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FEATURE ARTICLE

Trends in High-Power Model Rocket
Motor

By Bsry Rosenfield

for the 80’

First off, I would 11ke to correct a few ltees in the
wnke of part 2 of this serles. 1 mentloned it in ey sanu-
script Wit for sose renson it never appeared im print, The
F.5.1. Thundertolt was the only cossercially available sodal
rocket moter using a plastic composite propellnnt fashioned
in & graln geomstry sther than a restricted core Wurner.
The Thardertolt (ne longer avallable) used a hexngomnl
center port alteut 1/2 inch ncross.

I mpologlze for not sentlonlng one other importast
graln deslgn that has comé upon the sodel rocket sceme reca
ently. I'm talklng aboul the RogerJst, the most slgnificant
sodel rocket Botor development since the Bock-n-chute. This
innowation, ploneersd by Hoger Johmson of Faloe Alte, Ca.,
consists of A fres atanding graln epoxled lnside n flter-
glnzs ease. The propellamt turns In A totally regressive
sanner (see fig. 1). Using this technology, Roger was able
to preduce the world's largest *D* engine, a full 1.125" 0D
x 5.00" long., Kaxisus thrast with this configuration occurs
while the rocket I= still on the lsuncher. This nccounts
far the sxtresely guick 14ft off that is characterietic of
Rsgerfet propelled rocket vehicles.

Finally, in reference to the grain deslgn showm In
flgure 2 of the last article; the text should have read

"With an L/D ratlo of 1.75 and ..."
Inatend af "1". Using this deslign, n 1L/D of one results in
A regressive trace.
FERFORMANCE OFTIMIZATION

What does that sean, mnyway? There are lots of per-
formance factors 1ike veloclty, altitude, slnimus drag,
payload 1ifting capability, coast tisa (const time?!7), ate.
In this artlele T ennt to deal with the performamce factors
that the motor or motor deslgmer I= capable of Influencing.
These factors nre controlled by n) Deslgn envelope
b} turn time c¢) thrust curve shape and d) motor welght
nnd mass fraction.

The de=zlgn envelope 15 sleply the shape or packnge the
motor fits or 1s descriled by. Slace our sedel rockets are
subject to alr drag, and that drag 1= dlrectly proportional

to the frontal aren of the Bodel, 1t 1z desirealle that the
Eotor be Az =anll A diaseter ag possible. Alse, Eost roc-
keteers 1lke to use motors of a "standard” dinmeter to
allow thee maxisue flylng versatility. Today's standard
Eotor slzes include the 18am x 70m= (Estes "A-C' slze) amd
the 2iea x P0wm (Estes *D* size). It is possible to Fit A
composite propellant *D* dnto m "C* sized cnase with 11tkle
difficulty., The old Emerjet D21 iz an example (although 1t
was & J1ttle long at 3.0°). It is possible to fit a full
'E' performance into a *D* sized cnse, ms Componite Dymam-
icz haz done with thelr EZ20 motor. The Crowvn E4S ds DY
dinseter, Wit 15 3.25" long. The early Enerjet *F* motors
used A 1.125" diaseter case, 5 long, but the oply mamafnc-
turer currently saking motors of this dinseter is Crown.

It will protmbly reeain a standard slie for sose speclalty
madel rocket Botors and for "G-I' class professional type
racket motors. Cosposite Dynamics 1s the only cospany
currently sarketing an *F* motor im the "D' dlameter cass,
It {s about 4.6% long mnd will fit any Estes *D* rockel as
long as the engine block is resoved (mlthough 1t's thrust
lavel ls too high for soms of thess rockets). It is possi-
ble to fit &ms (*E*) into & "C* sized case of sufficlient
length, likewise for Bons (*F* - boy would that e & long
motor!). But eanufncturing sconomlcs and buyer preferences
for exact replacesent motors will prolsmlly keep the "E' and
'F* in thelr current configurations, except for some spec.
ialty and contest applicatioss. I have yet to zee n new
'C* mlze D" pake 1t°s debut on the market,

Model rocket velocity and/or altitude performance is
governed Inrgely Uy the motor Warn tise. In the absence of
alr, a sodel rocket's barnout welocity is gives by the
equazian;

Cravity x Specific Tepulss x (Fatural Log of the Mass

Antio) - (Gravlty x Burn Time) or

ar'ptlnhlﬂ - (g7) for short.

The pazs ratio i= sieply the loaded welght divided by the
turnout welght.

Let's take m look at the theareticnl performance of a

hypothetlcal mode]l rocket:

futside dia. 1.0"
Total ispulse foms
Burn time 1.0 sae,
Totml wet. 20 1bs
Fropellant wgt. L0925 1.

