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OBJECTIVE/APPROACH
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Objective:
- Define a Near-"Term Solid-Core N'TP Engine System Scaling Database

-- Identify/Document Unified Set of Performance, Weight and Size Scaling Data
-- Results Should Be Useful to Meet Initial Mission and Concept Design Study

Requirements

e Approach:
- Acquire/Review Past Rover/NERVA Engine Design Work
- Assess Current Engine System Data
- Conduct Preliminary NTP Engine System Design Tiades Using the NESS
Design Program
-- Establish Operating Range of Interest and Technology Design Approach
-- Design Analysis Responsibilities
* SAIC - Engine System
* Westinghouse - Reactor and Internal Shield (ENABLER Reactor)
- Establish a Catalog of Enabler I and I Engine System Design for a Range
Configurations and Operating Conditions

- F Scionce Appiication )
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ENABLER 1 AND Il ENGINE SYSTEM DESIGN
DATABASE DEVELOPMENT CLOSELY
PARALELLED NESS PROGRAM DEVELOPMENT

FY 1989-90

INFTTAL SAIC
NTP-ELES DEVELOPMENT

FY 1991
NESS-VERSION 1.0 ENABLER ) ENGINE

ENABLER | FNCINF | 3»-| SYSTEM DATABASE
SYSTEM

FY 1992
. " ENABLER I1 ENGINE
wd NESS VERSION 2.0 —— 1 SYSTEM .
- ENABLER I ENGINE §Y DATABASE
SYSTEM
FY 1993
3 NFESS PUBIIC REI EASE
THROUGH COSMIC
- PC and Vax Versions
,,,,,,, — — T i
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ESTABLISH ENGINE DESIGN
- Cycle Type

- Rcdundanc_y fssue .——)——

- Technologies and C nt
Design Appraaches to Re Employed

UPGRADE, CORRELATE NESS

CYCLE ANALYSIS CODE -————
AR T
5, Thrut Engine Case LSYSTT a7,
Z(n Compariton ¥ DESI'(:N ANALYSIS PERFORMANCE
DATA BASE.
WESTINGHOUSE
REACTOR AND
INTERNAL SHIELD
DESIGN MODULE

IDENTIFY DESIGN CONFIGURATION
OPERATING RANGES OF INTEREST
- Thrust

- Reactor Type
- Chamber Pressure & Temperature '-)_
- Area Ratio

e Science ‘I leations
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OVERALL N'TP ENGINE SYSTEM ASSESSMENT' APPROACH

ESTABLISH FNGINE DESIGN
- Cydle Type
- Redundancy lssue —
- Technologies and Ci
Design A;‘vpuoclln 10 Be Employed

UPGRADE, CORRELATE NFESS
CYCLE ANALYSIS CODE
- Use Representative Rocketdyne
75,0001bf Thrust Engine Case

T
PRELIMINARY ESTABLISI

ENGINE SYSTEM ) NTP WEIGHT,
for Comparison DESIGN ANALYSIS PERFORMANCE
DATA BASE
WESTINGHOUSE
REACTOR AND
INTERNAL SHIEID
DESIGN MODULE
IDENTIFY DESIGN CONFIGURATION.
OPERATING RANGES OF INTEREST
- Thrust
- Reactor T
- Chamber Pressure & Temperature
E " Scl i
e, — — m‘.h’.'.‘:'u‘M g::":’:mn
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»  XE-Prime Engine - Final Report
e Small Nuclear Engine Final Report

*  Experience Gained From the Space Nuclear
Rocket Program (ROVER)

»  History Summary Report

e Safe, Compact, Nuclear Propulsion - Final Report

»  NERVA Preliminary Design Safety Report

e Nuclear Rocket Engine Optimization Program

*  NASA Lewis Nuclear Thermal Propulsion Workshop, 1990

*  "Design of Second-Generation Nuclear Thermal
Rocket Engines,” AIAA Report

e On-Going NASA Lewis N'I'P System Srudies

e Science Applications
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NTP: System Concepts

. Full Element/Chamber Temperature Range

. Thrust Level:  15,000-250,000 1b(

*  Chamber Pressure: 500 and 1000 psia

ENABLER REACTOR DESIGN AND OPERATING
PARAMETERS EXAMINED

- Graphite: 2,200 - 2,500K
- Composite: 2,500 - 2,900K
- Carbide: 2,900 - 3,300K
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ENABLER (NERVA TYPE) NUCLEAR THERMAL

ROCKET ENGIN E

— BATH SHIILD

—corg
surroar

__n R AND
CONTROL DRUMS

AT tesnamies,,,
y Ae or Compony

370 NP-TIM-92



NP-TIM-92

PRISMATIC FUEL ELEMEN'TS AND SUPPORTS
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Fuel Element Compaosition

