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ABSTRACT

The system analysis and design program of the liquid rocket engine has been developed for
preliminary conceptual design process. The program consists of modular programs analyzing the main
thruster, the gas-generator, turbo-pumps, the turbine, pipes, valves and so on. Each module has been
developed in order to estimate performance, weight, and shape parameters of the components. The
results of them have been verified with experimental data or other programs.
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Assumption of coolant
temperature and coolant side
wall temperature
i
Calculation of gas side heat
transfer coefficient by
Bartz's correlation

l

Calculation of radiation heat flux

Pressure drop
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Calculation of Thermal
resistance by carbon
deposit

Calculation of coolant side
heat transfer coefficient by
experimental correlation

Calculation of total
heat flux

Update of gas side wall
temperature and coolant side
wall temperature

Update of Coolant temperature for
next grid point of nozzle

No

Iteration to grid point

Fig. 1 Design flowchart of combustion chamber with
regenerative cooling.
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—0—Req. Thrust = 30 tonf
—O—Req. Thrust = 75 tonf
—&—Req. Thrust = 150 tonf

Designed chamber profiles of 30 tonf, 75 tonf
and 150 tonf class engines.
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Fig. 3 Schematic of heat transfer and temperature
distribution near chamber wall.
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Fig. 4 Temperature distribution of chamber wall along
designed profiles.
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Design parameter :
OfF ratio, Contraction
Ratio(Ac/At), Chamber

pressure, Mass flow rate

Opposite-flow Diffusion
Flame model with premixed
propellant

Droplet model
parameter :

Initial droplet size, Initial

droplet temperature

SUPERTRAPP :
Thermodynamic properties of
kerosene fuel according to
temperature and pressure

Burnt-gas properties data
with fitted curve
(Temperature, heat capacity,
specific heat ratio)

Vaperization time
calculation with droplet
vaperization model

Chemical reaction time Minimum resicence time
calculation for chemical t = +1
residence time res “chem vapor
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Fig. 6 Designed profile of fuel-rich gas—generator.
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20 TS s T anan s pae gEFUSeA
(Initialvalue caIcuIation) Table 1. Design requirements of LOX pump.
l Section Value
Inducer design < Propellant LOx
) Mass flow rate (kg/s) 23.7
| Impeller design | Rotating speed (rpm) 50,000
l Inlet pressure (MPa) 0.3
Volute design Outlet pressure (MPa) 10.3
: ! : Inlet Temperature (K) 923
Discharge duct design -
Density (kg/ms) 1,110
No Vaporization pressure (A/Pa) 0.14
@ Kinematic viscosity (m?/sec) 1.68E-7
Yes
( END ) Table 2. Pump design program input values.
Fig. 7 Pump analysis and design process. Section Value
Impeller Inlet Eye Width (m) 10E-3
& ALEAY. 718 HAgd dagh A oA Flow Rate (m®/min) 1.281
71 Rd 2R Y =&t o257 E A" Discharge pressure (MPa) 10.
SA84ClE Ve s TpadAe 4e 2H Rotating speed (rpm) 50,000.
Ao o] 3} Fig. 5o e ick. Vane Exit Angle (deg) 30.0
Fig. 62 A2idzel ALY S et Vane Exit Flow Angle (deg) 183
O\jjj Ej:i] j&;i}fﬂgj :é%% ‘;:‘irjﬂ] i;ﬁ Vane Thickness Inlet (m) 0.025E-3
; 10 M;a OE]ET'— %%LH] o i{gcé;; Eﬁé ;; Vane Thickness Exit (m) 3E-3
b T3], Vane Number 6.
Vapor Pressure (JMPa) 14
24 B|RIT 9E Kinematic Viscosity (m?/sec) 1.68E-7
HEgze dzs dsAg dehe f33 Density (kg/m’) 1110.
FHog Axds pus] Fe oAzl
dgHez THESER she FA ot F=Z9 HAEE sloF ot FA Y HAAF= dol=
Exqde da4 e, A48, Wy, solz, =4 % &4 4B A7 ns FE P
Aol Y 8 nHSd B A 2 AgE] miel 9 Wz Yl g
TollA HEFEZ 1A A TEIH9S AR 123 i 2 HA zzaHo dueEL Fig
A, 489, HiFA, EFRE FELZ FASA 7% 2o
o Ae e7xdel x¥HE 27HS ddsid HEPzo £42 WiREHd(whE, e, At
AfA st B A4, F2F, N4, IAF Zrell o3k E£4)3 o|REddArtE, A,
59 F8 AFE Adedh. 28 a8 & A o £4)S nEEdon, &4 ALt
532 YUY 9dd 7Y AANSE 4 & NHEOR ol ASHE 4P SUYD
AR, AT, 707, SAMFAT doy 2] (empirical loss correlation equation)& ©]-8&3}
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Table 3. Comparison result of pump design program.

