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Introduction

SPACE TECH’S GAME CHANGING DEVELOPMENT PROGRAM

* Nuclear Thermal Propulsion (NTP) is directly relevant to the
Agency’s vision, mission, and long-term goal of expanding human
presence into the solar system and to the surface of Mars
*  Provides the fastest trip time of all currently obtainable advanced

propulsion systems.
«  Offers high energy density and a specific impulse roughly double that of
the highest performing traditional chemical systems.

 NTP project is funded through the Space Technology Mission
Directorate’s (STMD) Game Changing Development (GCD)
program
« Goal is to determine the feasibility and affordability of a Low Enriched
Uranium (LEU)-based NTP engine with credible cost and schedule
confidence.
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Introduction®
- Nuclear Thermal Propulsion —
Low Enriched Advanced Propulsion

 An NTP engine has substantial T Driving Requirements
. . . . . - rust:
commonality with conventional liquid - Burn time: 50 min + 10% margin = 55 min
rocket engines. burn
*  Primary difference is replacing " Exhaust temp: 2850K

. . . = Hydrogen flow rate: 28 lbm/s
combustion of propellants with heating of Max allowable back pressure: 25 psia

a Smgle prOpe”ant via a nuclear reactor. = Meet regulatory requirements for dose rates

« Exhaust may contain radioactive 25 kibf

particles and noble gases due to a $T :
reactor anomaly or failure. 2

Reactor |
Diameter:

* NASA has developed the Rocket 0.80m
Exhaust Capture System (RECYS)
concept to capture and isolate NTP
engine exhaust from the environment 'R
to mitigate the related environmental

risks. 1.8m (6')  1.9m
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Post Test

LH2

LO2 Processing Strategy:
o e *  Fully contain engine exhaust
Chambar e an2 *  Methodically drain containment vessels
diston Shislding N Jacketed after test to ensure proper filtration
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How it works:

* Hot hydrogen exhaust from the NTP engine flows through a water cooled
diffuser that transitions the flow from supersonic to subsonic to enable
stable burning with injected LO2

— Products include steam, excess O, and potentially, a small fraction of noble
gases (e.g., xenon and krypton)

» Water spray and heat exchanger dissipates heat from steam/02/noble gas
mixture to lower the temperature and condense steam

* Water tank farm collects H,0 and any radioactive particulates potentially
present in flow

— Drainage is filtered post test
* Heat exchanger-cools residual gases to LN2 temperatures (freezes and
oIIects noble gases) and condenses 02
ARED e Rinted docyurnents.may Re ebsglete; validate prior to use.

<1 Tt

Sessmn NFF 02
Presentation ID: AIAA-2018-4671 Ground Test Strategy for a Nuclear Thermal Propulsion Engine



Rocket Exhaust Capture System

_Preliminary System Sizing - 25 klbf Engine

SPACE TECH’S GAME CHANGING DEVELOPMENT PROGRAM

Containment

Engine

LH2
28lbfsec

40°R(-320°F)

Post Test
LO2 Processing

Nuclear Thermal GN2 F
Chamber | Propulsion Engine to LN Jacketed
Radiation Shielding ATM ||-32 Lozisl:)k:‘l"ar
| 34.1b/fsec 3
H2| Ib, . T 10 psi, 150R (-310°F)| 3-15 psia
Water l ;?00{:;540:” 26 ft Diffuser and 140-165°R
Cooled Duct Settling Duct Condenser (-320/-295°F)
5t e
5 2 b
Afterburner 02 Igniter o A
252.0bfse H2 5.lb/sec
LO2 Injection and GO2
60ft
Steam/02 Combustion Si-o";/s?ﬂ 85.Ib/sec
280.1bfsec 395°R (-65°F)
5400 ‘R [4940°F) Py A
GO2 Chiller |«
Water H20 - 25.Ib/sec LN2
- — [
Injection . oibjees .._® 02/H20 H20 rrnl
N sla
Water 30.1b/see L 6lb/sec 145‘nl|3315‘ﬂ
250 kgpm 580°R (120°F) L
1 s308 o) Notes/Assumptions:
i Steam/02 + 25,000 Ib; thrust (S00MW)
E-Z?BZ?I?IIIZJI;SZE‘CFJ | Steam  28lbm/s GH2 Flow.
E“I e — * Nozzle Exhaust Temp: 2850 K
Condenser * Test Duration: 1 hour
D q > Post Test
ErEirLe_E)-crhaust Wa‘terl Water/02 H20 Processing
ebris Irap 250 kgpm 2800 Ib/sec i
600°R (140°F) 580°R(120°F) Engine Exhaust

Water Storage
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Rocket Exhaust Capture System Is*Expected to

Be Built at NASA’s Stennis Space Center (SSC)

SPACE TECH’S GAME CHANGING DEVELOPMENT PROGRAM

SSC’s A3 test facility and its supporting propulsion test infrastructure is
uniquely suited to accommodate NTP engine system development and
specifically, the RECS implementation requirements.

Most of the RECS major structural elements are readily available.

