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7 Awesome Sci-Fi Nuclear Reactors (David Watson, Jun 22 2019)
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Electrical Power

Operational Time

100MW i i i
Nuclear Thermal Rockets
10OMW —— Mars NEP —
Mars Colony
IMW = Fission ~
Reactors [Large Human Outpost
Grand Science NEP
100kW - _Sola]r: Earth
Surface Power | ©bit
4 Science NEP §|
10kW Solar: Mars or
Chemical lunar surface
Enhanced Science Missions
W {44 Proposed NASA Missions|
\ Radioisotope
Solar: outer
100W : / : Solar : planets
~Hour ~Day ~Month ~Year ~Decade

Qualitative Regimes of Space Power Applicability
Source: DOE, NASA, D. Poston Studies
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Moon to Mars
Architecture

We're designing a roadmap for long-term exploration of the lunar surface, our
first steps on the Red Planet, and the journey beyond, working with our
partners in industry, academia, and the international community.
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Over 50 years of RPS Missions |
Voyager " \_— — g, |

Source: NASA, Summary of NASA RPS Missions
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Energy
source

Chemical
Reaction

Hydrogen
heated by
fission
reactor

Pure
nuclear
reactions

or fluorine

Liquid
hydrogen

Fission
fusion
annihilation

Physical system
Liquid hydrogen

Liquid oxygen

Theoretical
specific
impulse (s)

440
H,solid core
e > 980
(( 2750K
H molten
) core
: > 2600
5250K
H'+e

CONTROL DRUM

\_ Gaseous core
i > 6700

20800 K

13— 3ms

Mass ratio*
earth
escape

15

3.2

15

1.2

* Ration of take-off to final mass

19-GA50191-2

. %+ NERVA Project (~'70)
AT TR,
232| K| A
+» DOD PBR Project (‘80~’'94)
H=9 =4 BWXT
Cf & ZtEF= O] ALY

Propellant Fuel

NTP: lig. H2 Tank
CTP: Fuel & oxidizer

Fuel Pump

Oxidizer
Tank

Turbine Oxidizer Pump

-~

Turbomachine

NTP: H2 pump + H2 turbine

CTP: Fuel pump + turbine + oxidizer
pump

Thermal Energy
NTP: Fission

CTP: Combustion

Control
Valves

ustion

Recuperating cooling: Common tech.

Heat

Nozzle: Common tech.

Power-Adjusted
Demonstration Mars
Engine (PADME)

g Exanger

Chamber

)

Nozzle

GENERAL ATOMICS
ELECTROMAGNETICS

LOCKHEED MARTIN ’/;

AEROJE T./(/
ROCKETDYNE



N ERESS

SHEE

500 kWe

> 3,000 sec
Thruster Efficiency

Specific Mass(Total) < 10kg/kWe
< 6 kg/kWe
< 2 kg/kWe

> 4 years

Specific Mass (Power)
Specific Mass (EP)
Operation Time
Thermal Power
Reactor Coolant T
Propellant
Conversion Cycle
10,000kg
1,441 kg
HO|=E

Thrust

ISP

T/W_eng H

System Restart
Operation Time
Thermal Power
Propellant

LH2 Flow Rate

Fuel Temperature Limit
Cycle Type
Fuel/Moderator/Reflector

o
exM5Y

Entry & 2

HOo|l2E

10 kN
Component Item Case 3
>9505 2FED 777 cm
F=0I(H 70.0 cm
=N= Act core &0 50.0 cm
>3 =@z 1120.1 kg 1125.4 kg
Compact 213/ LHE 3.0/ 1.0ecm
>8 Hole == 120 (5 rings)
solz Packing fraction 35 %
>4h0ur HHE Compact 2 88.4 kg
ek B 10,5 kgU 25.1 kgU
~ = 4y 50.0 cm
SOMWth b=y = ZrH, . (5.6 g/cc)
g 363.6 kg
LH2 SEARR =N 10.0 ecm
(BeO, 3.01 g/cc) SR 668.1 kg
<1.1 kg/s
NTP L& Of|H|7H &
TBD -UN-TRISO, ZrH, .., 50MWth, 5A| 7t O| A}
1.66
TBD Component Item
2IZ(D) 66.0 cm
TBD a2 =0I(H) 70.0 cm
Active core =0| 50,0 cm
10,000kg &gg 569.74 kg
I 2|1/ H=ZE 1.7/05cm
4;379kg .:.__z._:_:eTE;.:;.I Fuel Element ==
packing fraction SLol=Ee 44.61 kgU
1;921kg 40%) SHoiz s Fat 85.64 kg
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Baseline Core - SULEU

General Description

SULEU is a LEU Graphite Composite Fuel,
ZrH, ; moderated nuclear thermal propulsion
concept relying largely on heritage design.

Fuel Element Power Normalized 1o Average

=

—o—Max Element
—e—Average |

o o o -
= > > [
Fuel Element Power Normalized to Average

e
s

02 04 06 08 1 12
Axial Position (m)

°

RPPF = 1.42

APPF=1.35

Reactor System Mass

Fuel Mass (600 Elements) (kg) 800.1
Tie Tubes (427 Elements) (kq) 5866
Radial Reflector + Control Drums (kg) 7a7.4
Axial Reflector (kg) 86.7
Barrel+Vessel+Other Core Structure (kg) 2652
Total Mass (Excluding Shield) (kg) 2498.0
Key Performance Parameters
Nominal Isp (150:1 Nozzle) 897.7
Chamber Temperature (K) 27129

Nominal Thrust (kN) 155.7 (35k Ibf)

Reactor Power(MW) 768.9

Fuel Temperature Max (K) 2850.0
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SFER

Extreme Robotics Department

Qualified modules

RERWIL e \ in Radiation Environment

applied for =
Bigger-size ROVER

Shielding/Heat-Resisting Material
by 3D Printing Tech. Rad:ffard Camera

Sniekding
Core
Radial Core
Shielding

— Intermal Pipe

Raactor Vessel

Receptacle

Core Support __— Inlet Pipe

Structure

< PGSFR Plant Layout >< Sodium Integral Effect Test Facility >

‘tset 2= MEH

) %

—

-
Powder

+ Optimized powder control technology (size. shape)
* Optimized manufacturing process of DED (Direct Energy Deposition) 3D printing
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