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Section l. SCOPE 

I 
Specification No. CP-90290A 

This part of this specification defines the requirements for the 
performance, design, and qualification of equipment identified as the NERVA 
Nuclear Rocket Engine, Contract End Item (CEil No. 90290 as established by 
the NERVA Program Requirements Document, SNPO-NPRD-1. This CEI, herein-
after referred to as the engine, is used as a source of primary propulsive 
power for both manned and unmanned space vehicle applications. The engine 
is designed to operate at a vacuum thrust level of 75,000 lbs and a specific 
impulse of ~1~seconds and shall be man rated. The engine requires externally 
supplied liquid hydrogen, command signals, and electrical power. Rated thrust 
is achieved at a nominal thrust chamber pressure of 450 psia and a nominal 
design thrust chamber temperature of 4250° Rankine and with a nozzle having 
an expansion ratio of 100:1. Endurance at rated temperature shall be 600 
accumulated minutes. The operating time is utilizable in multiple cycles up to 
60 with durations of varying lengths up to 60 minutes. 

1.1 Hission Definitions -The following missions are used in the de­
finition of NERVA requirements. Payloads sha 11 be· maximized consistent with 
the engine performance requirements of this specification. 

(a) Reusable Jnterorbit Shuttle -To shuttle payloads (manned 
and unmanned) between a 262 nautical mile earth orbit and a space station in 
lunar or geosynchronous earth orbit and return for reuse. 

(b) Unmanned Deep-Space Injection - To place a large unmanned 
payload on a deep space trajectory using the reusable nuclear shuttle from 
262 nautical mile earth orbit and returning the shuttle vehicle to earth orbit 
for reuse. 

1.2 Launch Vehicle Definition -The engine shaLlb_ec::apable of being 
launched into earth orbit by an JNT-21 (SIC/Sll) launch vehicle modified for a 
nuclear third stage. 
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1.3 Support Systems Definition- The engine shall be compatible with 

the'following support systems: 

a. Orbiting Propellant Depot 
b. Space Stations (Lunar and Geosynchronous) 
c. Spacecrafts and Space Vehicles 
d. Operational Ground Facilities 
e. Aerospace Ground Equipment 
f. Aerospace Space Equipment 

1.4 t4an Rating Definition - The engine shall be defined as man rated 
when it has met the requirements of this specification. 
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Section 2. APPLICABLE DOCUMENTS 

2.1 Government Documents -The following documents form a part of 
this specification to the extent specified herein. The issue used shall be 
that controlled by the latest approved contractor's controlled documents list. 
When the requirements of this specification and other documents are in conflict, 
the following precedence shall apply: 

(a) NERVA Program Requi rements __ Oocume_nt 
(b) This Specification 
(c) Other documents referenced herein 
(d) Documents subsidiary to those referenced herein 

SPECIFICATIONS 

Military 
MIL-D-1000 
MIL-B-5087 

MIL-E-6051 

rm-I-6866 
MIL-I-6868 
MIL-W-8160 

MIL-E-8189 

MIL-I-8500 

MIL-I-8950 

National Aeronautics 
MSFC-SPEC-234 
MSFC-SPEC-356 
14SFC-SPEC-364 

and 

Drawing, Engineering and Associated Lists 
Bonding, Electrical, and Lightning Protection, 
for Aerospace Systems 
Electromagnetic Compatibility Requirements, 
Systems 
Inspection, Penetrant Method of 
Inspection Process, Magnetic Particle 
Wiring, Guided Missile, Installation of, 
General Specification for 
Electronic Equipment, Missiles Boosters and 
Allied Vehicles, Specification for 
Interchangeability and Replaceability of 
Component Parts for Aircraft and 14issiles 
Inspection, Ultrasonic, Wrought t4etals, Process for 

Space Administration 
Nitrogen, Space Vehicle Grade 
Hydrogen, Liquid 
Helium 
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Space Nuclear Propulsion Office 
SNPO - C-1 Structural Design Specification 

SNPO - C-6 

STANDARDS 

Military 
follt.-STD-100 
MIL-STD-130 
MIL-STD-143 

MIL-STD-171 
MIL-STD-453 
MIL-STD-1247 

MIL-STD-1472 

PUBLICATIONS 

Department of Defense 
DOD 5220. 22-r1 

Air Force 

External Environments - Definitions and Requirements 

Engineering Drawing Practices 
Identification r~arking of lJS Military Property 
Specifications and Standards Order of Precedence 
for the Selection of. 
Finishing of Metal and ~lood Surfaces 
Inspection, Radiographic 
Marking, Functions and Hazard Designations of Hose, 
Pipe, and Tube Lines for Aircraft, Missiles, and 
Space Systems 
Human Engineering Design Criteria for Military 
Systems, Equipment and Facilities 

Industrial Security Manual for Safeguarding 
Classified Information 

AFETRH 127-1 Air Force Eastern Test Range f1anual 

Atomic Energy Commission 
Manual Chapter 0529 Safety Standard for the Packaging of 

Radioactive and Fisslle Materials 
CG-RR-3 Rover Classification Guide 

Space Nuclear Propulsion Office 
SNPO-NPRD -1 NERVA Program Requirements Document 

13 

. " . ... _, 

\..._' 

' . 



13/5 

Specification No. CP-90290A 

2.2 Other Publications - Not applicable. 

2.3 Aerojet/Westinghouse Documents -

2.3.1 Aerojet Nuclear Systems Company Documents. -The following documents 
form a part of this specification to the extent specified herein. The issue 
used shall be that controlled by the latest approved contractor's controlled 
documents list. When the requirements of this specification and other subsidiary 
documents are in conflict, the following precedence shall apply: 

(a) This Specification. 
(b) Other documents referenced herein. 
(c) Documents subsidiary to those referenced herein. 

SPECIFICATIONS 
EC-90117 
EC-90121 
EC-90122 
EC-90149 
EC-90151 
EC-90152 
EC-90154 
EC-90192 
EC-90214 
EC-90218 
EC-90242 
EC-90243 
EC-90244 
EC-90246 
EC-90257 
EC-90258 
EC-90261 

Propellant Shutoff Valve & Actuator 
Turbine Block Valve & Actuator 
Bypass Control Valve & Actuator 
Turbopump Assembly 
Nozzle Assembly Subsystem 
Thrust Structure Subsystem 
Pressure Vessel and Closure Subsystem 
Structural Support Coolant Valve 
Instrumentation and Control Subsystem 
Propellant Feed Subsystem 
Destruct Subsystem 
External Shield Subsystem 
Gimbal Assembly Subsystem 
Pump Discharge Check Valve:s 
Bypass Block Valve and Actuator 
Cooldown Supply Control Valve and Actuator 

Structural Support Block Valve and Actuator 
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EC-90276 

EC-90281 
EC-90283 
DS-90176 

DS-90196 
OS-90251 

DS-90263 
DS-90264 
DS-90267 
DS-90269 

OS-90284 

STANDARDS 
AGC-STD-1004 
AGC-STD-4004 

AGC-STD-4005 
AGC-STD-4006 

AGC-STD-9012 

ASD-5229 

PUBLICATIONS 

Reports 
2275 

Data Item 
Cl03-CP090290-Fl 

P017-SS090205-F1 

R101-CP090290-F1 

S007-CP090290-F1 

S019-CP0902SO-Fl 
S021-CP090290-Fl 

S131-CP090290-Fl 

Specification No. CP-~0290 

Cooldown Shutoff Valve and Actuator 
Turbine Discharge Block Valve and Actuator 

Turbine Throttle Valve and Actuator 

Nozzle Extension 

Nozzle 
Gimbal Actuator 
Stage Tank Pressurization Line and Check Valve 

Engine Purge Unit 
Upper Thrust Structure 

Lower Thrust Structure 

Propellant Lines 

liERVA Program Termi no 1 ogy 
E;glneering Acceptance Criteria for Castings 

Engineering Acceptance Criteria for Welds 
Engineering Acceptance Criteria for Wrought 
and Forged Products 
Wiring, Routing and Termination of 

Metals, Dissimilar, Definition and Use of 

l~aterials Properties Data Boo~ 

Measurement Design Requirements -._ ...... ~-
Product Assurance Program Plan 

Reliability Program Plan 
v·v··~ 

Electron:agnotic Conpatabili,ty Plan 

Safety PlJn 
Contan,ination and CorTosiun Control Plan 

Haterials Plan 
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DRAWINGS 

1136393 

1137401 

1136403 

~ 1137101 
1137400[ 
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NERVA Flight Engine Nuclear/Non Nuclear 
Interface Control Drawing 
75K NERVA Flight Engine Flow Diagram 
NERVA Engine Module/Stage 
NERVA Engine Specification Tree 
75K NERVA Flight Engine Layout, Full Flow 

2.3.2 Westinghouse Astronuclear Laboratory Documents - The following 
documents form a part of this specification to the extent specified herein. 
The issue used shall be that controlled by the latest approved contractor's 
controlled documents list. When the requirements of this specification and 
other subsidiary documents are in conflict, the following precedence shall 
apply: 

(a) This Specification. 
(b) Other documents referenced herein. 
(c) Documents subsidiary to those referenced herein. 

SPECIFICATIONS 

CP-677555 

EC-677558 

EC-677559 

EC-677561 

EC-677562 

EC-677564 

EC-677565 

EC-677566 

EC-677575 

EC-677576 

EC-677585 

Nuclear Subsystem 
Cluster Hard~1are 
Reflector Assembly 
Support Plate and Plena 
Internal Shield 
Core Periphery 
Nuclear Subsystem Instrumentation 
Fuel Elements 
Structural Support Coolant Assembly 
Structural Support Coolant Valve Actuator 
Control Drum Drive Assen:bly 
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Section 3. REQUI RH1ENTS 

3.1 Performance- The engine shall be capable of meeting the per­
formance requirements specified herein. 

3.1. 1 Functional Characteristics.- The engine shall be capable of 
performing operational functions specified herein. 

3.1.1.1 Primary Performance Characteristics.-

3.1.1.1.1 Operational !~odes - The engine shall be capable of performance 
as specified in 3.1.1.1.5, (Impulse and Controllability Requirements) while 
operating in the following modes: (See Section 6.2 for definition of operational 

modes.) 

(a) Normal Mode 
(b) Malfunction Hade 

(1) Single iurbopump Operation 
(2) Component Halfunction 

(c) Emergency !~odes 

3.1.1.1.2 Vacuum Performance Rating- The engine performance rating is 
based on nominal vacuum thrust using liquid hydrogen as specified in 1·1SFC 
Specification 356 with a 100:1 nozzle area ratio as follows: 

\!oo 
(a) Thrust- 75,000 ~ 2000 lb which includes a ~]it lb control-

lability tolerance. (Thrust considered parallel to the pressure vessel axis). 

(b) Specific Impulse- 825 sec ~0.75% (which includes a~ TBD% 
controllability toleranceb~o~~J.jnclude allowable operating H2 leakage 
nor Hz required for tan1, . e) Minimum Specific Impulse - •. S\9 -~'"'""' 'fl..\ ~\.\""t 'IJ e'.-\'\C..LE J..'S~ \4jl\M ~\~A.t.-• 
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(c) Nominal Chamber Pressure - 450 psia (The nominal chamber 

press·ure is the stagnation pressure). 

(d) Nominal Chamber Temperature - 4250°R (The nominal chamber 

temperature is the stagnation temperature). 

(e) Normal f1ode Endurance - 600 minutes at rated temperature (ac­
cumulated in up to 60 cycles of varying duration up to 60 minutes maximum per 

cycle). 

(f) In meeting the thrust and impulse requirements all components 
must perform within their specified tolerances. 

3.1.1_.1.3 Operational Constraints - The engine shall be capable of 
operating at any selected point within the operational constraint map shown 
in Figure 1. 

During thrust buildup and retreat, the engine shall be capable 
of chamber temperature ramp rates of 150 ~ 25°R/sec and chamber pressure ramp 
rates of TBD psi/sec at a pressure less than 293 psia and at a rate of 50 + 10 
psi/sec at a pressure greater than 293 psia. 

3.1.1.1.4 Attitude, Altitude and Temperature- The engine shall start, 
operate, and shutdown satisfactorily independent of engine gimballed position 
~ attitude and with exposure to the external environmental conditions specified 
in Column 1 of Table V. The engine shall start satisfactol"ily in a zero-g 
field when liquid hydrogen is supplied in accordance with the requirements 
of 3.1.1.1.8 (Propellant Conditioning). 

3.1.1. 1.5 Impulse and Controllability Requirements -The specific impulse 
shall be maximized during engine operation consistent vtith· the restrictions of 
3.1.1.1.3 (Operational Contraints), with propellant supplied as specified in 
3.1.1.1.8 (Propellant Conditioning) in the environments specified in 3.1.2.4 

(Environments) and when operating over the duty cycles specified in 3.1.2.3 
(Useful Life). 
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3.1.1.1.5.1 Normal Mode Impulse- The engine shall be capable of meeting 
the following performance requirements when operating in the normal mode. The 
normal operating cycle shall be initiated by a vehicle command signal to depart 
from a coast (shutdown) condition or previous operating cycle and is completed 
upon termination of cooldown flow, post operational status checks and coast 
preparation, i.e., system power-down, or the receipt of a command signal for 
restart. The normal operating cycle is shown in Figure 2. 

3.1.1.1.5.1.1 Prestart- The engine shall be capable of performing function 
and status check operations as commanded to assure readiness for startup. There 
shall be no propellant flow other than permitted by 3.3.1.8 (Leakage) during pre­
start operations except as required for cooldown during restart. Prestart time 
shall be TBO + TBO minutes. ---

3.1. 1. 1.5.1.2 Startup.- Startup consists of temperature conditioning, 
nuclear startup, bootstrap, ~nd thrust buildup. Startup is initiated upon 
receipt of a command signal to initiate propellant flow or nuclear startup --- . 

and is completed when rated performance has been achieved 1~ithin the specified 
controllability limits. The engine shall be capab1e of accomplishing temperature I 
conditioning and nuclear startup simultaneously or sequentially depending on ·--
prior operating history. The engine shall be capable of meeting the fol101ving 
requirements during normal startup operations. 

3.1.1.1.5.1.2.1 Temperature Conditioning and Nuclear Startup.-

3.1.1.1.5.1.2.1.1 Temperature Conditioning- Temperature Conditioning is 
initiated at engine startup and consists of non-nuclear component and reactor 
thermal conditioning. These operations may be conducted separately or simul­
taneously depending on engine thermal conditions at startup. The engine shall 
be capable of being temperature conditioned for the initiation of bootstrap 
within TGO seconds and shall consume less than TBO lbs of propellant during this 
time. The time required for this function shall be predictable within~ TBD 
seconds and propellant consun~tion shall be predictable within+ TBD lb. 
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3.1.1. 1.5.1.2.1.2 Nuclear Startup.- Nuclear startup may occur separately 
or simultaneously with temperature conditioning. During nuclear startup 

reactor criticality shall be achieved and temperature control shall be ·~ 

established. The time required for this function shall not exceed TBD sec and 
shall be predictable within~ TBD sec for each nuclear startup. 

3. 1. 1.1.5. 1.2.2 Bootstrap.- Bootstrap startup begins with initiation of 
flow through the turbines, and ends when program control has been achieved to 
initiate thrust buildup. Temperature control shall be maintained during boot­
strap, and the engine shall be brought under program control when chamber pressure 
has increased to TBD ~ TBD psi a. The_ engine sha 11 be capable of camp l eti ng 
bootstrap startup within TBD sec and shall consume less than TBD lb of propellant 
during this time. These parameters shall be predictable to within~ TBD sec 
and~ TBD lb propellant for each bootstrap startup throughout the engine operating 

life. 

3.1.1.1.5.1.2.3 Thrust Buildup- The engine shall be capable of thrust 
buildup through the engine throttle poin-t, and shall maintain rated specific 
impulse from the throttle point to steady state operations. For each thrust 
buildup cycle during the engine useful life, the thrust and specific impulse 
shall be predictable as a function of time and engine history. These parameters 
shall be controllable to~ TBD percent thrust and~ TBD percent specific impulse 
of instantaneous predicted values. 

3. l. 1. 1.5. 1.3 Steady State Operation- Steady State Operation is initiated 
when rated performance has been achieved within specified controllability limits, 
and is terminated by receipt of a command signal to begin retreat from this 
condition. During Steady State Operation the engine shall be capable of providing 
the vacuum performance specified in 3.1.1.1.2 (Vacuum Performance Rating). 

3.1.1.1.5.1.4 Shutdown and Cooldown- Shutdown consists of throttling, 
throttle hold, temperature retreat and pump tailoff, and is initiated by a 
command signal to depart from rated conditions and is completed upon termination 
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of powered pump operation. During shutdown the engine shall be capable of steady­
state hold at the engine throttle point. Cooldown is initiated upon completion 
of engine shutdown and is completed upon termination of propellant flow or the 
receipt of a command signal for restart. Cooldown propellant is supplied at 
tank pressure conditions as defined in 3.1.1.1.8, (Propellant Conditioning). 
The total delivered impulse during shutdown and cooldown shall be predictable ' 
within!. TBD percent of the total startup and steady state impulse as a function j · 
of engine operating history and shall be controllable as a function of time 
after initiation of shutdown. Provision shall be made for a TBD sec steady state 

'<::....~ 

hold at the throttle point, and for each shutdown cycle during-·the engine operating 
life the thrust and specific impulse shall be controllable to !. TBD percent thrust 
and !. TBD percent specific impulse of instantaneous predicted values from 
initiation of shutdown to termination of steady state hold at the throttle 
point. The total impulse delivered after termination of the steady state hold 
at the throttle point shall be controllable to within!. 20,000 lb sec at ter­
mination of cooldown. The time of termination of cooldown impulse shall be 
predictable within!. 15 sec. Cooldown thrust shall be not less than 30 lb and 
average cooldown specific impulse shall be not less than 400 sec. 

3.1.1.1.5.1.5 Post Operations- The post operation period begins with the 
termination of cooldown and ends when the engine is powered-down for coast or 
space storage. During this period, the engine shall be capable of functional 
and status check operations. The time for this operation shall not exceed TBD 
minutes. There shall be no propellant flow other than permitted in 3.3.1 .8 
(Leakage). 

3.1.1. 1.5.1.6 Coast- The coast operation period is initiated upon com­
pletion of the post operation period and continues until receipt of a signal to 
initiate restart operations. During coast operations the engine thrust (due to 
allowable non-operating leakage) shall not exceed TBD lb. 
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3.1.1.1.5.2 Malfunction Mode Impulse- The engine shall be capable of 
meeting the following performance requirements when operating under the following 
malfunction conditions. The engine shall be capable of direct transition to the 

malfunction modes during any phase of engine operation. 

3.1.1. 1.5.2.1 Single Turbopump Operation Impulse- The engine shall be 
capable of operating with one Propellant Feed Subsystem leg inoperative. 
Operation in this mode shall be initiated or completed as specified in 3.1.1.1.5.1 
(Normal Mode Impulse), or by receipt of a command signal demanding the engine to 
switch to this mode of operation from the normal mode startup, steady state or 

shutdown functions. 

3.1.1.1.5.2.1.1 Prestart - There shall be no propellant flow other 
than permitted in 3.3.1.8 (Leakage) during prestart operations except as 
required for cooldown during restart. Prestart time shall be TBD ~ TBD 

minutes. 

3.1.1.1.5.2.1.2 Startup - The engine shall be capable of the following 
requirements during single Turbopump startup operation. 

3.1.1.1.5.2.1.2.1 Temperature Conditioning and Nuclear Startup.-

3.1.1.1.5.2.1.2.1.1 Temperature Conditioning -The engine shall be 
capable of being temperature conditioned for the initiation of bootstrap ~1ithin 
TBD seconds and shall consume less than TBD lb of propellant. The time 
required for this function shall be predictable within~ TBD sec. 

3.1.1.1.5.2.1.2.1.2 Nuclear Startup.- Nuclear startup may occur 
separately or simultaneously with temperature conditioning. During nuclear 
startup reactor criticality shall be achieved and temperature control shall be 
established. The time required for this function shall not exceed TBD sec and 
shall be predictable within~ TBD sec for each nuclear startup. 
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3.1.1.1.5.2.1.2.2 Bootstrap.- Bootstrap startup begi~s with initiation 
of flow through the operational turbine, and ends when program control has been 
achieved to initiate thrust buildup. Temperature control shall be maintained 
during bootstrap, and the engine shall be brought under program control when 

.< chamber pressure has increased to TBD ~ TBD psia. The engine shall be capable 
of completing bootstrap startup within TBD sec and shall consume less than 
~ lb of propellant during this time. These parameters shall be predictable to 
within~ TBD sec and~ TBD lb propellant for any Single Turbopump bootstrap 
startup occurring throughout the engine operating _iife. 

3.1.1.1.5.2.1.2.3 Thrust Buildup- For each thrust buildup cycle 
during the engine useful life, the thrust and specific impulse shall be 
predictable as a function of time and engine history. These parameters 
shall be controllable to ~ TBD percent thrust and ~ TBD percent specific 
impulse of instantaneous predicted values. 

3.1.1. 1.5.2.1.3 Steady State Operation- The engine when operating with 
one PFS leg shall provide the vacuum specific impulse specified in 3.1.1.1.2 
(Vacuum Performance Rating) and a nominal vacuum thrust of 60,000 lb. The j 
engine shall be capable of operation at extended duration as required to deliver 

1

c 
a single burn total impulse equivalent to that which would have been required for 
normal mode operation. 

3.1.1.1.5.2.1.4 Shutdown and Cooldown- The engine shutdown and cooldown 
requirements for this mode of operation shall be as specified in 3.1.1.1 .5.1.4 
(Shutdown and Cooldown) for normal mode operation. 

3.1.1.1.5.2.1. 5 Post Operation - The engine post operation requirements 
shall be as specified in 3.1.1.1.5.1.5 (Post Operations) for normal mode 
operation. 

3.1.1.1.5.2.1.6 Coast- During coast operations the engine thrust (due 
to alloY~able non-operating leakage) shall not exceed TBD lb. 
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3.1.1.1.5.2.2 Component t1alfunction Impulse - When operating~ (:_" 
£()!f!pOnl!ntma)_functionsoth~'= th?n those which would cause operation with a single 
PFS leg as specified in 3.1.1.1.5.2.1 {Single Turbopump Operation Impulse), or 
emergency operation as specified in 3.1. 1.1.5.3 (Emergency Mode Operation), the 
engine shall be capable of operating under the conditions specified in 3.1.1.1.5.1 
(Normal Mode Impulse). 

3.1.1.1.5.3 Emergency Mode Operation- The engine shall be capable of 
operation in an emergency operating mode. No more than one emergency cycle shall 
be required of the engine. The emergency operating modes shall be initiated 
manually or by a command from the malfunction detection and control system or 
the trend data system demanding the engine to an emergency mode of operation 
from any point on the engine operating map. The engine shall be capable of a 
transition to the emergency operating mode during any portion of startup or 
steady state operation. For emergencies occurring during shutdown, the engine 
shall be capable of cooldown for up to five hours prior to entering the emergency 
~perating mode. The engine shall be preserved in a restartable condition if it 
can be done at no additional risk to the population, passengers or crew. The 
engine shall be capable of providing emergency mode impulse at selected points 
(TBD) within the operational constraint map shown in Figure 1. Emergency mode 
impulse requirements shall be determined during the engine development program. 
The minimum emergency mode impulse and thrust shall be 108 lb.sec. and 30,000 
lb. respectively, as specified in 3.1.2.7.1.3 (t1alfunction Operation). Minimum 
emergency mode specific impulse shall be 500 sec. 
mode operating conditions is shown in Table TBD. 
provided as Attachment I to this specification.) 

A summary of the emergency 
(The format of this table is 

3.1.1.1.6 Restart Requirements - The engine shall be capable of entering 
the engine prestart phase for restart at any time after completing the shutdown 
phase of a previous operating cycle. 
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3.1.1.1.7 Engine Communication- The engine shall be capable through the 
Engine/Stage interface of receiving, processing, and distributing command signals 
for engine operation and checkout functions through normal input channels from 
the stage, spacecraft, vehicle instrumentation unit (I.U.), the Vehicle 
Emergency Detection System (V.E.O.S.), and the range safety decoder. The engine 
shall provide engine output data through the Engine/Stage interface to the l.U. 
and stage systems, the V.E.O.S., and to the spacecraft and spacecraft systems 
uisplay equipment as specified in 3.2.1.2 (Detailed Interface Definition). 

3.1.1.1.8 Propellant Conditioning -The engine shall be capable of 
operating at the conditions stated herein when supplied with liquid hydrogen as 
specified in t·lSFC Specification 356 delivered at the tank outlet (upstream of 
the main propellant shutoff valve). The pressure and vapor quality sha 11 be as 
follows: 

Tank Saturation 
Pressure Pressure Vapor, 

(a) Normal Oeeration esia esia Percent 
(1) Startup TBD to 30 TBO 0 
(2) Rated Condition 28 28 0 
(3) Cool down TBD TBD TBD 

·~ -~. 

