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Propulsion System

4.2.1 (Solid Rocket and Liquid Rocket)
solid
propellant rocket systems liquid propellant rocket
systems
solid rocket motor
liquid rocket
engine
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4.2.2 Liquid Propulsion Systems

4.1.2.1 (Tank System and Engine)
42 H- 2
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4.2.2.2

Liquid Oxygen LOX 90K 180
C2Hs Ciwo Cus
CHA4 112K 0.455

LOX/Alcohol Isp, 287sec.,LOX/kerosene Ilsp, =300sec

NTO
N204 Nitrogen Tetra-Oxide NTO
storable 22
N2H4
Unsymmetrical Dimethyl Hydrazine:
UDMH :NH2-N(CH3)2 0
UDMH 50
UDMH 50
A50 25% UDMH75% UH25

NTO/Hydrazine Isp, =292sec NTO/A50 Isp, =288sec  NTO/UH25 Isp.,



=278sec

liquid Hydrogen LH2 20K
Isp.,, =452sec
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4.2.2.3

MR

mixture ratio
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4.2.2.4 propellant feed system
4.5
pressurized liquid propellant feed system
N,N-2 2

turbo-pump propellant feed system

1.2Mpa
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4.2.2.5 (Engine Cycle)

(Gas Generator Cycle)
(Tap-off Cycle)
(Expander Cycle)
(Expander Bleed Cycle)
(Two Stage Combustion Cycle)
(Gas Generator Cycle)

Gas Generator Cycle
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expand

4.9 cooling jacket

4.9 (Expander Cycle)
(Expander Bleed Cycle)
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Two Stage Combustion
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4.2.3 Preliminary Design Calculation
4.2.3.1 (Ideal Rocket Engine)

(frozen equilibrium

condition)
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perfect gas ideal gas

(Perfect Gas)
(Isentropic Relations)
(Quasi-one —dimensional Flow)

(Equation of State of Perfect Gas)

pV =const. R. Boyle (1627-1691)
pVv L. Gay-Lussac (1778-1850),Charles
pVv = g kT R.J.E.Clausius (1822-1888)
pV = kNT J.C.Maxwell (1831-1879)
(ideal gas) perfect gas
pv:—p:Rqu:rRT (4.1)
r
P N /m?
v m?/kg
p kg/m?
R Nm/kgK
T
R(
R=— 4.2
= (4.2)

R(=8314 J /Mol : K
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4.2.3.2

kg /Mol

28.8 R=RY M =8314/28.8 = 287 J/ kgK

M
(Isentropic Relations)
Jki(k-1) .k
p2 — £—2 9 — H 2 9
P &g T
(=%
\'
Cp
CV
(Quasi-one —dimensional Flow)
r uA = const.

dp=-rudu Euler
(Compressible Flow)
(Speed of Sound)

a= @g =« kRT
gdr 2
(Energy Relations)

T_0:1+u[\/|2
T 2

L k/(k-1)
& :gi+_k- 1|\/| 22 1
p e 2 2

,1/(k-1)
r_0:8'1+u|\/|221 '
re 2 2

D’Laval Nozzle

Nozzle Flow
Velocity
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T, _ép.u
- —e_u
P. =T RT,
p.43
145 3200K
0.04m2 15km
k=1.3 16 15km(pa=1.211x 104Pa)
R= RY M =8314/16 = 519.6[J / kg XK]
C, =kR/(k- 1) =1.3" 519.6/0.3= 2252[J/ kg*K |
(4.13)
kR ¢ e o o 2°1.3° 519.6, ¢ & 1211 10 02_32@
u, = —Tcgl Pe 2702 |2 20 9290 5509 & D2
k € Cp. gy U 0.3 9@151.01310,39
e s e s
= 3408 [m/ s]
(4.20)
(4.19) (4.14)
m = r eueAe
A
(4.1) (4.3)
A
(4.16)
(4.19)
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k+1

. K &2 o1 . . a5 1.3 &2 o3
M= peAy|—— =27 21457 1013 10°° 0.04|——> 82 2 —304fkg/s
PeAV R, S+ 10 4\/519.6' 32006235 lka/s]
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(4.3)

- 13
p. _&T 01 1211 10° 2T, "3
p. §T.5 145 1013 10° 3200,

0.3
& 1211 10" o3

45 1013 1005 621[K]

T, =3200°

(4.1)
_ p, _ 1211 10*

r =
° RT, 519.6" 621
(4.14)

= 00375 [kg/ ¥

304
r.u, 00375 3408

e-e

A = 2.379 ]

4.7)

4.2.3.3

characteristic exhaust velocity

kRT
C* = p‘;np‘ = ! =3¢ (4.22)

o1 i1
k a2 Qk—l K é 2 l;|k—l
RT, 6k +1gp 8k +14

Thrust Coefficient




k+1

_ P _|2&k*Pe2 g1
Cf - - Q = (;1-
PA k-1lek+1lg 8
Pe = Pa
C*€, =C
NASA
(effectiveness)
1)
(2)
(effectiveness) NASA
(robustness)

Pe - Pa

¥a (4.23)
A

optimum expansion

(4.24)
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(3)

200 500km

200 300km

GTO

200-300km

50

(Low earth orbit

LEO)

(Van Allen belt)

(Geostationary transfer orbit

(Decreasing failure rate

21

(Bath-tub)

DFR)

300

GTO)



r+1
n+2

R(t) =

(Constant failure rate

(Increasing failure rate

(Subjective probability)
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