Graphite

Composlte

Carblde

Temperature Range K

2200 - 2500

2500 - 2900

2900 - 3300

Fuetl

Coated Particle

UC « ZrC Solid
Solution and Carbon

(U, Zr) C Solid

Solution

Coaling

ZiC

ZrC

Untueled Support Element
Composition

Graphile

2rC-Graphile
Composite

ZrC

Unlueled Element Coating

ZiC

Zc
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~ REACTOR PARAMETERS/CHARACTERISTICS
AS A FUNCTTON OF THRUST LEVEL

Wwsigooowy | s 25 ~50
Neaclor Power Range (MW) B 275 - 400 460- 670 920 - 6700
Fuel and Support Element Length 0.89 (35) 0.89 (35) 1.32(52)
{m (inch)]

Pressure Vessel Length [M{inch)) i 2.10(82.6) 2.13(84) 2.58 (101.6)
Fuel Element Power (MW) 0.629 0.808 1.20
Relative Fuel Element Power 0.778 1.0 1.0
Density

Pressuie Vessel Materlal I ﬂnnlnum o Aluminuin Aluminum
Retlector Matetial BeryMium Beryllium Beryllium
Internal Shield Materlal | BATHLead BATH/Lead BATH/Lead

* BATH = Borated Aluminum Titanium Hydride

: T Sclenca Applications !
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RADIATION LEAKAGE LIMITS CRITERIA ASSUMED
- AT A PLANE 160 CM (63 INCHES) FORWARD OF THE CORE CENTER -

Type ol Radiation Radiation Leakage Limits Within
Pressure Vessel Outslde Radius

Gamma Carbon KERMA Rate | 1.8 x 107 rad (cyhr

Fast Neulron Flux 2.0x 1012 iem2 - sec, Ep > 1.0 MeV
Intermediate Neutron Flux 3.0x 1012 em? - sec,
0.48V<SEns1.0MeV

Thermal Neutron Flux 6.0x 1011 n/em2 - sec, Ep < 0.4 ev

e Sclence Appiications
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ENGINE SYSTEM ANALYSIS APPROACH/ASSUMPTIONS

. Use SAIC NESS Cycle Analysis Code [ }

- Check/Adjust Code to a Reasoable ‘Test Case
-- Rocketdyne ENABLER I and ENABLER 11 ip
75,000 Ibf, 1000 psia Fnpine System Design Selected ’ l
- Model Engine as an Lxpander Cycle —— T
- Incorporate near-Term Statc-of-the-Art ‘Technologies 4
- Incorporate Dual Turbopump Feed system ll
-- Single Propcliant turbopumyp With Dual Valving

per Feed Leg - 80% Thrust Level Capability pet leg {}’ ——!]]
l

-~ Centrifugal Turbopumps Used

-- Boost Pumps Assumed Only for the ENABLER If ~] I
Enginc System { ‘ 1 ‘[;:J'
nracton -
- Use Westinghouse ENABLER Reactor System

Design Model

o
-- Includes an Iniernal Shicld Model rone

LEGEND

~¥%- CHECK VALVE
~o—~ REGULAION

- Examine Nozzle Ratios of 200 and 500:1 e VALYE ( o

EXPANDER CYCLE

P Sclence Applications
= Inumulmm Corporation,
'R An Empleyas-Ownsd Company -

E DESIGN AND TECHNOLOGY FEATURES

Design/Technology Feature(s)
Gimbal Engine Mouti

Comment(s)

Based on the Space Shuttie Main
Engine (SSME) Dasign Approach

Turbopwnp Assembly
- Duasl Feod Systein Legs with Oual Valving - Based on NEHVA Design Approach
- B80% Pwnping CapabiMy per Feed Leg {Redundancy Consk /!
- Centritugsl Turbopumps - Based on the SSME
- Pump Materal: Inconnel
- _Turbine Materdal: MAR-M248

Solld-Core NERVA Type Reactor Design - Uses Stale-ol-the- Art Heactor System Fuely/

1 '
ENABI ER Deslgn)

-Ba;odonNERVADaslanwom
and Regul

- Intemal Shielks

Nozzle Assembly
~ 119% 1 %gh Area atio NAC Conmour - C ive, High P, Design,
= 200 snd 500:1 C In the Prop C y
- Thrae Saction Assembly - Dased on the SSME and Stale-of-the-Art

Rocket Propuision Technology Base
- Thiost Reglon - Based on SSME
« 2:1 Upsweam o 6:1 Downsiream
- Slotted flegen Wall Construction ol Copper
- Informeriate [aglon - BAsod on SSMF
« 8:1 to 160:1 Downslream
« agen Cooled incotnel Tube Binwsos
- Exit Nozrzle Extansion
« 150:1 to Fxit
* Radiation Cooled Carbon-Casbon
MisceNaneous Hardware - Stale of the-Ant Jechnologies Employed
- :I’mlm! Lines Reduced Weight, Size, and Incroased
- s