(b) Single Turboeum~ Oeeration 
( 1) Startup TBD to 30 TBO 0 

(2) Rated Condition 30 28 0 

(3) Cool down TBD TBD TBD i-f 
'._./ 

(c) Component Malfunction 
Oeeration 
( 1) Startup Same as Normal Operation 
(2) Rated Condition Same as Normal Operation 
(3) Cool down TBD TBO TBD 

(d) Emergenc~ Oeeration 
(1) Startup TBD to 30 TBO 0 
(2) Emergency Point 30 28 0 
(3) Cool down TBD TBO TBD 
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3.1.1.1.9 Propellant Pressurization- The engine shall be capable of 
providing hydrogen gas for propellant tank pressurization. The gas delivered 
to the interface shall have properties as shown in Figure 3. 

3.1.1.1.10 Thrust Vector Control -The engine gimbal system shall be 
capable of providing the following thrust vector control in all directions: 

(a) Angle from null, degree (<>), 

(b) Angular velocity, •;sec, 
(c) Angular acceleration, •;sec2, 

0 - 3.0 \ 

0 - 0.25 

0 - 0.5 

~. _ _..· 

3.1.1.1.11 Nuclear Radiation Shielding - Engine components shall be 
protected from radiation emitted from the nuclear subsystem by a shield internal 
to the reactor pressure vessel. The engine shall be capable of incorporating 
an external radiation shield to reduce the dose due to engine radiation to 
permissable levels within manned spacecraft. The engine design shall minimize 
the sour~es of radiation and thereby r~duce the penalty f.gr meeting crew pro­
tection requirements. 

3.1.1.1.11.1 Unmanned Configuration- In the unmanned configuration 
(no external shield) the internal shield (internal to the pressure vessel) shall 
be no larger than is necessary to prevent radiation damage or heating of engine 
components w_h_!_ch would_ precludemeeting their specified performance requirements. \D 
The internal shield shall limit Pressure Vessel and Reactor Assembly (PVARA) 
radiation leakage through a plane located at a height of .§l_inches forward crt. 
of core center, perpendicular to the engine axis, to the levels shown in 
Table I, within the radius defined by the pressure vessel outside radius. 
Additionally, the PVARA leakage radiation at critical locations in the engine 
system shall be limited to the levels shown in Table II. 

The internal shield shall be limited to an envelope within the inside radius · 
of the pressure vessel and an overall thickness not to exceed 18 inches (including 
structural and coolant regions). 
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3.1.1.1.11.2 Manned Configuration- In the manned configuration the 
engine shall be capable of providing external shielding which in conjunction 
with vehicle and spacecraft shielding reduces the dose per round-trip to 10 
rem at the location of each passenger and 3 rem at the location of each flight 
crew member in the spacecraft. The manned shield (external shield) shall be 
capable of being removed in space for unmanned flight and replaced for manned 

flight. Variations in crew shielding attenuation. capability, based on mission 1· _.,, 

requirements, shall be possible with minimum redesign. (I) 

3.1.1.1.12 r~alfunction Detection and Recovery - The engine shall 
be capable of detecting malfunctions and providing corrective action as 
established by the analysis techniques specified in 3.1.2.7 (Safety). The 
engine control system shall be capable of evaluating the malfunction condition 
and directing the appropriate malfunction recovery action. 

~:..h:l~:J.3 Engine Assembly, Checkout, and Acceptance Operations -
The engine shall be capable of manual assembly using AGE and facility equipment 
as specified in 3.2.1.2 (Detailed Interface Definition). The engine shall be 
capable of functional checks to assess engine operational status. Capability for 
poison wire insertion subsequent to engine acceptance shall be TBD. 

3.1.1.1.14 Nuclear Stage Assembly and Checkout Operations - The 
engine shall be capable of the procedural requirements as specified in 3.2.1.2 
(Detailed Interface Definition) and sha 11 be capable of remote fuhctiona 1 
testing and checkout of all engine operational parameters using stage control 
system circuits. The engine shall be capable of monitoring and self-check 
operations to provide assessment of engine reliability safety and operational 
status. Othe~specific requirements are TBD. 

3.1.1.1.15 Nuclear Stage/Vehicle Mating Operations -The engine shall be 
capable of the procedural requirements specified in 3.2.1 ,2 (Detailed Interface 
Definition), and shall be capable of monitoring to provide assessment of engine 
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safety. The engine shall be capable of peripheral poison wire removal prior to 
nuclear stage/vehicle mating operations. Other specific requirements areTBD. 

3.1.1.1. 16 Vehicle Checkout Operations -The engine shall be capable 
of functional testing and checkout of all engine operational parameters using 
vehicle control system circuits. The engine shall -~ capable of monitoring 
and self-check operations during vehicle checkout to· provide assessment of 
errgine reliability safety and operational status. Ot"ers::>ec.ific requirements 
are TBD. 

3.1.1, 1.17 Vehicle Transfer Operations - The engine shall be capable 
of withstanding the loads and environments specified in 3.1.2.4 (Environments) 
during vehicle transfer to the launch pad. During this operation the engine 
shall be capable of monitoring all functional parameters critical to engine 
safety, and shall be capable of interfacing with AGE/Facility equipment as 
specified in 3.2.1.2 (Detailed Interface Definition). Other specific. require­
ments are TBD. 

3.1.1.1.18 Vehicle Countdown Operations - During pre-launch (vehicle 
countdown) operations for the operational period specified in 3.1.2.3 (Useful 
ife) the engine shall be capable of the following: 

(a) Being exposed to the natural environments 
specified in 3.1.2.4 (Environments) without degradation. 

(b) Interfacing with AGE and facility equipments 
as sp cified in 3.2.1.2 (Detailed Interface Definition). 

(c) Maintenance and functional testing as specified 
in 3.1. 2. 2 (r·lai ntai nabil i ty). 

equipment. 

(d) Installation of destruct system detonators. 
(e) Attachment and removal of radiation monitoring 

(f) Reactor central poison Yli re removal. 
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(g) Monitoring all functional engine parameters 

required to assess engine reliability, operational and safety status. 
(h) Reactor central poison wire reinsertion TBD. 
( i) Other requirements TBD. 

3:1. 1.1. 19 Launch and Boost Operation - The engine sha 11 have the 
following capabilities during launch and boost: 

(a) Exposure to the natural and induced environments 
of 3.1.2.4 (Environments) without degradation of performance potential. 

(b) Response to a destruct signal and fragmentation 
and disposal of the reactor fuel elements in accordance with 3.1.2.7 (Safety). 

(c) Response to a signal to render the engine destruct 
system inoperative (safe) after completion of launch and boost operations. 

(d) Monitor all engine parameters required to assess 
engine safety and reliability. 

(e) Other requirements TBD. 

3.1.1.1.20 Space Station Operation- The engine shall be capable 
of functional testing and checkout while the nuclear stage is docked at the 
lunar space station or the geosynchronous space station. The_specific require­
ments of this operation are TBD. 

3.1.1.1.21 Propellant Depot Operations -The engine shall be capable 
of the following functional requirements while the nuclear stage is docked at 
the 262 nautical mile earth orbit propellant depot. 

(a) Removal of the expendable equipment required for 
launch, including the anticriticality destruct subsystem, launch support 
structure and gi":b~l locking devices, and central poison wires. 
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(b) Installation, removal, and replacement of the 

external radiation shield. 

(c) Engine maintenance functions as specified in 

3.1.2.2 (Maintainability). 

(d) Functional testing and checkout as required 
to assess engine condition and verify engine operability and reliability. 

(e) Other requirements TBD; 

3.1.1.1.22 Coast Operations -The engine shall be capable of maintaining 
a restartable condition during coast periods not to exceed TBD days with exposure 
to the natural and induced environments of 3.1.2.4 (Environments). The engine 
shall provide capability for monitoring all functional engine parameters required 
for assessment of engine safety and restart capability. Engine electrical 
power requirements during coast operations shall be minimized and shall not exceed 
the power consumption levels specified in 3.3.1.10 (Electrical Power). 

3.1 •. 1.1.:.??. Spent Stage D'isposal Operation - Except after emergency 
mode operation the engine shall be capable of providing impulse for spent 
stage disposal. Disposal operation shall be conducted within the operational 
modes specified in 3.1.1.1.5.1, (Normal !1ode Impulse) and 3.1.1.1.5.2, 
(Malfunction !1ode Impulse) and the engine useful life specified in 3.1.2.3, 
(Useful Life.) During disposal operation the engine shall retain the following 
capabilities: 

(a) Command override of engine control functions. 
(b) Contra 1 reactor coo 1 ant to prevent core vaporization fallowing 

the final engine thrust cycle. 
(c) Remote monitoring of all engine operating functions. 
{d) Other requirements TBD. 
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3.1.1.2 Secondary Performance Characteristics- No secondary performance 
characteristics have been established for the engine. 

3.1.2 Operability-

3.1.2.1 Reliability.- TBO 

3.1.2.1.1. Trend Data System - The engine shall have the capability 
such that its operational status or capability may be assessed at any time 
during its service life. Trend characteristics or parameters with operating 
limits shall be selected during the design process and monitored during 
the engine service life to provide an effective status indication of the 
system and system performance factors subject to wearout and/or deterioration. 
The engine control system shall be capable of calculat;ng the probability 
of mission success at any time during a mission, using trend data and appropriate 
reliability analyses. 

3. 1.2.2 Maintainability- The engine shall be capable of being 
maintained by redundancy, adjustment, and/or replacement of key components. 
Maintenance action except for switching to redundant components shall be 
limited to ground or earth orbit. The design of the engine for maintainability 
shall not compromise reliability (mission success) and the effect of maintain­
ability on engine weight and performance shall be minimized. The engine shall 
be designed to meet the following repair time allocations. 

(a) Space - The time allowed for engine repair including 
engine removal and replacement shall be in accordance wi.th vehicle turn-around 
time allocation TBO. 

{b) Launch Pad -The time allm>~ed for engine maintenance shall 
be in accordance with time allocation as follm>~s: 

1. Prior to propellant servicing TBD. 
2. Subsequent to propellant servicing TGD. 
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(c) Engine/Vehicle Assembly - The time allow.ed for engine 
maintenance shall be in accordance with the assembly/checkout maintenance 

allocation TBD. 

3.1.2.2.1 Maintenance and Repair Cycle-

3.1.2.2.1. 1 Maintenance Classification and Usage-

3.1.2.2.1. 1.1 Routine- There shall be no routine engine maintenance 
required. Routine inspection shall be permitted; 

3.1.2.2.1. 1.2 Preventive- No scheduled maintenance or repair cycles 
shall be required. Preventive maintenance shall be limited to checkout and 
purge requirements. 

3.1.2.2. 1. 1.3 Corrective- Corrective maintenance shall be performed 
when check-out and trend data indicate that maintenance (replacement) is required. 
Component replacement shall be limited to those components and assemblies specified 
in 3.1.2.2.1.3 (Engine t1aintainability Requirements). 

3.1.2.2.1.2 Maintenance Modes-

3.1.2.2.1.2.1 Manual -The engine shall be capable of manual maintenance 
during ground operations. ~1anual maintenance shall not be required where 
radiation dose levels exceed those established by radiation guides TBD. 

3.1.2.2.1.2.2 Remote- The engine shall be capable of remote maintenance 
in hostile environments. 

3.1.2.2.1.3 Engine Maintainability Reouirements -·Engine maintainability 
capability shall be limited to the following: 

32 



13.2/2 

Specification No. CP-90290A 

(a) The engine shall be capable of manual assembly and disassembly 
to the stage during ground operations, and remote separation from and reassembly 
to the stage while in earth orbit. Additionally, stage mounted engine components 
shall be capable of remote replacement when located in hostile environments, and 
may be capable of manual replacement when maintained in a non-hostile environment. 

(b) Engine component valve assemblies, drum actuators, gimbal actuators, 
external shield, turbomachinery and electronic logic packages external to the 
reactor pressure vessel and nozzle shall be remotely .maintained by replacement 
or substitution (switching or redundancy) when in a hostile environment, and may 
be capable of manual replacement when maintained in a non-hostile environment. 

(c) The reactor, pressure vessel and nozzle including physically 
associated instrumentation shall not be replaced. 

(d) Corrective maintenance on the NERVA Digital Instrumentation 
and Control Electronics (NDICE). 

(e) For module and component remote replacement requirements see 
3.3.1.5 (Module and Component Remote Replacement). 

3.1.2.2.1.4 Maintenance Design Requirements -

3.1.2.2.1.4.1 System Constraints The engine shall be designed to with­
stand the angular and offset axial misalignment and the docking load impact 
when installing the engine to the stage during space maintenance operation as 
follows: 

(a) Angular Misalignment- TBD 
(b) Offset Axial Misalignment - TBD 
(c) Docking Load Impact - TBD 
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3.1.2.2.1.4.2 Checkout and Test -All components shall be capable of 
remotely conducted functional and electrical checks after engine assembly or 

maintenance. 

3.1.2.2.1.4.3 Complexity- The engine components/modules design for 
maintenance shall be as simple as possible. Where maintenance design guidelines 
cause undue complexity or weight, consideration shall be given to adding com­
plexity to the support equipment rather than to flight conponents, and to the 
use of single components rather than modules. Safety and reliability analysis 
techniques shall be used to establish maintenance design guidelines. 

3.1.2.2.1.4.4 Human Performance- The maintainability ~eatures of the 
engine for human performance shall be as specified in 3.1.2.6 (Human Performance). 

3.1.2.2.2 Service and Access - Access shall be provided for remote 
removal, reinstallation, and rheckout of replaceable modules or components. 

3.1. 2.3 Useful Life - The engine shall have a minimum useful life 
as defined in the follmving subparagraphs. 

3.1.2.3.1 Service Life -

3.1.2.3.1.1 Space Service Life - The engine shall be capable of meeting 
the performance requirements of this specification for a minimum of 3 years under 
the in-space environmental conditions specified in 3.1.2.4 {Environments). 

3.1.2.3.1.1.1 Operating Service Life- The engine shall be capable of 
operating for a minimum of 600 minutes accumulated in multiple burn cycles up 
to 60 of varying length up to one hour for normal mode oper-ations and TBD hour 
for single turbopump operation, at a nominal thrust chamber temperature - -~- . -- - - ·- --. . --- ·----·-
of 4250°R. The engine shall be capable of the duty cycles as specified in 
Table IV. The engine shall be capable of completing any single mission as 
specified in 1.1 (Mission Definitions) under the malfunction conditions specified 
in 3.1.1.1.1.2 (Malfunction Mode). 
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3.1.2.3.2 Engine Storage Life- The assembled engine shall have a 

minimum ground storage and pre-launch operational life as fo1lows: 

3.1.2.3.3 

(a) Storage (controlled environment) 
(b) Launch Pad Environment 

5 years 
6 months 

Subsystem/Component Storage Life - Engine subsystems 
and components shall have a minimum ground storage life of TBD months under 
controlled storage environments. 

3.1.2.4 Environment -The engine shall meet all performance re-
quirements of this specification during or after exposure to the following 
environments as applied to the engine or its protective container for the 
service and storage durations specified in 3.1.2.3 (Useful Life). 

3.1.2.4.1 Natural Environment Extreme values of the natural environ-
ment are specified in Tables V through IX and Figures 4 through 7. 

3.1.2.4.2 Induced Environments -

3.1.2.4.2.1 Nuclear Environment - The 
mentis specified in Tables X, XI, and XII. 
contour map is specified in Figure 8 TBD. 

engine induced nuclear environ­
The isoflux nuclear environment 

3.1.2.4.2.2 Acoustic Environment.- The acoustic environment applied 
at the engine boundaries is specified in Figure 9. 

3.1.2.4.2.3 Thermal Environment - TBD. 

3.1.2.4.2.4 Vibration and Acceleration Environments - Vibration and 
acceleration environments and the interface locations where applied are 
specified in Table XIII TBD. 
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3.1.2.4.2.5 Electromagnetic Environment - Extreme values either radiated 

or c·onducted, of the externally induced electromagnetic radiation environment 

and the vehicle/stage induced electromagnetic environment are specified in 
Tables XIV TBD and XV TBD. The engine induced electromagnetic environment 
resulting from engine (nuclear) operation shall not exceed the values specified 

in Table XV! TBD. 

3. 1.2.4.2.6 Atmosphere Environment- The atmosphere environments 
which may be developed as a result of permissable hydrogen leakage are 

specified in Table XVII TBD. 

3.1.2.4.3 Combined Environments- The performance requirements of this 
specification shall be met when the environments specified in 3.1.2.4.1 
(Natural Environment) and 3.1.2.4.2 (Induced Environments) are applied sequentially 
and in combination to produce augmented environmental stresses. 

3.1.2.5. Transportability- The engine shall be capable 
ing as specified herein subsequent to the following transportation 
conditions. 

of perform­
and handling 

3.1.2.5.1 Modes of Transport and Handling-- The engine and its sub-
systems shall be capable of being handled and transported by land, sea, or air 
after final checkout when suitably packaged. Specific requirements are TBD. 

3.1.2.5.2 Transportation Attitude- The engine shall be capable of 
- ~-- . 

transportation in any attitude vthen suitably packaged and shall be capable 
of being handled in the horizontal, rotational, and vertical (nozzle up and 

I ,~ 
I 'I 

nozzle down) attitudes during assembly. The engine shall be capable of transportation 
in the vertical (nozzle down) or horizontal attitude when attached to the stage/ 
airframe. 
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3.1.2.5.3 Transportation Loads - Engine allowable loads as specified in <2) 
3.1.2.4.2.4 {Vibrati~n aiilAcceleration Environments) 0J2_ not be exceeded (f) 
during transport and handling. 

3.1.2.5.4 Interface Requirements - The engine shall be capable of 

providing for the attachment of fixtures required for assembly and transport. 

These interfaces shall be as specified in 3.2.1.2 {Detailed lnterface Definition). 

3.1.2.5.5 Environmental Requirements - The engine shall be capable 

of allowing internal environmental control during transport and handling. 

3.1.2.6 Human Performance- Design practices for the engine 

sha 11 integrate man into the sys tern in such areas as maintenance, training, and 

system operation by means of human engineering design principles and practices 

as specified in M!L-STD-1472. 

3.1.2.6.1 Maintenance - Engine design shall take into account the 

special human performance factors associated with maintenance. Engine design 

shall consider: {1) malfunction identification; (2) ease of component removal, 

replacement, and repair; {3) manual and remote operation where required; (4) align­

ment aids where necessary; and {5) incorporation of calibration .techniques 11ith 

related test and checkout points. 

3.1.2.6.2 Training -The engine shall be designed to minimize re-

quirements for personnel training programs required to develop human performance 

necessary in the operational maintenance, support, and control of the engine 

system in a specified environment. 

3.1.2.6.2.1 Number of Skills Reouired.- The engine shall be designed 

to minimize the level and extent of personnel skills required for assembly, 

maintenance, and system operations. 
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3.1.2.6.2.2 Reliability/Safety Through Performance~ The engine shall 
be designed such that personnel shall have the capability to override automatic 
devices which control their lives and engine performance. 

3.1.2.6.2.3 Environmental Conditions - Those parameters conducive or 

restrictive to man, and which have a strong influence on his reliability, shall 

be considered in the engine design. 

3.1.2.6.3 System Operation -A systematic method shall be developed 
for determining optimum manned design solutions to engine system problems. 
Functions will be allocated between operating personnel and the engine system 
to promote optimum capability between equipment and human performance. 

3.1.2.6.3.1 Operating Procedures -The engine shall be designed such 
that effective procedures may be written for each level of tasks to be performed 
during inspection, checkout, mai~tenance, and trouble shooting. These procedures 
shall be prepared and validated during development of the engine system. 

3.1.2.6.3.2 Control Displays - The man relationship to control displays 
shall be as specified in MIL-STD-1472. 

3.1.2.6.3.3 Psychophysiological Stress and Fatigue - The interface 
between the engine design and man shall consider ease of operation and promotion 
of decision making. 

3. 1.2.6.3.4 Adequate Emerqency Systems - The selection of emergency 
systems shall take into consideration the potential for human error in the 
operation of the system under emergency conditions. 

3.1.2.7 Safety- Maximum effort shall be directed toward elimination 
of single failures or credible combinations of errors and/or failures w_hich pre­
clude mission completion or endanger successful mission termination, ground 
personnel, space crews, launch crew, general public; or 1·1hich cause serious 
facility damage or engine loss. The fol1o1dng order of precedence of safety 
criteria shall be applied to engine desigr1: 
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(a) Major effort shall be made throughout all phases of design to 

insure inherent safety through the selection of appropriate specifications, 
design features, and qualified components. This effort shall include a thorough 

review of system configuration compatibility with maintenance, test and mission 
operations, and other test requirements to minimize the probability of system 

degradation because of personnel error. 

(b) In all instances where known hazards exist and cannot be eliminated, 

appropriate protective systems shall be employed. 

(c) Where it is not possible to preclude the existence or occurrence 

of a knm~n hazard, re 1 i ab 1 e devices sha 11 be emp 1 oyed for timely detection of the 
condition and the generation of an adequate warning signal. Warning signals shall 

be standardized within lil;e types of systems to minimize the probability of improper 
personnel reaction to the signal(s). 

(d) Where it is not possible to reduce the magnitude of existing 

or potential hazards through design change or the use of safety warning devices, 
appropriate emergency procedures shall be developed. 

(e) The engine shall be designed using reliability and safety 

analysis techniques of hazard analysis, contingency analysis and fault tree 

analysis in accordance with Safety Plan S019-CP090290-Fl and Reliability 

Program Plan R-101-CP090290-Fl. Failures shall be categorized according to 

failure effects as defined in Section 6.2(h) using the guidelines in 

3.1.2.7.1.3, (Malfunction Operation). To the extent feasible, all single 
failures shall be reduced by appropriate design to Category I or Category II 

in stated order of preference (3.1.2.7.1.3). Where it is not feasible to 

reduce such failures to Category I, it is mandatory that the trend data and 

the malfunction detection systems include provisions to detect the failure 

(or approach thereof) and provide appropriate action. The detection and 

warning systems for Category II, Ill, and IV failures shall consist of at 
least two completely independent circuits. 
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(f) Means shall be provided to prevent accumulation of com-

bustible or explosive mixtures of hydrogen and air in the engine during ground 

acceptance test, prelaunch operations, and the ascent phase. The engine design 

shall minimize the use of materials that will support combustion in the event of 
fire. Where such materials are required, fire resistant protective coverings 

shall be utilized as appropriate. 

3.1.2.7.1 Flight Safety -

3.1.2.7.1.1 Failure Identification- Single failures or errors shall 
be identified and categorized as to their effects on the system. t1ulti pl e (j) 
failures which lead to Category Ill or IV failure effects s.hall be identified 

and their effects on the system shall be assessed. 

3.1.2.7.1.2 Malfunction Detection and Control - The engine shall 
incorporate means for detection of Category II, Ill, and IV failures. 

Control logic shall be provided to permit engine operation at maximum 
performance capabilities consistent with the nature of the malfunction or 

failure. 

3.1.2.7.1.3 Malfunction Operation -The engine shall be capable of 
operation under malfunction conditions resulting from single or multiple 

failures in accordance with the following guidelines. 

(a) Category I - No additional functions required 

(b) Category II - Operation in the Component r.lalfunction Hade 

specified in 3.1.1.1 .5.2.2 (Component r.lalfunction Impulse) for all Category 
II failures. 

(c) Category IliA -Operation vlith only one leg of the propellant 

feed system operational as specified in 3.1.1.1.5.2.1 (Single Turbopump 
Operation Ir.:pulse). 
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(d) Category !liB - Operation in Emergency Mode Operation in a 

manner consistent with the control philosophy of 3.1.2.7 .1.2· (Nalfunction 
Detection and Control). r~inimum engine performance in an Emergency Mode 
shall be established considering the nature of the failure, the reliability 
of retreating to and operating at an Emergency Node point, and using optimumly 
the remaining propellant. Minimum engine performance in any Emergency Mode 

Operation shall be not less than: 

(1) 30,000 pounds thrust. 

(2) 500 seconds specific impulse. 

(3) 108 lb-sec. total impulse, including cooldown. 

(e) Category IV - Retention of maximum capability to protect 
vehicle and crew consistent with the control philosophy of 3.1.2.7.1.2. 
(Malfunction Detection and Control). 

(f) The ability to override the engine programer rer:-,otely by the 

crew and ground control, and the capability for remote thrust cutdown independent 
of the engine program shall be incorporated. 

3.1.2.7.1.4 Spent Engine Disposal - TBD 

3.1.2.7.2 Ground Safety -The reactor and the engine shall be capable 
of being shipped in accordance with AEC Hanual Chapter 0529. 

3.1.2.7.3 Nuclear Safety- The engine shall include prov1s1ons for 
preventing the inadvertent attainment of reactor crit i ca 1 i ty through any 
single or credible multiple failures, malfunctions, or operations during all 
ground, launch, flight, and space operations in accordance with the following: 
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(a) During reactor assembly and for all subsequent shipping, 

storage, engine assembly, and handling operations prior to movement to the 

launch pad, the reactor shall be provided with a poison wire system such that 

the effective neutron multiplication factor shall not exceed 0.95 if the reactor 

is flooded with water or liquid hydrogen. 