SSC A3 Test Facility g [

Post Tast
w L02 Processing
AT™M
i Nuclear Thermal .
7

Radiation Shielding LM Jacketec
LO2 Dewar

2
......
Coolant
Steam D D D
-

Condenser

000 b s

— H20 Progefsing
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B Rocket Exhaust Capture System N%ﬁ

Subscale Test Project

Nuclear Thermal Propulsmn -

* Phase 1 Objective: Demonstrate the basic performance of the RECS to capture, contain, process, and
store rocket exhaust effluents
— Utilizes an existing, well-characterized DTF Thruster (~250 Ibf) to simplify H2 afterburning

* Phase 2 Objectives: Demonstrate
— Stable H2 combustion flame holding following LO2 injection
— Back pressure control in the settling and combustion duct sections during NTP engine simulated transient start and
shutdown H2 flow conditions
— Simulation of NTP engine start and shutdown transient flow conditions using a Hydrogen Wave Heater

Phase 2

Phase 1 Hydrogen Wave Heater with GH2 Preheater
DTF Thruster B

H2: 028 1bm/sec

Project Initiated in 4Q17

PostTest LO2

Processing at E-3 Test Facility

GH2 |
0281b/sec L.
5100°R (4640°F)

530°R(70°F)

Loz 2.52Ibm/sec:

to  GH Lo2

Vent 252Ib/sec
~2100°R (1640°F)

H2 Phase 2

0.28lb/secH2

Phase 1 H20 + 02
28lb/sec

20 psia
5400°R (4540°F) 5100°R (4640°F)

02
Phase 2 Afterburner LO2- Igniter Phase 2 0.15psiAP

2.52Ib/sec H2

Steam/02
2.81b/sec
17-20psia
5400 °R (4940°F) Phase 1
5100°R (4640°F) Phase 2

Water
Cooled Duct
1350 gpm

0:61b/sec

ATM 025lb/sec A g

1.85b/sec

H20
252lb/sec |

aspsi 40 psia
530°R (70°F) 2‘;\332::‘ 145R(315)
95psi
520°R(60°F)
Spray
Chamber
Engine Exhaust
> Water Storage
3000 gal
'|D<|-P Post Test
Engine Exhaust Water Water/GOZ

H20 Processing
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Rocket Exhaust Capture System

Subscale Test Project

Preliminary System Sizing (10% Full Scale Demonstration)

Phase 2

Pretest SystemP
Phase 1 Hydrogen Wave Heater with GH2 Preheater ratest Systam Purge/

Post Test LO2

DTF Thruster e Hm 2 GH2 Processing
H2: 0.28 Ibm/sec el har 2 81b/sec
. s30m GH2 | Exchanger 530°R(70°F)
LO2: 2.52 Ibm/sec = 0.28Ib/sec Lo o '
' I 5100°R (4640°F) Y on L02
Vent 2.52Ib/sec 0.341b/sec
~2100°R (1640°F) ATM 10 psia LOZSOD:‘:NM
Phase 1 H20 + 02 H2 Phase 2 T 150°R(-310°F) 3-15 psia
2.81b/sec 1 0.28lb/secH2 140-165'R
20 psia 20 psia GO2 (-320/-295"F)
5400°R (4940°F 5100°R (4640°F) Condenser
02
Phase 2 Afterburner LO2—— -( Igniter Phase 2 0.15psiaP A 4
2.52lb/sec H2 Go2 1.0lb/sec
Steam/02 03410 J
Water L 2.81b/sec '10 ps/i:e‘ 0.61b/sec
17-20 psia
Cooled Duct $400°R (4940°F) Phase 1 395'R(-65°F
1350gpm 5100°R (4640°F) Phase 2 0.35psiar
GO2 <
ATM <— 52 <
H20 ‘;h_ljler 0.251b/sec 4} LN2
—_— -D—( ? 1.851b,
::.;::/scc w 02/[!:/20 H20 40 pﬁ"
o " ater 0.41b/sec 0.06Ib/sec on [.896"
530°R(70°F) 2500gom S80°R (120°F 145°R(-315'F)
95 psi
520°R (60°F)
Spray Steam/02 0.4psiAP
Chamber | o0spsiap 28Ib/sec 6 psiap o
672'R(212'F) Steam Engine Exhaust
vvvvvvv SR _f 3 Condenser e Water Storage
A AR 3000gal
A Y A AT A A )
PN AAAA AN NANANANA
N -{><}-> Post Test
Engine Exhaust Water Wz;Tbr/GOZ H20 Processing
Debris Trap 2500gpm /sec

Sesls?lon NFFASED Printed documents may be obsolete; svallhdate prior to use.
Presentation ID: AIAA-2018-4671 Ground Test Strategy for a Nuclear Thermal Propulsion Engine 8



Nuclear Thermal Propulsmn -
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Summary .

N Nuclear Thermal Propulsion —
w Enriched Advanced Propulsi

* NTP is directly relevant to the Agency’s vision, mission, and long-term
goal of expanding human presence into the solar system and to the
surface of Mars

« The RECS concept captures and isolates NTP engine exhaust from the
environment to mitigate the potential environmental risks.

» SSC has substantial existing infrastructure to support RECS testing.

» A Subscale RECS test project is in work at SSC
«  Will demonstrate the basic performance of the RECS to capture,
contain, process, and store rocket exhaust effluents
« Itis a critical element of the NTP project

*  Will support site licensing, proof-of-concept validation, and
engineering insight to the full scale system.
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