- Ek

- Lises Stale-of-the-Art Rockel Propulston
Materdals Technology Base

P Sel
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EXTENSIVE NESS PROGRAM VERIFICATION
CONDUCTED IN PARALELL AS THE
ENABLER NTP DATABASE DEVELOPED

ENABLER | ENABLER II
DATABASE DATABASE

NESS

SAIC NTP-ELES EARLY PROTOTYPE
VERSION OF NESS)

Y : I
- Primarily Focused of Anchor/Verification Primary Focused on Anchor/Verification

of Non-Nucdear Componcents and

Reactor System and Engine Integration
Features

Petformance

- Sclence Aﬂ;uullul :
—— Internationdi Corporation——.
Gy An Faploree Ouned Compony )

INITIAL ENGINE COMPONENT WEIGHT COMPARISON*
-75.000 IbF NTP ENGINE CASE -

SAlC
Parameter NERVA | Nockotdyne ELES-NTP Adjustments/Commenls
Chamber Temperature 2500 2700 2700 -—
°K)
Chamber Pressures 450 1000 1000 —
{psia)
Area Ratlo 100 500 500 -—
Specific hnpulse - Vac 850 923 922.8 —
(sec)
Reactor (kg} 5890 5824 5823 —_
Internal Shield (kg) 1583 — 1523 -
Nozzle Assembly (kg) 1051 440 421 » ELES NTP Value increased by 5%
- Rocketdyne Weight Considered a
Good Basseline
Turbopump Assembly 243 304 104 « ELES NTP Value Increased by 30%
(k) - Rockeldyne Considered
Consarvative for SOA Desligns

Nonnuclear Support 2425 1815 1264 - ELES N1P Value Increased by 40%
Hardwaro (kg) - Rocketdyne Weight Considered a
- Uines, Values Good Baseline - Scaled From

Acluators, Previous Design Work

Instrumentation Thrust

Structure

* Rockatdyne uses their Mark-25 lype axial lurbopump {4 stages);
ELES-NTP used a single-stage centriliigal pump.

pe Sclence A'm)llcnlonl
e - e T === Inlernationd] Corporation—.
iy A1 1oplayes Ouned Company
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NP-TIM-92

AL ENGINE COMPONENT WIEGHT COMPARISON*
- 75,000 Ibf N'IT'P ENGINE CASE -

| INIT

1C
Parameter NERVA | Rocketdyne El.g‘s\-NTP Adjustments/Comments
Chamber Temperature 2500 2700 2700 —
°K)
Chamber Pressures 450 1000 1000 —
{psia)
Area Ratio 100 500 500 —
Specific Impulse - Vac 850 923 9228 —
(sec)
Reactor {kg) 5890 5824 5823 —
internal Shield (kg) 1583 — 1523 —
ly (k 1051 440 421 + ELES N1P Value increased by 5%
Nozzle Assombly (la) - Rocketdyne Weight Consldered a
Good Baseline
Turbo Assembl 243 304 104 * ELES NTP Value Increasad by 30%
(k‘;) pume y Rocketdyne Consideiad
Consetvative for SOA Desligns
n 2425 1815 1264 - ELES NTP Value increased by 40%

ugmg:a{xs”pm - Rockeldyna Welght Considered a

u Val Good Baseline - Scaled From
’ “;32}0; ues. Previous Design Work

instrumentation Thrust

Structure
* Rocketdyne uses their Mark-25 type axial furbopump (4 slages);

FLES-NTP used a single-stage centrifugal pump.

— e e T — lgfo'f::ﬂ:m'ﬂ’;:ﬁu" )
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NITIAL ENGINE CYCLE PARAMET
- 75,000 Ibf NTP ENGINE CASE -

SAIC - ELES

Parameler Rockeldyne NTE
Puimp Flowrate (kg/s) 36.7 36.9
Pump Discharge Pres. (psia) 1544 1538.3
Turbine Flowrate, % Pump 50 50
Turbine Inlet Temp. (°K) 555.6 555.3
Turbine Inlet Pres. (psia) 1412 1416.8
Turbine Pressure Ratio 1.25 1.295
Reactor Inlet Pres. (psia) 1130 1255.4
Reactor Power, (MW) 1645 _
Reactor Core Flowrale (kg/s) 36.7 369
Nozzle Chamber Temp (°K) 2700 2700
Nozzle Chamber Pres. (psia) 1000 1000
Nozzle Exit Diameter (m) 4.15 415
Nozzle Expansion Ratio 500 500
Specific Impulse-Vac {sec) 923 9228
Pump Speed (rpm) 37,500 34,913

* Rocketdyne uses their Mark 25-type axial turbopump (4 stages);
ELES-NTP used a single-stage centiifugal pump.