The walues for the total welght and propellant welght are
what I consider state-of-the-art 1imitz ta highest perfor-
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samce. That is, current propellantsl_'s dlctate the pro-
pellant welght of .0925 |b, for Soms and .20 1bs. 1 aboat
the 1ightest posslble total welght. Flugging im thess
ralees in sur equasion, we d1scover cur sodal 1= capabln of
About 3,851 feet per second (2,626 sph). OF course, we don't
fly cur rockets in n waeuus, and the actual ternout Telocity
for cur sodel i near 2,790 fps, Interestingly; 1t ia
possille to approach the theorstical walue, I not reach 1t
exactly, even 1n the atmacsphere.

brag 1s found by the equasion:

1/2 x Drag coefficlent 1 Crose =ectlonal area x Alr

denslty x 1'1!1].|:n:|'&]l‘E ar

lfa:p;n‘

The drag cosfficlest 1= A disensloniess walue which baslely
describes the shaps of the model and It's resistance to the
airstreas, Alr density is im "slugs" (anee? S gravity,
32ar rm-nal and cross sectional area iz 1n square feet.

The ansver coses out In pounds force. We'll n=sign a
drag coefficlent of & to our sodel (n typleal walue for
hlgh perforsaace desigm). Uslng the parnmeters glves for
our hypothetical rockst we come up with a drag walee of 38,5
pounds force at the drag free bormout veloclty of 3,851 fpa.
How notlece Ehls. [If we decrenas the motor bars tise (and
increass the thrast) so the total ispulse resnins the same,
we 5till get the same turmout weloelty. This is brue beco
nune neglecting gravity losses (which are very small for
"short’ burn times), the barmout weloeity is Independenmt of
turn ties (In A mcom). See flgure 2.

Az the arm tise of our rocket approaches zero secopds,
the thrust approaches infimity. But the saximus drng resaims
the same! Just as & flnite thrust 1s isfinitely largsr (in
relative terms) than the "drag force® Im A perfect wacuss,
our thrust becomes "Infinltely” larger thnn the flzed drag

3.0 3.5 [ b5 5.0

valus. Obvisusly, we o't sake our thrust Isflsitely large,
tat the point Is that the shorter the barn tiss, the higher
the tumeut welocity will be bored on a flzed tolal Umpalse.
Thrast curte shape comes into play, also, Assusing a flzed
turn time, a progressive time thrust curve 1s desirable for
eaxlmum veloclty performance. That's becsuge high thrast
1sn*t needed at low velocitles where drag forces are low,
Thare I8 sosething that should be mentloned here. In the
reglon of about B00-1300 fps (.75 - 1.2 each) thers 13 a
drasatic Inerense In n rocket’s drag cosfficient, sobetises
golng to .B or more. At welocltles greater than this, the
drag coefficient decreasss, nnd can be as low as .2 or o
depending on the veleelty. Presumably this 1= dus to inter-
nctions of subwonle and supersonic alrflow on the sadel,

In any case; a rocket spending tise in this region will
exhibit a lower perforsance than that calculated usleag a
subsonie drag coefficlent. Rowever, simce the t:n is nat

an eXponisfitial term, an average walos may be taken for it
{valch con be determined experisentally) and applled to

the drng equasion.

It 1= isportant for welocity perforsance that the
total welght of the rocket and the tody diasetar b= as
seall ns posallle, and that the mase Tatis be az large as
potsible. That means the use of high enerey coeposite
propellant, small diaseter, lightwelght sotor cases, and
slnims disseter fenthervelght rocket shells, Clenrly,
ihere is o tradeoff here betwesn Einims= welght and suffic.
leat wehicle atresgih to withstand the forces lmwelved.

Model rocket altitede perforsance demasds & somevhat
different sat of parnsetears. For a flxed burs tiss, ths
grentest altitude parformance does not always result from
& plnimum rocket welght. In the case of our hypothetical

Contimied on page 16
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model; n 1iftoff velght of .40 1ts, 1= required for anxisus
altitude, This 1s what is referred to ng "optimum welght®.
Optimun weight can become minisus welght in certaln cases,
especinlly with long sotor turmn times. In order to explore
this aren of "optisus bum tiss versas optisum welght®, 1
recoemend & TI-5% calculater/printer with a falrly siople
mlllstics algorithe,

This progrom evaluates rocket tallistics during turn
vith fterative calculations every .10 second, then enleu-
Intes const time asd peak altitude wsing n 48 fferentinl
equation mnd dlsplays the results. Decreasimg wehicle enss
durlng wrm and decrensing alr denslty are taken imto
account, Since the TI-59 1s very slow in operatiom, the
progras wns eodified to display only barmout welocity,
Tornout mltitude, coant time, and peak altitude, After
ench performance analysls is completed; the calculator adds
05 1b, to the toten] welght and refipares vehlele perfor—
mance. When the totnl weight squals 1.0 1b., the progma
adds 1.0 second to the barm tiee and resetz the totnl weight
to .20 1bs. Alsa, the program add= 1.0 second te the bum
timg wvhemever tha total welght Is greater than the thrust,
thus saving additional time. Calculations stop when the
larn tiee reaches % seconds (am arbdtrary 1isit). Ewven
vith mutomatic prograssing, 1t took the TI1-59 nearly n week
to coaplle the data showm Im Mgurss 2, 3, and b,

The performance data are s agreement with work done
by J. Pat Miller, ¥4 Brown of Estes Imdustrles, and others.
That is, maxims altitode results froe a soter with thrust
nlout twice the total rocket welght, assusing a slmisus
dinseter rocket and optlmus welght at each bam time,

The progrea nssusptions included a 1.0% tody diaseter,
B) mewtsn-sesonds total 1spulse, 000 feet launch elewation
(similar to Lucerne Dry Lake, Callfermia), vertical f1ight,
nnd An oaverage Arag coefficleat of 0. This wilue i=
nctunlly low for the shorter turn tise data, so those dala
are megvhat optimlstic. Az the bummout veloclity drops
telow mach .80, the performance figores come closer to
reallty.