(b) The poison wire system shall remain effective if the reactor 
or engine as packaged for shipment is subjected to the Hypothetical Accident 

Conditions set forth in Annex 2 of AEC Manual Chapter 0529 Appendix. 

(c) The central poison wires alone shall be capable of retaining the 

reactor in a subcritical state if all control drums are rotated to their most 
reactive position or if the reactor is subjected to a compaction accident. 

(d) For ground operations which are conducted with poison wires 

removed, as well as for en9ine use in space flight, protection against 
inadvertent criticality shall be provided both by safety measures that prevent 

inadvertent roll-out of control drums; and safety measures that prevent valve 
operations that could permit LH 2 to flow from the propel.lant tank to the reactor 

through either the normal fl01v path or the cooldown flow path. The safety 

measures applied to the PFS valves shall also prevent inadvertent flow of LH2 
to the reactor foll01ving propellant loading and during launch, boost, and space 
operations. 

(e) The engine shall provide a means of destruct during launch 
and ascent so as to assure sufficient dispersion of the reactor fuel upon 
earth impact to prevent nuclear criticality with the fuel fully immersed in 

water. The destruct system shall be capable of removal prior to initial reactor 
startup in space. 
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(f) The engine shall include provisions for the safe determination 

of sub-critical multiplication when all poison wires have been removed. 

(g) The engine shall have a 

(_l_l;l __ ~L fl~w, poi son wires out, contro 1 

540°R at all times. 

minimum reactivity shutdown margin 

drums full-in position) of $1.50 at ............-,_. 

(h) The engine shall include prov1s1ons fo" monitoring the neutron 

flux during engine non-operating periods during space flight. The monitor shall 
provide an appropriate alarm signal to indicate an abnormal increase in the 

neutron level. 

3.1.2.7.4 Personnel Safety - Maximum practical 

personnel safety shall be incorporated in the engine and 

provisions for 

its components so 

that assembly, checkout, acceptance test, transport, storage, maintenance, 
inspection, repair and re~lacement shall be accomplished with minimum hazard to 
personnel. Particular consideration should be given to the safety aspects of 

required personnel access to the engine. The hazards to be considered 
include but are not limited to the following: 

(a) Electrical Shock 

(b) Sharp protrusions 

(c) Release and/or entrapment of inert fluids to confined spaces 
(d) Exposure to cryogenic temperature 

(e) Release of projectiles 
(f) High pressure fluid releases 

(g) Unguarded moving machinery 

(h) Excessive radiation levels 

3.1.2.7.5 Explosive and/or Ordnance Safety -·All ordnance, including 

associated power supplies and circuity, shall be capable of meeting the require­
ments of Section C, Paragraph 8 of AFETRH 127-1. 
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3.2 CEI Definition - This section defines the components and subsystems 

which constitute the 1lERVA Engine CEI, including the Nuclear Subsystem CEI. 
The following paragraphs specify the interface requirements and component 

identification of the Engine CEI. 

3.2. 1 Interface Requirements - The engine as delivered for assembly to 

the nuclear stage shall consist of the following separate assemblies: 

(a) NERVA Digital Instrumentation and Control Electronics (NDICE) 
Assemblies 

(b) Two Propellant Shutoff Valve (PSOV) Assemblies 

(c) One Cooldown Supply Module Assembly 

(d) One Engine Module Assembly 

(e) One Destruct Subsystem 

The functional, dimensional, physical and procedural interfaces 
between the engine asseffiblies and other system equipment and facilities shall 

be as specified in the following subparagraphs. 

3.2.1.1 Schematic Arrangement.- The schematic diagram identifying engine 

assembly interfaces with related system equipments is shown in Figure 10. The 
schematic diagram identifying engine assembly interfaces with the iluclear 

Subsystem CEI is shmvn in Figure 11. Graphic portrayal of the engine interfaces 

shall be as shown in the following drawings and diagrams: 

(a) 75K NERVA Flight Engine Layout, Full Flow, Dwg. No. 1137400 

(b) 75K NERVA Flight Engine Electrical Schematic, Dwg. No. TBD 

(c) 75K NERVA Flight Engine Assembly, D1vg. No. TGD 
(d) 75K NERVA EPIC Assembly, Dwg. r'o. TBD 

(e) 75K NERVA PSOV Assembly, Dwg. No. TBD 
(f) 75K ~;ERV!i Cooldol'm Supply Module Assembly, D<~g. flo. TBD 
(g) 75K NERVA Flight Engine Fl01·1 Diagram, 01vg. No. 1136401 
(h) 75K NERVI\ Destruct Subsystem, Dwg. No. TGD 

,~ 

\~. 
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3.2.1.2 Detailed Interface Definition.- Detailed definitions and design 
requirements for the physical, functional, and procedural characteristics of the 

interfaces shown in 3.2.1 .1 (Schematic Arrangement) shall be as provided in the 
following Interface Control Drawings: 

(a) NERVA Flight Engine Nuclear/Non-Nuclear Interface Control, 
Dwg. No. 1136393 

(b) NERVA Engine Nodule/Stage, Dwg. No. 1136403 

(c) PSOV/Stage, Dwg. No. TBD 
(d) Cooldown Supply Module/Stage, Dwg. No. TBD. 
(e) EPIC/Stage, Dwg. No. TBD 
(f) NERVA Engine/AGE, Dwg. No. TBD 
(g) NERVA Engine/Facility, Dwg. No. TBD 
(h) NERVA Engin2/Propellant Depot, Owg. No. TBO 
(i) NERVA Engir,e/Space Station, Dwg. No. TBD 
(j) Destruct Subsystem/Stage, Owg. No. TBD (f) 

3.2.1.3 Engine State Points.- The schematic diagram identifying engine 
state point locations, and a tabulation of flow rates, temperatures, and 
pressures at these locations is provided as Attachment II to this specification. 

3.2.2 Component Identification.-

3.2.2.1 Government Furnished Property List.~ TBD. 

3.2.2.2 Engineering Critical Components List.- Components of the engine 
are individually specified as subsystems and as engineering critical (EC) or 
Design (OS) components. These components and their categorization are as shown 
on Drawing 1137101 and are identified as follows: 

EC-90218 Propellant Feed Subsystem 
EC-90149 Turbopump Assembly 

EC-90117 Propellant Shutoff Valve & Actuator 
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Bypass Control Valve & Actuator 

Bypass Block Valve & Actuator 

Turbine Block Valve & Actuator 

Pump Discharge Check Valves 

EC-90122 

EC-90257 

EC-90121 

EC-90246 

EC-90258 

EC-90276 

EC-90281 

EC-90261 

EC-90283 

DS-90263 

DS-90?64 

DS-90284 

Cooldown Supply Control Valve & Actuator 

Cooldown Shutoff Valve & Actuator 

Turbine Discharge Block Valve and Actuator 

Structural Support Block Valve & Actuator 

Turbine Throttle Valve and Actuator 

._)iJage Tank Pressurization Line and Check Valve 

~lngine Purge Unit 

Propellant Lines ._.. 

EC-90242 Destruct Subsystem 

EC-90151 Nozzle Assembly Subsystem 

OS-90196 Nozzle 

DS-90176 Nozzle Extension 

EC-90214 lnstrumentation & Con!xol Subsysten 

EC-90152 Thrust Structure Subsyste~ 

DS-90267 Upper Thnrst Str-ucture 

DS-90269 Lower Thrust Structure 

EC-90243 External Shield Subsystem 

EC-90244 Gimbal Assembly Subsystem 

DS-902Sl Gimba 1 Actuator 

EC-9Jl ::i4 P1·essure Vessel & Clcs~re SL~systc~l 

CP-677S55 Nuclear Su~systcm 
[C-G7/~75 Structur<~l Sup;,;;-\ Ccn!i'"t t.ssc:::: ly 

LC-9\Jl92 s true t l' l"'J ' ' ., ;:,:' c: ) 
., 
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EC-677566 

EC-677558 

EC-677564 

EC-677561 

EC-677562 

EC-677559 

EC-677585 

£C-677565 

Fuel Elements 
Cluster Hardware 
Core Periphery 
Support Plate & Plena 
Internal Shield 
Reflector Assembly 

Specification No. CP-90290A 

Control Drum Drive Assembly 
Nuclear Subsystem Instrumentation 

3.2.2.3 ~ogistics Critical Components List.- There are no logistics 

critical components in the engine. 

3.3 Design and Construction.-

3.3.1 General Design Features.- The engine shall be designed as a 
single module (engine) utilizing a full flov1 cycle to drive the engine turbopumps. 

3.3.1.1 Structural Criteria.- The structural criteria for engine design 
shall be in accordance vJith the requirements of SilPO-C-1. 

3.3.1.2 Electrical Criteria.- The NERVA engine electrical systems shall 
meet the requirements of Hll-E-8189. All wiring installations shall comply with 
requirements of MIL-W-8160. Bonding shall comply with the requirements of 
MIL-B-5087. Grounding requirements for all electrical systems shall be based 
on a controlled approach which permits optimum performance. Wherever possible, 
a single path-to-ground (i.e., only one path from any point in a circuit to 
ground) grounding philosophy shall be utilized. The ground reference shall be 
the structure ground points in the vehicle and the power source interface with 
the facility ground system in the AGE. Where redundancy or EMI/Et1~ requirements 

dictate, they shall take precedence over single-path requirements. 

3.3.1.3 Nuclear Criteria.- The engine shall be capable of withstanding the 
engine induced nuclear radiation environr::ents as specified in 3.1.1.1.11, (Nuclear 
Radiation Shielding), and 3.1.2.4.2.1 (t<uclear Environ~tcnt). 
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3.3.1.4 Dry Weight of Engine.-

3.3.1.4.1 Engine Weight with External Shield (Manned Configuration).- The 
target dry weight of the engine with a graphite core and consisting of the engine 
module, NDICE, two PSOV's and a cooldown supply module, shall be 32,400 lbs. 
The weight breakdown shall be: 

{a) Engine Module 
{b) NDICE 
(c) PSOV's (two) 

31,600lbs. 
500 
200 

(d) Cooldown Supply Module ioo 

3.3. 1.4.2 Engine Weight Without External Shield (Unmanned Configuration).­
The target dry weight of the engine with a graphite core and consisting of the 
engine module, NDICE, two PSOV's and a cooldown supply module shall be 22,400 ~ 

lbs. The weight breakdown shall be: 

(a) 

(b) 

(c) 

(d) 

3.3.1.4.3 

Engine Module 
NO ICE 
PSOV (two) 

21,600 lbs. 
500 
200 

Cooldown Supply Module 100 

Weight of Additional Equipment.-

3.3.1.4.3.1 Destruct Subsystem.- The target weight of the Destruct 
Subsystem shall be 300 lb, including the support structure and attached devices. 

3.3.1.4.3.2 Stage Mounted NERVA Engine l&C Cable (Supplied by Stage 
Contractor).- The target weight of the cable, including connectors to tlDICE 
and engine module wiring harness and mounting devices to the stage, shall be 
2500 lbs. 
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3.3.1.4.4 Launch Weight of Engine (Manned Configuration}.- The target 
launch weight of the engine with a graphite core shall be 35,200 lbs. consisting 

of: 

{a) Engine Module 31 ,600 1 bs. 

(b) NDICE 500 

(c) PSDV (two) 200 

(d) Cooldown Supply Module 100 
(e) Destruct Subsystem 300 
(f) Stage Mounted NERVA Engine 

I&C Cable (Supplied by 
Stage Contractor} 

2,500 

3.3.1.5 Module and Component Remote Replacement.- The engine shall be 
designed to meet the maintainability requirements specified in 3.1.2.2.1 .3, 
(Engine Maintainability Requirements). The following modules and components as 
shown on drawing 1137400 shall ~e designed and packaged for remote removal 
and replacement: 

(a)· TPA and valves module 
(b) Turbine bypass module 
(c) Structural Support Module 
(d) Cooldown Module 
(e) Propellant Shutoff Valves 
(f) Gimbal Actuators 
(g) Control Drum Actuators 
(h) Miscellaneous Valves 
(i) NERVA Digital Instrumentation and Control Electronics 
(j) External Shield 

3.3.1.6 Gimballed Mass Characteristics.- Characteristics for the 
gimballed portion of the engine with graphite core and 10,000 lb external shield, 
and excluding the Destruct Subsystem, shall be as specified in the following sub­
paragraphs. 
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3.3.1.6.1 Moment of Inertia About Gimbal Point.- The moments of 
inertia about the three principal axes of the engine without propellant shall 

not exceed the following: 

Roll Axis: 6000 slug-feet squared 
Pitch Axis: 120,000 slug-feet squared 
Yaw Axis: 120,000 slug-feet squared 

3.3.1.6.2 Gimballed Weight (Operating).- The target weight including 
propellant shall be 31,200 lb. 

3.3.1.6.3 Center of Gravity.- The center of gravity without propellant 
shall not exceed 144 .inches from Engine Station Zero. 

3.3.1.7 Engine Natural Frequency.- The TBO engine natural frequencies 
during launch and boost operations shall be TBD Hz and during the nuclear space 
operation phase TBD Hz. 

3.3.1.8 Leakage.- The engine shall be designed to minimize fluid joints 
where leakage could occur. Maximum leakage during all non-operating periods 
shall not exceed 400 standard cubic inches of hydrogen per minute. Maximum 
leakage during all operating periods shall not exceed TBD lb of hydrogen per 

._....... .... ~- --
minute. The engine shall be capable of handling leakage without incurring 
problems such as ice formation, including solidified hydrogen, in any place 
in the engine or engine valving. 

3.3.1.9 Cleanliness.- Engine components shall be designed to minimize 
blind passages that reduce assurance of effective contamination control and 
cleaning. The engine shall be designed to handle any unlimited flow (rate) of 
600 micron or less particles throughout its operating life~ The estimated· 
weight to be handled is 220 grams of material with the density of aluminum. 
The design and construction of the engine shall satisfy the requirements of 
Data Item S021-CP090290-Fl, (Contamination and Corrosion Plan). All requirements 
of this paragraph also apply to self-contamination. 
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3.3.1.10 Electrical Power.- The engine, including NDICE, shall be 
designed for operation with an instantaneous electrical power consumption 
not to exceed 10,000 watts at 28 ~ 2 VDC. This power requirement shall be 
minimized as a design goal. The engine operating power profile shall be 

as shown in Figure 12. 

3.3.1.11 Checkout and Calibration.- The engine shall be capable of 
preoperational checkout and calibration tests as specified in 3.1. 1. 1.13, 
(Engine Assembly, Checkout, and Acceptance Operations), 3.1 .1 .1.14, (Nuclear 
Stage Assembly and Checkout Operations), and 3.1 .1.1 .16, (Vehicle Checkout 
Operations). Checkout and calibration tests shall be performed prior to 
launch and subsequent to ground and space maintenance operations. Additionally, 
the engine shall be capable of complete functional and status checks to 
establish engine operational status throughout the engine operational life. 

Functional and status checks shall satisfy the prestart aftd post operation 
requirements of 3.1.1.1.1.1, (Normal Mode); 3.1.2.1.1, (Trend Data System); 
3.1.2.6, (Human Performance); and 3.1.2.7, (Safety). The requirements of 
3.1.1.1.7, (Engine Communication), shall apply to the conduct of functional 
and status checks. 

3.3.1.12 Engine Purge and Vent.- The engine shall be capable of venting 
and purging as required to prevent the accumulation of explosive concentrations 
of Hydrogen and to provide environmental protection to sensitive engine components. 
The engine shall be capable of inert gas purging as preventive maintenance 
during all ground, launch and boost operations. Specific requirements for 
engine vent and purge capability shall be TBD. ([) 

3.3.1.13 Fluid Compatibility.-

3.3.1.13.1 Prooellant.- The engine propellant shall be as specified in 
MSFC-SPEC-356. 

3.3.1.13.2 Gaseous Nitrooen.- Gaseous nitrugen si1all be as specified 
in MSFC-SPEC-234. 
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· 3.3.1.13.3 Gaseous Helium.- Gaseous helium shall be as specified in 

MSFC-SPEC-364. 

3.3. 1.14 Thrust Nulling.- The engine shall be designed with internal 
features as required for the possible future addition of a thrust nulling 

system capable of cancelling engine thrust betv1een TBD and TBD lb. 

3.3.1.15 Security.- The engine shall be designed, packaged and protected, 
such that all items identified in Rover Classification Guide CG-RR-3, shall be 

protected from disclosure to unauthorized persons at all times .i!!_.l.~S~r.illll.E.E:··with 

the provisions of DoD Industrial Security Manual DoD 5220.22-11. 
-·-~ -. ~ c·-, .-- ----<F--,_.,,..........-~-.._ W - -- ~ ,.,....__. __ _.-- • .._.,,......,__..,._..-,.. 

3.3.1.16 Thrust Vector Misalignment.- TBD. 

3.3.1.17 Growth.- The reactor and nozzle design will incorporate such 
features as necessary (exclusive of fuel element features) to allov1 grov1th 

as shown by analysis to operation at 4500°R non~inal mixed mean chamber· 
temperature for two hours duration (12 cycles) at TBD thrust, based on a 

reactor and nozzle design optimized for nominal operation at 4250°R chamber 
temperature and 450 psia chamber pressure. 

CD 

3.3.1.18 Measurements Criteria.- The engine shall include provisions 
for the measurement of all parame.ters essent.ial to engine operation and to 

the determination of engine operational and safety status. Instrumentation shall ~~ 
be provided in accordance vlith the provisions of Cl03-CP090290-rl, (Measurement 

Des.ign Requirements). 

3.3.2 Selection of Soecifications and Standards.- MIL-STD-143 shall be 

used for criteria and order of precedence in tile selection of specifications and 

standards to be used for the design and construction of the NERVA engine. 

52 



13.4/1 

Specification No. CP-90290A 

3.3.3.1 Materials and Parts.- Materials shall be selected on the basis of 
resistance to degradation of properties in the predicted NERVA environments (SNPO- C: 
C-6 External Environments- Definitions and Requirements), and as required 
by design and reliability. Design properties of materials shall be taken 
from ANSC Report 2275 and Data Release Memoranda in accordance with Sl31-CP090290-Fl. 
Parts having multiple applications, such as fasteners, shall be standardized 

whenever possible. 

3.3.3.1.1 Hydrogen Embrittlement.- Materials shall be selected to (j) , I 
avoid degradation due to hydrogen embrittlement 'and shall be compatible with 
mission environment. 

3.3.3.1.2 Radiation.- Materials shall be selected and qualified by 
appropriate tests to be compatible with the radiation environment specified 
in 3.1.2.4 (Environments). 

3.3.3.1.3 Material Activation.- The use of materials which become 
radioactive when used in a nuclear environment shall be minimized. I 

3.3.3.2 Processes.- Fabrication processes shall be selected with the 
intent of using techniques that assure the most reliable performance and 
reproducible results. Materials fabrication procedures, such as forming, 
welding, heat treating, service finishes and coatings, shall be incorporated 
into the component design documentation. Protective coatings shall be selected 
and applied as necessary to protect the engine from deterioration 1·1hen subjected 
to the environment specified in 3.1.2.4 (Environments). MIL-STD-171 shall 
be used in the selection and application of protective trea~~ents and surface 
finishes. Cleaning procedures and solutions shall conform to S021-CP090290-Fl, 
(Contamination and Corrosion Control Plan). An assembly process (including 
welding) of an unusual nature shall be demonstrated by a suitable mockup prior 

Proprietary processes may be used only if the 
understands-rue prOcess and controls it through 

to initiation of fabrication. 
NERVA contractor reviews and 
the vendor's quallty program or through other means such as a resident in-plant 
qualfty monitor. 
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3.3.3.2.1 Training.- A training program shall be maintained for quality 
assurance, purchasing, manufacturing, and other disciplines whose decisions 
or actions affect achievement, measurement or maintenance of product quality. 

3.3.3.2.2 Certification.- Contractor and subcontractor personnel 
responsible for controlling and/or performing special processes (such as 
welding, soldering, wiring, heat treating, non-destructive testing, etc.,) 
JlaViflg .an effect upon Qllality of NERVA hardware sha 11 be certified by 
standard codes, subject to the approval of the procuring agency. 

- -~ . -·-

3.3.3.3 Non-Destructive Testing.- Non-destructive testing requirements 
and standards shall be incorporated into the component design documentation 
as specified in P017-SS-090205-F1, (Product Assurance Program Plan). MIL-STD-453 
shall be used for radiographic inspection, MIL-I-6866 for penetrant inspection, 
MIL-1-6868 for magnetic particle inspection and MIL-1-8950 for ultrasonic 
inspection. The standards f~r castings shall be in accor4ance with AGC-STD-4004, 
for weldments AGC-ST0-4005 and forgings and wrought metals AGC-STD-4006. 
Specialized requirements and standards for non-destructive testing shall be 
defined in the component design documents. Definitive nondestructive testing 
procedures shall be prepared to insure the implementation of these inspections 
and interpretation of tests resulting in accordance with the design intent. All 
non-destructive test operations and inspectors shall be qualified by standard 
codes subject to the approval of the procuring activity. 

3.3.4 Standard and Commercial Parts.- Standard and commercial parts 
as defined in AGC-STD-1004 may be used only if an appropriate standard cannot 
be selected as specified in 3.3.2 (Selection of Specifications & Standards) 
and if it is not economically or logistically feasible to prepare a contractor 
drawing or standard. All standard and commercial parts shall be controlled 'J 
by specification or source control drawings in accordance with MIL-STD-100. 
Proprietary parts may be used only if: 
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(a) The vendor agrees to reveal his design and design analysis through 

some medium such as a protective agreement; or, 

(b) The vendor agrees to divulge his Failure Mode Analysis data 
which must be of the same level of detail and technical quality as the NERVA 
Contractor's Failure Mode Analysis or which can be carried to such level of 

detail and technical adequacy. 

3.3.4.1 Drawings.- The requirements to be incorporated on the control 
drawing shall be determined from a review of the supplier drawings supplemented 
by inspection and test requirements. 

3.3.4.2 Qualification.- A source control drawing shall be used when 
qualification is a requirement. The drawing will include the requirement: 
"Only the item(s) described on this drawing when procured from the supplier(s) 
listed hereon are approved by Aerojet Nuclear System Company (ANSC) for use 
on the NERVA Program". A 11 changes to supplier drawings, specifications, 
materials, and methods of fabrication, processing, inspection and testing shall 
require approval and effectivity established by ANSC. 

3.3.5 Moisture and Fungus Resistance.- Requirements for moisture and 
fungus resistance shall be as defined in S021-CP090290-Fl (Contamination and 
Corrosion Control Plan). 

3.3.6 Corrosion of Metal Parts.- Use of dissimilar metals as defined 
in ASD-5229 in intimate contact with each other shall be minimized. All metal 
parts shall be finished to provide protection from corrosion throughout their 
expected life or protected by an inert purge during ground operations, including 
storage. The selection, control and application of finishes shall be in 

G) 
! 
I 
I 

genera 1 accordance with the requirements specified in S021-CP090290-Fl ( Contamination 

and Corrosion Control Plan) consistent with the constraints of 3.1.2.4, 
(Environments) and 3.3.1.13, (Fluid Compatibility). 
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3.3.7 Interchangeability and Replaceability.- All major assemblies, 
subassemblies and components having the same manufacturers part number shall 
be physically and functionally interchangeable within the engine. Changes 
in manufacturer's part numbers shall be governed by the requirements of 
MIL-0-1000 on interchangeability and replaceability to the extent required 

by MIL-I-8500. 

3.3.8 Workmanship.- All details of workmanship, unless defined by 
specific standards, shall be consistent with the design intent, as represented 
by the other quality requirements, such as the dimensional tolerances and 

surface finish standards, considering the function or use of the product. 
When the quality imparted in the process of fabrication could have an effect on 
reliability, strength or function, a standard for workmanship shall be 
incorporated into the design documentation. The general workmanship require-
ments for electrical/electronic equipment shall be in accordance with AGC-STD-9012. 

3.3.9 Electromaqnetic Interference.- The engine shall be electro­
magnetically compatible with all associated vehicle, propellant depot, space 
station, and other operational systems, equipment, and related electromagnetic 
radiation environments. The engine shall comply with the Tequirements of 
MIL-E-6051 as specified in S007-CP090290-Fl (Electromagnetic Compatibility Plan.) 

3.3.10 Identification and Marking.- Parts of the·UERVA Engine shall be 
marked with the app 1 i cable supp 1 iers code i dentifi cation number and part number 
in accordance with the requirements of MIL-STD-130. Pipes, hoses and fluid 
lines shall be identified as to fluid contents and direction of flow as required 
by rm-sTD-1247. 