Section Wool8] | Program | Error

Head (m) - 918.3 -

S};)ecific speed
(m°/min,rpm,m)
Inducer inlet
diameter (m)

Inducer outlet
diameter (m)

Inducer inlet hub

- 339.2 -

0.049 0.049 0%

0.036 0.036 0%

diameter (m) 0.0167 | 0.0166 | 0.6%
Inducer outlet hub
diameter (m) - 0.0123 -
Inducer blade
length (m) - 0.128 -
Inducer inlet flow 85 3.8 2.5%

angle (deg)
Inducer inlet blade 0
angle (deg) 16.7 17.1 2.4%

Inducer outlet
blade angle (deg) } 279 )
Impeller inlet blade 18 18 0%

angle (deg)
Impeller exit
width (m)

Impeller Inlet )
diameter (m) 0.036 0.036 0%

Impeller exit tip 0.060 0055 | 8.3%
iameter (m) ] : o

Require power (kw) | 380 3503 | 7.7%

0.0082 | 0.0076 |7.3%

Efficiency n(t-s) 65.0 63.8 1.9%

Atk ERE
(expansion loss), &74<4  (enargement loss),
xEvkaEA(skin friction loss)Z YiFo] 11y
stk oF &4 T 99
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( Initial value Calculation) Table 4. Turbine module design variables.
l . Base
Variable ] Range
[ =, tan e line 8
Power (w) 1.62E6 25.0%
Speed (rpm) 20,000 | 120005X<300
Pitch diameter (m) 0.28 25.0%
Tip clearance Constraint by
(mm) 1.736 pitch diameter
Non dimension tip | 59062 )
clearance )
Leakage flow 01 Constraint by
factor ) tip clearance
END
( ) Inlet tot&}a)pressure 5.78E6 1%
Fig. 8 Turbine design program flow chart. Outlet static 0
pressure (Pa) 4E5 1%
80 1-D Program
70 ——KARI Table 5. Performance variable of supply system
. .. components.
&
£ Component Input Output
s 401 Inlet Diameter
2 " Pipe Pressure Pressure loss
w 7 p Length Weight
5§ 2 Roughness
= Type
104 Valve Pl}‘/essure ‘lj\l}eissﬁfe loss
. Velocity €&
0.10 0.‘15 0‘20 0‘25 0%30 0}35 0.110 0.:15 0‘50 Inlet Diameter .
Turbine Velocity Ratio, (U/Caq) Flange Pressure Welght
) ) ) - Inlet Diameter Pressure loss
Fig. 9 1-Stage impulse turbine efficiency curve. Bend Pressure Weicht
Bend angle &
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5 Rl —
(Resistance  Coefficient) H+v =47 4%(Loss
Coefficient)®] 2|02 FHHH,
L= (2 Jedd21]. AdA4 K = Eq. 3%
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Fig. 10 Flow coefficient according to hydraulic diameter.
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Fig. 11 Pressure loss of globe valve.
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