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AFEEYE
E F 11 km/s

- — —

GRY = 210 km/s

2712 232 Ae|
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M=

| LAHHIO] SN

A E: 1,500kg
Eo17] =: 600~800km(FI¥57]7E)

6 HoiE 22|

10 3¢t &8

11 914 ¥2|

RTG, RHU, Nuclear
Fission Propulsion,
Nuclear Power

Propulsion System




M=

| OHK| Al ZXI0|

d(mv)
dt

V = Velocity
m = mass flow rate
P = pressure

> ZHAXO| F QA= HEWEE, AAT|, JIALM)|, weSO!
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Fuel
Turbopump Fuel
Oxidizer g °.' Turbopump
: Turbopump . E' —
- : :
- .- g
. : .
- - -
. s Masee
: ‘ LR R R L R
L]
L]
Combustion
Chamber
-
-
Nozzle . Nozzle
-
.
o . Hot
v Combustion v Hydrogen
Product Gas
Chemical Nuclear
Combustion Thermal

HIZ=S(2H) FUH 22SAXSZ Uid)

-~
’ N
/

I

o ,/”/l\’/l— r ellant‘ X
AV ={lspg In(1 +; —_ )

\M§tructure +Mpay10ad ./

\
\ -
N~

X EZ H,(MW=2)

Source: NASA




ol X| & X E =

Sl
LH,-LO, §i4 13 MJ/kg ﬂ;
o T

o
> H[=EZ H[ parameter= MH Pu-238 £1|¥  21x105Mi/kg  0.54 kW/kg

_ U-235 2 82 x 106 MJ/kg SSH A
TFRA7ME2 %) D-He3 &gt 354 x 10°MJ/kg  SEH E
MW EFA 221F)
Theoretical Mass ratio*
Energy specific earth
source Physical system impulse (s) escape
Liquid hydrogen
Chemical 440 15
eaction
Liquid oxygen
or fluorine
H,solid core
980 3.2
2750K
Hydrogen  Liquid H molten oA =]}
hZated by _hydrogen / ) core > — - H = —'—XH 7H O" [[l-
fission . = H — A—|
reactor  \ e '\ A SZSOK : X 7|-
H'+e
Gaseous core
:D 6700 1.2 1l
20800 K
Pure Fission SLaLX Il o]
nuclear fusion 13— 3ms * o —_—
reactions annihilation - 2" =T = O1| HA —
—
* Ration of take-off to final mass I:él- I|_-| 7 |'8 Ac-;l.

19-GAS0V91-2
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M

) Bimodal X2 F=ZXI7|2

BRAYTON CYCLE
Annular Energy Transfer Operation
Ducts in CORE i by o POWER MODE
Provides Heat for Turbine React Nozzle
Drive in Power Mode COMPRESSOR . RADIATOR cz:: or
—
EXPANDER CYCLE - <t l— Eloctrc Power Supersonic |
Operation . " " —
PROPULSIONMODE .« (s« [ v v s Eporeon E Seem  Hodrogen Combustion | -
S V e R " Coolant/ . F——— s Thrust —
Fm:‘ . . v ol Rasclor — Propellant _____ — Augmentation | _,..
: o | _ETO's and Manifold (Tex + ATc > 3,500 K) | —-
TURRINE 3 — Gas Generator Injection =
R A CYCLE Operation Subsonic -
Q- LOX Augmented Hot Hp
Reflector MODE (Tex ~ 2,600 to 3,100 K)
LHZ PUNP Ox-Rich GG Provides Turbine Drive
Gas for LOX Augmenied Operation
REFLECTOR &
RENERATIVELY Isp (sec)
COOLED NOZZLE
F;{O:t:?“ ;“im 1;°l' Life (hrs) 5 10 35 Tankage TWeng
urbine Drive in 0 ;
Picsiutilon iode Tex (°K) 2,900 2,800 2,600 Fraction (%) Ratio
O/HMR =0.0 941 925 891 14.0 3.0
1.0 772 762 741 74 4.8
-— 3.0 647 642 631 41 8.2
5.0 576 573 566 3.0 11.0
7.0 514 512 508 2.5 1341
> Cho| RIXtE 2&
> UK AAZ AMSHA| rich 7HALMI |2 HES FE6T DHO| HiE 442} afterburning

Korea AerospPace ReseARCH INSTITUTE
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I M

!

