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Introduction - Wonbee Kl W\Cl"\l
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Paichai High School (2025~)
Experience & Awards

- Samsung humantech paper award(32th) - Gold prize
- Overpace Kaist - Researcher

- Bi-propellant rocket development

-  GNC test platform development

S>>
RO DEaCE



Introduction - Wonbee KI I’V\Cl"\)
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Liquid Rocket R&D Solid Rocket R&D GNC R&D e
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Introduction - Hyunsoo Kl fY\Cl”H
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ERAU (ME Propulsion) - Prescott

- 2023~2025
- Dropped out to build a software startup

Experience

- RDL(Rocket Development Lab) Liquids Technical Committee
- RDL Liquids Research Financial Officer

- Liquids Bootcamp (8-week Course)

- Chimp Propulsion (Various propulsion projects)
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Introduction - Hyunsoo
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LIQUIDS
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COMPREHENSIVE
LECTURE SERIES FOR

LIQUID FUELED
ROCKET PROPULSION

SATURDAY 10/19
SEC1 11:00 AM ~12:00 PM
SEC2 1:00PM~2:00 PM

SUNDAY 10/20

(BHABONIM Ccreyno HBD Ansys LabJack ¥
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Vision/Goals KI MNC l"\l
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Advance Korea’s student level LFRP projects & teams
Build a LFRP test system for Korean teams
Become Korea's first team to fly a propulsive lander

Introduce the international rocketry community of Korea power
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Competition(s) Overview
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Race 2 Space (UK)

- 40+ teams attend
- Liquids, Hybrids, Turbopumps, and more

Lander Challenge (US/International)

- 6 teams have won prizes so far
- Numerous teams are “planning” to attempt
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Competition(s) Overview Kl mch;
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Baseline

TVC Hotfire ($15k)

Throttleable Hotfire (S15k)

The Bess Touchdown Award ($25k)

Tethered Hover ($25k)

Hop ($50k)
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Lander System Overview
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Dry mass 160kg
Wet mass 240kg
Flight duration ~ 60s

Landing velocity <2m/s

Tank configuration

Pressure-fed

Pressurant

N2

Tank material

AL - 6061
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ander System Analysis Kl W\Chl
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5. Toroidal]shell 5a. Uniform internal or
external pressure, ¢
force/unit area

at point O

§ (hroughou)

CLTP——
r = lr = wr+a)

[Note: There are some bending stresses at the top and bottom where R, (see case 4 is infinite (see Ref. 42)]

V= Zn-ZrZR

2= P1(p2fp1) V2=Valp
Isentropic process
Entropyl®! P2 = Pa(VaVy) Y Va=Vy(V;
MODEL 673 SERIES FLOW CHART Va=Vy(T;
0

’“‘"'R = o0 P51 _‘1 P2 = py(T Ty
.
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Electro
Pneumatic
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Engine Overview Kl mch;

Propulsion Systems(?)

Propellants

Nominal Thrust
Nominal Pc

Minimum Throttle
Total Mass Flow Rate
Injector Type

Cooling Method

Chamber Material

LOx / Ethanol(PDMS)
2.5kN

15 bar

40%

1.37 kg/s

Coaxial Shear
Regenerative (fuel)

IN718 (DMLS)
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Chamber Thermal Analysis ;mch;
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e _y R
Chimp Propulsion Analysis e & Sveconfis | B LoadConis O Resstinputs | ANALYSIS | RESULTS
byBoostiab

Engine  Nozzle nisctor Analysis Status
Cooling Channel Geometry Analyzing.
WallThickness T E—

. ANALYSIS LOG o Regen: Heat Flux (Projected) | FULL
15 enperature, velocity calculations completed = . "
R NFO - hegen station count overrides 20 45 Heat Flux (Projected Hot-WaitB88is) | FULL LEXIT — 1

1.0 [REGEN THPUTS:

Coolant: Ethanol [
Min Channel Width Coolant flow direction: EXI
0.8 Coolant inlet temperature (at cc

Coolant target injection pressu o Regens e P (oo FULL

0
0
0
FO - Coolant mdot: 0.324471 [k/s!
5

Channel Height

1.0

Channel Geometry Mode
Derived from rib (min width) kage oA R

ackage fer: on [
Roughness Petorile. e L
12 Chinp_package clea uppression: ref=30.0 K ex
Chinp_package
Channel Count (optional) 09:23 = Cliing. Package : T e
at_Transfer_Calcula NFO - (REGEN] Solving coolan
arget injector-end: 7.440 bar

ightening bracket for fsolve

Heat Flux (MW/m?)