WP Sclence Appligations
% Inluum,ﬁ o'lponllcn —_
@) 42 Emplapee-Ounct Conpeay =
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INITIAL ENGINE CYCLUE PARAMETER COMPARISON*
- 75,000 Ibf NTP ENGINE CASE -

SAIC - ELES

Parameler Rocketdyne NTP
Pump Flowrate (kg/s) 36.7 36.9
Pumip Discharge Pres. {psia) 1544 1538.3
Turbine Flowrate, % Pump 50 50
Turbine Inlet Temp. ("K) 555.6 555.3
Turbine Inlet Pres. {psia) 1412 1416.8
Turbine Pressure Ratio 1.25 1.295
Reactor Inlet Pres. (psia) 1130 1255.4
Reactor Power, (MW) 1645 —
Reactor Core Flowrate (kg/s) 36.7 36.9
Nozzle Chamber Temp (°K) 2700 2700
Nozzle Chamber Pres. (psia) 1000 1000
Nozzle Exit Diameter (m) 4.15 4.15
Nozzle Expansion Ratio 500 500
Specific hnpulse-Vac (sec) 923 9228
Pump Speed {rpm) 37,500 34,913

* Rockeldyne uses their Mark 25-type axial turbopump (4 stages);
ELES-NTP used a single-stage centrifugal pump.

ey Sclence wu allons
—— Internations] Corporationzz-J
@ A9 Enplogas Owses Compuny -
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- 75,000 Ibf ENABLER 1, EXPANDER CYCLE -

Parameter Rocketdyne SMCN}::I‘ES SAIC NESS

Total Flowrate (kg/s) 36.7 36.9 N2
Pump Discharge Pres. (psia) 1,544 1,538.3 2,298.3
Turbine Flowrate, % Pump 50 S0 50
Tubine Inket Temp. (°K) 555.6 §55.3 6223
‘Turbine Inlct Pres. (psia) 1412 1,416.8 1.969.0
Turbine Pressure Ratio 1.25 1.295 1.739
Reactor Infet Pres. (psia) 1,130 1,2554 1,132.1
Reaclor Power, (MW) 1,645 - 1,587
Reactor Core Flowrate (kg/s) 36.7 369 36.2
Nozzle Chamber Temp (°K) 2,700 2,100 2,700
Nuzzle Chamber Pres. (psia) 1,000 1,000 1,000
Nozzle Exit Diameter (m) 4.15 415 422
Nouzzle Expansion Ratio 500 500 500
Specific Impulse- Vac (sec) 923 9228 9129
Pump Speed (rpm) 37,500 34913 40,583

Rockeudyne uscs their Mark 25 type axial iwbopump (4 stages); SAIC ELES-NTP used a
single-stage centrifugal pump; SAIC NESS, Sample Case No. 8, uses a S-stage axial pump.

Sclence Appiications
= Inlommwm Corporaiionggs,
Py A Emplagse Owaed Company
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CYCLE PARAMETER COMPA
- 75,000 Ibf ENABLER 1, EXPANDER CYCLE -

RISON*

Parameter Rocketdyne EL%;-ISTI’ SAIC NESS

Specific Impulse - Vac (sec) 923 922.8 9129
Reactor (kg) 5824 5.823 4,783
Intemal Shicld (kg) — 1,523 1,108
Nozzle Assembly (kg) 440 421 535
Turbopump Assembly (kg) 304 104 221
Nonnuclear Support Hardware (kg) 1815 1,264 1,493

- Lines, Values, Actuators, Instruimen-

tation Thrust Structure

*  Rocketdync uscs their Mark 25 type axial wrbopunp (4 stages); SAIC ELES-NI'P. used 2
single-stage centrifugal pump; SAIC NESS, Sample Case No. 8, uses a 5-stage axial pump.

e Sclence Appiicstions
= lnlcmnlwfﬂ Corporation.
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CYCLED RAMETER COMPARISON*
- 75,000 Ibf ENABLER 1, EXPANDER CYCLE -

Wall Temperature
o

Barrler

Temperature (°R)

Isp (Se

c.)