=i
=

B 88
-EFRA 2D

=y =i o [}
-HEg H=d

AHE R J|PY2t

T

S REERE
gt Zoz 78

A S0 ot FESHH HAM S| A 53 @l (Radioisotope power source)

(MEUUXE HIIHEHNZ o S 10ILA X
BHE Md/E8
(2)2HUHX =HE AME
-2k FAE #8 i
- EFI(LZLICH =4 S FEM JtA JHE)
- MIFE(H= & FUM b2 JHER
012 £& Sct=0r & 4)

LEULA SFOf mat M0 HX[= #Hekoro] AFESHE

propulsion) SH# L2 &

=
k=]
=

2w OF0f w2t BAMd el 285 flet M7 d

—
Qlst =%l (propulsion) £0F 4202 FE 4 AU

Electric Power Level, Watts

Chemical
Batteries

1hr

Solar
Concentrators.

Radioisotopes

100 Watts

10 Watts

1day 1 month 1 year >10 years

Duration of Use

| sauTVYs

&
©
o

@0
R0

HH S AT

]
[ SssoMeesw

qu 33

10

10° 10° 10° 10°

REQUIRED POWER LEVELS (kW)

2l

2ot

o SOHAIS AT At



o2 23F-AHXIH &S Al

| ST0Me] AXE S R

ME AR AR
gsdds 2012 /3t
=2 HFE/NE a8
2o og
=0 /’ x\
BIKIE M E A ﬂl{;jlﬂffﬂ A MM
L= B R ] e
naEs AR HEEQ OB O iy ==
e FE(BEIN EA)
= = A ¢ N Py L =
ol wie—w {LEO/GTO > EEE ey (MUS
— El\_ =t = | 1 H 5 i IT
L.t” Ty L !oanm gz gz s | MOIAE [ eyae \ B
=5l e SS(H2ZY =) A - -
Ass T
Docking= 2
Bt/ 5} 4 B A}
payload S04

> SHET UMM 2 XFAHH =(LEO) E= SAIHO|HE(GTO)2 HAE FT 23 HAHE £

=]
> 2/ebd Al W BT AXHYTEO| oo 20t 2 WEHS 44510 2/=hd 1Y 7h&et
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(1) HXH =8 2F mission 7

(2) A|AHE Tz e e B A S 5 2X

\d
—_
T
-
P
(==

(3) 'Bar|E ME

> A S|l &3 (Radioisotope Power Source)
=  Thermoelectric, RTG
= Radioisotope Heater Unit, RHU
=  Thermionic converter
» Radioisotope—fueled thruster, RFT
> SHEH =ZXl(nuclear fission propulsion)

= nuclear fission thermal propulsion, NTP

= nuclear fission electric propulsion, NEP

% NASA, DOE, DARPA, 7| 27t 31 & % NASA, DOE, 2017|272} &



2] SFE-AKI B Al (T K

MITEE FUFL REGIOH FUEL EEHE!! _ REACTOR
Mid-lww Faodll ol
Wwwd Shawa [T S—
£ o i
"'H C = chid i Ll 1
raRT M ! :\-;'\-:""__ L
1 ™ B
L__ Ve rny
MULTIPLE SHEET LAYERS
L
A
e m e --"-. ik I ! ey
T —— - - "u - "\-_\_
Chau | PE—T T )
B

Reactor Power (MW,,) 1,000

Thrust (kN) 111.7 196 15.7
T/W ., ratio 3.5 25 8
Isp(s) 906 950 1,000

Korea AerospPace ReseARCH INSTITUTE



» NASA/DOE NTP Reactor Program
» N5 Pites HARZ ArE0ts EFT JAIZE E A HE
h=25% Eh=A7|l= S8 Y