3.3.11 Storage.- The engine shall be capable of meeting all performance 
requirements of this specification subsequent to storage while protected from 

the ground environmental conditions specified in 3.1.2.4, (Environnents), for 
the ground storage life specified in 3.1.2.3, (Useful Life). 
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Section 4. QUALITY ASSURANCE PROVISIONS 

This section will be prepared at a later date. 
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Section 5. PREPARATION FOR DELIVERY 

This section is not applicable to this specification. 
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Section 6. NOTES 

6.1 Tolerances.- Unless otherwise stated, all tolerances and limits 

are 2.326 standard deviations {~ 2.326 sigma). 

6.2 Definitions.-

(a) Normal t·lode - The operation of the engine when all subsystems 

and components are capable of being operated as designed. 

(b) Malfunction Mode 

(1) Single Turbopump Operation - The operation of the engine 

with only one leg of the propellant feed subsystem. 

(2) Component Malfunction Mode - The operation of the engine 

when a component has rna lfunct i oned, other than one which wou 1 d require sing 1 e 

turbopump operation or emergency operation or results in a Category IV failure 

effect. This mode of operation allows the engine to operate the same as in 

the normal mode, but \'lithout the advantage of the normal mode redundancy. 

(c) Emergency Mode - The operation of the engine at a level to effect 

safe crew return or to prevent danger to the earth's population subsequent to 

a failure effect Category III failure. 

(d) Single Failure Point -Any single mode of failure occuring at 

the part, component or subsystem level that can be attributed to a specific 

internal failure mechanism at the part level and that results in inability of 

the engine to meet its normal-mode performance or service life requirements. 
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(e) System Power Down - Reduction of engine power to a minimum level 

consistent with the operating requirements for that particular phase of operation. 

(f) Prestart - The phase of an operating mode where all functions of 

the engine are performed prior to initiating propellant flow other than that 

required for cooling from a previous operation. 

(g) Startup - The process of conditioning and bringing the engine 

to the first steady state operating point. 

{h) Failure Effects 

(1) Category I -Failures which produce no significant performance 

or safety degradation of the system, allow continued operation in the normal mode 
throughout the rated engine life, and do not result in an increase in the number 

of Single Failure Points. 

(2) Category II - Failures from which the engine can recover 
and still meet its normal mode performance and service life requirements by 

switching to or reverting to a recovery mode, but which do result in an increase 
in the number of Single Failure Points. Failures in this category are further 

subdivided as follows: 

a I!A - Failures which degrade the safety of continued 

operations but which do not produce transient effects and, at the time of 

failure, do not require automatic or manual action for the recovery mode. 
Failures of safety systems and standby-redundant components fall within this 

category. 

b liB - Failures which are compensated for automatically 

by the normal control r.1ode or v1hich produce transient effects which can be 
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tolerated by the system and which permit time for human judgement to be 
exercised on the method and desirability of the recovery mode. Failures 

which require the functioning of safety systems or redundant components to 

preclude Category !liB effects fall within this category. 

c l!C - Failures which require immediate malfunction 

detection and subsequent action to remove or lessen the transient effect and 

to preclude system damage. Switching to the recovery mode is usually 
accomplished automatically by the malfunction detection system or by the engine 

control system. Failures which require the automatic functioning of safety 
systems or redundant components to preclude Category IV effects fall within 

this category. 

(3) Category Ill -Failures which result in inability of the 
engine to meet its non11a 1-mode performance and servi ee-l i fe requirements but 

which allow Emergency Mode Op2ration or Single Turbopump Operation. Failures 
in this category are further subdivided as follows: 

a IliA Failures which require Single Turbopump Operation. 

b 1!18 - Failures which require Emergency Mode Operation. 

(4) Category IV - Failures v1hich result in direct injury to the 
crew, endanger the earth's population, or damage the spacecraft or other stage 

modules upon which crew survival depends, and/or which preclude Emergency 11ode 
Operation. This category includes failures which produce one or more of the 

following system effects: 

a Uncorrectable thrust vector misalignment. 

b Loss of thrust to less than that required to effect 
Emergency Mode Operation. 

61 



13.7/1 

Specification No. CP-90290A 

c Inabi 1 ity to reduce thrust or unsuccessful shutdown 

and/or cooldown which precludes engine restart. 

d Unsuccessful startup to attain thrust equal to or 

greater than t11at required for Emergency ~lode Opcrat ion. 

(i) Kerma - A term used to describe the energy deposited by radiation. 

It is an acronym for Kinetic Energy Released in r·:atel"ial. ln this document it is 

used to describe the intensity of gamma radiation. 
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TABLE I .. 
SPECIFICATION EXTREME RADIATION LEAKAGE LIMITS AT 

PVARA PLANE 

(Plane is 63 inches Forward of Core Center) 

TYPE OF RADIAT_,_I"'ON..__ _____ _ 
RADIATION LEAKAGE LIMITS 

WITHIN PRESSURE VESSEL OUTSIDE RADIUS 

Gamma Carbon KERr~A Rate 

Fast Neutron Flux 

Intermediate Neutron Flux 

Thermal Neutron Flux 

1.8 x 107 Rad(c)/hr 

2.0 x 1012 n/cm2-sec, 
E :> 1 • 0 Mev 
n 

3.0 X 
0.4 

6.0 x 1011 n/cm2-sec, 
En<:0.4 ev 

* NOTE: These radiation limits are specification extreme values in that engine 
component designs are based directly on these limits, with no 
identifiable factors of uncertainty involved in the use of these data. 
Component design is based directly on these induced radiation environ­
ments and has overall component reliability limits of 2.326 a. 
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__ _,Co:~ponen t 

Lo:·:er Thrust 
Structure-1 

-2 

-3 

Turbopu:np 
{\sse:cbly-1 

TABLE II 
• SPECIFICATION EXTREME PVARA RADIATION LEAKAGE LIMITS AT CRITICAL COMPONENT LOCATIONS 

Location Neutron Flux (n/cmLsec) 
Distance Fv1d of Thermal Intermediate Fast Radius Gamma KER~1A Rate. 

(Inches) Core Center (in.) Rads(carbon)/hr. E < .4 ev .4ev<E<.lMeV 

19.5 65.5 2. 1 x 1 o7 

19.5 67.5 1.8 x lG7 

19.5 76.5 (1) 1.8 x 1 o7 

36.0 107.0 7.0 X 106 1.0 x 1o12 s.o x 1o12 

• NOTE: These radiation limits are specification extreme values in that engine 
component designs are based directly on these limits, with no 
identifiable factors of uncertainty involved in the use of these data. 
Component design is based directly on these induced radiation environ­
ments and has overall component reliability limits of 2.326 a. 

E > 1 ~leV 

2.8 X ]014 

2.8 x 1 ol4 

2.8 X ]014 

1.0 x 1o12 
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Normal or 
Component 
f.ial function 

(Spec. Para .No.) 

3.1.1.1.3 

3.1.1.1.2 

3.1.1.1.5.1.4 

3.1.1.1.10 

TABLE III 

ENGINE RELIABILITY ASSESSr·1ENT PARAr·lETERS 

Single 
Turbopump 
Operation 

(Spec.rara.No.) 

3.1.1.1.5.2.1.3 

Title 

Thrust Build-up and Thrust 
Retren t 

Steady State Operation 

Cool down 

Thrust Vector Control 

Response Variable 

Chamber Pressure Change 
Rate, psi/sec. 
Chamber Temperature Change 
Rate, oR/sec. 

Isp (vacuum), sec. 
Thrust (vacuum), lb. 

Isp (vacuum), sec. 
Thrust, vacuum lb. 

Angle from null, degree 

Angular Velocity, 0 /sec 

Angular Acceleration, 0 /sec2 

0 
:0 

0 



TABLE IV 

NERVA ENGTh"E I!JTY CYCLES 

Mannl!d !nt•rorblt Shuttle Unmanned !nterorblt Shuttle ~~E .. s~ee Injettian 
!;or'\1 v-:-n~ Sin,..le TPA V.ode No-r.1~nl f,lotlc Sin11le TPA Mode Nornal V.ode SinP:l~ TPA fl.od~ 

TJr~e 'l'irr.~ '.i.'JrPe 'l'".., ... 'l'irr.e 1'ime 
::.. ~·.,.'"ell !?'.': · .. ·-: : n lJ<.: ~W<.:I;;.i• ret .... een Bet-....een Petve~n 

!!urn D.n-ation Bums DHntion Enrns Duration B\lrns Dura.tion Burna Dlretion Burns turation Burns 

~ {:l.inute~) (li••Jrn) (Minutes} {Hours) !Minutesl (Hours} {t>11nutes} {Hours} (Mlnutes) (lloucl {Minutes} {fl0ur~} 

l. 24 TBD 31 TBD 15 T!\D 
12 TDD 64 TBD 4 TRD 

2. 2 TBD 7 TBD 21 TBD 
8 TBD 107 TBD 0 TBD 

3· 1 TBD 3 TBD 10 TBD 
8 TBD 65 TBD 5 TBD 

m 
C'> 

4. 2 TBD 8 TBD 3 TBD 
48 TBD c 

~ 
c 

' 
5· 2 TBD r 

8 TED c 
c 

s 
6, 1 TBD c 

8 TBD 
c . 
" r. 1 TBD ;:; 

72 TBD " c 
0 

e. 10 TBD 



Altitude 

A~!!!<::>~P~~r!_e 

Pret.'-uYe, psia 

A~-~- J ,-;.~.-:or 1c 
';:;·-.;~·:-·~~·J:·e 0 R 
( ,,.,,,, :o) 

,'\.~-'' '.•:rlc 
1.>.-:~.-;,;~:·.•n 

A·.-:·~ 1' ,-rte 
H .. :-::1-' l ~;; 

!:c!.'lr r·.\\l1nt1on 
tt~ f:·:.--)~r 

{7:.~-r-r~) 

1 

Spae@ o~rftt!~ue 

In s~ce bctv~en 262 
IN ec.rt3 or"::l1t and 
W ::H lunnr orbit. 

2t.2 to Go :n~ lun!lr 
orU!.t. 

2 ~ 10~lo at 262 NM 
orbit. 1.5 ~ 10~15 at 
6o IN lunar orbit. 

2700 at 262 !N orbit 

PrL"!Vlrliy, l! nnd Jl+ 
Vith trace of H~ at 
"'xtn·:-:.e u1t1t.ur.:es. 

Ne~:l1glble 

442 

I'!ot Applicable 

Hot. Applicable 

OP!!RA!IO!!Al. PllASE/:<A11lAAL ENVII<l~'T >lATRIX 

2 3 

Flifi!ht l/ehte'1:e Dooe\ 

( "'"' 
Enntern Tent Rnnge 

S .L. to 26Z It-t 

See eolumn 1 and 3 
l:;.P ft:,t max • 

See Column l and 3 

See T11ble VI 

No boost during raiD. 

None 

No boost during hail 

Vehicle Anoembly 
ond Ch ... ~l<out 

,,.,m,..h o~rn':.1onfll 
(IC.SC_!lml I-71'~) 

~enncdy ~pace Center 
end En~tem Tent Ra.ngt!t 

Sea Level 

Min 14.4 Max 1~.0 
.6P mnx • 0.09 lb/1n.2 
in 1 hour. 

See Table VI 

See Figures 4 and 5 
incluotve 

~ax norMal to Gurface 
IH a ll'f'· Dtft\19e sk.Y 
r(..J1ot1on IdH • 166 

MAx rate in/hr 30 
Wind r.pec<l. rt/Dec 55 

None 

~AX size 1 inch diam~ter 
probnbtllty one in 30 
y•:uro. Velocity or fall 
66 rtfcec, l!.nll dcno1ty 
50 lb/rt3. 

'•' 

TraneJ~Crtetion 
(Cround) 

Sse:re.r-:ento to mehoud 
ant! Lnri;t', IArf:e to 
Mlchoud nnd Gulf 
Trnn~porto.thn .• 

~nl Level to 7000 rt. 

Min. 11.0 Y~ 15.2 
2 6!\w.x • 0.09 lb/1n. 

in l hour 

Min 420 Max 585 

Sa~re lUI column 3 

SMe as column 3 

Same as eolumn 3 

r. .. lot3 

5 
Engine, 

S~.a\Hiy:st~!!! aod 
Co:r:pon~nt (Assy M.d 
St;.or!'.p~) w S~ll.fit!'! Any 

Saernn~nto, Lnrgt!'!, Hleboud 
and }~'F, 

Sea Level to 890 tt 

Mtn 13.1 ¥~ 1$.2 2 
f:;.p """ • 0.09 lb/in. 
to 1 hour. 

Min 420 ft'.nJC 575 

SarJ.e ae colwm 3. 

Max at~e 2 inch di~et~r s~e &A col~ ' 
Pro~obtlity one!!'! 1~ 15 
y~nra. Velocity of fnll 
100 ft/~ec. HAil density 
• 50 lb/rtl. 



en 

\Hnd, rt/tJee 

!:.alt SprllY 

A.~::~i~p:~cric 

Elec•.ric1ty 

Pbaee 

ro !Oe!L~tc ~nvtroo~t"llt. 

~J)r-:"l,o.';.!e F!~!t, avg, 
To'--~1 Cu'..l~ll, e:.ax. 

Rn·: !at!o~~!11r,h 
£ncr,:y PorHele 

Pe-d!.a •" tcn~'!'~llJ~d 
P~tr~it le<::./ Jn" I flight 

!lndlat1o:1- ultra 
vl<>kt 1\;}<l x~rny 
va'..tc:/Jt.: 

., 

'tAM.! v (a)!mt<u!!D) 

Ottl'AT!O!W. 1!l'ME/11A'!.UPAL !!:IVIROIOO:N'r W.TRIX 

1 

Not Appl1cnble 

Not Appl1enble 

Uot Applicable 

Not Applicable 

Not Appltcnble 

Not Applict~-ble 

2 

Fllgbt Vehicle Boost 
(~R) 

S-ee Table VIII 

'l'!lD 

R!oe to 100,000 MIPS in 
lOp.eee. Deco1 to 5(),000 
MP!I in 20 p.;;ec. 

riot Arpl1enble 

0.35, at 262 ~~ to 0.)2 
< 10- 6o 1.1-t lunar 
orbit 

See Fisuree 6 and 1 See 1'1gures 6 M4 T 

1.24 x 109 portto1••/1n2/rr 
vllh. '""" < lO ;.~7:'/. 9,3 x H•e11s1ble 
lo·r ]loxt.iei.c!l/!r.~ /rr vit1:l 
en!'rgy ( 1\JO ;.<;L'I. 

'f:J!) yro'.<>M vith ent.:!n~Y ( 30 rf('gl1g1ble 
1·~!."'/, TliD clc-ctron~~ vtth 
enPrr.Y( _ /·~~~!. 

-4 
Ultrn vtolct ~.4 x 10 m~. Srun~ as column l 
.x-rt~y U.G x 10~11 

l'lUU(. 

) 
V~hlele Aooenbly 

11\"11 ~~ .. f"\!n•\t.• 
.1.0.unch t.lJJernt1one 

{K.SC nn•l J.:l'!l} 

Max 150 rt/r.ce 

See '1'6bl~ VII 

&!e Table VIII 

'l'!lD 

Same ae column 2 

'l'!lD 

0.52 

Not Applieable 

Not Appl!eablt 

Not Applteable 

Not Applteable 

Transporte.ttota 
(Oro•Jnd) 

~ peak vlnd 77 tt/aec 

Bee Table VII 

ffecl1g1ble 

&.me aa column 2 

'l'!lD 

.0.52 

tfot AppUes.hle 

Kot App11eable 

Hot Applicable 

Mot Applicable 

, 
f:n.glc.• 

Bu\:Jeytlten aM 
C~ponent (A~ey and 
Stor~~} - StaPe Aeey 

Same aa c:olwr.n It 

See Table VII 

Recl1g1ble 

"'" 
Same u eolta1 2 

T!JD 

0.52 

lfot Applicable 

ftot Appl!eablo . 

trot Applicable 

lfot Appl1eable 



Pba•• 

~auio~!c~-- Earth 
':Lhl·r.~'ll, E, 
~tu/1 :.'"' /hr 

l'.~:td~utto:l • Eart.b 
a.!.~'.'l') Z;;- .. 
r.•.i,l.h:~/(u 

]'.,! ~!l.t~on .. Lunar 
th': '~·"1, L, 
BL:/ ft2jb.r 

!~·,!tat~on • Lun!'U' 
rd·.'- ::;:., ~i. D':.u/ 
: ~..: /:.r 

lo:'n·J~;·~oere - 1onited. 
e>ctr~n l!eneity 
:1/!n,J 

Solar Radio Noiee 

So!Juo Ill~tnat1011 
l;;:le:-J.s/!"t..:: 

1 

5 z 1o6 at 262 ~ ~ecreaa• 
103 to( 5700 at Go tM l\U'le.X' 
orbit 

See Table IX 

TAl!LI! y (CO!m!IUEll) 

0Pl:!1A1'IOIIAL PBASE/NA'roRAL E!.'VIOONllE!IT MA~IIIX 

2 

r11tht Vehicle !ooet 
(E:rR) 

See c:ol\IJ'Itn 1 

Bee eoli.D'I!n l 

lfegl1g1ble 

Y..:x 5 x 107 •t 190 JIM 
Altitude,< 10 belov 

50 "" 

s~e Table IX 

Not aten1f1ca.o.t 

l 
Vehtcl~ •~c~l• 

n.nd Ch<! ... kou.• .. 
Launcb Opernt1ona 

(Ki~C nnd t'l'fl) 

Rot Apf'ltcntle 

lfot Applicable 

Rot Applicable 

l'fot Applicable 

l'fot a1gn1f1eant 

lfot AppUdtble 

lfot Applicable 

Jfot AppUc:eble 

lfot Applicable 

lfot Applicable 

ftot Appltee.bl.a 

ft'ot aignltieMt 

5 
Engine 

Su!:lsyatea and 
CompOnent (A5ay aa4 
Storace) • Stage Aeay 

trot Applteo.ble 

Jfot Appltcable 

Kot Applicable 

lfot Appl1c:able 

Xot Applteable 

!ot Applieable 

l'Jot a1gntr1eant 
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TABLE VI 

NOmlAL ATilClSP!IE:tiC CO'!POSITION FOR CLEAN, 
DRY AIR AT ALL LOCATIO~$ 

(VALID TO 48.6 NAUTICAL mLE GCOHETRIC ALTITUDE) 

Gas 

Oxygen (0
2

) 

Argon (Ar) 

Carbon dioxide (co2) 

Neon (Ne) 

Heli u:o (He) 

Krypton (Kr) 

Xenon (Xe) 

Hydrogen (H
2

) 

He thane (CH,) 
~ 

Nitrous Oxide (N20) 

Ozone (03) sumiller 

winter 

Sulfur dioxide (S0
2

) 

Nitrogen dioxide (N02) 

Ammonia (NH
3

) 

Carbon monoxide (CO) 

Iodine (I2) 

Percent by Volune 

78.084 

20.9476 

0.934 

0.0314 

1. 818 X 10-3 

5.24 X 10-4 

1.14 X 10-4 

8.7 X 10-6 

5 X 10-5 

2 X 10-4 

5 X 10-5 

0 to 7 x 10-6 

0 to 2 x 10-6 

0 to 1 x 10-4 

0 to 2 x 10-6 

0 to trace 

0 to trace 

0 to 1 x 10-6 

70 

Percent bv l·:eigh t 

75.520 

23.142 

1.288 

0.048 

1.27 X 10-3 

7.24 X 10-5 

3,30 X 10-4 

3.9 X 10-5 

3 X 10-6 

1 X 10-5 

8 X 10-5 

-5 0. to 1.1 x 10 

0 to 3 x 10-6 

0 to 2 x 10-4 

0 to 3 x 10-6 

0 to trace 

0 to trace 

0 to 9 x 10-6 



Size of Particles 
Diameter, in. 

Hardness and Shape 

Number, Distribution and 
Associated Conditions 

Salt Spray Exposurz 

Salt Accumulation (Extremes) 
Particle Size, inches 

Accumulntio!l (Fallout) 
1b/ft2/day, Max 

Min 

TABLE VII· 

SAND AND DUST 

Sand 

0.0031 to 0.039 
90% between 
0.0031 and 0.012 

Specifico.tion Uo. CP-90290i\ 

Dust 

-6 3 3.9 X 10 tO 3.1 X lQ-
90% be tween _

6 3.9 x 10-6 and 7.9 x 10 

>50% of particles composed of angular quartz 
or harder, 7 to 8 on NOH's scale 

1.2 lb/ft 3 during 
sand storm 
10% between 
0.079 and 3. 3 ft 
above ground 90% 
below 0.079 .~t 

3. 7 X 10-7 lb/ftJ 
uniform distribution 

Relative hum' . .;!ity 30% or less wind velocity 
32.8 ft/sec tt 10 ft altitude 

TABLE VIII 

SALT SPRAY 

71 

TBD 

-6 . -4 
3. 94 .< 10 to 7. 87 x 10 
98% of total greater than 
3.15 X 10-5 

10.2 X 10- 7 

During Rain Storm 

5.12 X 10-S 
Unevenly Distributed. 
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TABLE IX 

SOLAR R~IO NOISE 

Quiet Sun Noise Power 

watts/rt2/caps 

Varies from l0-20 at 0.4 in. wavelength 

to 10-23 at 160 inch wavelength 

Solar Storm IJoise Po:..rer Increase 
(orders of rragnitude) 

Variation with Sunspot Between 
2.5 and 80 inch wavelength 
Orders of Ha.gni tude 

1 to 8 

Up to 4 

-34 1.1 ;· 2j Noise Power Flux = 3.0 x 10 r- watts ln. cps 

where f = frequency in cps 
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Location 

Oircction 

Fon:ard* 

P2dic.l 
Out'.·l0rd** 
at Core 
r~iidplane 

TABLE X 

INDUCED RADIATION ENVIRONt~ENT OF NERVA ENGINE OPERATING AT FULL POWER 
(GRAPHITE CORE REACTOR) 

Oi stance from 
Cor(O Center 

6 Feet 

10 Feet 

5 Feet 

Gamma 
KE Rll.l\ Rate 

Rad s ( Cu rbo!') I hr. 

1.8 X 107 

(1.2 ~ 0.4)x 108 

Neutron 
Therma 1 *** 
E < .4 eV 

6.0 x 1011 

Flux (n/cm2-sec) 
Intermediate 

.4 ev< E <1 t·leV 
Fast 

E)l t·leV 

3.0 X 1012 2.0 X 1Q12 

(1.2 ~ o.7)xlo13 (4.0 ~ 4.D)x 1013 (9.0 ~ 4.5)x 1012 

(3.2 ~ l.O)x 108 (3.0 ~ 1.8)x 1012 (1.4 ~ 1.4)xlo14 (9.0 ~ 4.5)x lol3 

~0~iaticn enviro1:~ent at distances greater than 10 ft is proportional to 1, where r 
2 

is the distance from the 
c~·-c:. c:::·~:r,,.... r 

,.c<Oiati:c' levels i?1 the forward direction are cont~olled by the specification for the Internal Shield. 

'"- .:•:Q ;;rc nOii1ina1 levels:!:. the maximum anticipated calculational uncertainty (~ 3 '1'). The uncertainties 
"''~ neccs,Jrily sym:netdc about the nominal value. Th2.t is, negative radiation levels have no physical 

*'''•Tn:c r:"cr:ccl nc•Jtron flux shovm at 90° is approp·iatc for a radial not in line with a control drum. 

0 

n. 
·co 
' co 

0 
N 
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Polar Angle Location 

goo 

180° 

Forward 

Radial Outward 
at Core r4i d­
plane 

Aft 

TABLE XI 

INDUCED UNPERTURBED RADIATION ENVIRONMENT OF NERVA 
ENGINE FOLLOWING 30 MINUTE FULL POWER FIRING 

(GRAPHITE CORE REACTOR} 

Distance From 
Core Center 

10 Feet 

10 Feet 

10 Feet 

Gamma KERMA Rate 
1 Day 

After Firing 

(79 !:. 119) 

(1.7.!. 0.5}x 1o4 

(1.3 .!. 0.4)x 104 

• 

(8.6.!. 12.9} 

(1.9.!. 0.6)x lo3 

(1.5.!. O.S)x lo3 

(1.8 .!. 2. 7) 

(3.8.!. l.l)x 1o2 

(3.0.!. 0.9)x 1o2 

Radiation environment at distances greater than 10 ft is proportional to 1, where r is distance from 
core center. r2'" 

*Ga~1na KER14A Rates are the nominal level +the maximum anticipated calculational uncertainty (--v3Cl"). The 
uncertainties are not necessarily symmetric about the nominal value. That is, negative KERMA rates have 
no ?'lysical 1neani>1g. · 



TABLE XII 

INDUCED RADIATION ENVIRONMENT OF NERVA ENGINE OPERATING AT 80% OF FULL POWER 
(GRAPHITE CORE REACTOR) 

Locati~o~n __ ~77~-~~ Distance from 
Core Center 

0° Forward* 6 Feet 

Gamma 
KER~1A Rate 

Rads (Carbon)/hr. 

