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s related to the part Rocket Motion of the course '
dﬂ ¥
punch vehicles are equipped with booster to enhance the performance o prof
hmmwhenmemdcetbsﬂllmhaavy.ﬁeboﬂﬁtﬂﬁamusualz:mmm
solid propellant rockets, clustered around the base of a large central re ignited
d propellants. Depending on the configuration, some of the boosters 2 the boosters
Y With the core engine and some may be ignited at a later time. In :

S

1orter burn time than the core stage, Flash-6
 being asked to evaluate the performance of a conceptual new rocket (Fire )
a central core and 6 boosters. Three boosters are ignited at the launch plamﬂ..e
sly with the core engine. After burnout they are jettisoned, and at the ﬂmuﬁaﬂua
boosters are ignited. They are also jettisoned immediately after burnout. The

ving design parameters are available:
nass of the central core rocket Mc, = 100,000 kg
ropellant mass of the central core rocket Mc, = 90,000 kg
st of central core engine Fc = 1000 kN
impulse of the central core engine Isp.=300s
' mass of each booster Mb, = 10,000 kg
propellant mass of each booster Mb, = 9000 kg
fic impulse of the boosters Isp, = 200 s
lo-weight ratio at liftoff Yo = 1.2105

- As already mentioned, the rocket moves perfectly vertical throughout the flight. In addition
\may assume that the flight takes place in a homogeneous gravity field (g = g, = 9.81 m/s2 =

- ant) and in vacuum. At the moment of burnout of the central core it has reached an altitude of
358 km above sea level.

_——

D assess the performance you should answer the following questions:

_
=

Compute the total lift-off mass of the rocket (2 pts)
Compute the thrust of a single booster rocket (4 pts)
Compute the burn time of the booster rockets (2 pts)
d.  Compute the total burn time of the central core rocket (2 pts)
- List the expression for the consecutive calculation steps that are needed to compute the
- velocity of the rocket at burnout of the central core (9 pts). Hint: In one of the steps,
an equation to compute the effective “average” specific rhpu@emrb&emmhedm
nes during the boost phase.

the calculations steps you have listed under e) and compute the velocity of the rocket

. burnou of the first set of 3 boosters,atbumuutufthes&condsetnﬁbuoste
of the central core. (8 pts) N

igl;t duration
on the ground. (4
n f), assume Ve, = 48285

oment of ignition of the engines until the core stage crashes
did not succeed in calculating the velocity under questio

3e Ihemmhrsequaﬂunaremtrequmd, butmybewb“, |

4
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a)Mtotal = 6DMbo +Mco

b) Y, = v T giveny, is for 3 boosters + core
0 0
WhereM, =M,
3F, +F
= qu - b c
MO @0
F = qu M 0 @o B Fc
=
3
F, =300 kN
Ot =% o R 1501 kgis
o rno Ispec,b @O ’
So the burn time of a booster is
t,, = 58,86 s
d) Use the same method as c)
t M, i F 339,789 kg/
P m=-——"—= ' gis
" mc lspec,c @0
t,. =264,87s

little check 'in general, the boosters have a shorter bure tiran the core stage'
so 2t <t, ., because in general you don't thasfithe core first and then the boost
So the core has a greater burn time

e) Here we are going to calculate 3 stages
first stage: core + 3 boosters @ lift-off
second stage: core + 3 boosters +isting the 3 empty booste

final stage: core + jettisoning the othen3pgy boosters

first stage:

r“r‘otal zrhc-'-sm
Ftotal = I:c +3|:Fb

- Fiota - 3, |:lFspec,b +m, DFspec
T My W 3m, +1m,

Calculate | g = |
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My, =M, = 160 (10 kg

Mei = Mg, —3IM, —m [,

The jettisoning of the boosters will be betweepstd) and (2).
This is because jettisoning of boosters isn't isegropulsion.

So there is no moméum change caused by the jettisonindpobsters
MO,l
Me,l

Vel = lspec,avg @0 Dh /\1 - go [ﬂb,b

N =

second stage

Use the same,l. ., , becausg, F, & g don'hgea
Mo,z = Me,l_suMbo - Mbp)

3UM,, -M bp) refers to jettisoning 3 empty boosters.

M., = M0’2—3[Mbp -m 0,
M.,
Me,2

VeZ :Vel + Ispec,avg @o [[h /\2 - go |:ﬂb,b

N, =

final stage

Calculate the remaining time of the carféer burnout of 6 booste
t =t -2,

M0,3 = Me,z_'?’[(Mq) - Mbp)

Mes =M, =M

For check one can use:

Me,s = Mo,s_mc i,

/\3 — MO,S
Me,3
Ve3 :VeZ + Ispec,c @o Dh /\3 - go [ﬂr

Don'tadd {, to\,, because)y is already addeu.to
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f)

first staye :

Mya = 798,52 kgl
Fow = 1,9 MN

| gocag = 242,55's
M,,= 16016 kg
M,, = 113010 kg

V, = 250 m/s

second stage:
M,,=1101G kg
M., = 6300 kg
V,, = 998,74 m/s

final stage:

t =147,15 s
M,,= 60010 kg
M., = 10010 kg

check:
M., =10000,04865 k

V,, = 4828,34 m/s

9)
To find the total time, we need to add up the l&utnme, the coasting time aride drop time

The coasting time can be found using:

tC:£

%

The coasting height i

I"]E:E\/e_?’2
20,

The maximum height of the rocket ther
h, =3581C +h,
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Now we can find the fall tim

1 2
h, =Ego [ﬂzjtfall :,/g;.i]a

Lo =the TE g

h)

useV,, = 4828,5 m/s as final velocity of ¢
t. =492,20 s

h, = 1188298,28 m

h, =1546298,28 m

t., =561,47s

toa =1318,54 s
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