As you can see, optlsum altltude performasce of the 1.0
inch diameter, Boms design s obialned with a Wurn tlme in
the B8-%0 mecomd region. Aleo, optimun weight for these
velocities Is slaply the 1ightest welght possitle; actually
1lghter than the sotor 1teelf. One can se= that motor
velght and mass fraction play a large mle in detersining
the performance of long urm rockets. These vehicles spend
moet of thelr turn times at & rather comstamt welocity, so
a preferred throst curve shape would bring the rocket wp to
thie "craize velocity™ rapldly to minimize gravity losses,
and drops to A level which saimtaine this velecity until
amout. Long lurn rockets get most of thelr altitode
furing the potar turn, and short tarn time rockets during
the coast perled. The long Turners wiem becnuse they trade
gravity losses [which nre constant) for drag losses (which
nre Telocity related by n square functlion). The lors arn.
era loze only whem the gravity losses excesd the drag locees
om n fnst model, vhich doesn®t happem wuntll the gravity
1ossee are greater than half of the model"s nccelerntion
lue.

At this polnt, & few practicn]l conslderatioms are in
order. This mathor®s experience has shown That twelve
gecond ture times vith rockets of 1.22* dinmeter and BOns
are alout the longest obiaimalle nnd sti1l eaintaim A verti-
cal flight. 1 sssums that the 1.0 dismster vehlcles could

take a longer turm, possibly ns lomg ne 15 seconds, Amother
thing is that sotor case henting problems on the lenger turn
motors nre conslderalle and the 12-15 secomd urn may Le A
practical 1imit from this nspect also. However, 1t is
obrious that the performances ml even thess tumn times
excesd anything obtainable with existing motors, and re-
main as gonls to be achieved in the BOYs and beyond as new
techaigues and technologies become amailable. MNodel rocket
perforsance 16 general bas n long way to g0, and hopefully
this and other data will encourage developments in this
fleld. '

HIGH THRUST
VS. DRAG

or How to Cope with the Erlck Wall

By dim Tucci

Tou have just finished that once io a lifetise sodel,
you kmow, the twelve oot job that weighs 500 grams. Only
omng thing stops you from running out to the field and tak-
lag the floal step. What kind of engine will 1ift the
beast? 5o you dash down to the mearest hobly shop and pro-
cesd Lo lonspect all the engines on the shelf.

Lei"s see, three D12's will 1ift 1t, or how aloul &
coiiple of F100*s. Those F100"s really push. 5o you settle
far thres FI0O's and electrie matches for 1gnition and a
twenty dollar W1l slzed hole in your wallet. Off you go
to the launch fleld with your pride amd joy under wing.
Five, four, three, two, one, liftoff! A large tall of fire
erupts from upder your rocket. It leaps for the sky,
accelerntling rapidly, them the rocket stops 1ike it kit a
brick wall, ike chule opens and you're happy, excepl your
ivenly dollars bought you two hundred feet!

Well, there are Bany ways o send large models Lo
greal aliltudes, The sost cossonly wsed one is clustering
a5 described above. Bul whesm one trys to piles on the eng-
ines you also pdle o welght and drng. The cosmon view is
Sore throst the higher the rockst goes. This works very
well without an at@osphere, however, the Eavlrosaental
Frotection Agency frowms on mimosphere resoval. The lay
rocketeer, or "mitzec™; as they are called by us Florida
idlots, believes wvholeheartedly In such mystlc Lellefs;
however, the modern alchesists (1.e. Physisista) have
discovered the reasom behind the "brick wall effect™; Drngt
Yes, drag, that Systlcal pain in the meck ome bhears such
talk about. Butl, 11ke the weather, nc one does anything
aloul it. Well, alsost. [Drag comes from samy factors such
fg alr dessity, welocity, frontal area, ete. However,
w5t of those we can't conirol or reduce, The omly faclors
umder our conirel are the sode]l pamseters, sach as frontal
area, surface finish, etc. Velocity cam also Le controlled.

How averylody has read (I hope) the mountais of dreg
1iterature and knows all about nles finishes, pop lugs, and
tower lauschers, so 1 w111 not go late sore of that. MWell,
thnt leaves velocity; vhat can you do about velocliy?

To get & better lden of what changing veleclty can do for
you, let"s examing our 900 grne beast with the three FID0's.