- SfetE 3 CfH| SHATER| O] O] S A

» DARCO Program
v PFYSO|M AR LET 2 A|AHS IHEAI|E HUS BEE B
» On-Orbit Demo Program
B0 7| YT 2% SHE I

Aot & AMO| 25

<NASA NTP Concept> <DARCO> <On-Orbit Demo>
Korea AerosPACE ReseARCH INSTITUTE




<@®J|F=d Jl>

HIIEE 0128 pe M
ofe wizlo| 2| ﬂw 1

>

SR, *’g .

Estimated performances of high-power propulsion scaled to 200 kWe

Conceatric Channel HET NASAETM Cluster ELF-}7%8 VASIMR VX-200

(3 channcls) (3 thrusters) (200-kW design goals) (design goals)
200 kW . 200 kW
- : " .
Input Power 200 kW (3 devices at 67-kW) 200%W (2 devices at 100-kW) Concentric channel HET
Specific Impulse 1300 — 5000 s 3000 s 1500 - 5000 s 3000 s RMI Ao Secady Bo 1 s
i ——— L d - —— | Cend
P S- 4N SAN 7-18N SN \>
Q o (25 - 70 mN kW) (42 mN kW) (35 - 95 mN kW) QSmNAW) |
+ T—— -+ + + - S —— i
Mass Flow Rate 100 - 1100 mg s {(Xe¢) 280 mg s (X¢) 140 - 1200 mg s (Xe) 130 mg's (Ar)
["k‘it.c\ E §5% — 64% 631% 65% - 85% 60
0.5 kg kW (thruster) 1.3 kg kW (thruster') 0.25 kg kW (thruster) 1.5 kg kW (thruster’) :
Specific Mass | | 4 Lo kW (chruster, PPU) | 2.2 kg’kW (thruster, PPU) | 0.7 kg/kW (thruster, PPU) ELF device
Major Thruster 0.65-m diametes 0.55m by | 6-m 0 38-m diametes 1. S-meter dsameter
Dimeasions 0.10-m length 0.15-m length 0.5 meter length 3.0 meter length

HET: Hall Effect Thruster, NASA-457M: Hall Effect Thruster
ELF: Electrodeless Lorentz Force (ELF) thruster
VASIMR: Variable Specific-impulse Magnetoplasma thruster

Source: Ar Forie Retearch Laloratory High Power Bectric Proguleon Techemddogy Dewilopmant, Danigl L. Brown, Brian E Beal, Smées M. Haas, 2010 IEEE Aerospace Conferenc (2010) VASI M R

NUKEA ACHUSHALE



ol 2| £3=-JAXE & Al (OHE:

- QUXtEQ} ZHO| B2 HHS (fission)Ol| 2|5 = X}¢E 3|(natural decay)0fl 2o HE == FA £
2dots U UXIE T LA = Tt SHE At oA X[ 70 A X[ 2 Hetsto] 1=
o2 0|& <RTG "2|>
Current [ -+
<Hi=ss4A3NZE> <JpA W2 RRE> 7 |
-HHE L3S2 NakS S 82 = AT ZDEINAZS L2 UE IIH AE %IM - @m i
SHANE QISH TS M i*’ _

€ Current. |

[ZEA] FpAY2E X2 T (Core with gas inlet/outiet © Z,
[0]=] SNAP1DA BIXL2 [IAEA, 2005 Under Ariane fairing : ) [Cliguet etal., 2013]

g, ST YO 233 KSPE
FA stetiel dXE 253 7| H3d
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I.OCK SCREW
Be
Modul (An ‘ %" Z| El =

> wAb 50lg $|6+ ool MM 24

> AKX A 7| I3 7 E = Ae B2 A
(launch vehicle, spacecraft or mission architecture)

