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AbSTRACT (VOLUME I)

Investigations of the aerodynamic spike nozzle concent
are discussed in this reperts These investipations
inclvde experimental cold-flos testing of high-area
ratio se.cspikes, aerospike nouzles with verious
combustor configurations and verious size segments

of gerospike nozzley end paradetiric analytical
applicaticn studies for the nozzle concept. One
cold-flow teat smeries investigated th performence

of very high area rutio (€ = 150) srort lergth aero-
spike nczzles usirg heliun as the test fluid. A

ten vercent length contoured nozzle and a six prrcent
length conical nozzle were tested. Theoretical and
experimental performance results are presented, 1The
second cold-tlow test series determined the performance
of a serier of merospike nozzles naving verious combustor
configmirations. The effect of rozzle base bleed and
intercodule bleed on perforrmance was investigated.
Cenbtustor confijurations concisted of shrouded end
unshrouded continucus ennular (toroidal) comtustors

and ciultichezber configuraticns with eight and

asixteen discrete conventional combustors clustered
around a common spike, Spacing between chambers,

spike length, and engine shrouding were varied for

the rulti-chzzber configurations. All nozzles had

an area ratio of 53, Theoreticel and expoerimental
perfomunce results ere yresented, A third cold-flow
test series investiguted the relative rozzle wall and
base pressures for 45, Y, and 180 degree segments of
an aerospike nozzle cozpared to a full ennular aero=
spike. Experimental results are presented. Analytical
and design studies Were made to deterzine effective
zetiiods of utilicing toroidal ond wultichamber construc-
tions for aerolynamic spike confijurations over a wide
range of trruct level, chanrer pressure, and nozzle
area ratio., Da2sim lgyouts at ceveral thrust levels
of inv=rest sre vwrasented, leat transfer studies
estabtlishing cociing feesibtility and parsmetric weisht
studies ere descrited., Comtustor effects on mozzle
rerforzance are discussed,

(UNCLASSIFIED ABSTRACT)
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ABSTACT (VOLUME II)

() Three hot-firing scrodynamic svike nozzle progvams are described. One
program had as its objective to obtein a large background of paramstric
hot-firing serospike perforuance data, Perfcormunce data were obtuinad
over a ratge of pressure ratio from approximate’y 350 down to 22,

Thirty 8-second each duraticn firings, 10 at noar sea level conditicna
end 20 over a range of high jressure ratio, were conducted, Secondary
flowrate was varied from zero to 5 percent of primacy flowrate end
supplied by a gas generator utilizing NoO4 / ULvH-HH (50-c) propellants,
GG mixture ratio was varied fros approximately 0,18 %o 0.18 at 3 percent
gsecondery flowrate to detercine the eifect of secondary gas energy level,
The 12 pescent length eerncrike thrust chasber hzd en area ratic of

26 =nd generated approximately 7400 pounds of thrist at design altitude
and 300 psia chamber pressure. Guins in nozzle efficiency were noted
wit~ the use of up to 3 percent secondary flowrate, A high deygree uf
eltitude compensation was noted with this engine down to a pressure
ratio erual to approximately 12 percent of design pressure rstio
(ep-roxinately 300), A corplete tabulation of performance is given,

For the second program, the roz:le section cf the above engine wa3
lengthened to 25 perzent (of an equivalent 15 degres corical nozzls)

a2nd modified to iaenrrorate linnuid (2,0.) side injection TVC capability,

Ve et hE L

Tuairty-three firings of 6 seccnds each auration were conducted at E

altitude to determine liquid in?:ction TVC perfo.maice trends with i

variations in injection paraceter-. Results are coumpared with theory

end applied to tyiieal applications, LITVC performance with 11204 was i

cencrally low and otasr injection fiuids «nd techniques are recotmended, ;