Fuel Fllm Cooling

Fractlon

1460
1800
2000
2400
2800
3000
3200

1630
2106
2429
2892
3418
3651
3064

9129
915.9
917.5
919.4
921.2
9219
8224

0.03
0.03
0.02
0.02
0.02
0.02
0.02

* Cora Tamperaturs = 4000°N (2700%h)

~= Sclence Applicstions
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RVATIONS

NESS Design Exhibits 1% Lower Peformance Than Other Designs
- NESS Mode More Accurately Predicts Nozzle Cooling 1osses-Upstream Filim
Cooling Required 1o Mect Maximum Wall Temperature Requirements

*  Integrated Reactor/Lnginc System Design Effects Accounted for in the NESS Design {
- Sized 10 Take Into Account Heat Captured by the Coolant Before It Enters ‘
the Reactor
- Corresponds to Some Difference in Cycle Pressures, ‘Temperatures, and
Turbopump Operating Parameters

*  Other Weight Differences I'rom lmprovements in NESS Weight Correlations
- 3-Section Nozzle Design

- Non-Nuclear Auxiliary Components

- Update H, Propertics

FI=="" Science Appl
e e e S R U —— Inlolnlclln‘lr/l, i‘:r',';ﬁ','.’u.m
B As Empisyss-Oured Company

ENGINE SYSTEM
SCALING/COMPARISONS

Science Applicalions
== ~==" internatlod sl Corporation..
T (ip A% Empleres Osaed Compony
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| EXTENSIVE ENA

BLER I AND Il ENGINE SYSTEM DESIGN
DATABASE HAS BEEN DEVELOPED

*  Database Covers A large Engine Design/
Operating Paramenters
- buel Type/Chamber 'lemperature
- Thrust level
- Chamber Pressure
- Nozzle Area Ratio

*  Top-level Design Scaling Trends Produced for the ENABLER 1 Engine

System

- Litdle Design Trend Analysis Conducted to Date
on the Eanbler II Daabase

e All Engine Summary Design Data is Cataloged and is Available
Through NASA Lewis

e Scieacs A’r lications
= —— Internaliond! Corporstionmmes?
G) A Emplayes Owsed Compaay o

ENABLER ENGINE SYSTEM DESIGN
TRADE SPACE ANALYZED

Fuel Type/Chamber
Temperature (0K)

Thrast (Ibf) Chamber Pressure

(psia)

Nozzle Area
Ratio

Graphite/2500
Composite/2700
Carbide/3100

15,000
40,000
75,000
125,000

200,000
250,000

500
750
1,000
1,500
2,000

200:]
500:1

NP-TIM-92

379 %
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ENABLER I DESIGN SCALING TRENDS

30
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- Graphite Fuel -

40,000 T - - 40.000
CHAMDER PRESSURF
—— 500 psia
~~ 1000 psin 15,000
0,000 ., 10.000|-
MASS  MASS
Mﬁ Resclor + Pressure (o) o
Vessel + Inlernal
-} 10.000
20,000]" 20.000}-
5,000
10,000 10,000}~
"Lvn...l_,\ Aoy ot do °

o 1000 2000 3000 4000 5000 6000
NEACTIOR FOWER, MW

CHAMBER TEMPERATURE = 2500 °K

CHAMBER 1EMPERATUNE
—— 2200°K
——— 2%00°K

Reaclor + Presswre
Vessal + Internst A
Shield

Rescior + Preasurs
Veassl

AN W S WU O W VNS U W WY

REACTOR AND lNThRNAL SHIELD MASS SCALING

-{ 15,000

-} s.000

1000 2000 3000 4000 5000 60QQ

REACTION POWER, MW

CHAMBER PRESSURE = 1000 psia

31
380
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REACI'OR AND INTERNAL SHIELD MASS SCALING

- Composite Fuel -

40,000 e 40,000 — -
CHAMBER TEMPERATURE
, “m— 2500°K
/ 15,000 — 2700 K -1 15,000
— 2900 K
20.000]- 30,000
MASS MASS  MASS MASS
(s) Resctor + Pressure (ka) 8 | pesctor + Pressure ol
Vasael + internal Vessel + Intetnet -{ 10,000
Shiald 10000 Shiekt -
20,000 20,000
-| 5.000
. Rescior + Presswre | 3000 10,000 Rescior « Pressure :
10,000 fasce Vesse!
ol 1 o 0 s 1 a1 e L 2 Jo ol o 1 o 4 . b s . 4. Jo
0 1000 2000 2000 4000 5000 6000 0 1000 2000 3000 4000 000 6000
NEACTON POWEN, MW REACTOR POWER, MW
CHAMBER TEMPERATURE = 2700 K CHAMBER PRESSURE = 1000 psia
m— Science Applications i
or— % IRGOIRENONIN COpOration med
32 @ % Emplepes-Owaed Company =

REA

CTOR AND |

CItAMBFE R PRE SSUNE
—= SO0 psin
-~ 1000 puia

CHAMBER TEMPERATURF
~ -~ 2900°K
——— 2100 °K

—— 3300 °K

Resclor + Pressure
Yossel + inteamal
Shield

Resctor + Preasute
Resctor + Pressure S Vesoel
Vessel

PO R | SR P S |
[ 1000 2000 3000 4000 5000 €000 7000

REACIOR POWEN. MW

P 1 i [TV PO B i
1000 2000 3000 4000 5000 6000 7000

REACI0R POWER, MW

CHAMBER TEMPERATURE = 3100 "K CHAMBER PRESSUHE = 1000 pala

Sclence Applications
== mlamulmm orporation,
([} A% Enplepss-Ouned Compony

NTP: System Concepts
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REACTOR PRESSURE VESSEL DIMENSIONS AS A
FUNCTION OF POWER AND CHAMBER PRESSURE