> TAL QHEBH MO M=EF

Z(PUO2, Sr-90)2| HY

ro
>
ru|o
o[
2
=
N0

TN T

T
i

= oA =kt 2l
« QFo| AL OjX|= S
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#3388

P

DOE 2S04

| Notice of Intent ]

["NASA's Eis Databook |

EIS Risk Assessment I

A 4

| Draft EIS I

[ PSAR i

| Public Comment |

4 -1 NASA’s SAR Databook |1

INSRP Review |

| Record of Decision |

Note:

PSAR:

DSAR:
FSAR:

INSRP:
EIS:

OSTP:

For some nuclear systems, the PSAR and
DSAR may not be needed

Preliminary Safety Analysis Report

Draft Safety Analysis Report

Final Safety Analysis Report
Interagency Nuclear Safety Review Panel
Environmental Impact Statement

Safety Evaluation Report

Office of Science and Technology Policy

Agency Review /
Concurrence

.

Launch Approval Request

Approval by Executive :
Office of the President |
(OSTP) :

Launch I

A

« FE NASAOM =, SFId Y
M (EIS, Environmental Impact
Statement) =&

CHHS M2 Zf ALIE|RE /=S
e

- I E DOE =¥, NASA support, 2t
Sl A1 2 1A (SAR, Safety Analysis
Report) E&)

UM E It = QHES A B N M(SAR)S| KA
B2 = OH|(INSRP) &=, SER
(Safety Evaluation Report) =&

HtARS Q12 D7 E M (OSTP) =2

Korea AerospPace ReseARCH INSTITUTE



3’ =oj]o
AR Estimated Cost
Process Name Length i SD
(years) (million USD)
=S EEHE  gaoeram
SlAEM =c2ccC
© T L= A EHTLA NASA 1.92 $3.4
(NEPA Review ElS A
Process) (S ar B
L RIS O™ 2 A
(Safety Analysis H A Of L4 X| 2 (DOE) 2.75 $21.7
Process) (SAR)
O A Ent StE3 gt 1o
(Safety Process) HIN NAS('IAI‘\I/ SII;IID)_ A 3.92 $7
(SER)
dAISCIEE HEALZ A
=== 7| 82 M (0sTP) 0.5 -

(Review and Approval) (Launch decision)

Korea AerospPace ReseARCH INSTITUTE



CCB Burnout . e SRR [ e D | ¥ Payload Cruise Phase
and Centaur ’“ Centaur Separate Reent
Separation_.4 * ParkOrbit  2ndBum  pyiioad ry
/ Centaur CoastPhase Phase ayl Centaur Propellant Tank

PLF Jettison, 1st Burn Blowdown; Centaur

Continue Phase End Mission

CCB Solo Phase

Spacecraft with RPS

%_?_l%io Impact by

Water Impact

Korea AerospPace ReseARCH INSTITUTE




ol 2| 3F-AXIE & AlE(24H F=

) OHMOHAl Db

> orefe| 37kX| HF2 7=
1) Input 222 &

o
2) Inputoll (2 S9|22 A

A HIO =50 A
= | Ao 7-|OOH_I( ) ©
A A HIO = = o O SEHE X
3) S EA AAHS AHE0f MHE 203 (01H) EgEA
GATABOOK | Po\fef S.jﬁsiem-ﬁ.nrm[m-uﬁd
Safety Testing Database
Launch Site
Information
Launch Vehicle Meteorology Data
Data v Demographic Data
Blast and Impact Geographic Data
Spacecraft b Health Physics Consequence
Information Mechanics Mechanics N
Explosion and Code Tﬂbu"” L - — Atmospheric
Debris Model RADIOISOTOPE FUEL Transpeort cnd
Environment PROPERTIES ] Consequence
Launch Vehicle: Fire and Thermal Suite
Hfornatin Solid &
Enw:::m G Liquid Souree Temn R.D. Bechtel , R.J. Lipinski,
nvironmme cz::; — At c"’;?:;‘:::“ Radioisotope power systems
Orbital and - Tabular gexmy L el and launch approval overview,
AT Analysis Records . )
__ Reentry Reentry Model ' in: Proceedings of Nuclear and
Trajectories. — P g Emerging Technologies for
Reenh.r 5K Integration
Pl Uncertainty Space 2012, The Woodlands,
Model LEGEND TX, 2012 21-23 MarchPaper
Po'af\rar : CCDRE 3086
IFalan Uncarianty

