system for pentaborane, With a vapor feed
aystem & large asmount of cnergy is absorbed by the fuel during vaporization., It
is evident from the analysis that a minimum of 1500 sq.ft. of external surface
would be required to evaporate the fuel, at the required rate, by aerodynamic
heating., A heat exchanger mey be mede as &n integral part of the engine wall
using only 75 sq.ft. of surface, Any deposits within the heat exchanger can be
removed by flushing after each flight., The fuel flow diagram shows the gaseous
fuel bubbling through the liquid fuel. This will minimize the deposits within
the flow controls and spray nozzles.

Sufficient vepor for starting must be stored within the tanks. to mirimize
the storage volume the pressure st light-off must be at & system maximum, and the
temperature must be at the boiling point, This will allow vapor generation by
lowering the tank pressure during the time the heat exchanger is becoming
operative, The required vapor boil-off rate 1s maintained by controlling the
pumping rate through the heat exchangser,

SF=1 fuel has the inherent problem of boil-off at very low temperaturs, While
this is helpful in flight, in reducing heat exchanger size, it creates high fuel
losses and icing problems during and previous to launch,

Approximately two-inches of insulation will be required to avoid icing. A ,
weight saving of the vehiocle may result by developing rapid fuel handling techniques
and eccepting the lcing penalties encountered during last minute ground check out
‘of launch, A minimum weight exchanger would prebably be one that is an intergral
part of the engine wall. This arrangement would require a heat exchanger of
approximately 50 sq.ft., based on a fuel consumption of 4000 #/hr.
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STRUCTURAL HEATING

The basic sirframe heating is caused by the usual aserodynamic and solar heat-
ing. Some areas are also effected by radiation from the engine surfaces,

The selection of materials 1s a major factor in the thermal analysis of the
engine case, Due to the high temperature of the combustion gases, 3100° R, the
inner surface of the engine absorbs large quantities of heat, both by radiation
and convection, The amount of structural cooling done by inner passage air flow,
or external flow, is limited by the high energy level of the ambient air stream
(approximately a 1250° R boundary layer and a 1350° R stagnation temperature) and
the low convective heat transfer coefficients. This means that engine structures
must rely on thermal radistion to the atmosphere for ocooling, Preliminary
investigation shows that the meterials selected by the engine manufacturer can be
surfaced to control thermal emissivity and, therefore, the tenperatures can be
meintained within the limits to which the materials can perform.

Limited information is available on the deposits of combustion products on the
engine walls, Additional data is also required on the gaseous rediation to the
engine wallsa., Both of these areas will have to be investigated for an optimum
design of the engine structure,

' Placing the heat exchanger, for vaporising the fuel, on the inside engine
wall will result in lower structural temperatures in a local area. Some advantage
may be gained by this in the detailed design.

The meximum heating during the cruise portion of the trajectory of the pro-
posed Hazel vehicle occurs at its beginning (M.= 3 @ 125,000 ft.)

The temperatures of the wing were determined from steady state equilibrium
heat balances by equating the engine, solar, aerodynamic, and terrestrial heating,
to the radiation to space., The flow field et this condition would be laminsar,

The aerodynamic heating for the flat portion of the wing was evaluated by the
Reference Temperature Method (2) and the predicted temperatures are 400 and 300° F
at one-foot and ten-feet respectively, from the leading edge.

The nose stagnstion temperature of the vehicle was determined by the method
of Sibulkin (1), The temperature determined by this method was 725° F, considering
two inch radius,

The temperature of the stagnation line of the leading edge was also determined
by the method of Sibulkin, but modified by the cosine of the effective sweep angle
in order to account for the sweep of the leading edge. The temperature determined
by this method was 630° F, considering a two inch radius,

None of the above predicted temperatures have been found to be prohibitive for

the proposed structure, S E C R E T
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STRUCTURAL PRESSURIZATION SYSTEM

INTRODUCTION

The inflatable configuration of the vehicle consists of a rigid pilot's
capsule and engine structure supported by a pressurized airfoil. This report
evaluates various systems for supplying this pressurization and outlines those
found most promising. Prom these, selection is made on the basis of minimum
weight and operational suitability.

CORCLUBIORNS

1. Minimm system weight is afforded by a system utilizing helium
stored in the liquid state and heated by direct nixing with hot gas from the
monopropellant APU hot gas generator. Total weight of the proposed system is
142 pounds.