1oy~ T

o0 |- - y s 254
% |- LGN
DIAMFTFR
[ 500 psla B -

80 [~ - = = 1000psia T 20

= INCIES - LENGTH

-MEIERS -
70 }-

60 |-

50 |-

40 | | I} A 1 I 1.02

4 1000 2000 3000 4000 5000 6000 7000
RFACTOR POWER, MW

- Sclence Appiications
e ﬂE:nman ccurpomlan :
'@ An Emplayes-Ounad Canpiny

- 75,000 Ibf Thrust -

AREA
1100 RATIO 1100
1080 = 100 1050
- 200
1000 4 00 1000
SPECIFIC 950 SPECIFIC 950}
IMPULSE IMPULSE
(sec) aop (sec) goo |
B850 850
800 800
750 1 L 1 i 1 750 [\ i1
2200 2600 3000 3400 2200 2600 3000 3400
CHAMBER TEMPENATURE ("K) CHAMBER TEMPERATURE (°K)
CHAMBER PRESSURE - 500 psia CHAMBER PRESSURE = 1000 psta
== A aent
@) As Fapleyes

Corporation—J
Owasd Company

35
NTP: System Concepts 382 NP-1TM-92



NTP ENGINE WEIGH'T AS A FUNCTION OF THRUSI
CHAMBER PRESSURE, AND ARFEA RATIO
- Graphite Fuel, Chamber Temperature - 2500 K -

30000 |—--———— - —
KEY
CHAMBER
25000 |-
syMmBoL | PressURe | ARFA
- RATIO
{paia)
20000 |-
TOTAL .- 500 500
ENGINE ]
WEIGHT 15000 o 1000 500
(kg)
10000 |- .- 500 200
5000 O 1000 200
0 1 ! 1 1

0 50000 100000 150000 200000 250000
THRUST (Ibt)

e Sclence A Mc:uonl
== Mmmma Corpomlan_u =

~ NTP ENGINE WEIGHT AS A FUNCTION OF THRUST,
CHAMBER PRESSURE, AND AREA RATIO
- Composite Fuel, Chamber Temperature - 2700 K -

KEY

CHAMBER
SYMBOL | PRESSURE

20000 (psia)

TOTAL
ENGINE
WEIGHT "%
(kg)
10000

5000

| | |
100000 150000 200000
THRUST (b

T Sclence ’”chluu
== inlernatlo Colpollllon
@A 2 Empiores-Onned ¢
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NTP ENGINE WEIGHT AS A FUNCTION OF THRUST,
CHAMBER PRESSURE, AND AREA RATIO
- Carbide Fuel, Chamber Temperature - 3100 K -

30000
KEY
25000 |- CHAMBER | anea
SYMUOL | PRESSURE | patio
{psia)
20000
101AL - 500 500
ENGINE
WEIGHT 5900 -0- 1000 500
(kg)
10000 - 500 200
5000 -0 1000 200
o | 1 U S I
0 50000 100000 150000 200000 250000

THRUST (Ibf)

E == Sclencs Applications
s EE Inmnmotm Corporation,
Gp A® Emplayss-Owast Company
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NTP ENGINE SYSTEM AS A FUNCTION OF THRUST,
- Graphite and Composite Fuel Engines -

w KEY
cHamBER |
” OIMENSION | SymBOL| PRESSURE |
' (pela)
0
TOTAL Langth o 500
ENGINE o |oseo |0
enain ' ] e
LENGTH o
(m) SN (0 DO T Wi
0 Diameter - 500
5 * 500
o 1,000 260
‘ 0 R . R R 0
‘ o 50000 100000 150000 200000 250000
THRUST (Ibly
|
' = Sclence Applicstions
= == lnmnnlon’ﬂ Corporstiong—J

@ As Emglepes-Owned Compony
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NTP ENGINE SYSTEM AS A FUNCTION OF THRUST,
- Carbide Fuel Engines -

KEY
CHAMBER
DIMENSION | SYMBOX | PRESSURE
{peia)

101AL 5}

i ENGINE
LENGTH
(mjpro}

1 ongth
e

o 40 8N XD

o 50000 100000 150000 200000 250000
THRUSH (ibl)

|
x

Sclence A llcmonn
= — hmmlun Carponuon ==
&y A Enpispes Oa bk

NTP ENGINE SUBSYSTEM WEIGHT
BREAKDOWN AS A FUNCTION OF THRUST,
- Composite Fuel, Tc =2700 K, Pc - 1000psia, € = 500:1 -