Korea AerospPace ReseARCH INSTITUTE



) OHAA ”
Bl Z=2IX| 2k (Propellant Fire) Modeling

=4 8l Z4(Blast and Impact)
Modeling

With sideward
burn

0.2 0.3 0.4
radius (m)

« SOl oSt EREES X O F =l
X Zl & (reentry) Modeling

. 0] o) AT B2 % 313 Ky 4T
00 mpsol 2458 T UGG 5 s 28 o1
It EER|X| %S = SRS AABO A, L0 2 o=
2024-04-25 22



vV V V V V V V VYV VY VY

=2 1FRF A= (Explosive-Overpressure Tests)

oHH & AFA| 2 (Fragment Projectile Tests)

L SEA| 2 (Drop Tests)

K| =2 2FRHA| = (Solid Propellant Fire Tests)
H[O] 22 E 54 Al (Bare Clad Impact Tests)

At A=A )\| 2 (General Purpose Heat Source Impact Tests)
o = Eﬂ O| E A[&(Flyer Plate Test)
A

AMAE S22 Al (RPS End-On Impact Tests)
X =TI K| 2HA & " A2 (Solid Propellant Fire Characterization Test)

Korea AerospPace ReseARCH INSTITUTE



RSP

(radioisotope system)O]| H|S| HAls 222 HAH 2R
= Ked EEEEPu-238) XI20f AFE E|= U-2350] H|38H 302

H 2 HiAts 2 e (Ci)

A
=

HI
40

EEZE&(Pu-238)= U-23501| H|s| 2™ sEHOHHY =&t

> Q2HES mESHs SR QRO 22 WAIMES YA A A0 H8|
AHS O] oJ 8t Bgto] &2
. HC}7harstE 34 0| THs gt

29 AXZ A|2H-H2 AA|(criticality) 2EHO| =S5 L7}t S

Korea AerospPace ReseARCH INSTITUTE



ofl 2| 3F-AXIE &5 AlE|(2HH =)

| LAl(criticality) 2ZXA

=
=

FEES:

HALZE AS

(Reactor Start-Up)

A= x|X] 242 LA (Inadvertent
Criticality)

ALDA] AL & B LE2 XS
S| Sotof Bh(Radiological Release and
Exposure in an Accident)

X7 AT
(Reentry to Earth)

AXNZ= AEE FEHUE EEStD ML 7| Mo O] YA
(subcritical) 2EiE S X|5ljOF &

AZE|X| b2 AAHAE(Criticality)= H4F 7S 0| Lt O A E|=
At o] A0 = LOojL}X| 2tojof Tt

AR Z (Reactor)= At 2 Qo HYTY Al O] YA (subcritical) &
Ei S #XISHOF ot, &EE|X] AL, =2 DM 2H| =
A0 OF 2

Source
cloud




A X IHEAF 4l

1-sol BF¥ 4% 250 km x 33,793 km

MOC Burn & 1087 NTP 7=

V.= 2,640 m/s
Required AV = 894 m/s
(MOC 5% = 587 kg)

10 kN NTP Engine
(T/W Ratio = 3)

- i
T
¥ | | \
EDL System
— Mid L/D Aeroshell
= Mars Descent Vehicle
— Pavload (Rover & Mission)

H, Propellant & Tank
(Tank : A& ¥4 2 20%)

_ Trajectory Correction Maneuvering
29 2] Perigee TMI Burn : & 50+ NTP 7}& Required AV =130 m/s

(TCM 5% = 399 kg)

V= 2,920 m/s
equired AV = 3,568 m/s
(TMI 5% = 3,181 kg)