2. Pure helium free of the hydrazine decampositon products can be sup-
plied to the structure by an alternate system for a 19 pound weight penally.
Alternate system weight is 161 pounds.

3. Tests should be conducted to determine compatability with structure
and explosive hazard of gas mixture containing hydrazine decomposition products
at operating conditions.

k. Data on leakage rates for materials and construction employed should
be cbtained and all possible steps taken to reduce these quantities.

SYSTEM REQUIREMENTS

Initial pressurization is supplied on the ground prior to take-off. Means

must be provided for the controlled escape of a portion of this gas with (1)
decreasing ambient pressure as the vehicle is lifted to 45,000 feet and boosted
to 125,000 feet and (2) increased internal temperature due to aerodynamic heat-
ing éuring cruise. Following this loss and stabilization at cruise conditions,
gas must be added to offset leakage and maintain the given 15 psig pressure
differentail as increasing ambient pressures are encountered during let-down
from altitude. The inlet gas must be injected at such temperatures as to pre-
clude thermal damage to the structure and to minimize total system weight. The

" pressurizing medium chosen must remain a gas over the temperature and pressure
range encountered within the structure.

SYSTEMS CONSIDERED

The requirements on the pressurizing medium of (1) remaining a gas ovar the
operating temperature range of the structure, and (2) having low weight, suggest
the use of the low molecular weight gaseocus elements. Table I below lists some
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Properties of Pressurizing Gases

Critical

Density Critical Pressure
Gas Referenced to H,  Temperature, °F atm Remarks
“Hydrogen (Hp) 1 -L00 - 12.2 Righly Inflamabdle
Helium (n?) 2 -450 2.3 Inert
Nitrogen (Np) 1k -233 33.5 Inert
Oxygen (0p) 16 -182 49.7 Reactive with

Structural Material

Neon 10 ~-380 26.9 Inert
Argon 20 -88 L8.0 Inert . ,

Hydrogen has the lowest density and thus affords the minimum weight penalty for
the pressurizing gas itself but presents an explosive hazard. Oxygen is heavy
and could react chemically with structural members at elevated temperatures.
Neon offers no advantages over Helium, is heavier and less readily available.
Similarly, Argon affords no advantage over Nitrogen. Thus, the cholce from this
group for the pressurizing gas 1s between Nitrogen and Helium. Table IT below
lists the advantages and disadvantages of these two gases as the pressurizing

nmedium.
TABLE II i
Comparison of Helium and Nitrogen as Pressurizing Medium E
Gas Adventages Disadvantaes
Helium Density 1/7 as great Must be transported to point of use;
: . higher leakage rate; liquifies only |
at extremely low temperature.
Nitrogen Can be produced at site of use For equal volume legkage, | times
in either liquid or gaseous weight of Hy required.
form; liquifies at higher
temperature.

Also to be considered are the low molecular weight compounds existing as
gases at the temperatures and pressures considered. Those include such compounds
as ammonia (NHz, M = 17), methane (CH4, M = 16), and others. Some of these, such
as ammonia, offer the &dvantage of remaining a liquid at emblent temperatures and
only moderate pressures and would thus requime & simpler and lighter container
system. However, almost all of these compounds are toxic and/or inflammable and

_ afford no over-all weight advantage as seen below.

Based on the vehicle reQuirements as outlined in the following section of
this report, the required weights of various gases for the let-down re-pressuri-
zation with zero leakage were calculated and listed in Table III below. This
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weight is for gas alone and includes no allowance for container weight.
TABLE III

Required Weights of Gases for Let-Down Re-Pressurization

Helium 34 1bs
Nitrogen 238 "
Ammonia 1y "
Methane 136 "

The following calculation demonstrates the necessity of using a low molecular
welght gas for the pressurization of vehicles of this size. Assuming the required
weight of helium to be 34 1lbs., data from Reference 3 gives the weight of a
suitable storage container for the gas in liquid form as

container weightg = 16 + 1.53 x (weight of H,)
container weight) = 68 pounds

or a combined gas and container weight of 102 pounds. onsldering the gas weight
alone, the density of a second gas must be less than = 3 times greater than

that of helium to show a weight saving. This second gas must therefore have a
molecular welght less than 12. This condition is met by only three substances *
-~ besides helium which are gases under the opersting conditions; hydrogen fitoride, |
hydrogen, and neon. Hydrogen fluoride is dropped from caonsideration due to its
extreme corrosiveness while hydrogen and neon were discussed and rejected previously}

