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COMBUSTAO

Since the beginning of man's exploration and utilization of outer
space, many types of propulsion systems for space vehicles have been
develop. In the past the major controlling factor in the choice of a
propulsion was that of the technical capability on hand for designing
and producing the system. Nowadays, however the propulsion enhgineer
has at his disposal such a wide variety of materials and
manufacturing processes that the proper Choice cof a propulsion system
for a given mission is not entirely clear. Here we present a simple
method for the rapid determination of the beat system given a minimum
knowledge of the mission requirements and the materials on hand.
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INTRODUCTION

8ince the beginning of man's exploration and utilization of outer

space, many types of propulsion syatems for space vehicles have bsen developad,
In the pant the sajor eontrbll.tn; factor in the choice of a propuleion eyatem
was that of the technical capability on hand for designing and producing the
system. Nowadays, however the propulsion enginesr has at his disposal auch a
wide variaty of materiala and manufacturing processes that the propér choice of
a propulsion aystem for a given aission is not entirely clear. Here we present
a =imple method for the rapid determination of the beat eystem given a minimum
knowledge of the mimsion requirements mnd the materials on hand.

THE METHOD

Propulsion syatems are etudied by defining various parsmeters that
relate certain masses of the eyatem. We assume that the total mess of & space
vehicle is composed of

Mp= Mo Mg+ Ny (1)

where l!P is ths propsilent muss carried for use during the life of the vehicle,
Il's is the mame of the structure sssocisted with the propulsion systes and "PL
is the reat of the masa of the vehicle. We define

€ = S—= ., 8 atructure coefficient
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How P . a maga efficiency

"

The ¢ paramster can be found in any text book of rocketry, but our
nads efficiency, n, is new. We balleve it to be spacifically applicable %o
apace vehicles which must be launched snd therefore subject to a wors or less
riglid total nau conetraint, 1.e., !l! in fixed.
The squation of motion for e vehicle in orbit subjesct only to the
propulsion syatem thrust force cen be re-written as
8Y_
. - eloIlP

" ¢« -1

2)

where 4V 1a the total velocity increment required during the vehicle's mlssion

life, Isp is the epecific impulse and go the gravitational conatant,
If it 15 aapumed that the propulsion system structure is dominated by

the propellant tanks and, further,the tanke are spherical, it cen be shown that

(slr + (OF} su) °

{3)
t -
{8' + {OF) BOJ R S (OF} .,
where
P
L3 (4)
ﬁr « {1+ e -1
P
-1 3 - (B)
80- 1+ 20- 1] 1

snd OF is the oxident/fuel mixture retioc by volume, p fe the denaity, P e
tank pressurs, and ¢ is the tank materisl maximus permitted tensile stress. The
subacripts F, o, and » refsr to fusl, oxidant and structural saterial,
reapactively.

In Table 1, satimates of thess parameters are presented for various
propellants. The compressed cold geses are considered to be at 300K and 20ata .

while the condenged cold gases are at the vapor preasurs corresponding to that
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temperature. The monopropellant hydpazine is ansumed to be stored at 20atm and
the bipropallantes are stored at 200atm with chemical reaction taking place in
the combuation chamber at 87atm.
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Table 1. Propellant parameters for eome
different propulsion eystema.

Figure 1 compares the mass efficlency for the various gystems ns =
function of the 4V migsion requirement. It can bs seen that at low 4V there 1is
not much difference in maess of ficiency betwaen the sysmtems. This is becvause the
pro?ulsion aystem is not & major component in the total mass of the vehicls and
for such misgions the propulaion unit should be selected on the basis of some
criteria other than mess efficlency.

However, as the AV requirement inereases, the propulsion eyatem mass
begins to dominste, and differences in mass efficiency betwssn available
systema becomes extremely important and should be the determining factor in

syaten gelection.
SENSITIVITY ANALYSIS

In comparing the resulta in Figure 1 with the differsnces in
propellant paremeters in Table 1, 1t can be seen that'the structure coefficient
¢ can be more important than the propsilant Isp. The sensitlivity of the vehicle
mags efficlency to thee® parameters can be studied by taking the mathematical

derivati{ve of Bq (2) to obtain
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or

d Tap.
& x, 4 ., dlsp {6}
n L4 Isp Isp

Eq. {6) shows the sensitivity of the mags erfficiency of eome given

base line design to changes in the parameters. The seneitivity coefficlients
are easlly found to be

€ egolap -1
-1 &V

I
- Jolep

and
-V

. -2y .‘01 Bp

Isp  golap

=L
ol
- JKol®P

The ratio of these two coefficlents is then

x 1 +8¥
- < i L,
€ Exiop Zolap
= - —Ji1 -~ ¢
X av £ -1
Iep

which ie shown in Figure 2.

It i5 worth noting that the scale 1s in Logl and that at small values
SoI I
of —-——- the x is some 400 orders of nagnitude greater than X P’ As sf;—p
-1
increases the two coefficients rapidly approach a common value, 1.e., their

ratio becomes 1,
It 1= easy to see that the idea of senaitivity coefficients can be
extended to the parameters that make up ¢. For example, the sensitivity of a

given desipgn to e change in atructural material could be studied by Forming
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Figure 2. Comparison of the pensitivity coefficients in
terms of orders of magnitude.

or for & change in propellant density

[ _a,f_)
% ¢ Xe 5y

and so forth.

CONCLUSION

In closing we point out that the methodology presented here includes
all of the pertinent parameters of a propulsion system esuch as thes operating
presgure, structural materisl. and propellant characteristics in one simple
expression that can be mathenatically manipulated. The formulation can be
incremented Lf desired to include such things as interactions between 1sp end

¢ through the adoption of differeat nozzles, combustion chambers, injections

systems, and the 1ike.
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