1.4 X 107 

Neutron. Flux (n/cm2-sec) 
T herma 1 *** In te rmed"i -:-:a ti:-:e:------,f7as::-Jt.--
E <.4 eV .4 ev< E < 1 MeV E > 1 MeV 

4.8 X lOll 2.4 X 1012 1.6 X 1012 

90° Ra.di a 1 
Out\·la rd** 
at Cor2 
l·iidplane 

10 Feet (9.6 ~ 0.3)x 107 (9.6 ~ 0.6)xl01 2 (3.2 ~ 3.0)x 1ol 3 (7.2 + 3.6)x 1012 

.1\ft** 5 Feet (2.6 ~ 0.8)x 108 (2.4 ~ 1.4)xlo12 (1.1 ~ l.l)x lol4 (7.2 ~ 3.6)x 1013 

Radiation environment at distances greater than 10ft is proportional to}, where r is the distance from the 
cc ;e C€~t~.~~r. r 

*''udiilticn levels in the fon1ard direction are controlled by the specification for the Internal Shield. 

+•·T'lesn •1>'e norlinai levels+ the maximum anticipated calculational uncertainty (o,3cr). · The uncertainties 
a:·c not necessarily syii:metric about the nominal value. That is, negative rad·iation levels have no 
~;lJSicul li'CU.:Iing. 

•••Tt1e thcn1al neutron flux shown at 90" is appropriate for a radial not in line with a control drum. 

T! ,. tc:b·:e is appropriate for single TPA operation. 

Tile above data is applicable to a graphite core reactor. 
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cround Handling 

'transportation 

tauneh ar.d Boost 

Isnition 1st Stage 

Jteleaa:e/Uftoff 

let Stage Steady State 

~cb 1 Transonic 

HaxQ 

Max Acceleration 

Cutoff/Separation lat Stage 

lgnition 2nd Stage 

!ooct 2nd Stage 

Space Operations (TBD) 

NOTE: 

Docking/Undocking 

Start 

Steady State Thrust 

Shutdown 

Cooling 

Coast 

TVC 

Specification No. CP-90290A 

Ti"" 
or Time 
Interv<ll 
(Seconds) 

TABLE Xlll 

LongitudinaL 
Static 

Acceleration 
(&) 

Longitudinal 
Dyna:.aic 

Acceleration 

Lateral 
Z:l)'na.mic 

~eleration 
(g) 

Acoustics 

(Yes/No) 

£:,tr•~ accelerations sbJ.!. n.•~. · ·-·--··!d Flight Desie;n. Acceleretion 

T:"'t•::r;sportation e.ccelera.tio<· .<~l.:::.ll not exceed Fl.ie:ht Design Acceleration 

T-4/T-0 1.0 0 0 Yea 

't·O/T+10 1.4 +2~25* 
(3 • 3s Hz) 

+ l.S** Yea 
(0.1 = 15 R>:) 

T+l0/T+65 1.4/2.0 !(>.3 + 0.3* y .. 
(3 • 35 Rz) (0.1 = 15 a.) 

T+65/T+75 2.0/2.2 +0.3 
(3 • 3s Rz) 

+ 0.3* Yeo 
(0.1 = 15 R>:) 

T+75/T-+ll5 2.2/2.4 !(>.3 + 0.3* Yes 
(3 • 35 Rz) (11.1 = 15 R>:) 

T+l50/T+160 5.0/5.2 !(>.3 ± .10* No 
(3 • 35 Rz) (11.1 • 15 Hz) 

T+l60/T+165 0 +2.25* + .0.3* No 
(3 • J5 Rz) tD.1 :;- 15 Hz) 

T+170 0.75 Small Small No 

T+170/T+470 1.50 Small Small No 

AcoustiC$ 
VlbratioPS 
(Yes/ :<o) 

Yes 

Yea 

Yea 

Yea 

Yea 

No 

No 

No 

No 

* These Transient Accelerations decay to zero within 6 seconds. 

*The peak acceleration occurring during this transient motion is z l.Sg as lis~ed below. Decomposition into the 
individual Lateral modes of the frequency b~nd 0.1 H%. - 15Hz. r~sults in the following modal peak accelerations: 

Mode No. Natursl Frequency (Hertz) Peak Acceleration (g) 

1 1.15 + 0.05 
2 2.46 ::;: 0.38 
3 4.50 ::;: 0.79 
4 5.37 :;: 0.49 
5 6.22 :;: 0.01 
6 6.47 ::;: 0.01 
7 7.32 I o.oo 
8 7.99 + 0.11 
9 9.30 + 0.26 

10 11.2 + 0.15 
11 13.2 + 0.07 
12 14.6 I o.o1 
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TABLE XIV 

EXTERNAL INDUCED ELECTROMAGNETIC RADIATION ENVIRONMEt'T 

RADIATION SPECTRUM 

OPERATION < 1 Ml!z 1 Mllz - 10 Mllz 10 Mllz - 100 Mllz 100 Ml!z - l GHz 

Engine Assembly & Checkout 
IPL(ll 
HED(2 

' MRR(3) 

Encine Acceptance Test 

Tr&n:;portut!on and Storage 

Vehicle Aszcmbly 

l're-li.1unch Operations 

Lnunch and Boost 

1 t'()pellant Depot 

ZG2 nn OrUlt 

'l'runslun:ir Trajectory 
. 

Lunur Orbit 

Sp:1cc Stc.tions 

f~l Incident power level, watts/rt~ (at engine boundary) 
l·'::_t.Xir.:um exposure duration 

(3) l·hxi:r,um repetition rate, exposures/hr 

l!: 1 Ollz 

VI 
"'0 
ro 
(') 
~ . ... 
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('") 
"'0 

' "' 0 
N 

"' 9. 



TABLE XV 

VEHICLE/STAGE INDUCED ELECTROHAG!lETIC El\'VIRONMENT 

A. Radiation 

Frequency Power Level Ml.x. Duration Repetition Rate 

B. Conduction 

Frequency Voltage Power Level Ml.x. Duration Repetition Rate 

TABLE XVI 

ENGINE INDUCED ELECTROMAGllETIC EIWIRO!'JME!\'T 

POWER LEVEL 
Frequenc;r Rated Thrust 80% Thrust 6oC, Thrust Decay Rate 

78 



OPERATION 

Engine Acceptance 
Testing 

Pre-Launch 
Operations 

Launch and 
Boost 

Specification No. CP-90290A 

TABLE XVII 

NERVA FLIGHT ENGI!J: 

AVERAGE ll2 
CONCEIITRATION(Vol.;\) 

79 

MAX H2 CONCENTRATION (Vol.\)) 
AND LOCATION 
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TBD 

Figure 8 

Specification No. CP-90290A 

Note: KERHA Rate and Flux 
Contours are based on a 
Graphite Core Reactor 

Isokenna Rate and Isoflux Nucleul' Environment 
Contour i,lap (rull, Po>'ler) 
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Specification No. CP-90290 A 
ATTACHI~ENT I 

Format for Emergency Mode Operation Summary (U 
For each selected Emergency ~lode Operation, the following information shall be 
included as a minimum in tabular form: 

A. Prestart 
1. Time 

B. Startup (from all applicable normal operating modes) 
1. Time 
2. Propellant 
3. ·Impulse 
4. Chamber Temperature Ramp Rate 
5. Chamber Pressure Ramp Rate 

C. Retreat from Normal f·lode Steady-State 
.1. Time 
2. Prope 11 ant 
3. Impulse 
4. Chamber Temperature Ramp Rate 
5. Chamber Pressure Ramp Rate. 

D. Steady-State 
1. Time 
2. Specific Impulse 
3. Thrust 
4. Chamber Temperature 
5. Chamber Pressure 
6. Impulse 

E. Shutd01~n and Coo 1 do;m 

1. Time 
2. Propellant 
3. Impulse 
4. Chamber Temperature Ramp Rate 
5. Chamber Pressure Ramp Rate 

F. Total Impulse 
Each selected Emergency Hode shall be displayed graphically on an engine 
operational map such as Fig. 1 and Fig 2. 

! -1 
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Specification No. CP-90290 A 

ATTACHHENT II 

ENGINE STATE POINTS 

The attached figure and tables provide state point data for the 

NERVA Flight Engine with a graphite core reactor. 

Figure Il-l, 75K NERVA Flight Engine State Point Diagram 

Table II-1, Normal Hode State Points- State of Life 

Table II-2, Single TPA f'lode State Points - Start of life 

Table II-3, Normal Hode Throttling State Points- Start of Life 

Table II-4, Single TPA t·lode Throttling State Points - Start of Life 

Table II-5, Normal Hode State Points - End of Life 

Table II-6, Single TPA tl,ode State Points - End of Life 

Table II-7, Normal Hode T~rottling State Points -End of Life 

Table Il-8, Single TPA i1ode Throttling State Points - End of Life. 

l I · 1 
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II-3,4 
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CMPIII'J're CORE 
ST~T£ P~INT CONDITIONS A SPECIFICATION £KTAEMES 

15'< FVt..l.. -='LOW NERYA E"I'IGINE • OAA,'MING NUMS(.f{ 1131ofi00C 

~fF'!It T') D>tA_,ING NUI'.!'f.it:R 1137456.4 f'I'Qq STATE' POINT LIJCAT IO~IS 

PC ""' 451• Pil.\ T~CV POSITION • l'-•1 OeG><~i:.t:S THRUS·T .:t 7b'.it'O• LfJ~=' 
TC = 4247• U~.io·t=:t:; ~ 5.iCV POSITION • t.t !l'Zb.flit«j ISP ,. ~21.9 SL~ 

TUF.dlN';;; t;FFICt::NCV & 88.5" 
rlYP4S5 FHACT 10'~ = 0 .() 1 

• 
5 

8 

9 

10 

Pt.!.1P!=Ll-' H T.\"41( OtJTLET 

f.HlPfLL \'H' S~VT·JFF VALVE l"'LET 

IU.'<H., 1'-IL..::T 

PU 1AI' OUTL l T 

f>lJI.'P 01":.': H!~;;.z: C-io!_CK VALV( lNLlT 

FV~IP Ut>:,t.\.•lt:;.!! CHE:CJ( VAL~· 2 OUTL'!T 

S.TI<U(TUt\1. .• ;p )tJ~r Ci.lOLANT INLET LINf 

- Nf.JZ£:l c:_ 

I~ - l'l fU·CT H )UTL:T 

I'S- f-L~UCfJ;~ ."f~2ShJ~! VESSEL OVTLf'T. 

17 

18 

20 

21 

f:JI.T;:tv..>IJ~ SrliEL:l INLET 

t ~T!.tl'i I J .J 5-tiEL:.> JUTLET 

CL'-'!. L.J~l!·~J_;. t.INo::;: INLtT 

tU1ilt:h~ i'f,.}A·J'l l.l·~E Hll,.t::T. 

·22 'TU~HNf.lLJCI( V\LVE INLET 

23 - TV·~•H"'C ·lL JC'< IIALIIE 0\JTLLT 

24 - ,.U>HJ{t>IC 1'-H.,r:T 

FU1w ~AH ttt"tS/~£C) 
No41 ti'IAL ;..,. N MAX 

4fl~2 

46C.2 

4t>"Z 

4!>•9 

45.9 

.. s,.; 

45·9 

4511.19 

7.50 

3 .. :).9 

t:HI.a 

66.7 

9).9 

44.6 

••• b 

6.10 

·h-l9 

76.9 

7o.-=J 

7C.4 

7C· .4 

t.49 

47.5 

47.2 

47.2 

.. 7 • .2 

47.2 

•7•2 

e.~n 

3.JY 

&s.s 
7t.h2 

78.2 

45.1 

Pitt: S$UUL ( PS lA) 
NO~ I ~AL M tN ,_. 1\ '( 

jO.(' 

jO.r. 

29.9 

29·• 
J .395 

1194 

1'389 

t3eli 

13d2 

t3az 

1373 

1359 

1169 

116Q 

111\ 

1111 

II' J· 

I ' !. 1 

t II) 1 

1101 

106~ 

tC:6~ 

1~61 

13~5 

1:135 

13.JO 

1 J2·~ 

I 3?.4 

1 )?.4 

l 31 ~ 

J Jt" 3 

1129 

112? 

J(i7'+ 

1 ~74 

1074 

1<.(>4 

1 0"· 4 

ll t4 

I OJ4 

ll·34 

1 t'i(l 6 

jO.A 

jO.A 

)0.7 

30.0 

1454 

1448 

1447 

J 441· 

1 4 <\1 

Hll 

1415 

121JQ 

!.?09 

1 t 4~ 

11 4H 

11 ... (\ 

1 t 17 

11.31 

1117 

It 0! 

111')3 

10 .,;5 

11l74 

PUJ4P [!FF"l(.tri.t.('f = ()€ .. 1 ~ 
PI)~P S"£.i..O. • ?.o:.flt4,. f.P" 

T~Y.PC:J'...A.TUIOF. ("',I(,; t t ~ ~I 

NOMINAL ""''"I \lAX 

s.;.2 

191 

1?1 

254 

26') .. , 
203 .. , 
293 

2~J 

5f· .t. 

I 77 

177 

•t.v 
4l·tJ 

41.0 

(;,(. 6 

"io( • b 

t t. .. ,, 

f.,( .. I,. 

61.•. t, 

r.77 

25 Tv.;:HNE .JJTL2:T 

26 - TUP~ltNt.. PUOTTL.C. 'IALVE LINF. l";LET 

42.5 

C!.o 
39.7 

o.o 
45.~ 

o.o 

1060 

742 

741 

1026 

725 

724 

7.5~ 

75~ 

2.69 

269 245 

Table II-1, Normal Mode State Points- Start of Life 
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Gu.hha·n; t:olu·: 
ST-'T.Z: PI'JlNT CONOiiiO"''S 4t.lf" PC:CIFJCA.TinN F'XTI'.:E~r:S 

7.51< FULL FLOW Nt::NYA FNGINF - l-'R4WING NUIII:\t:,l"' tt37"t·OC 

RE"'E'l T·l Q'lA.WING NUI>!tir;':P tt3745fA F'O~ S.TATF. PUINT LOCATIONS 

PC 4~1. PitA T~CV POSITION~ tl.t ~S~QEES THRUST= 755C~. L~F 
TC r 4247. o-:;'lt::t;':3 R S<iCV P05lTlON = J.t VC::J!tF.t:5 15P =: U21.9 SLC 

TUC HJNE FFF ICtr"''CV :::r 8E\.5 ~ 
UYPASS F~ACTIUN 6.0 , 

PIJ~tJI [FFICtfWV!! ,,~.t l 
PU~~ SP~fO * <~t l4• ~P~ 

TURRlNF Ot3C~ ... 4~E HLOCK VALVE INLET 

20 - TUk!HI'.E ~~ 5C·Hd::O<;" f3L0CI( VALVE OUTl..ET 

29 - TUFilftH: Tf-HJTTLC: 1/ALVE LINE OUTLET-···--

1C• - TUkCTIIE ~Y't>,\S"i LINE OUTLET 

J! t·OMf I NLL:T L [N-2. OLITLET 

(l tHR<\L .:i lt!:LO 1"4LET 

~~ - CUiH; SU,_,..>,HT PL.o\Tt::: JNU£T 

)4 - COR; I tiL!:T 

J5 

36 - TUPUJ~a:: '.H'PJ\:iS 1L.JCK VALVE 1NLE.f 

TU~,3Jr-4[ rlfPA,S5 "L:JCK VALVE OUTLET 

lVf\tdNE '1'1'"A33 C'J"nROL VALVE INl.ET 

42.- ~TPVCTUl.\L 5<Jrl;)O~H OLOCK VALVE OUTLET 

., STPuCTU-~A.L S-JP~U~T CO!',iTPOL VALVE l~LET 

44 - 5T >.<JCTll"l-\L SJ.:»P,JiH CONTROL VALVe;: OUTLET 

45 Cll'lLrd .... •-4 .il)PPL1 LINE OUTLET 

46 - !,T,<JCTUli\L SVr.,~,J.(T CIJOLANT LINE OUTL.!T 

"? - ST £"1 OVH .. CT 

413 .. S T•~uCTV-t-\1... SJfl lt.,HT (hJTLt.;;T 

~ThUCTiM\L S'Pf>ORf tH'PASS ORIFICE t~ET 

50 - ST,.(U(TU"li\L SJPi"O~T BYPASS ORIFICE OUTLET 

~ Gl - sr;;~uCTUl4L 5\PPiJ:"?T dVPASS LINE OUTLET 

52 TUP' 11t1F T~i'WTTL.f: VALVE INLET 

NE:TA.P hf START TAPf '5Y97 AT 25t-. Si;:CON!)S f"LOTT!:O AT 2'lf-• St C()NOS 

fLOw RATE CU:JS,SlC). 
NOMINAL MIN MA)( 

42.5 

42.5 

o.o 
7.35 

91 .9 

91.9 

91.9 

9l.Q 

?. 51) 

7. 50 

to .. ., 

;,.19 

3.19 

o.o 

o.o 
2.05 

89.1 

89 .• 3 

69:.3 

••• 

o.o 

94.5 

94·5 

lil4.5 

~4.5 

9·60 

9.60 

9·60 

13.~ 

0 .o 

Pf:tf::SSUP( (PSIA) 
NO"'!INAL MIN MA)( 

741 

729 

729 

708 

695. 

671 

636 

624 

•51 

1068 

1(168 

1068 

7!1 

'(08 

1382 

1382 

1J8-2 

t\64 

1164 

1164 

1112 

II II 

1371 

11.33 

112<4 

741 

724 

71Z 

7! 2 

692 

679 

655 

609 . ., 
1 (}34 

1034 

695 

692 

1323 

1.323 

I 323 

1127 

1127 

1127 

1076 

1 (..?4 

1314 

1095 

l 087 

724 

758 

740 

745 

725 

110 --

6d6 

6;! 

6JS 

459 

11 OJ 

11 (!] 

II ~3 

727 

1440 

1'+40 

1440 

12'J1 

12:00 

1200 

tt•? 
1148 

1429 

1170 

1160 

758 

T~MP'E:RJ.TUPF COIGJ..-Ers I';J 
NOMINAL MIN MAX 

269 

269 

269 

212 

272 

272 

272 

277 

203 

2921 

293 

293 

2t9 

208 

2f:.b 

5(, .. P: 

ltt 

~17 

3!7 

:, 1 1 

297 

60. b 

bO .b 

6C • (, 

Table II-1, Normal Mode State Points- Start of Life 
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7-jl( ~ULL. FLOW NF~VA fHGlff(' - ...,10'.A'tflt...G 'IU~I..\~r. 113741.7·CC 

P(f"E't T·1 I)'?AIII'INCi r4U"!£tt,;. ll314'3t-A FIJI~ STAT( POINT Lli('I.TIC'NS 

PC 
TC 

'! -:-, }. p; J" 
4241. o::.:;tc::sos 

T:JCY PllSITIUN ::o l4•b ">.:G·ll;i;S l11hU!.T = bC;.t'..!t.. lll.~ 
SSCV PUSJ TION :t 1 J.4 o..;G.~::;:rs (<;r> = 1.L·'.2 .2 S!:C 

TUhJINf. lffiCII),ICV s ~n..J ~ 
rJYP4~S FUACTIU•~ :::: Jt1.1 ~ 

.a. - rv ""'" 1 ~~L:: r 

FlfJW PATt (LHS/SlC) 
NOMINAL Ml'~ ~A~ 

73.7 

73.7 

73.7 

73.7 

7 J • 1 

71.1 

~uvo OVTL ~T ·---·- -~---~ 73.2 

76.3 

76.3 

1':>· 6 

7'h8 ,, 
T 

" 
9 

PUYJ.· ot ~C:If·\4.i'! Cti'ZCK VALVE'. 2 lNL'ZT 

Pu·4;·, () f::.C·•·\It:;.:;_ CH':,CI( VALVE 2 OUTLS:T 

lC· - ~T·•vcru·t \._ '.11' l,Hf COOLANT INLlT LIN'! 

11 S.TI·.UCTU'"".\L SJt.L:tQ.1:T OVPASS L.l"frE INLET 

"-'J zn r 
1 J - t- ,' l.."\ ( 

14 

1~·- 11>-ii(T.l~ ')•Jfl,.:T 

1 ;:· 

1'1 

19- fWTL"<St H )o!lCLV f>..~ESSUO( VE'SSll. IJVTt..ET 

2(> 

21. 

22 

23 

21"1- -

2 •. ·' 
26 

[t,~·c· TV~ H 1.: LUtZ JNLC:T 

TUin<ft~;: ·Jt:'l.\ i:i L ( ~r! ~.NLFT 

lU•~1·tur: :Jt.·l\.1( VAL\/! IHLI'T 

'Tv:..·H~H: lL JC'< VAL 'If!. OUTU~T 

rv':'nzr,r. t·~u~r 

TU!..if".fr;t:,. ,l'JfL!T 

TUf<FJIUC T•HtHTt.E V'Al.VE LINE INLET 

73.2 

2·"30 

57.1 

5. 31 

5.3.2 

53 .. 2 

4!'". 3 

o.o 

se.t 
&8. 1 

'53 .. 2 

51 • 3 

51.3 

I<;; • J 

o.o 

7s.u 

t. 1 • 0 

t 1 • (• 

55.1 

5!>.1 

c.o 

Pkl SSu··,L (PSJA) 
Nfl'·1INAL MIN fiA.)( 

12~6 

l:=tiJS 

t 2 71 

1269 

t 2'54 

1253 

1?49 

tl t (' 

111 n 

11) /1 

t I) 71 

11)71 

11')64 

1C:4C 

104(.'1 

I" JC 

:?9 .. J 

;: ') •. 1 

.20,. 1 

28.9 

1226 

1?25 

l213 

1212 

1199 
1197 
1194 

1165 

1 ~7 0 

1 CJ4 

1(1)4 

1 (12 7 

I f•.Z 7 

1 ':\27 

I ~o~ 

1 0{'5 

995 

5A8 

506 

1326 

1111"\ 

1 3·J ') 

It')'" 

11 ~L 

11., ~ 

ll 0~ 

ll"H 

1101 

11 () 1 

11)1~ 

1064 

6?1 

Table II-2, Sfngle TPA Mode State Points - Start of lffe 
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:l!J ·~ ~"-- i ( :~:..,. - .!-,.!!':~-~~<~·~·~·~~-H~, I~T;.;,.l ---·.'~'-''-~A~T-•~·'-·-'.-'T_•_•r..:;J~C·~TC....--~·;~. T_A.;..P~T-'-''-~L~I~'-'.o.· 
TU~Lif..,;• i· .._. .. H. II 'l(Y z 0•\•J ~ 
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OJIJ'-41-J r:r·.-ICt::t.("i :: t(,.<. '~ 
~U'41~ srt t..~ =· ? .. _ _..<:• .. f.P'~ 

27 TU,li~JNE .H 3C'"iA..-{.:i~ BLJC~ VALVE J'iLI!T 

28 - TU!~IJINE :'Jl iC.:HA.l:#<: ~LOCK. v'ALVE CUTt.. !T 

29 

30 

Jl 

TUn•JHif. TH"WTTLI! 'iALVE LJNE OUTLCT 

TU'?!!JNC tJ~PAj5 LIN~ OUTLET 

32 - CLNTRAL 3'1H.L.0 I"'L!£T 

J4 

35 

lUh'~H<E -Ht-lA3S -H .. -)CK VALVE OVTt..P-T 

lVI<~HHE 3Y·:tA.SS CO'HROL VALVE lNLI!T 

lUH')lNE d'fPA'3S CJ~TROL VALVE OUTLS:T 

~,TA"~C PH5:SiU:t.O.H LIN:: INLCT 

42- Srnv<..TUlAL s-p-;,..J4T BLOCK VALVE OUTLET 

•• 

46 

47 ... 
49 

so 
51 

52 

!T!;ucTUtAL S~~PJ~T CONTROL VALVE INLET 

$1 ')IICT U L\L SlJfl',l HT C•JNTKUL VAL YO: OUTU::·T 

((,Ul.~Ciw-t 3•J~,:.LY LI"'E OVTLt:T 

ST!WCTV,~<\L SJPPO:H .COOLANT LINE IJIJTLF.:T 

ST''"J-' OUfL~T 

srr·,ucTU--lAL StJP ->•nT OUTLt:T 

srr.uCTUif\L S 1JPPHT BYPASS ORlFIC!: INLF-T 

Sli1VClVl~L S•JP,J·lT BYPASS ORtFIC!:. IJUTLI:!T 

!:•TI-•VCTU~AL SVj:)P':)~T BYPASS Ll~£ 0\JTL.ET 

TVIU JN[ T:M.:lTTLE VALVE INLET 

• 

f-"Lfht tlATF: CL•i"i/~1-:.C) 
NUMINAL MIN ~hX 

73 .) 