PROFOSED SYSTEM

The configuration and conditions assumed are listed below in Table IV.
TARLE IV

Configuration and Assumed Conditions

Configuration MC-10
Cruise duration 98-minutes
Descent duration 10-minutes
Assumed gas temperature at cruise 300° F
Assumed gas temperature at landing ' -50° p
Assumed gas temperature at take-off 60° P
Wing area 1985 £t2
Total area of pressurized sections 3967 £t2
Inflatable volume 1720 rt3
Structural pressure . differential 15 psig

. Leunch altitude (boost) 45,000 feet

- Cruise altitude 125,000 - 137,800 feet
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The proposed system is shown aschematically in Figurel7 and an alternative
system in Pigure 18. Both systems utilize initial pressurization tefore take-off
vith helfum gas, with make-up gas for leakage and let-down re-pressurization
supplied from a storage bottle of liquid helium. Both systcims utilize hot ges
from the monorpopellant (hydrezine) auxiliary power supply hot gas penerator
for heating the very cold helium prior to its use in the structure. They aiffer
only in the method by which this heating is accomplished. The former utilizes
direct mixing of the hot and cold gascs while the latter passes the gnaes through
a heat exchanger allowing only pure helium to enter the structure. The proposed
direct mixing system requires less total ges and does not require the added
weight of the heat exchanger. However, the compatidbility with structural materi -
als and the safety of the resulting gas mixture containing the hydrazine decom-
position products must be proven by tests. As shown in Table V, the maximm
concentration of hydrogen within the structure is 5% by volume which is within
the exploesive limits of hydrogen in air (4.1 to 47.2% by volume). Oxygen within
the inflated volume will however, be limited, due to the positive pressure
differential above the ambient, to leakage from the pilot's cspsule. In addi-
tion, it should be noted that due to adding the helium gas cold for leekage
meke-up es noted below, the structure contains only pure helium during all phases
up to and including cruiee with hydrazine gas added only during the let-down
rhase.

Both systems make use of electrical heaters within the 1iquid heltum
storage tank for mainteining internal pressure as gas is withdrawn. Operatior
of bcth is based on the agsumption that make-up for leakage during cruise would
require very lov flow and could be made with unheated gas direct from the liquid
tenk with heating supplied from the hot structure.

Table V shows the amount and compogition of ges present in the structure
at varicus phases of the flight for voth systems.

TAELE V
Structural Ges Content and Composition

Phage of Proposed System Alternate System
Plight Item Direct Mixing Pure Ho {n Struct.
Take-off from Gas in Structure (He) 37 1b. 37 1v.
Ses level Alr Displaced 132 1b. 132 1v.

Net Lift 95 1b. 95 1b.
Start of Boost Gas in Structure (H,) 28 1v. 28 1v.
Stabilized Cruise Gas in Structure (i) 13 1b. 13 1b.
Landing Gas in Strueture ‘ 58 1b. k7 1D,

Ha k2 1n. 47 1b.
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Landing

(continued)
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Item

Hp
Np
NH3

Alr Displeced
Net Lift

TABLE V
(continued)

Gas Composition % by Volume

Ho
Hp
No
NH3

TAELE VI

Propsed System
Direct Mixing

Alternate System
Pure He in Struct.

1 1b.
10 1b.
9 1b.

132 1b.
T4 1b.

=3
RCERIN
ECUCUT T

A weight breakdown of the two systems is given in Table VI. This weight
includes a 20% safety factor on required amounts of gas.

8ystem Weight Breakdown

0 1v.
0 1b.
0 1b.

132 1b.
89 1v.

100 %

Liquid Hellum
Helium Devar

Mixing Chamber
Heat Exchanger

Valves

Ducting & Miscellaneous

Sudb Total

Hydrezine (Hot Gas)

Sub Totsl
Batteries for Electric Heater

TOTAL

Proposed Alternate System
System Direct Mixing Pure He in Structures
35 142 1vs. 10 12 1vs.
70 22 1vs. 77 122 1ve.

2 1lbvs.
5 1lbs.
T lbs. T 1bs.
5 1bs. 5 1bva.
-.’-L;;lbs. E—l'bs.
19 1lbs. 22 1bs.
I3~8——lbs. ;';6—11)3.
4 1bs. 5 1vs.
142 lbs. 161 1lbs.
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1 - Weight includes a 20 percent safety factor on required gas veight.
2 - These weights will be increased due to leskege as outlined in

following paragraph.

