AFFAFsHE 20058 A3 =F3 pp147~150 2005 KSPE Spring Conference

FFLAA§ A FAXN R BA Z2A X
%}QEH* . ?l.)g.ca** . o]f\;}z];**, 57]_7[5**, —9—%‘@**

Design Process of Liquid-Propellant Propulsion System
for Space Launch Vehicle
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ABSTRACT

Space launch vehicles mainly use the liquid-propellant propulsion system which has easy thrust
control ability and high specific impulse for that the payload like satellite and spacecraft should
be entered into exact orbit. However, the liquid-propellant propulsion system is very difficult to
develop because it is more complicate than the solid rocket propulsion system and demands very
high technology. In space launch vehicle developing procedure the system design level is very
important thing to reduce cost, shorten schedule, and improve the performance. The system

design process was introduced for selecting the best liquid-propellant propulsion system on this
paper.
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Fig. 1 Intuitive value of system design
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2.1 Design Process for Propulsion System
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Mission Level Requirements

- Mission Purpose
- Technical Requirements and Specification(TRE} & Limitations

.

Criteria for Evaluation System

- Feasibitity and Acceptability
- Quantitative Figures of Merit
- Qualitative Figures of Merit

I

¥

Alternative Mission Concepts

- Necessity of Several Mission Scenarios
- Orbits and Mission Profiles
- Decision on necessity of Propuision System{Engine, ACS)

!

Vehicle System & Potential Technologies

- Defining the Requitements of Propulsion System
- Estimation of Overall Vehicle Configuration

- Paramaters of Vehide Performanca

- Vehicle Configuration

- Past Solutions

-Propulsion System Requirerments

- Potential Technologies

¥

Preliminary (Concaptual) Deslan
of Liquid-Propellant Propulsion System

- Design Process
- Basstine Configuration of Propulsion System
- Enough Information to develop detalled requirements
for tha designers of individual components
- Engineering Principles, Creativity, Art, Intuition, Experience

l

Designs and Configurations Confirmation

- Feasihility
- Rank Feasible Options for “the best’ and 'the optimized’

I

Design Comparison and Best Option Baseline

Fig. 2 Design process for propulsion

system

2.2 Mission Level Requirements

Z2AE AFAZNE 7RRA] 97F310] FoiAd
ol Ediz vldE Aty Vled 870 74
(TRS) 2 AFxAS A48 vde 'KSLV-1 100kg

— 148 —



AR 2} o] WA, FolE, AT 54 Db
71és5}n), TRSS} ARZAL Table 1% 2& W8S 1
2fsjod Aejick

Table 1. TRS & Limitations
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2.5 Vehicle System & Potential Technologies
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Table 2. Parameters of Vehicle Performance
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Number of Stages

Number of Engines AV=9 km/sec
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Inert Mass Fraction |Maximum Inert Mass= 2000 kg

Specific Impulse  |Maximum Launch Pad Limit

Initial Mass = 23000 kg

Inert Mass
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Political, Economic,

Institutional Environment

2.3 Criteria for Evaluation System

o] @AldMe 71REAE T3 e AARE Bk
7] 91 IS A8 Wk 4% 7 R 78
7¥s/d 47, e AFAR) 7L A AL B
7} 5 718H0E A 71A el Stk olF 4F Ths
B R T8 7 ke 7P 39R Wiz A12E
o] 87T WSK=A, BT AR ol A, Al
25 o] Ao 38 M Wl =R 52 A8
ARshe Zol2].

24 Alternative Mission Concepts
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Specific Impulse Limit= 430 sec
Inert Mass Fraction Limit= 8 %
Transportable Mass |Find Ve, m, mi, mf, mprop,
Total Impulse, F/W
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Table 3. Propulsion system requirements
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26 Preliminary{Conceptual) Design of Liquid-Propellant
Propulsion System
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Preliminary Decisions

- PropeSants

- Engine cycie

s o e~ e Thi GOGHINY @PPTOACH

: - Combustion chamber prassare
- System mass & envalope

- Pressure level for feod systers
- Propellant mass & size tenks

S
l System Design l

i .
Engine System
‘L Thrust chamber

- njectors
- Wall cooling

Propetiant Supplying System

- Fuet supplying system

- Onidizer supplying system

- POGO system

- Pressurization] Ventilation system
- Vatve drive system

- Propofiant leeding system
- 3= Ignition system
- starter system

LRPS Operating System

- Progulsion controt system

- Propeliant conditioning system

- Interna! purgs system

- Extarnal therma profection system
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Fig. 3 Design process for liquid-propellant

propulsion system
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2.7 Design Comyparison and Best Option Baseline
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