73.3 

73 .. 3 

7J•3 

13.9 

t3.9 

C.39 

4.t0 

4. 10 

4.t0 

4. 1 \) 

o.o 

40.2 

(•. 0 

22.6 

10.1 

7C• 7 

70.7 

70. •' 

11.3 

11.3 

It. 3 

0.34 

3 .. 05 

1.05 

3 .. 05 

6.10 

51·• 

l .o 
33.2 

75·; 

713.9 

75.9 

16.6 

16·6 

16·6 

16 .. 6 

0.42 

5.15 

s.ts 
&.1s 

6t 10 l(~. 3 

6.49 13.1 

2.3a 2.10 

2.36 ,£.78 

2.39 .2.7~ 

I'! II :.;.SUPt (PSI A) 
~OMfN~l MIN M~~ 

s•s 
sns 
575 

5<>3 

544 

SIS 

U04 

,.9 

1039 

1038 

1Cl3Q 

624 

575 
1?5~ 

1252 

12'52 

1 127 

tlZ7 

11.27 

1073 

1071 

1248 

1U87 

1 Ot:ll 

603 

596 

S69 

559 

s·~ 

••• 
351 

l 004 

lC03 

1004 

608 

559 

1293 

12Q3 

1 on.o 

lC90 

10';(1 

I ~36 

to:u 
1 2!3 6 

1053 

1044 

51'6 

6lu 

5~1 

'57.;. 

529 

51~ 

367 

t')74 

107J 

1074 

••o 
591 

130., 

130/J 

13'l'l 

1164 

11 ~4 

116• 

I Ill 

11 ()8 

1303 

11 25 

1116 

620 

Table II-2, Single TPA Mode State Points - Start of Life 

T:-,•r-wi~,\TU!ti (lll.(,l:r-t '-. h l 
Nto~ I tJAL loll r~ ,H X 

27o 

2 7~ 

42.-7 

312 

312 

312 

-- 312 

2g), 

61.4 

7!:3 

565 

61 •• 

61 .4 

61.4 

276 

2~1 

2 71 

., 7Q 

2RF 

26~ 

266 
'jQ. .. (. 

~,1 .c 

623 

,j(. c 
315 

~lS 

Jl'5 

Jl6 

4315 

3J7 

:!3 7 

31 s 

t,;;.q 

n 
"'0 

' "' 0 

"' "' 0 



( 

11J740X' 

$TA.TI! pr)tNl CVNt•lTlC'~:. AN• "'P'.:(';lt-lt:,UI0'-1 t:XTnt"Mt"S 

75'( F:JL.l. ,:'LOW NL"WA r"4GIN!: • .AH\Wlt-;C. tW-..!Jn: 11l74C.OC 

RE-F!:.~ TO oqA'Iil~G NUMtH.k 11374<;6A f-!'ll;~ Slfi.Tt; P.JJNT LO(ATltlNS 

Ol)q tro4.;t•tE ( GR.t,PHIT£: - o"; ) AT n•f.IITTl.tNG- tJdiH',t.L !ioTA~T l!F LIFI! 

PC :a ;·.=:. PSl,. TllCV OQSITlON • 27.6 ni::G~rFS THj:.IU~T '= 4<;11\,o'la LllF' 
TC 424•,. f):~·~EES t SSCV POSITION= 4 •• 5 0~~~=~5 ISP = 922•7 S~C 

Turtli:'IF EFrJCt:.":UCV = 1\7.0' 
~~PA5S FwACT10N = 2n.o 1 

PUMP (FFtCH~t<.C1 • 65·~ l 
PUMP SPEFO • iAt~c. W~~ 

2 

J 

• 
5 

6 

7 

• 
9 

1C 

ll 

~ 12 
~ 

' 1 J 
'-J 

~~ 

1b 

17 

lfj 

1< 

20 

>I 

22 

23 

:?5 

26 

r:J.;.~PlLL\'>iT S~VfllFF V;\LV( JNLET 

f'I1GPELl.o\~T SHVTUFP VA.LVF. OUTLET 

Vu'-~o 0\JTL.i:T 

plH'O D I OC HR ..J3: C-it.,;CK VA. LVI:: INLfT 

J.lVM!> 01 ;t::Y~-4.-;S C·i:::CK VA.LVt:: OUTL!!T 

PU''P Ot:>:HI\Jl;S Ct-i:!CK VA.LVE 2 l"t..ET 

PIJ!~P Dl:ICitA•i.,;~ C'"iECK YALVl:: 2 OVTL!!T 

~TI;t_;(TUL~L :,;·J'>..)tHT Cf}OLANT ltfLF.T l..INE 

$lh.UCTlJ,p,L ::t.JfLl'OtoJ:T BYPASS LINE:. INt.i!T 

t-."_! Z :l f T J J:-:s I 'lL2:T 

f,tJ,ULf:: T·JJ;.;:$ OUTLET 

J,Lf'L~CT Jl 1--)t<..:~iiU~~ vessr.L OUTLET 

rxr:~<;IJ'I 'iNif:Lv l~'>~Lf::T 

l,.:, T ~ ~.5 l'J'\1 ~>•i l!~LO OUTLE'f 

TIJU~["-1{ '}'t'.l.\,.)'; 1..1.1£ INLfiT 

ltJf'clltlf JLJCo<. 't'AL.I/1: UILP:T 

TUI<iJINf .lL00.:1( 1/b.LVI:: OUTLET 

'TUntJINE Ttm.uTTL~ VALVE LINE INLET 

FLUW RAT~ CLAS'S~C) 
NO~l~AL MJ~ ~AX 

.J(•. 1 

:-o.' 
30.1 

29.9 

29.9 

29 •" 

zq .9 

2().9 

46.7 

43.3 

43~o3 

21 .s 
2J.7 

o.o 

2A.a 

2S•6 

28 .s 

28.6 

?8.6 

28.6 

28.6 

28.(> 

9e JO 

2.16 

Q.2 •4 

42 •• 

Je.a 
Ja.a 
3.60 

41 • 4 

15.7 

16.7 

1e.g; 

o.o 

~··· 

31.2 

31.2 

31.2: 

31.2 

1 2·1 

51.0 

~·1. 0 

46- .. 6 

45.2 

17 .s 

0 .o 

Pl<t ssunc (Psr•l 
NtJ'-11 NII,L ~IN MAJI; 

30 .o 
jU eC 

30 .o 
~) .9 

"" 
8](1 

828 ... 
92& 

82!5 

P22 

P.:l1 

706 

700 

673 

o7J 

073 

66b 

041 

6JS 

637 

491 

491 

29 .. ~ 

29. l 

29.3 

29 •• 
771 

771 

76q 

769 

707 

7H 

704 

760 

636 

63< 

629 

M3 

6C3 

475 

30.7 

••o ... 
"}7 

••• 
••• 
~J;:~o 

ers 
748 

74u 

711 

711 

711 

702 

702 

1'0 2 

b7<> 

67b 

672 

672 

508 

SOd 

Table II-3, Normal Mode Throttling State Points - Start of Life 

TE MPlqfliTUR~ ll·f C.hEtS f t 
NOMINAL •• ~-~ ~J.I( 

52a5 

52·5 

52.5 

52·5 

52·5 

210 

210 

2B9 

292 

30?5 

325 

325 

3:.?5 

325 

325 

324 

304 

304 

G.J.9 

~l: .1. 

224 

31' 

260 :'17 

2H 

29'5-

0 

"' :z 
0 

n 

" ' "' 0 
N 

"' 0 



ttaT•ooc 

UH!tl·'ll t'l'l·: t~OH.F: 

STATE POtNT CONDITIONS 

751( F'Ut..t.. FLOW NERVA ENGINE 

SPECIFICATiON CKTREMES 

OnAW!~G NU~BER lt37.00C 

REF'E~ T'J DqA·,., lNG NUMPE'R tl37•S6A FOR ST Aft: POINT LOCATIONS 

POR F.:r.t\ii""E ( GRAPH1Tf:- ef. ) AT THROTTLING- t<IOt.IMAl. ST•!\T OF LIFt"' 

PC ,. 2<;13• PSlA TOCV POSITION=: 27.6 O:.!G~r:ES THRUST'= 49U;o. LIJF 
TC := 424Q. o;:·;qQ!:,S R: SSCV POSITION • 44.~ O~G·UlflS ISP '= 82'2.7 SEC 

TU~UIN~ EFFICIENCY = 87.0 ' 
BYPASS FRACTION • 28.0 ~ 

PUMP EFFICIENCY • 6~.9 I 
PU~P SPEED • le~•t. RPN 

27 TUPt\INF Dl SCHA.~GE BLOCK VALVE INLET-

2d - TVRtJIHC. !)15CHA 'GC BLOCK VALVE ()Vfl...5.T 

29 TUI'IF•lNE Tti::mTTLE VALVE LINE' OUTLET 

JC - TU~.:.t•H~( <.h'·'AS5 LI'IE OUTt.ET 

31 - CfJ!-1( INt.~\ Lli'.12 O·JTLE'T 

32 

33 

Cl/<Tt-1\L S.UU ... O INLET 

CO~r SUlPJ!~T PLATij INLET 

.J4 - COkT lHL .:;r 

35 - TH·~li'ST .:;do\ 4 "J·!H 

3b 

37 

lu'l!..'INE h'i'A.'i3 •3LJCJ< VALVE: lNLtT 

TU!li11Nl JY->-""i::O dl.;JCK VALVE: OVTLCT 

l'VIHilNI"' ;~'ftl'A.iS C"l~nROL VALVC INLET 

~-eo .J9 - 'TUf...UI"'C <\-t'~A'i3 CO'•HRDL VALVE CUTLET 

40 - ~Tf'(,- rH!:>suu:·H LINE INL':T 

•• 
42 

43 

44. 

45 

40 

47 

S.To.VCTV'~L S·Jn_,o,,r BLOCK V.&LVE INL~T 

SF~UCTU(I\L ~Ji>,>tHT 13LOCK VALVE OUTLET 

STJ:.UC'~'U;l·\L 5iJ03•J~T CIJNTROL VALVC l"lLET 

~TI·UC1'U~~L SJP;:.i.NT COtJTIWL VALVS OUTLET 

((l;'LC'JIIf'-4 :iVPPL'f LINE OUTLt::T 

sr .. ut:TU·l\L su;1 ;>tJ4T COOLMIT LINE OUTL!Z:T 

STfo:"! lh.ITLE'T 

ST:luCTu"L SlPPJiiT OUTL~T 

!>TRVCTU-.!~L S>JP?URT OYPASS ORIFtC-:: INLET 

50 - ~T 1-'U<::TU•O•L. S·JPPO·lT P.'f'PASS OJltF ICE t1VTLST 

51 

52 

STrlUCTU~$,L SoJD_t>)QT l=lYPASS LINIZ OUTL(T 

TU~'HHUC THJlOTTLI! VALVE. INLET 

NETAP RESTART TAPE 6768 AT 280. S~CONOS PLOTTED AT 280. SttONOS 

FLOW RATE (LBS/SEC) 
NOMINAL MIN ~A~ 

21·7 

21·7 

c..o 

e. 35 

e •. j~t· 
e. Js 
e. J5 

o. 31 

s. 35 

5.35 

5.35 

5.3~ 

tn .7 

t0.7 

10o7 

13 •• 

2.36 

2.31:J 

2· 36 

o.o 

o.o 

•••• 
57.2 

57.2 

$7.2 

57 • .! 

5. 71) 

~. 10 

5.70 

s. 70 

<'•27 

..31} 

... 10 

•• 30 

4.30 

a.f';o 

cl.60 

lh"O 

to.a 
2.16 

2.16 

4h 1 .... 

o.o 

e.o 
22.0 

62 •• 

62 •• 

t2.4 

62 •• 

t t.o 
lt.o 

11.0 

lt .o 

u.o 
15.4 

2·5E< 

2.56 

o.o 

PRESSURE {PSJA) 
NOMINAL MIN MA)( 

491 

4e6 

48b 

477 

467 

450 

425 ... 
293 

641 .... 
640 

499 

477 

708 

768 

768 

~18 

673 

821 

609 

604 

••I 

470 

469 

469 

46d ... 
434 

410 

401 

?65 

6<6 

""" 
6t(• .. , 
46< 

760 

7u6 

7t·b 

731 

n I 

731 

b'll 

636 

7b3 

506 

502 

502 

493 

4A3 

4~5 

440 

675 

··~ 493 

"" 883 

8)3 ... 
8)5 

?IS 

711 ... 
727 

7l-l 

>08 

T£~PEPATURE COtGkEES A) 
NOMINAL MIN MAll( 

304 

304 

304 

310 

310 

310 

JIO 

315 

424CJ 

325 

325 

325 

325 

310 

52.5 

52.S 

52.5 

52.5 

Si;O 

••• 
sz.~ 

52eS 

'52.5 

304 

280 

200 

z•o 
266 

28< 

2M 

let 

5(f ·1 

373 

329 

329 

3C9 

335 

335 

:!JS 

349 

349 

335 

Table II-3, Normal Mode .Throttling State Points - Start of Life 



1 t 374 0(.(: 

UHAP!I!'J'B COflli 
'iTAT'! P·HNT CCINOITlONS ANt• t:;PE:C:lF-JCATinN t:XTPE"'CS 

751( FULL. FLOW Nf::J::.VA F.NGlNE • ..,R:AWifo.'G NUM~E.R. ll37400C 

P.E""''Yt T•l !>>:lA'AING NVMRI!;P 1117"56A FQI"! STATE POIHT LOCATIONS 

PC ""' 2;1]• P::'>t.o\ T..JCV POSITIIJN • 2~.9 l)f::GilF.FS THRUST == 4Y2':C• LOJ:" 

A.T THI':IOTTL tNG - STAt:tT fiF tIFf! 

TUPIHNE £FF1CH'.NCY c P7e7 ~ 
BYPASS FRACTION • 47.6 1 

PUIIIP EFFtC'tfl ... tt • l:.l•l' 1: 
TC • 4249. QL_.; .. u;:~s R SSCV POSITION • J~.7 0-!J•lCCS !SP :: A22.7 SEC PU~P SPE&O •. ll4~4. ~~~ 

NfTAD RESTA~T TAPf 5723 AT 2tW. StCONOS PLOTTlD AT iat• !f{O!<.O~ 

J:"f.:.f1PFLL.\NT T<\Nl( ')JTLE'T 

Pf'OPELL.\"'T SI-IVTO;o:-F Vo\LVP t'NLET 

~POP[LL.\·-IT ':;HVTOFF VALVE. OUTLET 

4 - PU~P I NL~T 

5 

6 

7 

rUMP OUTL·'::T 

.J. U}':::> 01 ~(;'U·f':i~ C'it!CK VALVE lNLtT 

PU,.P Co 1 <:.Ctt"-!.t~E C•i!CK VALVE OUTLE. T 

8 - PU~P OJ iCliAI-lG2 CH.!CK VALVE 2 I"'Le:T 

9 Pu~o Dl:iC'"'t-\~GO:: C-t~CK VALVl! 2 bUTL.e:T 

1C - ~TRuCTU~AL S·JtU.Nf CUOLANT INLET LINE 

11 5TrlUCTU~AL .i J~.:t,JQT UVPASS LINE IM..ET· 

- l.t: - ~<UZZLE: TYl.;S t ~LET 

~UZ/LE T~J~S UUTL~T 

14 - H fLFCTJl l'~Lf'2T 

17 

l•l 

2] 

r:r:rc~CTJl J<Jfl .. t:T 

kE Ft.£C T 1l ..JI-{::.i'iiJflS. VESSF.L OVTL.ET 

f'XT(NSIO'" SHIELD INLET 

[XTFNSldr-..1 -=jtilt:Ll> ;:.R€SSUI-l£! VESSE.\. OUTLET 

TUfJt:HNC dL lCK VAl. VI! 1Nt.ET 

TUh.OINF 'JLJC!( VALV:: CUTLCT 

2·~ - TUI~OlNC l·ILET 

25 TIJHI) lNE :JUTL~T 

26 - TURUIN£ TH~0TTLE VALVE LINE INL~T 

FLOW PATE (L8S/5ECJ 
NO~INAL MIN ~A~ 

60 .t 

6C •1 

60•1 

00•1 

·---·-····. 59•7 

S9 .7 

·59.7 

59 ·7 

59.7 

9.85 

47·6 

43.5 

43.5 

4·07 

43.3 

43 .J 

59 .. 7 

·2At4 

31 .. 3 

31 .3 

31.3 

31.7 

o.o 

s7.s 
57.5 

57.5 

57.5 

57·1 

57·1 

57et 

57.1 

57el 

e.•s 
Ze06 

39.6 

o.o 

f2•7 

f.,2.7 

6Z.3 

62.3 

t:-2.3 

~2.3 

62.3 

11·3 

o.o 

PRESSURE (PSlA) TEfoiF'f!e:t,tT\,H)~ CttC.F-C£S P) 
N0"4lN,t.L MIN MA.llt NOMINAL. MtN MliX 

'30.0 

30.0 

. 29.9 

29.7 

960 ·-- 904 
964 

954 

953 

943 

942 

940 

935 

834 

834 

603 

803 

803 ,., 
796 

796 

?H 

774 

~768 

768 

·-9~ 

495 

794 

794 

766 

766 

•. --.-. ?6 6 

760 

7.0 

760 

,. 0 

74 0 

734 

733 

479 

478 

30 .s 
Jo .e 

30·7 

30.!. 

lt23 

to 12 -· 

1010 

999 

999 

996 

oov 
870 

074 

40.~ 

40.6 
•o·;6 
40 HI' 

S!l.6 

55e6 

55e6 

55e6 

212 

212 

640 -- --· 288 

840 292 

.00 ---- - 32? 

833 

. 933 

633 

ooq 
809 

603 

802 

34::8 

327 

327 

3n 
327 

327 

327 

512--- 294 

~·· 

.C'.l 

.t;<! ., 

4ftt.1 
_1 "" 

4o~3 

s:t.a 
53·2 

53·2 

5.Je2 

!53.3 

53e3 

S3.3 

198 

1<6 

296 ... 
270 

Z7t..' 

41.0 

41·0 ... , 
•&.0 

5'1.0 

51·0 

57.0 

57.0 

57· 1 

57 .. 1 

2;: 6 

312 

'!16 

:?56 

3!'. 7 

3~6 

355 

319 

319 

Table II-4, Single TPA f~o'de Throttling State Points -Start of Life 
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11J7400C 

ST4T•! ..,.JINT ('0NlJ1Tif.JN!t A 

1'j,K. FU'-.L FI..Oilll ~· HVA lNGINt 

~p:·t.tf ltATIU"J t:XT~t:iV(C. 

t rtA4 fr;G NUMt1l'fo \I !741')(.' C 

PFFF'l T·J ?~A'li'lNG P.IIJ"'f)rf:: 1137456-, FOR ~TATE POINT lOCATI~ltlS 

'···~ 

PC :r: 293e P3I.\ TMCV POSITION .a Z•Se'l ?.ZGttr!f:"S TUHU!'T = 4Q~C.Ce Lfi-=' 
rC :::~ ll24'),. I)J!'j,t~ES t:t S<;CV I"'OS.ITIO.N· • l<i•7 O'!Go.t':L5 Jo;p U2.;!,.7 S~C 

AT TdTHJTTl H•G - STJI.~T OF L.l Ff~ 

rvr.•iJNf" LFFlctr.~cv .:. l\1.7 ( 
U.YPA$5 rqACT ION ~ 47 .. e '( 

PU~~ £FrJCIEt~~ = £2.~ 1 
PUMP SOFf I') 1111 2 l t:.'";t4 • t•PM 

NfTAP Qf-START TAPC 572:3 AT 21\0. SCCON~S PLOTTEt' ItT 2'!0• !.fCC"'f'.\'!.. 

TV~liJNE >t 3Cl"iA4-:.e BI..OCK VALVE INLET 

:?8 - TV~~!INf~ 01 SC'14~GE dLOCK VALVE OUTl.!ZT 

FL(1W QAT£ (LB3/Sf C) 
NOMINAL MIN MAX 

.Jl ,.7 

31.7 

26 .. 1 

lV~~~N~ r~q~TTI..E VALVE LINE OUTL~T· - --·--··-·-·-- o.n ••• 
:30 - lVPt-JINE. UYP<\Si t..INE OUTLET 

31 - (Cl"'::., tN...:ET L.IN:i Q·JTLET 

32- CENT~AL S·ii~LO (NLET 

J3 - CQQ~ SUP~~4T PL4T€ INLET 

34 (()Pf 1NL2T 

..:'6 - TUiWJN~ lf::)J~o")S \3L'JCK VALVE INLET 

1UUHJ~I~ !f~,S~ ~L~CK V~LVE OUTLET 

TVPOINE l3l'7.\3S COI\ITRIJL VALVE lNI...E'T 

3'l lVrl:~INt. "jf'P<\SS CT.,TROL VALVE OUTLET 

0 40 - ~TftGr: rq::;:'i.iUlA'n LJ~ft,.:! INLC::T 

~1 - ST>.UCTV·~4L SJf)..)JqT OLOCK VALVf lNL~T 

Slf;V(TU...i-\L SJ~..)O·H CONTROL VALVE (NU!T 

44 - SlPUCTUUL '5 JP"c1i~T COJNTROL VALVo!: O.JTLET 

(OC'LOQW-1 3Jt>PLY LINE OUTLET 

46 - srnucnn.\1.. sun.,··l•H COOLANT LINE. OUTLl!T 

47- !1~~ OUTL~T 

48 - STPVCTlJ,{,\1_ SU~o>Q H OUTLF.T 

50 - STr~UCTUUL 5J;;J,;l01T Ol'PASS ORIFICE OUTLET 

51 STRUCTU~I\l. SIJP.joJ•lT BYPASS LI·NE OJTL.ET 

52- TuqJJ~f TilUfTLE VALV~ INLET 

59.8 

59.8 

59.0 

14.2 

14.2 

141 .2 

l4 .2 

('. 31 

4.93 

4.93 

4.93 

z. .. 26 

c.o 

~7.2 

tt.o 

11.6 

11.6 

3.88 

7. 75 

7,.75 

t-1! •• ' 

I 11!1.9 

{).35 

5.98 

5 .. 98 

12·0 

12.0 

IPoO 

{ • i) 

PRt..SSUO.[ (PSlA) 
NOMIN4L MIN MAX 

417 

467 

450 

425 

••• 
174 

770 

712 

539 

4'17 

941 

941 

941 

••• 
ear 

~·· 
60b 

803 

939 

617 

812 

... 
467 .. , 
461 

451 

435 ... 
402 

••• 
7~9 

7~7 

738 

'52 2 

461 

• •• 

769 

766 

··~ 782 

775 

478 

512 

500 

500 

494 

.• "l 

466 

•4·o 
431 

)f) •. 

808 

997 

907 

••• 
917 

917 

e•J 
840 

995 

855 

?12 

Table Il-4, Single TPA Mode Throttling State Points -Start of Life 

TE~Plf.ATUI'<.t. Ci.JI c.r t f"S ._ t 
NOMINAL MIN ~t.x 

••• ... 
••• 
310 

310 

JIC 

.!10 

314 

4.149 

327 

327 

327 

327 

310. 

'5'5·1 

6C7 

HI 

55.7 

55.7 

55.7 

270 

270 

?70 

285 

?>b 

2£1~ 

Cli!t. 

J(·J 

JCJ 

J(J 

J(J 

230. 

47(; 

.,. 

JJ4 

4.316 

334 

S7.1 

51.1 

737 

577' 

t)7. 1 



ST.\Tt! Po')(""fT CONOJTJOt>~S A.~ 

7"31< FULL FLOW Nr"RYA tNGINf. - C.AA~ING NUMt•EA. ll~740c•C 

RF.fll'Cq T•l 1)-lA>If l"'tG NU"lrlt:P 11'37•Sf.A f"~ STATE' ~OINT LO(.AT1hNS 

1l37400C P!;H -:!4~1"11": ( GPAf:tHtTt .0. 9'(; AT Ot.SIGN- N(lq~4l. t:Ht ,..f' Ltrr 

PC= 44<h P'iiA TACV PUS1TION = 17.3 D'~G,~I.:n; TlikU">T = 75'tcr. Utr. tut·IJft.tt: i:f'FIC1P'ICV • t'li"•IJ ' 
TC 4~4d• U~Gt~C1 ~ SSCV POSJTfON • 11•7 ~~G~£CS lSP • 8Zl.9 'i;CC UV~A.SS FRACTION # ,.J' ruup EFFICI~N~V • ~~.~ l 

PUMP SPCEO • ~Jtil• I;~~ 

NttAP lt!'STA~T TAPE 5794 AT 2t>A. Se-COti:)S PLOTTf() AT 2~A. ~l"f.OHU!,_, 

2 

3 

- Fno;·•CLL~·H TA'-ll(. tl·JTLET 

FP<J'-'f:LL-"'.ft SH•JTtlFF VALVE INLCT 

Pf-~>}r.t-LLA'41' SH'JTOFF VALVE tlUTL~t 

4 - PUYP tNL'::T 

s - f-'U"''-' ourL:.rt 

6 - pl)•m n 1 it:·un ;s C~E:Ck. VALVP.: tNLtt 

7- ~U~P CJJ'i·...:·t4.rl:O!! CH•:!CI< VA.LVt: OUTL'-:T 

8 

9 - PU"'P 01.iCI14.R~E CHdCK VALVE '2 OUTLI!1' 

JO - tTIJUCTUHL <;i.,JO.JJ,U COOLANT l~LET LINE 

11 ST >=VCTU·~-\l. S.JP.,rJ~T BYPASS L lNE IN..!:'t 

12- ~OllLE TJJ~S I~LET 

t:"LOW ~AT£" (l.BS/StC) 
f.tOMINAL "41N ,_.AX 

46 ·1 

.. ~ .. 
46.1 

46.1 

tt.e 

44 .a 

4•·8 .. ·" 
44.5 

44·5 

1Ce4-

47 .. 4 

Prtt-SSUPE- (PStAt 
NO~ll'lo\L MIU "'"" 

jU.C 

2") •. 9 

2-J. 6 

1370 

1370 

1'364 

1Jfl4 

135P 

1356 

1350 

1337 

t.-'9. 3 

Tf MPtfOATUP!-. (LrGwr;($ J.} 
~UMihAL Ml~ Ml~ 

40.6 

40.~ 

40.6 

.-c.& 
58 •• 

"io.e 
5n.s 

sa.e 
58t9 

'5P.9 

58.9 

4l·C' 

41.0 

H•2 

6r.p 

1!-0·2 

6C •) 

{,(,. 3 

- tJ ,..JllLL T Jl-':S IJ:JTLGT 

3.0? 