Hohmann Transfer 7]
258 days from ESOI to MSOI

Earth Orbital Velocity = 29,750 m/s KoreAa Aerospace ReseARCH INSTITUTE



T -3 XE &85 Al

) 10 kN NTP Engine®| Reactor CilHIAIH|

o Oju| A Zut Fmet 74

> ZA 14693 kg (EEHE

=t 2 : 306 kg/MW)
> E2IO 0495 x 149 cm (Y

SO 21 : 5974 cm3/MW)

= 9| Buffer £ X[AZE &9t

—

® UC BISO <%
C

=
=1 = T
> ==Y FA: 290 kg/MW ->145 kg/MW-

A% e =Y

> 98 kg/MW

= Hotoz M JjMe 2
FAR 2OVt & =5 44%5= 210F B¢
> =8 24 11 kg/MW
> ==Y 20 . 1870 cm3/MW




Conventional Chemical NEP NTP
EFA}AM EFALM EFALM EFALM

= ?IX INE=3n 400 km #H= 400 km #H= 400 km H =
% k= 1E 10 & 10 & 10 £
= ¢l - Chemical NEP NTP
IR - LO,/LCH, Xe LH;
™I ¥ 2 (kg) - 6,359 2,048 3,181
TCM ¥ 2 (kg) 67 213 465 399
MOC% Z (kg) 319 767 310 587
Entry & 2F(kg) 614 1,062 1,441 4,379
A5 S 402 736 381 1,115
A& AE(kg) 65 166 255 685
HO|2E (kg) 170 462 793 1,921

X Curiosity Mass Data : Launch 3,893kg, Entry 2,401kg, H|0| 2 E 899kg
Korea AerosPace ReseArcH INSTITUTE



— 632 37 9= 7N A

~ 159 AET} BA/AE

ZHE8r3 9} o2 12 YA NH
2022.5.2 Ast=dls] 53 A4k

5 &
/92 I AT 9 s 100 o 74
37 &3l e} ¥ 5o 2 22 Y A4F N F
Q8 A5 HE
371 st3] sles TAHo® 150 4% ¥4
< FOoR 32F A5 71

v 2022.10.19 FAIst=d 3] 5 9]A4F

v Axe ste] 3] A0 =E 80017 34
G+ A ez ART7F B AR 9] AR

v 2022.12.14 o 249 gRE
v 37N FoF F 12949 AEIE 23 (w1 3)
FFEFTI3 9 FFOE 43 A4F 7 F
v 2023.4.19 EAIst=d 3] 5 91A4F

v /AR T A7 9 sk 80 oy FA

[

Hl
o
5y
A

Q_,{

o,

S o
o]

_1

k3] ¥&s o= 5 A4 /NFH (83 7F MOU A4)
v 2023.8.30 A& A sE
v 37l &3] 3l¥E TAHOE 120 o FHA
St =383 9 FE o7 62} JAAF NF
v 3.11.29 FAg=U3 53 a4k
v

92/ 2 22 R IaBhoSbale HRGRAE irure
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A 73 7l e Z2EY (239 29D

28 3 2 N N N 2 N R N N

7iE A
(TRL 2)

4l
«

A\ 4

24
(TRIL3) < > N
Lab A543 TAE s Ald
(TRL 4) - (TRL 5

A

A" dsAE

(TRL 6)

A
Y

4 gAbd A A5 B

LR

223 O)2f iV SHATAMELE Al 2AS
HEEA - A2 O Ed 8T 1THABH, 2409) AHH2 2 =7 07 d
Lab dSAIY : 73| DM =Y S8SAT 2THA(3H, 2409) AHYLZE =7 O F
TEE GSAIA 7| R SMAALIYLALY (5, 10009) AP 2 =T (7]=2 ER)
AMAE HSAIA  op7 |2 SMAALIYLALY (5, 20009) Ao 2 =T (7]= ER)

x PX A7 SCHE MEfE M2 fEete X|& 2R






