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ABSTRACT 

This report contains the text of the presentation given on the NES ETS-1 

Duct Preliminary Design to SNPO-C SNPO-W, LASL and MSEC, on 5 November I965 

in Cleveland, Ohio. The purpose of this presentation was to review the completed 

preliminary design effort during Contract Year 1965-
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NES ETS-1 

DUCT PRELIMIKARY DESIGN PRESENTATION 

Narrative for RN - S - OOlB 

INTRODUCTION (Chart l) 

This document is provided to explain the presentation charts of AGC report 

RN-S-OOlB. It is not intended that this writing supplement, amend or replace the 

preliminary design effort as reported in AGC Report 263O. In the event of a con

flict, AGC Report 263O supersedes this narrative. 
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I. ETS-1 NES GROUND RULES 

Chart 2 summarizes the functional requirements of the NERVA Exhaust System 

(NES) for the ETS-1. Items that were considered were those relating to safety, 

operation and the existing ETS-1 facility dimensions and the limitations that 

these dimensions impose in the specification of the NES components, namely the 

duct, truss, steam generator, hot gas line and severance plane. 
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II. SCALE MODEL TESTING (REPORT NO. 2678) 

The initial phase of this program resulted in a definition of the duct 

configuration. To accomplish this scale model tests were performed. In order 

to provide sufficient data in the selection of the most favorable configuration, 

eight scale models were designed, fabricated, and subjected to hot gas testing 

to ascertain their aerodynamic performance, heat transfer rates, and operational 

characteristics. The selected configuration designated the SST-2 duct geometry 

provides a configuration with a maximum heat flux at the elbow of 2.6 Btu/in. 

sec when utilized with the secondary ejector. The primary and elbow sections 

of the SST-2 configuration allows the E engine 25:1 nozzle to flow full when 

the chamber pressure reaches approximately 25O psia. However, the NES for ETS-1 

does not permit engine gimballing with a 25:1 nozzle or altitude simulation 

during startup or shutdown. 

The selected conf igiiration (SST-2) was further tested to determine safety 

purge requirements and operational behavior, such as heating rates, and dis

tribution, and the simulation of actual testing sequences. The results of the 

above two testing programs provided design criteria to the NES ETS-1 duct pre

liminary design. 

Chart 5 shows the SST-2 duct internal geometry as defined by the scale 

model program. This configuration evolved through extensive scale model testing, 

having demonstrated the best conpromise in aerodynamic and heat transfer rates. 

Chart k tabulates the gas side film coefficient and respective anticipated 

heat fluxes for the primary and elbow sections of the duct. The analysis was 

based on an assumed maximum 1100 F gas side wall temperature. These predictions 

were used for the conceptual design effort. 

Chart 5 tabulates the aerodynamic performance and pull-in pressures for 

the primary flow with and without turbine flow and the effects of the safety 

purge. 

Chart 6 shows a typical characteristic duct engine operating curve as a 

function of turbine to primary leakage. 
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Chart 7 illustrates the required configuration of the engine nozzle and 

turbine exhaust nozzles. The ejector operated satisfactorily and the nozzle 

flowed full only when the turbine exhaust gas was introduced at the nozzle exit 

plane through two supersonic nozzles as shown. 

Chart 8 defines the scaling equation and relationships used in determining 

the steam safety purge requirements. In the sketch shown in this chart, the 

arrows indicate the direction of purge flow in the event of engine malfunction. 

The purge flow will be chocked at the minimum decimeter D during the greater 

part of the backflow duration. The secondary safety purge flow rate is equal 

to the sum of the choked flow rate and the flow rate required to prevent penetra

tion of 35 MPH air into the ejector. The momentum of the 35 l̂IPH air must be 

balanced by the momentum of the gases leaving the ejector. 

Chart 9 provides a characteristic curve of the effects of safety purge on 

the starting primary chamber pressure at pull-in. The solid line represents 

the NES performance curve while the broken line represents the engine operating 

curve. 

Chart 10 tabulates the safety purge fluid as demonstrated by the scale 

model program. 
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III. CONCEPTUAL DESIGN (REPORT NO. 2699) 

In support of the sub-scale heat transfer testing program, a conceptual 

design effort was performed to establish basic design concepts which served as 

the basis for the preliminary design of the NES duct for ETS-1. Several design 

approaches for the duct were generated and evaluated. As a result of this 

effort basic decisions were agreed upon at a SNPO-C/REON meeting on 7 ^7 1963-

The conceptual design showed that only 3 duct sections were required. 

Chart 11 defines the coolant passages physical geometry and the major reason 

for its selection in each of the duct sections. 

Chart 12 shows that 3^7 Stainless Steel was selected as the duct construction 

material and tabulates the major reasons for its selection. The three duct 

cooling sections were defined as; (l) the primary, (2) 90 elbow, and (3 ) the 

secondary duct. The innerwall thickness was established as a minimum of O.09O 

inches, based upon the results of the studies of stress, heat transfer, and coolant 

flow analysis. 

