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I. INTRODUCTION

"ROCKET1®* is & BASIC comruter sroeram which can be used to
determine the flieht rerformance of model rockets. A mathematical
rrediction of burnowt conditionss maximum altitude amd totasl flight
time can helr 8 rocketeer select a3 model rocket encines choose 3 safe
launch site and imrrove the desien of his or her model rockets.

This rroaram solves the sroblem of vertical model rocket motion
bw  uwsing severasl assumrtions which allow the equation of motiorn to be
solved exactls or "analyticalle®. These assumrtions involve the boost
#hase of flieht where an averace thrust and averaee model rocket mass
are asssumed. The atmosrheric demsity and drae coefficient are also
sssumed to be constant durine the entire model rocket flieht. Frocram
"ROCKET1®* also comrensates for "mnorn-standard® launch sites which are
not at ses level and laurchirnes orn hot or cold dauws.



IT. USER INFUTS AND SELECTIONS

Froeram "ROCKET1* will eromrt the wuwser for seversl inrFuts
necessary for the software to work rrorerls. This is a2 descristion af
these recuests and a8 discussion of how the user should resrord.
Information which rertains to the model rocket encire characteristics
is available from marnufacturers' catalocs.

LAUNCH SITE ALTITUDE (METERS)?

The wuser showld resrond with the zltitude of the launch site relative
to sea level. This sltitude is irmrut in meters and is rositive for
sites above sea level and recstive for sites below ses level.,

LAUNCH SITE TEMFERATURE (DEG F)?

The wuser should resrond with the temrersture zt the launch site in
decimal deerees Fanrenheit.

THRUST DURATION (SECONDS)?

The user should irreut the total thrust durastion of the model rocket
encgine in seconds.

TOTAL IMFULSE (NEWTON-SECONDS)?

The user should resrond with the total imrulse of the model rocket
encine im the urmits uf newtorn~seconds.,

INITIAL MASS (GRAMS)?

The user should inerut the lift-off or eross mass of the entire model
rocket in Gcrams.

FROFELLANT MASS (GRAMS)?

The wuser should resrond with the erorellant mass of the model rocket
enagine in erams.

FRONTAL DIAMETER (MM)?

The user should inrut the maximum bodwy tube diameter of the model
rocket in millimeters,

DRAG COEFFICIENT?

The wser should resrond with the drac coefficient of the comrlete
model roclket. This number is ron-dimensiornal.
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After the rroeram has run it will =romert the user for arnother
selection. This is & descrirtion of esch eromet. The uwser should
resrond with *1° if he desires the rarticulsr selection or *0" if rot.

ANOTHER SELECTION (1=YESs 0=NO)?
The user should vresrond with "0° to exit the rrocram.
ANOTHER LAUNCH SITE (1=YESy 0=NO)7?

The wuser should resrornd with "1° to comrute the model rocket ficht
rerformance at another lasunch site.

ANOTHER ROCKET ENGINE (1=YES, 0=N0)?

The uwser should resrond with "1° to comrute 3 model rocket's +lieht
rerformarnce with 8 different model rocket erncine.

DIFFERENT MASS OR DRAG (1=YES, 0=NO)7?

The wuser should resrond with "1* to comeuwte the flieht rerformarnce of
8 model rocket with different mass or drase characteristics.

If another selection is madey the rroaram will aes3in execute the
rromrts necessarw for the new selection. If the uwser answers "YES® to
the rFromet "ANOTHER SELECTION® but does not actuallu make 2z different
selectiony the rroeram will stor after cucline throueh a3ll the
selection cuestions.



IXITI. FPROGRAM OUTFRUT

Froeram "ROCKET1" owtruts the model rocket aititude rerformance
in wnits of the metric swstem., The burnout sltitude and the mamimum
sltitude ares erinted in meters amd the burnout velocity is srinted in
meters rer second. Cosst time and total flieht time are rrinted in
seconds .

For users who maw want to see other wvariasbles wsed in  the
softwares *R1® is the lasunch site density in kiloerams rer cubic
meters. The variasble "X2" is the coast altitude increment in meters
and "K2"' is the variable 1/2 pCdA in the units of kilocrams rer meter.
*F1" is the averaece thrust of the model rocket encine in newtons.



IV. TECHNICAL DISCUSSION

Frosram "ROCKET1®* first converts +the lift-off arnd rrorellant
masses to kiloerams and determines the cross-sectional area of the
model rocket in seuare meters, The stmosrheric densitew at the launch
site dis then comruted as & function of the laumch site a2ltitude and
temrerature,

The burrmouwt asltitude and velocity are comruted with the followine
ecuationss

Xtra = (m/k) Inbcosh{td/my k{F-ma)> ) 1

Vo = (F~ma)/k  tanhltd/my k(F-ma) I

wheres

m = averace mass = lift-off masss -~ (srorellant mass / 2)
k. = 1/2 p CdA

p = astmosrheric densitw

Cd= draes coefficient

4 = cross—-sectional asrea
F = averace thrust= total imrulse/thrust durastion
td= thrust duration

The altitude Gained durine the coasst Tlisht and the coazsst time are
determined wsine the next set of ecustions.

Xe = (m/2k) 1n(kVbo2/me +1)
te = (m/ka) atan{Vbo vk/me )
whereys

m = burnout mass= lift-off masss - srorellant mass

acceleration of eravity

]
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The maximum altitude asnd totsl flieht time are civen by
X = Xbo + Xco

T = td + tco



V. FROGRAM EXAMFLE

The followineg is an exemrle of the rrocram rrintout which illustrates
the festures of rrosram "ROCKETL?,

Program ROCKET1

Launch site altitude (meters)
7 0

Launch site temperature (deg )
? 59

Thrust duration (seconds)
7 1.2

Total impulse (newton-seconds)
? 5

Initial mass <(grams>
7 480

Propellant mass <{(grams?>
? 8.33

Frontal diameter <(millimeters)
? 18

Drag coefficient

? .321

Burnout altitude (meters) 74.87
Burnout velocity (m/s) 118.36
Coast time (seconds) 7.93
Total flight time <(seconds) 8.13
Maximum altitude (meters) 451.39
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