16000
~0- Reactor and
Imernal Shisid
12000 |- -8~ Tuibopump
Assetnbly
WEI(?::; 8000 |- {} Nozrle
9 -¢- Nonnucleas
Support Hardware
R ’ ——————————
4000 "
.”_,/0
[ 2ens
) U '.
0 M
50000 100000 150000 200000 250000
THRUST (ibt)

B Sclence Applications
- %mummm’? Curpoullon y
@ A
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DISTRIBUTION FOR TWO THRUST LEVELS

- Composite Fuel, T' = 2700 K, P_= 1000 psia, € = 500:

1

NUCLEAR NON-NUCLEAR NOZZLE TURROPUMY
SUASYSTEM SUPPONI ASSEMBL Y
HANDWARE

rnatlo

S == e S R T

BASELINE NTP ENGINE DESCRIPTION*

T =2700K,P_= 1000psia, € = 500:1 -

100 -ome o
80 KEY
ENGINE | ENGINE
PERCENT symBoL| THRUST | weiGH!
ENGINE (bh) (hg)
SYSTEM
WEIGHT 40 | ] 75,000 BBI6
m 250,000 2410
20
0

Sclence Appilcations
fo l’ﬁ Corporailon=
Y Emploges-Oened Company

- 75,000 LBF THRUST, EXPANDER CYCLE, COMPOSITE FUF,I.,

Component fealures Number
Heaclor » Reaclor + Intarnat Shield Welght 6576 kg {14,500 bim)* 1
« Fust Typa - Comnposlie
« Case Malarial - Almirum b}
+ fleactor Uineles 132m(52In)
» Neactor Longth 259 m (102 In)
= Fuel Mass Flow Rato 38 9 kq/s (81 3 hrws)
= Reactor LxiyNozzle Entrance
- Exit Chamtser Pressure 6895 kPa (1000 psia)
- Temperature 2,700 K (4,860°R)
Nozzle « Nozzle Weight 442 kg (975 bmj 1
+ Nozzie Materiat )

- Siotied flegon Wall Consiniction ol
Coppat lo Area fRatio of 6:1
- inconei Tube Blundies to Aroa Ratlo of 150:1
Extension Matertal - Carbon
+ Rogenaralively Cooled by Propotiant 1o an v
Area Adtio of 150t

« Nozzle Lenglth 823 cm (324 In)

« Throal Diamatar 18.8 cm (7 4 In)

« Exil Diameler 4158 cm (163.7 )

« Ana Ratln 00:1

« Delivered Vacuuin Isp 9043 N x seckg (923 sec)

» Delivered Thrust 333.6 kN (75,000 b}
Main Pump Turbine « lurbine Weight 15.9 kg (35 bm) 2

« Matedal MAR - M246 ¥

« No of Full Admission Trbine Stages 2

= Filidoncy ¢70

o [ygsmue it 1.906

+ sameler 16.0 on (.4 i)

« Turhine Speerd 39,028 pm

* Total Component Weight - Typical
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(CONT.)

| BASELINE NTP ENGINE DESCRIPTION® |
75,000 LBF THRUST, EXPANDER CYCLE, COMPOSITE FUEL)
| T, = 2700 K, P_ = 1000psia, € = 500:1 -

Component Features Number
Main Fuel Pump « Maln Punp Wolgh 44.6 kg (98.4 bm) 2
+ Malerial - inonnnel )
« Single-Stage Centrifugal Pump ¥
* Prossure Rise 10,260 kPa (1488 psla)
= Pump Speed 39,028 rpm
» Pump Diameler 25.7¢m {109 In)
= Pump Elticlency 0.715
« Pump Horsepower 8143 HP
Misc. Hardware + lhrust Moum 737 kg (1624 bm) 1
Waights « Thrust Support Hardware 573 kg (1263 bbm) 1
= Engine Lines 91.9 kg {202.7 bm) 2
« Main Valve 182.6 kq {402.6 bm) 4
« TPA Ignltion 15.7 kg (34.7 bm) 2
+ Ginbal Systom 34.9 kg (76.9 bm) 1
Sublotal * lotal Nonnuclear Welght 2196 kg (4843 Ibm)
(1PA + Misc. Hardwarte + Nozzle)
« Mamgin (2%) 44 kg (96.9 bm)
Total Engine System 8816 kg (19,440 bm)

* Yotal Componeni Weight - Typical

il
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- 75,000 lbf lhrust, Composnte Fuel,
T =2700 K, P_ = 1000psia, € = 500:1 -

iy
TANK

n_ .