7f;.8 

76.8 

70.3 

70.3 

6.53 

66.7 

66.7 

e:s.o 
91.7 

8.49 

2.8? 

7~·5 

72•5 

b6·4 

6(,.4 

6.13 

47.4 

47.&\. 

47.1 

"7. l 

4 7. 1 

47·1 

4 7. I 

1 3.2 

3.27 

fH • t 

bt.t 

74.2 

It 59 

11 !;':,. 

29.2 
29. 1 

1311 

1Jll 

130 S 

1:10~ 

I 1VO 

1 3C I) 

1~92 

I 2'f! J 

I tl 9 

111? 

30.e 
JO.A 

30.7 

30.~ 

l-\10 

1429 

J&i!J 

1422 

1416 

1416 

l«t-07 

13'13 

1199 

1199 

It 42 

1142 

1142 . 

lllt 

1131 

1131 

196 

196 

265 

273 

!!ttl 

!6.6 

t ~t uo 
210 

2&9 

-' " 
_, I!> 

17 

18 

19 

20 

t.<T!:N$1J"f itUCLO 'JUTLET 

EX H t>.SI l~ ~HI::.:LD PRESSUI..lt! VESS£!1.. OVTI..ET 

CO"'S TURll''t.:: LINe INLET 

Zl • TUt'HJIN13 i3'1'PA'iS Lli'E JHLET· 

22 - TUrlltNF JL JCK VALVE INLET 

2J TU:::l:t.Ht-.1': JV)C,( VALVE OUTLET 

24 lU~Sir~[ ~-~LET 

~5 - lU~PINC JJTL~T 

26 TVPOPJr: T>-f 1~tJTTLE VALVE LINE INLET 

41.6 

41.6 

41.6 

41 .9 

o.o 

24 ·3 

89.•1 

3.19 

38·8 

o.o 

..... 3 

tl.a ..... 
..... 

tl05 

1105 

11 c.s 
!095 

109'5 

1095 

l<'b2 

1062 

1('154 

1054 

741 

74C 

TabJe Il-5, Normal Mode State Points - End of Life 

1 ('6 B 

1068 

1(.168 

JQ5R 

lOSS 

IGS6 

1027 

tn2 7 

1(\20 

IUlQ 

724 

724 

I 

- 297 

298 

297 

297 

1096 -·-· 297 

1096 297 

101}9 2i7 

1068 297 

.7S8 ··-·27J 

757 273 

248. 

.c6e 
2(9 ... 
U& 

z•a 
.fH:8 

'" 2(.·8 

••• 
326 

326 

JC:6 

:.t26. 

34 6 

::! 2 t, 

JZ6 

0 

"' :z 
0 

n 
"U 

' <0 
C) 
N 
<0 
0 

:t> 



ORAPKITE CORE 

------------~-STAT.f! POINT--<:ONDIT-tONS -AND" !CI F-t CAT I ON-t!XTAEME5------------~ 

75~ FU~~ ~LOW NE~VA ENGINE - DRAWING N~eER ll37•00C .. 
'. 

--------------------- REFE~ TO ORAilllNG NU"'BEF\ l t:37<456A FOR STAT! POINT LOCATtONS---~--------------

11.37400C POq ENGINE C GRA.PHt.TE - elC ), AT DESIGN- NORMAL END OF t..IF"~ 

)----

.PC ..::. .. -44?-. PSIA. OCV POSITlON-=s-17.) OEGI~r:F.S- THRUST--• 75300• LOF 
TC ~ 4248• ~a~~EES q SSCV POSITION= 19e7 O~GqEES ISP • 821.~ SEC 

TUAlJINC EFF ICI EII.ICY- •- Oth5--l.-PUMP-t!FJ:t.CU::NCY-48.2---S----· ---
BYPASS FRACT JON • 9.•3 % PU114P SPEED •. 2:?821 • RPM 

-27 

28 

29 

Jo 

"' 

NETAP RESTART TAPE 579. AT 268. SECO~OS PLOTT~O AT 268•-SECONOS 

FLOW RATE" (LSSI'SEC). 
NO~INAL MIN MAX 

PRESSURE CPSIAI 
NOMlN~L M(N MAX 

:-:---­
TEMPERATURE (OEGf<:EES R) 

NOMINAL MIN '-'AX 

·TVROINE OISCf'f.t.;:t'i2:- BLOCK VALVE ·I""LE·T-~--- -··----~-~~-- 41•9 -3-Q.t 

39: .. 1 

-o.& 
3·19 

740 

728 

724~. 

712 

2•9i 

249 

298-~-

298 ruqBtNE OISCHARGE SLOCK VALVE OU~ET 41.9 

TUR81NE TH:t.OTTLe>VALVE LINE OUTLI!T---·------------0.0 o .o--·- ~~12e ------112 ----7•5---273 -- 249; ----29&----

708 692 725 276 252 301 TURGt~E 9~~A3S ~tNe QUTLCT 

DO '-'€' t Nt..ZT 1.. lfoo.l::: QiJTLF:T ---91 .7---89.•1-94. 3---69•-'---679---710----276--.. 252 --3CI----

:::2 ~· ([NTRAL St1IELD l:lLET ~91 • 7 655 ••• 276 301 

33 CUP F. SU_,-' )~T PLATE INL(?T --··-·· 

CC t::t: 1 NLI!T 

-------91.7 ---e9.l--94.3----63S----621--6S0----277--252--,Jot----

623 60@1 ' 637 281 ••• JOO 

THI~LlST C~-''<4·.3::R .. ------------------------91.7 

1062 102? 1096 297 273 322 36 - lUQ~JtiE fJ'fPASS Bl..OCK VALVE ·INLET 

Tur...ntHE ,j'f>-'A'SS 8L.JCK- VALVE OUTLET- -------4.24--1·99--·6.89----1062- ---1027-~--109&---297--- 273-- 322-----

I 
TV'HH:~E 9Y~ASS CONTROL VALVE lNL;T' 4·24 1.59 1062 1027 1096 297 

~ 

N TURfJINE •. h•f"ASS C01HROL- VALVE C\ITLET-----------4e24--·1e59-6 .. 89--- 711-- · -- 695----727-----·297 

AO ~·STAGE: P,(C:S3UV\'H LINE INLET o .. st 7o8 692' 725 I 276 

273 

·--273-

322 

32 2 

301 

41 ~TfWCTU'UL S•P~OQT BLOCK VALVE fNLET-------------5.90--- 4·.es --6.95-----1357 --1298 56 .. 5 --60.3-. ---·-

42 -· Sn-'.UCTUl\l. Sur:->P:::FH BLOCK VAL:VE OUTLET 1357 1298 1415 50.9 56.5 60.3 

li.J SfClUCTU--lAL s,_,p,,oqr~ (Ofoo.IT~OL VALVE 1 NLET---------5• 90...__·4•85 --6.95·---1357---1298----lA l5-.---. l58 .9--56.5 ·---60• 3----~ 

44 STRUCTU4~L SJ:>P HT CONTROL VALVE OUTLET s. 90 1164 56.5 6C .. 3 

CCOLOC.W'-.4 >;UPDLY LlNE OUTLET --------u.e -- 9-.7u -- 13•9 --- 1183 ----.1146---1220 ---se.9--, s6.s-t.o.3-· 

STh.UCTVR \L S·J~PU':U COOLANT L! Nr 0\JTLST u.s 1183 1146 1220 58.9 

47 STEM ourt.:r ----tt.e ·-- 9.7o ---t3.9 --uoe----1071---1145-~-~eo----•56-- 71to--

4!\ -· ~TRUCTU-\1\L 3PPDq T CUTLt:T tl05 1068 ' 465 379 551 

ST01JCTV~AL- SVPPU'1T BYP4.SS ORIF-ICE~ tNI..ET- ---~-·--·- 3•07 -~ 2.87 1348 ---1290~--1405--- 56.9·-56.5--60 .. 3·---

50 STPUCTU:<AL SJPP0 1tf fWPASS ORIFICE OUTLET 3.07 3·27 1127 1 OB9 It 65 58.9 56.5 60.3 

51 srr~uCTU.tAL SJlf-lJ-H fh•PASS LINE OuTLET-- -----------3.07 2 .. A7 ·-- 3.27 --· 1119---1082---1156---58.9 --56.5-60.3--

~2 - TugUINF Tt110TTLE VALVC INLET o.o o.o o.o 740 . '(211 • 75-1 27J 2'•9 . ;'98 

-----------·--·· 
Table 11-5, Normal Mode·State Points - End of Life 

n 
-o 
I 

<C 
0 
N 
lCl 
c:c 



11 174\"'0C 

t :11.i\J'.! I'll'. Cl 1, '.; 

'iT,.T~ 13JINf C:fJ"il>lllfJN<; At.fO .. '"CIFlt.:l\Tit•;-l ':"II:Tf''.-.'l'S 
' 

751( FtJL.l.. FLOw Ntr-•VA f'ti<.1N!:- ._. .A.lt~G tiUIJI.tJ._f.' llJ11lOOC 

RE~='':It T·l ·1'-11\f(HG NV¥tl":H 11374!!.-.,A FrJH ~-l'-Tr: P'.llNT l.f.:CATitJNS 

PC:=" :!!.1,. Pil\ T.JCV PUSITION,. ?.).1) '>~·;~r:rs Tll<-itJST = ()f.4f'IC. L•lF 

AT r~":) .. TH'·lJ<:f - f •.It) CF t,.trr 

TUI •IN' t:f-1 ICLtiCV l't 0-tt.J ~ 
\¥~'.6'5~ ft~ACliO!i : 3t~.7 'to TC"" 44S.?. f_,:!:.Ot•::t:S tt 3':oCV PI!SITlllN.., lolel J>.i•H:C.~ 15P .>: !:"2Zett 'ii.C 

PUMU t.rrtctrtK't a t.l'.:' : 
PV,_.P SP!fO • '~c!-·'• J..>'"" 

N'"Tflil u: __ -!.)lAl;T TAI'l 

FL<1'lt I<AT(:. (LO'ii'Sf I'".J 
NU~INAL MIN M~~ 

1,•·,M\ AT ·;!7f'.h ••!..tOtlfJS l~lOTTCC AT 27'1. ~:. ~~ t..f·.=~ 

- f"Ft'P:::LLJ.:H T4 .... ,( 'J•JfL~T 

2 - f't. on! LL ),•H 5 i'.JfJI:'F V4LVF. I NLFT 

3 

• 
hd'l•l LLA·H <;H,Ifi.)FF VALVE U\JTLET 

ru"'P Tt~·~:r 

7 f u~·· "t iC·t '" :.-:. 

Cd.ZCK V4.LVI::. lt.ilt.f 

C1i!CK VALV[ OVll~T 

10 - :_.T,.iiJ(TUt.o\L '.hJ,;o J,Jtf (f)OLANT INLET Lll-11! 

II- ST~VCTVl-\1.. SJOJ-)•~T BYPASS LINE INL'::T 

h:'Zllf fJJ.::S O·JTLt:T 

,. 

17 fXT .. r . .--,fH iHl2LU INLET 

1-'3- ll":TL'•SfJ"J ,;111.:LD •JVTLET 

25 

f J{ ll tiS! J"• 3•1lt:LD ,;oRESSVHE VESSEL OUTLET 

t(JY! TUt)J'(,': l..{-..:.; INLFT 

lVR'lll~"' '\L'.lC~<; 1/A!...Vci OUTLET 

l\JR,\fNF I'ILf:T 

l\Jf<!HtN£ IJTL !T 

7.J. '3 

71.J 

73eJ 

12.3 

2.46 

sa.s 

5.?.3. 

2f') .o 
73~3 

2Ae4 

44.9 

.4.9 

44.9 

45 ... 

o.o 

71o.2 

71.2 

71·2 

71 ·2 

7~}.7 

7( .• 7 

7(. 7 

70.1 

7C..7 

10~-;J 

i•f!f) 

51.4 

19:.3 

70.7 

2l.t 

39.J 

Jq .3 

."!9. 3 

39. t! 

c.o 

7ta .. 

, ~.('. 

t?.e& 

~·:;. 2 

20.7 

75.9 

,) ), ., 
!lO.! 

b0.5 

~O.IS 

51 .o 

Pr.'f:S5Vfjf (P'StAi TFJ.H'lLI<ATU._t;. Ct.:r\,1 H!> J. t 
N'lfotJNAL MIN· 1-'o'\l( N!_~MJNAL MJ!i '-'I.Jl 

1271 

127(1 

1 i' ~., 

125J 

l~J') 

12.38 

1234 

'2~(-

1107 

1107 

tn 71 

1071 

1071 

H~64 

1064 

I 1)64 

JtjJQ 

tn39 

1 (IJG 

1(;2'1 

006 

ocs 

:'''J• 3 

1211 

1210 
11?'( 

1195 
ll!Jl• 

1183 

1179 
ll7l 

1 Ot.o7 

1 <.•v7 

J 014 

1014 

ro.:u. 
1 ('/27 

1027 

1 uz 1 

??5 

500 

51.1 IJ 

,jf) • (J 

3tl.4 

I 'J J I 

1 J 1 3 

l Jtl 

1 ~ ~~ 

1??1 

l2·N 

11 .,, 

11 f'l t:S 

11 !")(} 

ll0.-.1 

110 1 

1101 

1101 

1~7,.. 

11)14 

10':'.4 

tNd 

621 

622 

fJt-1 

61 .1 

C..l • I 

~ f • l 

llle4 

IS l .,4 

61·" 

211 

ell 

lb5 

317 

317 

317 

316 

316 

316 

Jl!) 

279 

27< 

41.0 

t.. .. ' ..... 

I <7 

li I 1 

l55 J(,4-

·Table ·u-6, Single TPA Mode State Points - End of life 
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0 

r 
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ll 37400 c 

(::t\Pl!!'t1..: co:u·! 
S T A. T l. P'.J I NT CUNO IT I 1"\Nt; ~' ;.PFCt,.tCATIO.tt PXTAEM~~ 

751( FULL FLOW NE~VA. tNGtNE ;: ORAIIIING NVfolUtit\. U37400C 

REFEq TO ~RAWING NU~BEr. lt37456A FO~ STATE PntMT LOCATIO~~ 

PO~ EN~lNE - t TPA (' r,qADHfTE - 11~ 

PC:=- 360. P::i-14 -· -- •· TBCV POSITION • 23•? f}f!GRS:ES TH~UST = t:04COa LOF 
TC • 4252 .. o.:::J~-~f!S i\ SSCV POSITION • 39al O:!~~:!ES lSP • 622a8 Sf:C 

AT ~n~ THnVST - ~NO or LIFF 

TUROINE EFFlCl(NCY • 98•3 ' 
BYPASS FRACTlO~ • 38•7 l 

PUMP EFFICJtNtt a 60a3 ' 
PUMP SPEED .• fllf:UU '""'-' 

NETAP ~ESTART TAPE 6566 AT 279. SEtONOS PLOTTED AT 219. StCOkOS 

27 

28 

29 

30 

TUR!JJN!! 01 S-CH#t~GE aLOCK VALVE· INLET · --­

TUP~HNE )1 SCHA·lG~ BLOCK VALVE' OUn..e:T 

TUf.:PJNE TI--H'OTTLE VALVE -LINE OUTL.i!:T­

TuRgiNE J1P43S LINE OUTLET 

FLOW PATE (L8SISfCI. 
NO..,INAL MIN 'MAX 

39.8 ss.o 
!.tt .. o 

o.o 
23.1 

---31 

32 

3l 

CO~r INL!T LIN5 O~TLET · 

CENTRAL irltCLO IMLET 

... ---·-----~·-------·-·-·~-· 73,4 · · 70e8 

.... 
33.7 

76.0 

76.0 

76.C• 

76.0 

76.(1 

16.8 

t6.e 

16 .. 8 

16.8 

34 

35 

36 

lOf<E su->P,).lf PL.ATE INLET· 

C.ORE ll'll.'!T 

THRUST CYA:.tl3g:tl---·------. ---­

TU~~tNt l1PA3S B~GCK VALVE INLET 

37 - TUQ~HN£;. H~ASS ~LOCK VALVE OUTLET 

..... 38 
~ 

I J9 

41 

TU!~~IN!:: lf.,A<i'i CIJ'>ITROL VALVE INL!!T 

Tut •Jl"lF. ifi:JASS c._HT~OL VALVt; OUTLET 

STI<.U(.TU~I.It.L S JP~-J1T BLOCK VALVE l"l..':tT 

42 - 5TfJUCTtJ~\L _i:J:')r",HT nLOCK VALVE OUTl.ET 

43 

•• 
45 

46 

- 47 

40 

49 

50 

51 

~T..;,vCTVnL SJ•::no~T CONTlWL VALVE H~L'!T 

<C<'Ll·(vr.'"' :iJ~.>L'f Ll"4E UVT\..t:T 

51 I~UCTV~o\L S J~P HT C•JOLANT LINE IJtJTU:;T 

~Tflll OUTL·-=.T 

S1r'UCTUt.\L SJ."PHT UUTLCT 

!':.1PUCTI.FUL S•JPio)O:-tT l~YJ-->ASS fJIHFICf! INl.ST 

~TPUC'Tu;HL ~<JP,,JH BYPASS Of.l:I~ICE -J'JTL'::T 

5TPU{TU~<\l. S•.JP:-l HT UYP~'5S LINE OUTLI!T 

l'v;:.ntNE Td lJTTLt:. VA.LVE INLET 

73 .. 4 

7J.4 

73.4 

·-·-~- 73 •• 

14.2 

14.2 

14.2 

14 .. 2 

f\.38 

6 .. 15 

6 .. 15 

12.3 

14 .a 

70.8 

70.8 

70.8 

70.! 

u.s 
lt .~ 

u.s 
11 .. s 

o.J4 

s.to 
~.to 

h .. to 

PAlSSVRE (PSIA) 
NOMINAl MlN 

605 

sal! 

568 

577 

566 

545 

516 

505 

360 

1039 

lOJB 

lt'J 38 

628 

5H 
123(;: 

123t 

12.36 

usc 
It 4<) 

114~ 

1074 

1071 

12J3 

1{'!06 

tOBt 

005 

588 

571 

571 

561 

!ISO 

530 

50 I 

491 

352 

1004 

lOOl 

1 OCJ 

612 

)61 

1275 

·, 1275 

127S 

llll 

111 2' 

1112 

10~6 

10Jtf 

l Z70 

1052 

I 1')4 3 

:,nA 

.... 
• 22 

604 

604 

593 

TEMPERATUQE COEG~EES ., 
NOMINA\. MIN M.A. 

Hoi Us ~o• 

219 

279 

294 

ns 
nc 

3G 4 

304 -

310 

5~1 ---294 

561 

531 

520 

368· 

1074 

1073 

1(17~ 

••• 
593 

1291 

12Ql 

12~1 

1l '17 

1187 

11 g7 

1111 

11 O,:J 

t2'3e 

1124 

1118 

294 

2~5 

299 

4252 

316 

316 

316 

316 

29" 

61·4 

tt.4 

61 .. 4 

61.4 

61 .. 4 

6le4 

~32 

27~ 

270 

270 

270 

41e4 

292 

2~2 

292 

270 

"i9.( 

319 

32 J 

"320 

341 

341 

341 

.:: .. l 

319 

62."1 

Table II-6, Single TPA Mode State Points - End of life 



CAAPIO. '!'!! t:OI!F. 

-------------·- ST4Ti! POINT CONDtT·IONS A• SPECIFICATION EXTREMES- ··- ----- -----------·-

75K ~ULt:. FLOW NERVA ENGINE - DRAWING NUNnEf:l 1137400C 

--------- ----- ··--REFER TO O~A"' lNG NUMBER 1137456A FOR !TATE POINT LOCATIONS' 

1137.00C POll ENGINE C ~APHITE- 8~ J: AT THROTTLING- NC~MAL. ENO OF LtFI! 

-~-PC .q, __ 293.- PSlA ------f8CI/ POStTION a .2:~.1 O;!G:tEES THRUST • 49to't). t.t:tF TURBINE EFFICI~NCY • 86.9 ~- PUMP EFFI,IENCY a 66•1 J 
TC • 424/3• 0!:-.;~EES R SSCV POSITION =- 7..1.2 OEG...tEES ISP 2 822.6 SEC BYPASS FRACTION • 29 .• 0 '1 PUMP SPEED • l '7&63• RPM 

NETAP RESTART TAPe 6372 AT 283. SECONDS PLOTTED AT 283• SECONDS 

FLOW PATE (LBS/SEC). 
NOMINAL MIN MAX 

---I PROPfLL~"fT T~NI(-OUTl:ET·---- -------------------- · 30.0 28.7 

28·7 

28·7 

26.7 

28·5 

31.3 

31.3 

31.3 

30·0 2 

3 

PROPELLI'\'\IT StiUTO~="F V*'LYE INLET 

PR OPFLL .t,tH SHU.T·OFP.. ·VALVE ·OUTLET· 
.. __ '" ______ -·30.0 

" - PU~P INLS"T 30 .o 
5 PU,..P OUTLET~- ----------------- 29 .a 

31.3 

3t.t 

3t.t 

31.1 

31.1 

PUMP OISOti\R:GE CHECK VALVE INLET 

PU>.eP Of5CH-\RGE-CHECK VALVE OUTLET­

PUMP OJ SC•I-\!~.:.te: CiiECK VALVE 2 INl..i!T 

PU'-IP OISCtiARGE CHE.GK~VAt..VE· 2 OUTL.ET----·-----·--· 

STrtuCTV~-'\L SuPP'lHT COOLANT INLET LIN!! 

STPUCTU~_,_L. SUPPJQT BYPASS LINE I~ET-- · 

- 12 NOlZL( TU3~S l~LET 
~ 

' 13 NOZZLE TU lES 0\JTLC:T 

U'1 14 - fJ~;FU:.CT J-t lNL~T 

15 

16 

PEF='LECT.Jq •JUTL::!T 

f.{ FL':'CT'J'l PFr:S5•JR:E VESSEL OUTLET 

17- FXT~N~IJ~ SHIEL~ INLET 

10 1 )1. T t ·~s \ '.l >I 3H J<:LJ JUTLET 

19 - t xEt451l~ ;HIE..l...O PRE<;SURE VESSEL OUTLET 

22 

Cli:_,.,. TUI:Jl~E. LlN:2 IMd.:T 

lUI;:fjlfJ:~ \L. >Cot, o/ALVE lNL.~T 

TU~'.lft4!~ JL. JCo< VAL. VI! OVTL.ET 

24 lV~~INf l~L.ET 

25 - TU:1rqN[ ,J.JfLZT 

26 TU~6JN!: T•·NOTTL.E VALVE LINE l~t..E.T 

29.8 28.5 

-· 2'h8 ·-· 28.5 

29·8 28115 

t• ·7 

-. 2. 23 

•z.e 
A2.e 

39.1 

39.1 

~.6& 

13.3 16.1 

2.03. ,.43-

43.3 

43.;, 

1&.4 

59.7 

2.1·4 

o.o 

38 .. 5 

35.2 

3 .. 28 

41.4 

15.7 

57·1 

u·.o 

18.4 

18.6 

o.o 

•• 08 

17.1 

24.0 

PRt:SlSUR:E' (PSI A ) 
NOMtNA.L MIN MAl( 

30--<1-

30 .o 
jU-.0· 

29 .9 
814 

814 

811 

eu 
809 

809 

806 

802 

703 

703 

672 

672 

672 

664 

••• 
664 

6JQ 

639 

636 

6~5 

492 

491 

29 •'-' 
29·3 
29.3 
29.2 

755 

754 

752 .... 

'752 

. 30 .& 

30-.8 

3o,e 
30 • ., 

873 

073 

870 

870 

.. ¥~ 750--·-·· 867-_. 