At the time of writing of this report no data was svallable on leakage
retes for the materials and construction proposed for use. An expression for
the weight penalty vas therefore derived on tie basis of known flight pera-
meters and presented as a functin of the leakage rate. For this purpose it ves
assumed that all leakage consisted of, and was replsced by, pure helium gas.
For a given leakage rate the total gas welght lost 1s glven by

(gas veignht lost) =g, 7 A(AP) 1us.

¢ = leakage rate - cfmstp/ft2 peis

getp = gas density at t = 0°C, p = 1 atm - 1b/ft3
= £light duration- minutes

A = surface area for leakage — £t
Ap = pressure differential - pailg

where:

By data from Reference 1
(additional weight dewar) = 1.53 {gus welght lost)
(total added weight) = 2.53 ¢/f”7A (Ap) lbs.
From the configuration data of Table IV

or

(weight gas lost) = 71.5 # x 103 1b.
(sdded bottle weight) = 109 ¢ x 103 1b.
{total added weight) = 181 ¢ x 103 1b.

If the structure is assumed to coreist of rubder 4-mils in thickness,
extrapolation from International Critical Tables data gives

@ = 33.Lhx 10-6 crn/ft2 paig
(welght gas lost) = 2.4 1b.
(added bottle weight) = 3.6 lb.
(totel added weight) = 6.0 ib.

However, the leakage rate stated for a somewhat similar material ylelds
results S0-times the above. In addition, it should be noted that this addi-
tional weight calculated sbove compensates for leakage by diffusion through the
meterial only and not through any holes which msy be present due to construction
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or damage. loss of Helium alone due %o this latter cause could run to the
order of 6.5 pounds/minute for one-square inch of hole. This would give a
total weight penalty of 16.5 pounds for each sguare inch of heles per minute
of leakage time. A
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PREPARED BY A DIViSION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZJ"O%
CHECKED BY (8aN Digco) mopeL HAZEL
REVISED BY pATE 10/31/58

SECRET

VAPGR FEED FUEL EYSTRM §CHEMATIC

gP-1 or Pentaborane

LIQUID FESD PUEL SYSTEM SCHEMATIC
Fentaborane

Downstream of Vehicle

Fuel Pressure T
Control Valwi\\\¢_
} }—— Flovw - Spray
l ™ __| Controls Nozzles Engine
Vapor T
Fusl oo el
Cells s%s __/\
Idquid - Pump
Heat -
Exchanger o

el Cells - Pump Flow

SECRET

:

Fuel Pressure - ‘ \
- Control Iglﬂi:::#:£j x

e T
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ANALYSIS : PAGE LO
PREPARED BY A DIVISION orcsggﬁljvbéjugs CORPORATION REPORT NO. ZJ‘026
CHECKED BY (SaN DiEGo) MODEL HAZEL
REVISED BY oATE 10/31/58
TABLE 2
Pratt & Whitney 8RJ-43D 8F-1 Fuel
Altitude 80,000 160,000 135,000 150,000
Mach Ne. 3.0 3.0 3.0 3.0
Pya/Pio 0.784 0.78% 0.784 0.755
Wa V&, /6t2 601.9 601.3 599. 5 618.17
Bt2 0.780 ©.397 0.0709 0.0387
Typ °F 623 703 854 917
‘F 2hko 2685 2895 2856
;7;\ 0.0113 0.0133 0.015 0.615
Fyy 19,050 7,725 1,732 876
TEFC 0.659 0.760 0.831 ©.902
Drag 979 387 99 58
m 18,071 © 7,338 1,633 818
ITEFC 0.726 T 9.800 0.801 0.967
Weight 1075 1075 1075 1075
Iength 256 256 256 256
Weight/Fi 0.048 9.119 0.535 1.070
Engine + Puel Wt./Fi 1.108 1.239 1.695 2.309
Pratt & Whitney SRJ-43R (Alternate Design) SF-1 Fuel
Altitude 80,000 100,060 135,600 150,000
0.78% 0.784 0.784 0. 7,9
V‘e::f/&e 601.9 €01.3 599.5 61817
o 0.780 9.307 0.0709 0.0367
Ttg b 4 : 623 703 . 85k 917
°F - 280 3075 3285 3200
/A 0.0143 0.0168 0.020 0.020
Py 22,800 9,145 2,059 1,025
TSFC : 0.731 e.811 0.933 1.029
Drag : 979 387 99 58
Fi 21,821 %,778 1,960 967
ITSFC 0.763 0.8u6 0.96 1.09
Weight 1057 1057 1057 1057
Length 252 252 252 252
Weight/Fi 0.039 0.698 0.439 0.800
Engine + Puel Wt./Mi 1.149 1.2C8 1.729 2.285

