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* Conservation of Momentum
[ Qq Exhaustive gas mass: -dM,
relative velocity: V,

——

Rocket velocity: before V—>after V+dV
Rocket mass: before M—->after M+dM (dM<O0)

(M+dM)(V+dV) + (-dM) (V-V,) = MV
dv=-vV,dM/ M
Integrating by M yields; V=V(initial velocity)+V, In (My/M)

Veolocity increment (AV) =Exhausitive velocity
X In (Initial rocket mass.” rocket burnout mass)

ZERIEDEZEIL?
| [ -

C——

1%t stage AV,=V,; X In(1% stage initial mass.” end mass)
e
——
2n stage AV,=V,, X In(2"9 stage initial mass.~“end mass)

2"d stage mass should exclude as much
weight as possible (such as tank,
engine mass)

e.g.)10/2 > (10+5)/(2+5) (if mass 5 remains)

Throw away the used structure and engines !!
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System Description
1. the earth
2. stand-by OTV
3. fuel station

4. desired orbit of s/c

Scenario

. launch from the earth

A
B. OTV rendezvouses payload
€. fuel supply
D. delivery into

the desired orbit

E. OTV returns to LEO
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Learning factor ; 0.83

10000 - 21 25

OTV NETWORK

5000
Shuttle/Centaur type

Total Cost (M$)

Hybrid type
(Atlas/Centaur, Ariane 4,
Shuttle/Centaur)
0 1 L L i
0 10 20 30 40

Number of Missions / Year

Fig. 6 Demand size vs. total cost
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BYDRXT >, 3 . . .
31 )03/7:7:11&022474*4?”’:1“@* Question 1 :Merit of Multi-stage Rocket
(B TAETA4TFIVRD)
[ Tt l R a —_—*ﬁr e v,f * Exhaustive velocity = g x Isp
o o N S 1 T — e.g.:LOX/LH, 4400m/s
i L T o /"““’ ANV VOO O LOX/RP50 3500m/s
A : - § : : NN S
. ;._'__Q,'.;;-sﬁ"_ﬁfﬁﬁ O SUUNE S SRS N B P j R S _ * Required increment to orbit: AV=12km/s
' 0 Bt T T T T « (Q1)If the rocket initial mass is 100t, then what will be
. o o g A [l EREE R % the burnout mass to achieve the required AV?
o [ S ";’f;?;; o : e « (Q2)If the rocket initial mass is 100t including 1% stage
e R o A e e mass of 70t (fuel is 60t) which is separated after 1% stage
e e ol : burnout, then what will be the burnout mass of 2" stage
P XN S S S S S S s N S S S to achieve the required AV ?
Question?2: Calculatlcl)ln of the velocity of Question 3: Transportation
satellite
Infrastructure
* What is the circulating velocity?  What will be the merits and demerits of
— Space station (height=400km) establishing an infrastructure of space
_ _ transportation using fuel stations, as compared
GPS star S(.egmen't(r 26600km) with direct launch of rocket ?
— GEO satellite (height=35786km) _ Technological view
« (note) Earth radius is 6378km _ Cost view
— Flexibility view
* What will be the orbital period of each — Other views
satellite above? First derive the formula to
calculate the period of a satellite with * All the three questions should be answered
radius r, and calculate the exact number. within 3b|1|)ages of A4 size. Japanese language is
* What is the meaning of GEO ? acceptable.