750 

746 

745 

663 

663 

634 

634 

604 

604 

004 

N"l 

Ml 

475 

475 

867 

664 

859 

743 

743 

7~9 

709 

71)'i 

701 

7~1 

701 

674 

670 

670 

508 

50S 

TFMPERATUAE (OEGHEES R) 
NOMINAL Ml~ ~AX 

40.6 

40.6 

40.6 

52.2 

52.2 

52.2 

52.2: 

&2.2 

52.3 

-52.3 

52·3 

222. 

222 

309 

310 

320 

328 

~28 

328 

327 

327 

327 

327 

307 

307 

40 .. 3 

40•3 

.. 0.3 

··•9.6 

49.8 

·~-8 
49.8 

49.9 

49.9 

208 

2(8 

•• 2 

41.0 

4le0 

41.0 

53.6 

53.6 

53e6 

53.6 

53.7 

5.1.7 

236 

236 

336 

357 

3!.> 7 

356 

33~ 

~32 
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OllAPHITE CO!\l! 
~·-STATf!- POINT CONOlTIONS ANO·+S 

7SK FU~L FLOW NCRVA ENGINE - ORAWtNG NUMBE~ ll3?400e 
------ .. 

:~. 

REFER TO OqA.ING NUMBER 113H56A FOR STATB POINT I.OCATIOIIS-·-- .. ---------·-· 
POR: E"'GINE ( GRAPHtTE- 8' I. AT THPOTTLtNG - NORMA\. l!NO OF t...lf'tE 

..-

PC ,. 293. PSl\ ---- -TBCV POSITION = 28.1 OEG~EF.:S THRUST • 49100. L~F 
TC _.. 4248. D€.)-~~1:.5 R. SSCV POSITION ' 7'~.2 O!.::G 1~EES ISP = B22•6 5F.C 

TUPHINC EFFIClt:;:NCV • 86.9 ~ ----PVMP-EFf:tClENCY •-66:.1·-1----
BYP~SS FPACTIUN = 29.0 ~ PUMP SPEEO • 1?863. RPM 

NETAP RLSTART TAPE 6372 AT 283• SECONdS PLOTTED AT 283• SECONDS 

FLOW RATE (LOS~SEC) 
NOMINAL MIN MAX 

PH!ZSSVRE (PSlA) 
NOMINAL MIN MAl( 

TEMP~A~TURE (OEGRErS R} 
NOMINAL MIN ~AX 

21 TVR!3JNE--Dl SCHAtlGE-.SLOCK.- VALVE· ... Nt.Ef -----·--,-- ·21 •" 283 .. - 332--'----

21·4 332 

29 ,-._ 'TUQ~tNt: T!-t~'JTTLE 'lfA.l'lfE LINE OUTL.ET -------------·0.0 · ··--0 .. 0 ~-- o.o. 
••• 
••• 
077 

469----503--·----·JOf---- 281-'- 332c-----

30 - TUR~INE tl1PASS LINe OUTLET 12.0 461 494 3ll 28d 337 

(...()~f. t NLF. T L f "4~ tlVTLET ···----------·59 .. 7··- ·57 ·l ·-· 62. 3--·-· 467-------o\51----4&3 ------- 313-·-·· --288 --337 

J2- CLNTnAL SttELD I~LET 57H 435 466 313 288 331 

33 - COP~ SU~PJ~T PLATE I~LET -------·--· --------59.7 ----s7.t --62·3---42!5 ---- 410·----440----313··---••e--337-----

CORE I N!. ... ST 57.1 62.3 416 401 430 317 292 341 

·----------·59.7---·57. t~-62.3-- 293---285 ---·301----4248--41 B0---4316 ---· 

36 1'UnUJHC !J'f;:JA.SS BLOCK VALVE INLET 8.65 639 673 327 303 3S2 

37- 'TU~WI~E J-t;.JoAiS dl.OCK VAL.VE OVTU!T--- ·---------8.65--6•00--·11•3---·638-·- --604-----673-· --327-· · 303----352---

~8 - 1URCJNE ~Y~ASS CO~TROL VALVE l~ET e.65 6.00 tt.3 638 

9- lU·'~·t"<C ,1'f.:>ASS 01.,.lROL VALVE CYTLET------------8e65·--6e00 -11•3---502· 
~ 

1 0- !::TJ'H,[ r>~tiS':>'J~A."'T LlJ\E INLET 0.31 0.21 0•3'5 ~77 

604 673 

---486- -519-

461·. 494• 

327 

-·327-

313 .. 

303 

-303 

28S 

352 

-3S2· 

337 
STI?UCTU~AL S·JI'l::lJ>U BLOCK VALVC lt~ET- ----------7.35 --6•30---8•4()-···--·807 

42 - STf.<\JCTlJ 1 \L SIPPC'l~T OLOCK VALVE OUTLET 7 • .35 6.30 807 • 

$3. 7 . ·- --·-· 

s::t-7 

43 S:TPU(.TU·P..\. s.;O.->d:.tl CONTROL VALVE: lNLET----------·7.35 --6•30-·8•40---807 ---748...,;;--'165-·--52.2---49•6·-·-53.6-----

•• 5TkUCTV~AL SJ~I~.JetT CONTROL VALVE OUTl.ET 6.30 8.40 756 833 

-., (0\-LQQ~~ 5UPPLV Ll~E OUTLET 793 ·-·---7:)6---631 52.2--49 .. 8-53·6 --

415 - STRuCTU~AL S·;~noqT COOLANT LlNE !JVTLET 79.3' 756 8 31 49.6 

!.T to.~ OUTL~T .. ·--------t4.7··-12·6-J6.e·-677----Mo---·?15----· 427--.. -29?-- 557---

Aa srquCTUK.A.L 5-J~P .. :MT OUTLET 672 . 634 709 378 291 ••• 
4q SP~UCTU~A.L SuPPORT 9YPA,5S ORIFICE lNLET'---- 2.23 -2.03- 2••3---805 ---~747---B63----<;2.3·--•9.9--53.7 --

50 - STPUCTU~AL SUP~QqT BYPASS ORIFICE OUTLeT 2.23 686 650 726 

·-·51 STPUCTV4.\L SuP;:tURT- ·BYPASS-t.INE OUTLET 

TukBINE TrlqOTTLE VALVE INLET 

------2.23 --·2oi03 -·2e43----·683-----6·46---~21)----52.2--49.e--53.6--

52 o.o o.o o.o 491 475 5o8 307 283 332 

Table II-7, Nonnal t1od7 Throttling State Points- End of Life 
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1 .~111 I I ;J ~" Ll i '' 
';To\T;: n)f'·l'f Ct."'<VITIO'f'", I;~JO 5-""'" ... IJ.t':'Ali\JN f.ATf•rt·l')' 

PC 
TC 

i'#~. PJ.I.\ 
t.247. o~:.1.:rs 

o.Jl) I ,:'lilt-r: - 1 TPA I GUAP'lJTf - •! • 

T~CV POSITION .1:1 21-J O.!G·~.!tS ltiJ..U5T:: 41lfr .• L'H" 
':i5CV POSITJ:JN: 1'i•' J·!;Er.S ISr. = "1.:!2.~) ~WC 

Tllf·•HN1 lf .. ICJit-tC:Y • ~7.7 "'· 
t•YI'A~S. rtiAC1 l(J'j = lth.;, ~ 

f'LOIII I·UHC (l.ll"il'~l (. J 
NqMINAL •Aitl Vo\)( 

''"' s:-,•JIIj· c~·~~~,., 
t..n•.•lf•AL ~IN $ttAI( 

2 

4 

• 
' 
7 

n 

9 

10 

12 

15 

16 

17 

'.:;T' u":lll-1!,~~ iJ·' 0-J(f ClllJLANT lNLfT LIN! 

t.v!/L~"· TJL;::.:-.; ')JTV:':T 

I ~.rL! (lll lttL?:T 

f.l: rU--CT l.-.1' l'JTLC:T 

f.! ru <. T H ,_,,~ !1 iV1.: v•.!SStL OVTLE.T 

113 - I_ (T: f,':, I) I 3oll'~t..:> )IJTL[T .. 
20 

r .( Tl t;~ I J f ;11 I•;:LJ P~E"iSVPE VESS£L. 0-JTl..t::T 

!':.,vo• TtJ~IJT-:Lt~: lNLfT 

21 ... 11. ,-.,..-.~, 

Z2 ,UI ,'<l!i{ 

lf..l.\ l<i l.l'~~ t"4L.L:T 

tL ,J<><. HL V'i ltJL l:. T 

21)- lUl•llllll TdUfTl.l V<\LVE LINE INLE"T 

~(, ·1 

fi~.7 

2.14 

3.75 

43.3 

~9.7 

Jt • 3 

G.O 

J'J.!l 

3G .. 1 

Jf) • I 

3.3'3 

41.4 

4 t • 4 

15.7 

57.1 

i3t5 

o.o 

·~·· 
.,_ 'J • I 

41. 'J 

~.15 

J 7. 1 

l 2. :.' 

c.u 

~ '.'. (i 

6QO 

801 

794 

794 

?·J~ 

7H 

77~ 

76!;1 

U'I'J 
871 
87L 
a·ro 
865 

..... ~ 
71':-3 

757 

1~1 

717 

7'?-1 

7..J 1 

730 

t.7·1 

~'-' • ·r 

~o.s 

lOv~ 

tl'}t)7 

'J., l 

'1)·11 

~ ''(· 

?70 

•)00 

':; 1 ' 

51L 

PUfriP C:f"f tCtl tt 'f' , f ~~. •• : ' 

Pl)tJIP Sf'f I'V - •. • 1 :...\ '· • • 1··~ 

l~·~Pi.~ATUt\1 (.,.tl•• '' J.) 
Nt:~}~<,AL MIN ·v:.l\ 

~~;.4 

2<3 

i'?J 

3C7 

J(',q 

331 

3'3Z 

331 

331 

3 '1 

t>.J .c 

!'· J. (, 

.:'t J 

'" 

A 1.0 

O:J .6 

'··· .... 
f .• ·~ 

; .! , 

':"', 

,, I 

• 1 t ') 

~· (· 

~'i. .l 
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\.a~\l'ill'n~ co: .. : 
ST·'-T~ Plt"JT Ct:NOtTlCJh.S !iPt(lllCAT1t'N ('I(TF-CI\ott'l 

13t< F!'Vl.-L FLOW NC.f.:VA F.NG1Nf! - (lRAWING NUr.tH-='fi 11~7401\C 

ntF:!!'l T) ~-H.,/11'\IG NU,.1l1EP 11374~\bA Fr)ll !-TAT£ Pt!Jt.,~T LOCATIONS 

) 

PC : 2~J. Pit~ TJCV P0SlTION • 2i•l ~~G~~ES THRUST = 49lt~. LPF 
TC:: 11;>47• ['':::,i~.:!';ii q SSCV POSITION • fi.4 O~..JH'.':S lSP ~ b.'!Z•5 StC 

AT TH·~~"JTTLING - f'"'f' OF Ltrrt> 

TU ... un.,r· tfi'IC.ll'r-4C'l' = b1•7 '4 
nvPAS~ F~~CTtUN • 4e.J \ 

PUt.4P F.FF1Ctth'1 • (•2•() I 
PUMP SP~tD e 21C~~. ~r4 

27 - TUPHINF ·Jl S..:t·H·l·.:;e dLIJCI( VALVE lf>lLt::T 

28 - TUf'H31NE 01 iC.t\---t:i=: DLIJCK VALVE UVTL.'!T 

29 - T\Jf-.!·q"'IE T•·H\JTTL.f: VALVE L.INE OUTLET 

~0 - 1UR~1N( 3fP~55 LINE OUTLET 

· 31 - (U"'F lNL~f Ll'-4::! •1·JTLET 

32 - <.U•TI<.AL :i.Uf;.LI) l\I:LE.T 

31 - C(lf..r SU?.3 H1' PLAT~ INLET 

34 - COP[" I NL.::f 

35 THhUST C>-1.\ •U::~ 

~0 - TVP;HNE -'lf.3A.'i5 lil..·JCK VALVE INLET 

37 TUkfHNL -.H~ASS •lL'1CK VAt..Vr OVTL!!1' 

.:'lt3 - lL'h'1INf J'(;.lA.i'i C'l:HROL VALVE INL~T 

39 - TVI•Hl"lt d'f.:l.A.5,3 C'JNTilOl.. VALVE CUTLET 

40 SlAGf P~~33J~~~f Ll~E lNL~T 

42- !';TRU(l'll\,_ <;J•' ,If "l •• f;K VALV:.. •JUft.•:-r 

44 • STr:tJCTU({>\L SJ~,•:J"lT CONTROL VALV:! O•JTLi!T 

4~- CU~lLI ow~t 3JP~Lf LINE: OUTLET 

46 - 5H<UCTU,tAt... S·J~_,!J~f CQCLANT LINE' OVTLET 

-~ 'A1 - STFM f:IJTL!T 

4&- ni~VCTU~\L $1J,,. . .,,JU OUTLC'T 

47- ~T~UCTUUL. S•F-J,l')tf f3Yr"ASS ORtFJC5 INLET 

50- STf:VCT 1JHL 5Ji'1.l;J:H 8VPASS ORIFICe OUTLET 

51 

52 

SH·UCTU·l"L $JO~JQT ~VPASS Ll ... E. OUTLET 

lU~31N! Trl~UTTL~ VALVE INLET 

FlO'II PATr (L!V5/~fC) 
hO~INAL ~IN MA~ 

31.3 

31 • 3 

-c. 0 

459 .a 
14.4 

•••• 

6.QC 

6.-;..-. 

6. 90 

IJ.a 

o,o 

o.o 

57.2 

u.a 
u.e 
11 ·8 

l1 .a 

0·21 

'3.es 

·5.~5 

s.es 

u ·7 

t 1.7 

o.o 

1 7. l 

17.1 

1 7. 1 

1 7. I 

(j.J5 

7.95 

7.95 

1·95 

<.o 

PPfS~VRt (USJA) 
NOM t NAL MIN MAJC, 

4?5 

••• 
••• 
476 

-·6~ 

451 

420 

416 

203 

771 

7.9 

769 

523 

4"18 

924 

••• 
924 

••• 
902 

Ot'19 

601 

924 

"" ••o 
4Q5 

400 

••• 
••• 
••• 
4)5 

411 

402 

28S 

736 

734 

965 

9~5 

66'7 

161 

7h 3 

963 

7UO 

773 

4'(:1 

~·· 501 

511 

••• 
., 
••• ... 
301 

606 

904 .,. 
'539 .. 

494 

512 
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I J. ' 

Specification No. C~-90290/10 A 

APPENDIX SPECIFICATION 

~E~tion 1. SCOPE 

1.1 Scope.- This specification establishes the exceptions or deviations 
tc ~he performance, design, test and qualification requirements specified in 
tr-?0290 defining the flight design of the NERVA Engine. These exceptions specify 
t'·•:.se requirements which are different because of the different ground test 
r:"•.:i t ions experienced by the deve 1 opment version of this equipment. 

,,,~.._ion 2. APPLICABLE DOCUHENTS 

2.1 Government Documents.- This subsection is the same as in CP-90290. 

2.2 Other Publications.~ This subsection is the same as in CP-90290. 

2.3 Aerojet/HANL Documents.- This subsection is the same as in CP-90290. 

···::ion 3. REQUIREHEtHS 

3.1 Performance.- This subsection is the same as in Specification 
•.r .q;zgo except for i ndi vi dua 1 paragraphs shown hereunder. 

3.1.1.1.2 Vacuum Performance Rating.- The nozzle expansion ratio for the 
l"".~:nd test engine shall be 24:1. Numerical values of thrust and specific impulse 
1•··•n the basic specification are not applicable to the ground test engine. 

3.1. 1.5 Impulse and Controllability Requirements.- The nozzle expansion 
• •' : .:. for the ground test engine sha 11 be 24: 1. A 11 numeri ca 1 va 1 ues from a 11 
,., .. ,,_Jraphs of the basic specification relating to impulse and controllability 

•··r·11rements are not applicable to the ground test engine for the following 
!' 1'',Inr:eters: 

2 



13.4/13 

(a) Thrust 
(b) Specific impulse 
(c) Impulse 

I 

Specification No. CP-90290/10 A 

(d) Controllability values for (a), (b) and (c) above. 

Verification for the above performance parameters will be by analytical methods 
(see Section 4) based on measured chamber pressure, temperature and flow. 
Therefore values for parameters (a), (b), (c) and (d) are not specified for 
the test engine. 

3.1.1.1.10 Thrust Vector Control.-

(a) Mechanical stops shall be provided to limit the angle from 
null to 1/2° maximum. 

3.1.1.1.13 Engine Asstmbly, Checkout, and Acceptance Operations.- N/A 

3.1.1. 1.14 Nuclear Stage Assembly and Checkout Operations.- N/A 

3.1.1.1.15 Nuclear Stage/Vehicle t1ating Operations.- N/A 

3.1.1.1.16 Vehicle Checkout Operations.- N/A 

3.1.1.1.17 Vehicle Transfer Operations.- N/A 

3.1.1.1.18 Vehicle Countdown Operations.- N/A 

3.1.1.1.19 launch and Boost Operation.- N/A 

3.1.1. 1.20 Space Station Operation.- N/A 

3.1.1.1.21 Propellant Depot Operations.- N/A 

3 
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Specification No. CP-90290/10 A 

3.1.1.1.22 Coast Operations.- N/A 

'.1.1.1.23 Spent Stage Disposal Operation.- N/A 

'"I , ;'.1.2.2.1.3 Engine Maintainability Requirements.- The engine shall be 
le of manual and remote assembly and disassembly to the test stand. 

~ 111 ., 1
f.1.2.4.1 Natural Environment.- In addition to applicable environments 

~till, Jied in the basic specification the test engine shall be capable of 
tanding the ground test natural environments as specified in Table TBD. 

)/lll,)l-1.2.4.2.1 Nuclear Environment.- The test engine shall be designed to 
~ 1.r,,j~and nuclear radiation TBD percent in excess of the values of the basic @ 
~I 11Jication, Tables X, Xl and XII, when measured at a point TBD feet forward 

'"core center line. 

,11 ,
1
, (.1.2.4.2.2 Acoustic Environment.- The engine shall be capable of 

1,, ... 'anding the ground test acoustic loads applied at the engine boundaries as 
in TBD. 

3.1.2.4.2.3 Thermal Environment.- TBD 

't i 1 
3.1.2.4.2.4 Vibration and Acceleration Environments.- In addition to 

1 
j·~ble environments specified in the basic specification, the test engine 

, · be capable of withstanding the ground test vibration and acceleration 
·mments specified in Table TBD. 

3. 1.2.4.2.5 Electromagnetic Environment.- In addition to applicable 
,Jnments specified in the basic specification, the test engine shall be 
' le of withstanding the ground test electromagnetic environment specified 
hle TBD. 

4 



IJ,4/15 

Specification No. CP-90290/10 A 

3.1.2.7.2 Ground Safety.- The system shall be capable of utilizing 
facility supplied fluids for engine shutdown and cooldown in the event of an 
emergency during ground tests which prevents reactor cooling with LH2 supplied 
through the normal propellant flow path. 

3.3.1.7 Engine Natural Frequency.- The test engine when installed in 
the test stand shall have natural frequencies as specified in Table TBD. 

5 
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Specification No. CP-90290/20A 

APPENDIX SPECIFICATION 

Section • SCOPE 

1.1 Scope.- This specification establishes the deviations to the per­
formance, design, and qualification requirements specified in CP-90290 defining 
the flight design of the NERVA Engine. These deviations specify those require­
ments which are different because of the performance characteristics of the engine 
with a composite core, whereas CP-90290 specifies the design and performance 
characteristics of an engine with a graphite core. 

Section 2. APPLICABLE DOCUMENTS 

2.1 Government Documents.- This subsection is the same as in CP-90290. 

2.2 Other Publications.- This subsection is the same as in CP-90290. 

2.3 Aerojet/WANL Documents.- This subsection is the same as in CP-90290. 

Section 3. REQUIREMENTS 

3.1 Performance.- This subsection is the same as in Specification CP-90290 
except for individual paragraphs shown hereunder. 

3.1.2.4.2.1 Nuclear Environment.- The engine induced nuclear environment 
shall be as specified in Table X, XI and XII. The isoflux nuclear environment 
contour map shall be as specified in Figure 8. 

3.2.1.3 Engine State Points.- The schematic diagram identifying engine 
state point locations, and a tabulation of flow rates, temperatures, and pressures 
at these locations is provided as Attachment II to this specification. 

2 
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Specification No. CP-90290/20 

3.3.1.4.1 Engine Weight with External Shield (Manned Configuration),- The 
target dry weight of the engine with a composite core and consisting of the engine 
module, NDICE, t~10 PSOV's, and a cooldown supply module, shall be 33,500 lbs. Ci) 
The weight breakdown shall be: 

(a) Engine Module 
(b) NDICE 
(c) PSOV's (two) 
(d) Cooldown Supply Module 

32,700 1 bs 
500 
200 
100 

3.3.1.4.2 Engine Weight without External Shield (Unmanned Configuration).­
The target dry weight of the engine with a composite core and consisting of the 
engine module, NDICE, two PSOV's, and a cooldown supply module shall be 23,500 lbs. (!_,; 
The weight breakdown shall be: 

(a) Engine Module 
(b) NDICE 
(c) PSOV's (t~IO) 

(d) Cooldown Supply t'.odule 

22,700 lbs 
500 
200 
100 

3.3.1.4.4 Launch Weight of Engine (Manned Configuration).- The target 

launch weight of the engine with a composite core shall be 36,300 lbs consisting c:=J 
of: 

(a) Engine Hodule 32,700 lbs (j) 
(b) NDICE 500 
(c) PSOV's ( t1;0) 200 
(d) Cooldown Supply Module 100 
(e) Destruct Subsystem 300 
(f) Stage Mounted NERVA Engine l&C Cable 2,500 

(Supplied by Stage Contractor) 

3 



16.7/3 

Specification No. CP-90290/20 

3.3.1.6 Gimballed Mass Characteristics.- Characteristics of the gimballed 
portion of the engine with composite core and 10,000 lb external shield, and 
excluding the Destruct Subsystem, shall be as specified in the follmving sub­
paragraphs. 

3.3.1.6.1 t1oment of Inertia About Gimbal Point.- The moments of inertia 
about the three principal axes of the engine without propellant shall not exceed 
the following: 

Roll Axis 6,000 slug-feet squared 
Pitch Axis 
Yaw Axis 

100,000 slug-feet squared 

100,000 slug-feet squared 

3.3.1 .6.2 Gimballed W~ight (Operatinq).- The target weight including 
propellant shall be 32,300 lbs. 

3.3.1.6.3 Center of Gravity.- The center of gravity without prope"llant 
shall not exceed 120 inches from Engine Station Zero. 
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TABLE X 

I 
Specification No. CP-90290/20 A 

INDUCED RADIATION ENVIRONi·1ENT OF NERVA ENGINE 

OPERATING AT FULL POWER 

(Composite Core Reactor) 

To Be Determined 

5 



Specification No. CP-90290/20 A 

TABLE XI 

INDUCED uNPERTURBED RADIATION ENVIRONMENT 

OF NERVA ENGINE FOLLOWING 30 MINUTE FULL POWER FIRING 

(Composite Core Reactor) 

To Be Determined 

6 



Spccif'~at ion r:o. CP-902S0/20i\ 

TAGLE X I I 

INDUCED RADIATION EiiVIROif~EIH OF NERVf\ 

ENGINE OPERATING f.T 80 PERCENT POHER 

(Composite Core Reactor) 

To Be Determined 

7 
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Specification No. CP-902S0/20~ 

Note: KEi:J·-~\ R2L•2 2!-:d Flux 
Contout~s ai'·e t:oscd cr1 a 
Corr1posite Cote r:::~c:~or 

Iso~:~'fi::::: r:~·-~:~: c~!;d ]so-1"1:~>- ~>u:-J~_:;r :::nvil'O~:.:-:::r:t 

Ct.mLvuJ' :-:0p u·ul1 ;'c-.-Tl') 



13.6/4 

Specification No. CP-90290/20 A 

ATTACH~1ENT I I 

ENGINE STATE POINTS 

The attached figure and tables provide state point data for the 

NERVI\ Flight Engine with a composite core reactor. 

Figure Il-l, 75K NERVA Flight Engine State Point Diagram 

Table Il-l' 

Table II -2, 

Table Il-3, 

Table ll-4, 

Table !1-5, 

Table II-6, 

Table II-7, 

lable II-8, 

Normal Mode State Points - Start of Life 

Single TPA Mode State Points -Start of Life 

Normal Mode Throttling State Points - State of Life 

Single TPA Node Throttling State Points - Start of Life 

tiormal Mode State Points - End of Life 

Single TPA Mode State Poings - End of Life 

Normal :iode Throttling State Points - End of Life 

Single TPA l~ode Throttling State Points- End of Life 

Il-l 

Page 

!1-2 

ll-3 '4 
!1-5,6 

Il-7,8 

1!-9,10 

II-11,12 

1!-13, 14 

ll-15,16 

ll-17,18 
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