Regen Station Count

200

Coolant & Analysis Controls.

Coolant

Fuel IVE ACTIVITY

& Coolant flows from exit - injector

Coolant Injection Presstire (optional)
SOLVER RESIDUAL (INLET PRESSURE)

HTC Model L L
5 75 100

Naragh: N

S Axial Position from Injector (mm)
Y RT——
— Convective Heat Flux = Total Heat Flux Nozzle Contour (mm)

= Stop Analysis — Radiative Heat Flux
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Injector Overview KI W\Cl”u
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Coaxial Shear Injector \\\\

-  Hypodermic needles

- Vacuum brazing

- Multi part injector leveraging both
DMLS and traditional manufacturing
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Injector Overview Kl mch;
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Injector Face | N=125 | mode=center_cluster | lattice=square

= Inner: Fuel (d_inner=0.635 mm) Totals: mdot_total=1.855 kg/s | 0/F=1.55 | N=125
N Split: mdot_ox=1.127 | mdot_fuel=0.7274
Inner=Fuel mdot=0.7274 | Outer=Oxidizer mdot=1.127

Mode: center_cluster | cluster_shape=circle | cluster_D=70.00 mm
Geometry: d_inner=0.635 mm | d_post=0.965 mm | d_outer=1.473 mm
wall_t=0.165 mm | gap=0.254 mm | pitch=2.946 mm
Elem outer-edge clr=1.473 mm | min center spacing=2.946 mm

Face D (allowed)=79.50 mm | Face clr=0.00 mm
ASI D=7.50 mm | ASI clr=0.00 mm
Face D (required)=39.21 mm

Per-element mdot: inner=0.005819 kg/s | outer=0.009019 kg/s

Velocities: v_in(th)=23.5 m/s | v_in(act)=23.4 m/s
v_out(th)=44.3 m/s | v_out(act)=42.1 m/s

Mass flux: G_in=1.84e+04 kg/(m"2 s) | G_out=9.27e+03 kg/(m"2 s)

Momentum ratio (inner/outer)=0.358
J (rho*v~2 outer / inner)=0.908

Re: inner=N/A | outer=N/A (mu: inner=N/A Pa*s, outer=N/A Pa*s)
We: inner=N/A | outer=N/A (sigma: inner=N/A N/m, outer=N/A N/m)

cluster_shape

lattice
square

circle
center_cluster

compact_distribution
even_distribution
circular_distribution square

square_circular_distribution

spacing_mode Use ASI

face D T e——
pitch_factor aceDIm)
ASI D (mih) () —
clearance face clr (mi —
ASI clr (mi (e ————
pitch
pitch=2.95 mm | d_outer=1.47 mMouter-edge cir=1.47 mm cluster D (mih) E— —
face cIr=0.00 mm | ASI cIr=0.00 mm | AS&R=7.50 mi
4 Allowed face D=79.50 mm | Required face D=39 "
pitch_factor m— —
-0.04 -0.03 -0.02 -0.01 elem cir (mm () — ———
pitch (mm (e —— —
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Competitive Landscape Kl MNC "'H
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Race 2 Space (UK)

- Very few international teams outside of EU
- More of a “friendly technology sharing” type competition

Lander Challenge (US/International)

- No one has attempted the last three challenges
- Multiple teams working on building the lander
- Many stuck due to large team size and bureaucracy
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Our Requests KI mch:
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3D printed components

Access and assistance for machined parts
Propulsion Mentorship

Design Reviews

=N =
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Value to Innospace Kl mch;
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oo

Flight-adjacent long duration testing of :

a. IN718 printed regeneratively cooled liquid fueled rocket engine
b. Flight demonstration of a fully additively manufactured propellant tank structure

End-to-End VTVL Flight Test Data & Development Program
Positive Domestic Outreach & Educational Impact
International Media Exposure for INNOSPACE
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Closing & Discussion Kl mcht
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Thank youl!
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Appendix (3)
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Build Volume

- WxDxH = 180 x 180 x 280mm (min)
Part Qty =4

Chamber mass = 2.8kg

Injector mass = 1.6kg

This is not a final version and may change in the future.

360

mm

z —\ |

e
N oyl
280mm

S>>
RO DEaCE



Appendix (4)

imchi

Propulsion Systems(?)