FORM 1812 -A-L
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anacves CONVAIR Pace 11

"PREPARED BY A DIVISION OF GENERAL DYNAMICS CORPORATION REPORT NO. ZJ‘O%
s 1SAN DIEGO)
CHECKED BY MODEL HAZFEL

" REVISED BY paTE 10/31/58
TARLE 3
Pratt & Whitney SRJ-43D SF-1 Fuel
Altitude 80,000 100,0C0 135,000
Mach No. 2.5 2.5 2.5
\;54 6358 P 6550
5 . .
o/ 62 g.ln. %162 oég Th
ns . 1
Te’? 1600 1740 2160
f?A 0.0071 ©.00765 0.010k
FN 7980 3110 790
TEFC 0.6LYL 0.679 0.760
Drag 3440 13711 322
p } 4540 1739 L68
IPSFC 1.133 1.212 1.282
Weight 1075 1075 | 1075
length 256 256 256
Welght/Fi 0.193 0.503 1.87
Engine + Puel Wt./Fi 2.173 2.541 3.895
Pratt & Whitney SRJ-43E (Alternate Design) SF-1 Fuel
Altitude 80,000 100,000 135,000
Ma.ch No. 2.5 2.5 2.5
waf“ 550 635.6 630
635. 3 : .
/52 g?la 0.162 0.0374
TTQ ' 415 181 608
1950 2094 2530
T?A 0.0093 0.010 0.0138
10,100 3,965 950
mm ' 0.666 0.695 0.835
Drag 3840 1371 322
Fi 6660 2594 628
1TEFC 1.00 : 1.062 1.262
© Weight 1057 1057 1057
Length 252 252 252
Weight/FL 0.129 0.332 1.370
Fngine + Fuel Wt./Fi 1.877 2.117 _ 3.360
For 2° angle of attack reduce thrust by 2% and increase BFC by 2%
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TABLE U4
Pratt & Whitney gRJ-43D Pentaborane Fuel
Mach No. 2.5 .0 )
‘ Altitude 0 100 135 %0 168 135 150
3 0.89 0.89 0.80 | .784 .78k 78 LTk
?;/ vo .oW.m2 .163 .0375 .780 . 308 0709 .0kLo
T2 °F k1s 479 606 623 703 85 917
Vg /8tp 635.8 635.6 635 €01.9 601.3 599.5  613.9
Wp 16/sec 01 76.5 16.6 | 324 123 26.7 k.7
f7A , .0158 L0176 0217 .0245 .0278 Ol Obh
.991 .985 934 .| .989 .982 .945 .918
T °F 2020 2200 - 2koo | 2720 2870 3280 3173
Py - 9ko 3821 87T | 20179 8L6T 1933° 1003
PEFC 1.213 1.272 1.482] 1.354 1.453 1.992 2.112
Prag 34k0 1373 322 | 979 367 99 58
IFN 6000 2450 555 | 20100 8080 1834 9ks
ITSFC 1.908 1.984 2.3421 1.420 1.523 2.100 2.2%1
8P WT 1733 L2k 1.892| .052 .129 .567 1.101
E + MW/t 3.499 3.694 5.582] 2.134 2221 3.32F  3.970
IC in, 86
Ay M© 25.73
o In 66.7
L/t 0.87
LN In 59.8
Dg In 104
LIn 266
Wt.Lbs. 1150

Por 2° angle of attack reduce thrust by 2% and increase BFC by 2%
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TABLE 5
Ls -
| e
|
ﬁ_——.f\/ /
A
D, Pe
Dy
_ l
Pratt and Whitney
Engine Geomstiry
SRJ-43D SRJ-U43E
» Alternate Design
Fuel © Pentaborane SF-1 8F-1
Dy In. 86 86 86
Dy In. 68.7 67.3 70.1
Dg In. 10k 104 104
L1 In. 98.5 98.5 98.5
1, In. 60 60 60
L, In. 48 36 3%
Lh In. 60 62 55
Lg In. 266.5 256.5 252.5
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