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ABSTRACT

With the aim of being applied to the upper stage for a domestic small launch vehicle, a 3-ton class
hybrid rocket engine was designed and its unit component was manufactured. The paraffin-based solid
fuel and liquid oxygen were selected as propellants, and an elec-motor pump is used for the oxidizer
supply. For thrust vector control, submerged nozzle that utilizes of Flex Seal was adopted,
regenerative-cooling method is applied for nozzle cooling and using liquid oxygen as a coolant. This
paper introduces regenerative cooling channel design and manufacturing status of the development

model of nozzle assembly and future test plans.
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Fig. 1 Schematic of submerged nozzle with FSA.
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Fig. 2 Regenerative cooling channel design concept.

Table 1. Nozzle configuration.

Parameter Value

+ Nozzle Configuration (inner wall)

- Thickness [mm] 0.6
- Thermal Conductivity [W/m - K] 20

- Coolant Inlet Condition

- Pressure of LOx [MPa] 7
- Temperature of LOx [K] 100
- Mass Flow Rate of LOx [kg/s] 7.5
+ Channel Configuration

- Number of Channel [EA.] 100
- Width of Rib [mm] 0.5
- Channel Width at Throat [mm)] 2.1
- Channel Height at Throat [mm] 2.0
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Fig. 3 Heat flux input with axial direction.
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Fig. 4 Temperature contour of nozzle inner wall.
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Table 2. Difference in LOX thermodynamic properties
by regenerative: cooling. Szz:i:f;:i"::;;ttfx_”:Mpa
Ozva(us UR1=UR2=0)
Temperature [K] | Pressure [MPa] P A
Inlet 100 7 Z -
Outlet 170 5.55 >
A 70 1.45
@ Z'SYM(U3=UR1=UR2=0)
@ XSYM(U1=UR2=UR3=0)
8 Fig. 6 HyPER-3RCC boundary condition.
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7 [] g , :
\ : < Max. Stress : 919.8 MPa < Max. Displacement : 0.236 mm
6 liqu —_Outlet
C.P ‘
= 5
=
o 4
2
1
T.P
0 54 74 94 114 134 154 174 194
Tempreature (K)
Fig. 5 Oxygen phase change in the nozzle.
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Table 4. Preliminary design results of internal ballistic
of hybrid rocket motor(@ sea level).

Subject Value
+ Requirements
Averaged Thrust [ton - f] 3.2
Operation Time [s] 500.0
+ Calculated
Chamber Pressures [MPa] 35
Nozzle Throat Dia. [mm)] 83.5
Nozzle Exit Dia. [mm)] 240.1
Specific Impulse [s] 297.0
Fig. 11 Additive manufactured LOX regenerative cooling Table 5. Nozzle contour preliminary design resuits.
nozzle mock-up.
Parameter Value
Table 3. Requirement of parameters after AM and Entrance Contour Radius [mm)] 62.6
verification results. Initial Diverging Contour Radius [mm] | 15.9
Parameter Requirement | Result Initial Diverging Angle [°] 23.0
3.79+0.19 3.87 Outlet Diverging Angle [°] 13.0
Weight [kg] . .
(3.60~3.98) (pass) Diverging Length [mm] 263.6
+ Expansion Ratio 8.3
Rib Thickness [mm] 0.50+0.02 0-50 P
(0.48~0.52) (pass)
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Table 6. Preliminary design results of FSA.

Table 7. Results of nozzle preliminary design.

Subject Value

Subject Value
Shim Material Silica phenolic
Pad Material Rubber
Front/Rear Ring Structure Aluminum
Thermal Boots Material EPDM
FSA Operating Angle [°] £5
FSA Maximum Angle [°] +6
FSA Minimum Diameter [mm] 210
FSA Pivot Length [mm] 164
Shim Thickness [mm] 3.0
Pad Thickness [mm] 1.5
B, B, B [°] 45, 37, 53
¢ [°] 10
Shim Stress [MPa] 1204
Pad Stress [MPa] 0.69
Estimated Total Mass [kg] 59

- 7 Geometric pivot
7% \ point, common
Inner Joint angle B, // f ,\ center for all

joint radii

Reinforcement

Fig. 12 FSJ design parameter{11].

A& Table 60 2F3} T

423 & IR of|MdAH et

e =P AudA Aot EEE 4z
Table 7% Fig. 13°] UERATEH

B A7 =& =8A= 37 F3 3L A
A, BAhe] ¥z 7)Eo] AHgdH

Materials of Applied Composite | Silica-Phenolic,

Material Rubber, EPDM

Aluminum, C-103,
Inconel 718

Materials of Applied Metal

Total Mass [kg] 39

Nozzle Throat Dia. [mm)] 83.5
Nozzle Exit Dia. [mm)] 240.1
Nozzle Expansion Ratio 8.27
Specific Impulse, vacuum [s] 325

Front Thermal
Resistance
Composites

Flexible Seal
_Ass

Regenerative
Cooling Channel

Nozzle Expansion |
(Radiative-Cooling)

Fig. 13 Schematic of nozzle assembly.
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Table 8. Test plan of hybrid rocket motor assembly with regenerative—cooling nozzle.

Step STEP 1 STEP 2 STEP 3
- Analysis of busti - Liquid
Objective nazysis (,) com Tls on qu o*ygen . - Engine system test
& regenerative cooling regenerative cooling test
LOx (Oxydizer) LOx (Oxydizer) LOx (Oxydizer)
Engine
schematic
< LNz (Gooiand = Lox (Cootant Lox (Oxydizen)
Coolant Liquid nitrogen Liquid oxygen Liquid oxygen
Oxidizer . '
supply Separate storage tank Separate storage tank Regenerative cooling system
- Combustion efficiency + Heat transfer + C-D nozzle performance
Evaluation | -+ Combustion instability + Coolant temperature * Long-duration possibility
- Heat flux profile - Pressure drop - TVC operation
o, @AE AGAF S ool A2lstal Table 8 HA s BAAR st AYIL =E5 A
o gefshitt.

stgTh o2 98 AW wZeo HA, 4
g s

S12A b aEse] BAF {AIQd AAE
25 YAAE A8 AZdLAHeld AY

FHoZ= Mdnd A4 B4 BA 2 W ARYZ =& AsH25 A8e Agsta o
Ad s 1@y ol AP =&l HgH slolHg= A A
< 20HA A AR AANGAE FAAR H 83 7] AALaAZre] HeSlER, BEE e Ay
5 HE AZ"HINA ASAE dAxAHE F AHA dEQiRle g &80 Jhed ALE 7Y
Fat= Ao (ALt Al Z37 o Hr.
2= dALMAE QYIS B4 B4 Z CPD
A AaE HAF3H7] Hgolt
- 3GA - AL AREEH AAHALE AxA z 7
2 A FFste B9 AFAaAE (vlE
2y FY3 A= FA)olth AlY HHO B dFe dadTFAES 53 JIgreH R
2= ANxH AF A5 € vdnd J848 FAE AYEAA MEGHF ALAG'Y XY
A4 8t7] A goltt < Hho} e 5 5(RS-2022-00156393).
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