EMBRY-RIDDLE (‘B HABONIM

LIQUIDS
BOOTCAMP

INTRODUCING CHIMP SPACE SYSTEM'S
NEWEST LACTOSE FREE ENGINE

KEYENCE

INDUSTRY DAY AT LIQUIDS BOOTCAMEF

DATE: NOVEMBER 21TH 3:00PM (THURSDAY)
LOCATION: AXFAB (MACHINE SHOP)

AGENDA:
Keyence engineers are visiting to give us

‘.—omm for Aerospace Leadership
a demo of their 3D scanning equipments.

P NNON'S

BRING YOUR OWN PARTS:
Bring your manufactured part to test how
terribly off your part is in comparison the
the 3D model of your part (STEP).

Gauge blocks & pins are banned.
It has to be your own. No cheating.

Red Bull

/’ENERGV DRINK

INTERNATIONAL ©

\nsys

\\ HYUNSOO YOO [YOOH6@MY.ERAU.EDU]
EMAIL OR TEAMS FOR ANY QUESTIONS

EMBRY-RIDDLE (§

Aeronautical University

IT IS COMING SOON!

LANDER ENGINE PRINTS SPONSORED BY:

.+ H3D

Chimp Space Systems is proud to

-_ announce HBD as the newest industry
sponsor. We are hugely excited for

L this new partnership; this will only be
- the beginning of collaboration.

QuUIDS
JOTCAMP

OwooR

'NDUSTRY DAY AT LIQUIDS BOOTCAMP

DATE: NOVEMBER 7TH (THURSDAY)
LOCATION: DLC AUDITORIUM

TIMELINE
[2:00 ~ 3:00PM] SWAGELOK INTRO & BASICS

[3:00 ~ 4:00PM] PROPELLANT SUPPORT SYSTEMS
[4:00 ~ 5:00PM] N2 REGULATION & VEHICLE SUPPORT
[5:00 ~ 5:30PM] SWAGE-OFF!

*Do you think you've got what it takes to be the best swagelok technician on campus?
A total of 10 students will compete to swage identical tube & fitting sets. The last of the assembly
to burst with a hydrostatic test wins this competition!

[5:30 ~ 6:00PM] TEST YOUR OWN MINI ROCKET ENGINE!

*Limited spots for 30 students! Contact 'y before Friday(Nov.1) for this

**you will be required to attend an additional special bootcamp session the day before this
swagelok event in order to design, manufacture, and test on November 7th**

THE VISITORS SWAGELOK SOUTHWEST

Tim Sullivan
Account Manager

Patrick Mylott
Field Engineer

4926 E. Beverly Road, Phoenix, AZ 85044
(602)-268-4848
https:lsouthwest.swagelok.com/en

| HYUNS0O YOO [YOOHE@MY.ERAU.EDU]
) EMAIL OR TEAMS FOR ANY QUESTIONS

EMBRY-RIDDLE

Aeronautical University
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717PM

37188 Max

10.000
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Appendix (5)
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I><F——

Relief
1000 psi

Relief
550 psi

M6
s
) P1

I

Aqua Environment
Dome Reg Setup

6000 psi copv (x4)
N2/Helium Bottles

@F

LEGEND

D><] manuel vaive
e Globe vaive

I check vave

Solenoid Valve

[PX] Poppet vaive
[ Rupture Disc

ID><| Reliet vaive

& Pressure Reducing Regulator

[I0 Particuiate Fiter

@ ‘Themocouple

000

E} Pneumatic Valve @ Pressure Transducer

1: Propellant Tank
2: High Pressure
N2/He2 Bottle

3: Cryogenic Liquid
Dewar
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Electro
Pneumatic

D>

Needle
VENT

VGC

NC

Integrated ASI Test
System [Cv = 0.04]
o]

@ @ Electro
Pneumatic
VGC T
154
@ 26-20A
NC

USOEY
8SLE9SS

Throttling Valves
[Flow Control Valves]

Thrust Plate and
Engine Data Acquisition

k51a9gn

Relief 600
| psi

=

Capability : 500 ps:

|RV900psi Inmu PRESSURE LOX Fill System System|
i
[ —————

LEGEND
D Mamelvave  [><]| Retetvave 3 pump
Dol Glovevave  [SK| pressure Reducing Regulator
R s [TT] rescsmres

e i 5 o Tt
) sosnomve B rssmGoon
&

Soencisvae  (TO) Themacourie
1: Propellant Tank

2: High Pressure
NaiHe2 Botte

3: Cryogenic Liquid
Dowar
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