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FLIGHTPERFORMANCEOFA 2.8KS8100CAJUN

SOLID-PROPELLANT

ByDorothy
ROCKECMOTOR

B.Lee

Theperformanceof a 2.8KS8100Cajunsolid-propellantrocket
motorhasbeendeterminedfromthefree-flighttestofa single-stage
modelwhichreacheda velocityof5,268feetpersecond(Machntmiber,
4.74).Thrustdatafromtheflighttestarecomparedwithdataobtained
froma groundfiringtestmadeby themanufacturerandthetwoareshown
tobe inagreement.

INTRODUCTION

s
TheCajunrocketmotorwasdevelopedby theThiokolChemical

Corporation,ElktonDivision,undera contractwiththeNational
3 AdvisoryCommitteeforAeronauticsspecificallyforpropulsionof

pilotlessaircraftresearchmodels.b orderto checkthe2.8KS
81OOCa~unrocketmotoroperationallyandto determineitsperform-
anceforuseinresearchmodels,a flighttestoftheCajunrocket
motorwastie. Withan averagethrustof 8,1oopounds,themodel
reacheda maximumvelocityof5,268feetpersecond,at 3.1seconds
afterlaunching.

Theflighttestwas-de at theLangleyPilotlessAircraftResearch
StationatWallopsIsland,Va.
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at longitudinalacceleration,ft/sec2

# % dragcoefficient,Q-+2A
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drag,lb

gravitationalcon5tant,

free-streamMachnumber

dynamicpressure,*V2

Reynoldsnuriber,pvx
T

frontalarea,sq ft

time,sec

thrust,lb

velocity,ft/sec

weight,lb

bodylength

densityofair,slug/cu

32.2ft/sec2

IJ absoluteviscosityofair,

e flight-pathangle,deg

Subscripts:

B basedrag

T totaldrag

ft
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MODELANDTESTS

—

f

-.

slug/ft-sec _

—.-
ModelConfiguration

.-

ThemodelconsistedoftheCajunsolid-fuelrocketmotorwitha
nosefairingattachedtothefrontanda four-fintailassemblyattached
aroundthenozzle.Thegeneralconfigurationofthemodelisshownin
figurel(a),andpertinentdimensionsaregiveninfigurel(b).The
modelwasa conecylinder120.’i’incheslongweighing192.37poundsfully ?

assembled.me 200 ‘@al-angle Conical nose ~d a bl~ted ~iP with a
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c ratioofnose-tipradiustobaseradiusof0.25,thebase
3.375inches.The7~-poundnosewasconstructedof1020

3

radiusbeing
steel0.13inch

● thickexceptforthe’tipwhichwas0.63inchthick.Thefinassembly
consistedoffoursolidmagnesiumfinsweldedto a cylindricalmagnesium
shroud. Theleadingedgesofthefinswerecappedwith0.032-inch-thick
Inconelsheetattachedwithrivets.Eachfinpanelwas0.7986square
footinareaandthefour-finassembly,includingtheshroud,weighed
18pounds.TheCajunrocketmotorwas103.85inchesinlengthand
weighed166.9poundsofwhichthepropellantgrainweighed119pounds.

PropulsionandTestTechnique

The’modelwaslaunchedatan elevationangleof 70°. Thesingle-
stagepropulsionsystemwasa Cajunrocketmotorhavinga totalrated
impulseof 24,3tipound-second.Velocitydatawereobtainedbymeans
ofa CWDopplerradarset,andaltitudeandflight-pathdataweremeas-
uredby anNACAnmdifiedSCR-584radartrackingset. Atnmsphericdata
andwindconditionsweremeasuredby meansof a radiosondelaunched
nearthetimeofflightandtrackedby amAN@lD-lARawinset.

Thestatictemperaturewas66°F withthetemperatureofthegrain
insidethemotorchamberestimatedtobe 72°F.

.
DataReduction

. Thetotaldragcoefficient~T
ditionsafterburnoutofthemotoras

wascomputedfromtheflightcon-

follows:

CDT=
Thelongitudinalacceleration
velocity-timecurve.

Thethrust,atanytime

-W(az+ g sinQ)
(1)’24!

aZ wasobtainedby differentiatingthe

t,maybe calculatedfrom

~ W(aZ+ g sin8)
=

g + q% - %) (2)

A scheduleof instantaneousweightsbasedonanactualthrust-timehis-
toryfroma groundtestmadeby theThiokolChemicalCorporationwas2
usedinequation(2)fortheweightofthemodel W, whichvariedfrom
a loadedweightof192.37poundsto a burnedoutweightof73.37pounds.
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Thedragactingonthemodelduring
drag
zero
from

lessthebasedrag CDT - c%.
duringthrust.Thebasedrag
reference1.

—

thrustwasassumed
Thebasehag was

NACARML56K.01

tobe the~otal ●

assumedtobe
—

CDB dtiingcoastingwasobt&ne~- ._ t

RESULTSANDDISCUSSION

Flight’TestData
—

Figure2(a)showstimehistoriesoftheflightl@chnumberand
velocity.Timehistoriesof--altitudeandfree-stresmReynolds-number
perfootareshowninfigure2(b). Themodelacceleratedto a velocity
of5,268feetpersecondat 3.1seconds.Thisvelocitycorresponded
toan airspeedof 5,253feetpersecondas””&re&d.tbfa windcorrec-
tionof17 feetpersecond.At thistimethefree-streamMachnumber _..._~
was4.74.

.J

Drag

Thedragcoefficients,basedona frontalareaOf0.2485square- - –
foot,areshowninfigure3 plottedagainsti-free-stresmMachnumber.
Thebasedragcoefficientbasedonthethree-~ensi-~ theov (refer-

“6

ence1)wassubtractedfromtheflightcoastdatato obtainthedrag
coefficientof”themodelduringfiring. _

●

Acceleration
—

Thelongitudinalaccelerationaz asusedineq.ation(2)is
showninfigure4. Therocketmotorperformedwellunderthehigh
acceleration,reachinga maximumaccelerationof 77g.

Thrust

Thetkumsttimehistorycomputedfrom=@ation(23isshownin
-. --

figure5,alongwiththethrustcurveprovidedby ~okol Chemical —
Corporationfroma groundfiring.Bothcur=sshowan averagethrust‘-”
of 8,100poundswitha maximumthrustofapproximately9,500qounds.
The&ound firingtestgavea totalimpulseof
overanactiontimeof 3.1seconds.Therewas
duetothehighacceleration.

_*.. ..-—

24,380 pound-second
nodetrimentaleffect
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CONCLUDINGREMRKS

Theperformsmceofa Cajunrocketmotorinanactualflighttest
showsthattheCa@n motorwitha’7.5-poundnoseandan 18-poundfin
assemblyacceleratedto 5,268feetpersecond(Machnumber,4.74)atan
altitudeofapproximately7,000feet. Itsburningtimewas3.1seconds
withan averagethrustof 8,1oopounds.Therocketmotorperformed
wellunderthehighaccelerationof77g. Thethrust-thevariation
determinedduringtheflighttestis ingoodagreementwiththeresults
ofgroundfiringtests.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October17,1956.
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Photograph of nmdel.

1.- Test configuration.
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Variationofdragcoefficient.withWch number.A = 0.2485.
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Figure 4.-Lsmgitudinalaccelerationduring firing against time.
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Figure 5.-Thrust time history.
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