A third hoteriring teat program was conducted to determine the influence

of eryternal flow n ir-{ligkt roz:-le serformence, An aerospiks thrust i

I chuzber using H 0, propellrnt: wes enclosed by a simulated vehicle

tody. The en;zine generet.d 400 pounds of thrust at a chasber pressure i

of <00 psia, The 20 jervent length aerospike nozzle had an area ratio i
]
i

of 25 and was tested ovsr a ra.ge of wessure ratio froem 30 to 47C and
at slipstream Mach nuabers of 0, 0.55, 0,90, 1.20, 1,40, 1,80 and

2.2, Fi.ty=-seven firings of 1 rimte each duration were acccmplished,
Still sir nozrle .fficiency wa: very nich and sifgnificent perforcance
impreversnt was oktained with the addition of secondary flow, lNozzle
perforaance wes relatively ungffected by slipstireas in the noz:zle

cparnting reglon of rrectical interest for booster engine application,

(CONPIDEITIAL ABSTRACT)
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Speed of sound

Area

Speed of sound at M= 1

Aercdynamic throat area

Asrospike vase area

NozZle exit area

Primary throat area

Module throat area

Characteristic velocity

Nozzle discharge rvefficient

Thrust coefficient ¢f performance, pré‘t
Bage thrust coefficient

Thrust coefficient loss from drag
Primary nozzle thrust coefficient
Maxizum CF referenced to pressure ratio
Primary nozzle thrust coefficient

Ideal thrust coefficient based on primary fluid properties

Heat capacity at constant pressure
Nozzle Efficiency

Toroidal tube diametes in the throat region
Toroidal tube diameter in the chamber region

Multichauber envelope dlameter

Module exit diameter .

Weicat flow function, W WF;/QQAt
Thruet

Tarust contribution froms aerospike base
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Primary nozzle thrust

Ideal thruct based on primery fluil properties and
pressure ratio

Dinenslonal couztant, 32.174 it~lbn/1br~aec2

Mass velocity

32.2 It/secz

Enthalpy

Coclant-side film heat transfer coefficient
Gas-side 1ilm heat transfer coefficient

Specific impulse

Ideal specific impulse based on primary fluid properties
and pressure ratio

Cor.version factor, 778.26 ft-lbf/Btu

1000 pounds thrust

Empirical base pressure factor

Thermal conductivity

Characteristic lemgth

Projected axial length from module thrcat to mcdule exit
Total nozzle axial length from throat

Lengtn of multichamber plug from module exit %o plug
exit

Mags flow

Mach number

Mach number of secondary fluid at base exit plane
Number of modules per cluster

Pressure '

Ambient pressure

Base pressure

Primary chamber presgsure




)
l pcwl Average pressure acting on nozzle cowl
—_— Maximum pressure in recompression region
» Pr Pressure at the flow reattachment point
; Pw Primary nozzle wall pressure
5 P.}. Pressure ratio, Pc/'Pa
) q,%/A Heat flux
R Universal gas constant
! R* Equivalent aerodynamic throat radius, W
RB Base radius at nozzle exit
RC Toroidal combustion chamber radius .
; Rt Equivslent geometrical throat redius, \f}-zr
S Entropy
! s Length
T Temperature
1 s Temperatwe at M =1
‘ TA’.J Adiubatic wall tenperdture
'L‘B Coclant bulk temperature
z T,dc Coolant-side wall temperature
P e G Gas-side wall temperature
z Tp Primary gas total temperature
'l‘x Reference temperature
To Free streaa temperature
: V,v Velocity
E . Vo Free stream velocity
1 “ Primary fluld flowrate
! w Secordary fluid flowra‘e
. xs Axial distance along sting from nozzle exit plane
x Wall thickness
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Shroud half angle measured from shroud tilt angle B
Shi-oud tilt angle

Ratio of specific heats

Gap between mocdules or toroidal tubes

Nozzle area ratio

Bage area raiio

Module contraction ratio

Multichamber geoszetric area ratio
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