PRESSURE
(pels)

50 27

STATION e Ky | mge

1 184
2 1538 403 104
3 1487 403 184
4 i 555.3 LLT]
s 1404 5553 104
[} 1255 5338 %9
[ 1000 27000 39

) me

- VALVF
- CHECK VAIVE

Sclencs A Ilcmanc
e Inmnulo I Corporation—-
@ An Ewplayas-Ovaed Company )

NP-TIM-92 NTP: System Concepts



| BASELINE N'I'P ENGINE CYCLE, OPERATING PARAMET'ERS
- 75,000 Ibf Thrust, Expander Cycle, Composite Fuel,
T =2700 K, l)( = lOOOpsia, £ =500:1 -

¢

£M01WE SiABILRY

fxPawRIn CreLE

INADLEA 1)
CENTRIFUBAL Pumrs uISC NamOmAR w o1
THRTSY LEVEL - ) 10168 Ire 108.3 2y
CHAMRER PATSIURE - s 1 amoeane e 1 e
CHANBER Y IMPIRAIVAT (ueimg Liwes 8 0 iba
wIILE (n} sach nuo - WAl vALVE 3830 ive .
Lol on-n + POREN SUPPLY w2 A Ive 1373wy
TOUAL M'IlAi" 'IMAI( -
wAROIN ( 2 8 3.1 ive 1.7 wy
REACTOR TOTAL -nuucum L A1 470 1 tea 19T Ny
e Uty
FOLL SCALINO Hcmﬂ o0 TOTAL EWOINE SYSTEV
TOR BEION 131 e TOIAL ENIINE REIGH o110
SHIELD WEIGH! 70243 (% voln Uil v WITHOUT SHIELD  19307.2
vESSIL © . 1HY RATIO WITH SHITLY (X1
PRESSUAL VESSEL timern 7.e n mmv/-lnuv RATIO Wi Thout suete 1.1
CORT PROFFILANT WARS FLOW A1 hafese REsCTOR SafgT ' noD » m ey
FOIAL ENOTME LAUMCH wEtoHT 13122 ¢
WOTILE 101AL EMNO(NE LAUNCH l' /0 SMIN1D 19894
CONYERGING MOLILL WTIGHT 1973 1%a e
WOZILE CXTENSION wEtom HE IS RN PUMP_OUT CONDIT IONS
TILE purpes jou wetant IR 1033 8¢
TOTAL NOTELE WEioHT 332 iem 108 4 by .Ut 1 seves. 0
0 100 0 e ol Casmin FRCswee .
LI AP -oirt 139
198 3 ae PO QUT CHAMPRIR 1TUPFRATURE
worILe N TN “Me 1 ew
OFLIVEATO YACHUN 137 9944 4 W oece/he  OVIRALL DIMINSIONT
OLLIVERED THAUST RAMLL OB OVERALL ENBINE LENOTH = 08 In "e.r e
OVERALL ENOINE SIAMETER = 1058 Im 208.3 o
TUMOHAP ASSCUBLY (TOTAL FOR ALL TEED tess)
WAL PROP. TURROPLMP 0.0 Ibe 1008 by
raoreLLAT B L Lt e
.9 ibs
ea 1ONTTION = Eiowr 71 e
SLEED LINE/VALYE o ICHT A
; Sclonce A ,"CMIO”
e Intornations! Corporationss

(ﬁ An Fmplayes-Owned Compony
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NTP ENGlNh T HRUST TO WEIGHT RATIO
AS A FUNCTION OF THRUST
-€=500:1 -

6 8.00
750 |-
7
sl 00
650 |-
600 |-
4l 550 |
CHAMBER
avst 0% reweenarome | UEL
THRUST/ weiGHT 450 " e
WEIGHT 3 400 | ~#- 2750 | Gesphite
CHAMBER as |
PRESSUNE 300 - 2500 | Composhe
2 el voo @~ 2700 | Cuibide
- 500 200 —e~ 3700 | Compooite
_ ‘50 1 by i 1
! -0- 1000 [] 100000 200000
I THHUST (1))
0 1 1 L CHAMBER PRESSURE = 1000 psia
0 100,000 200,000

THRUST (ibl)

COMPOSITE FUEL
CHAMBER TEMPERATURE = 2700" K

Science tications
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CONCLUDING REMARKS

= =" Sclence A’”Mculon )
Internationdl Corperation
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CONCLUDING REMARKS

A Near-Term (ENABLER I and I1) NTP Solid-Core
System Database has Been Established

Based on the Well Documented/Anchored

SAIC NESS Design P'rogram

Incorporates Westinghouse's SOA Reactor

System Design Correlations

Databasc is Organized, Documented and is Available

Through NASA Lewis
Future Recommendations

Perform a Comparative Assessment of the Database
-~ Past Engincering Data Generated

-- Technology Sensitivity Swdies

Initiate a Similar Stndy Activity With Engine Systems
Using Different Reactor Types

B = Sclence ‘,f lications !
S . laternationdl Corporationgee
@ An Empleges-Ovnad Conpeay
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