The truss and severance plane were considered during the conceptual design 

phase. The severance plane is required to provide ease of shipment of the duct 

truss assembly. Concurrent with this effort a vendor survey was initiated. 
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IV. GROUND RULES AND DEFINITION OF PRELIMINARY DESIGN 

Charts 13, 1^ and 15 provide the basic ground rules and definition of 

preliminary design. Included in the definitions is the drawing format, fabrication 

techniques, structural load capabilities, and correlating scale model heat 

transfer data. 
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V. DUCT DESIGN 

In the duct design, analytical studies were required to define the system. 

The following charts depict the results of each of the studies and their 

interrelationships. 

A. HEAT TRANSFER AND COOLANT FLOW 

Chart 16 defines the normal operational heat transfer conditions of 

the duct. Gas-side wall temperature was based on the coolant flow analysis 

limits of the existing ETS-1 Process Water System. Coolant flow rates and pressure 

drop per section are presented. The maximum heat flux of 2.6 Btu/in. -sec 

occurs in the elbow section of the duct. 

Chart 17 shows a normal operation heat flux profile for the SST-2 

duct vs station as defined by scale model data interpretation. 

Chart 18 defines the gas-side wall temperature of the Internal wall, 

the normal operating SST-2 duct vs station. 
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B. STRESS 

1. Introduction 

The structural design of the NERVA Exhaust System Duct is 

unique for the following reasons: (a) A severe thermal environment imposed on 

the structure causes areas of the primary structure, i.e., the gas-side wall of 

the duct, to deform plastically; (b) concurrent with this condition, this structure 

must transmit relatively high-magnitude static and dynamic loads and still main

tain its structural capability; (c) these extreme operating conditions limit 

the useful life of the system, therefore, the design must be predicated on a 

reasonable cyclic-life which provides adequate means for testing of the NERVA 

engine. 

Critical areas of the structural design of the duct are dis

cussed, along with the governing load conditions. These include the truss sup

port structure for the duct and the interaction of these systems with respect 

to static and dynamic forces. 

2. Basis for Structural Design - Exhaust Duct 

a. Thermal Stress 

The general exhaust duct configuration is shown in Chart 19-

Critical areas in the structure, resulting from local high thermal stresses, 

occur as indicated in duct Sections 1, 2, and 3- The thermal gradients through 

these sections are of such magnitude that the thermal stresses will far exceed the 

elastic limit of the material and, therefore, will undergo limited plastic 

deformation. As a result, the criterion for design was established that a 

limited permanent deformation would be tolerated, thereby relieving the thermal 

stresses; however, an attendant limitation in the structural life of the system 

is incurred as a result. 

The basis for structural design of the duct gas-side wall 

may then be simply stated as follows: 

(l) Design the structure for the applied non-thermal 

loads, i.e., internal pressure, etc., such that yielding of the structure will 
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not occur at these loads and operating tenperatures. The thickness of the 

wall must be as thin as possible to minimize the thermal gradient and, therefore, 

obtain the maximum structural life for the system. Gas-side wall teirperatures 

are shown in Chart 20 for various wall thicknesses. 

(2) Based on the thickness established by these proce

dures, determine the life of the system by permitting limited plastic deformation 

to occur as a means of relieving thermal stresses. 

Chart 21 shows the rectangular coolant channel 

stress induced by the internal pressure, compared with the allowable yield stress 

at temperature (upper curve) of the material; at the operating temperature for the 

thickness under consideration. This stress condition is based on the maximum 

spacing of 1 inch for the coolant channel webs consistent with the allowable 

mechanical design stresses. 

As is shown by the chart, O.O8O wall thickness 

is marginal, therefore, O.O9O, the next gage thickness, was selected for pre

liminary design. Since the internal wall will be undergoing plastic deformation 

during engine operation, only the outside wall and a portion of the vertical 

webs were assumed to carry the external loads applied to the duct. The O.O9O 

gage material is utilized throughout the structure of the duct. 

b. Thermal Cyclic Stress Life: 

The establishment of the thermal stress cyclic life 

expectancy of the coolant passage hot wall required consideration of the following 

factors: 

(1) Hold time at tenperature. 

(2) Loading and unloading sequence. 

Hold time at temperature is Important from the stand

point of creep effects, while the load-unload sequence directly affects the cyclic 

life of the structure. The cyclic-life expectancy jnder thermal strain cycling 

conditions is a function of the total strain per cycle sustained by the structure. 
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During strain cycling from compression to tension, or vice versa, for A/alues 

well into the plastic range, a hysteresis loop is established which is a direct 

measure of the damage sustained by the structure. A typical hysteresis loop 

is shown in Chart 22. This strain-response loop is a function of the physical 

properties of the material, and may be established on the first cycle or may 

require a finite number of cycles to establish stability. The process of 

achieving this stability is called "elastic-shakedown;" however, for annealed 

5^7 stainless steel, it has been demonstrated by experiment that for all practical 

purposes, the "elastic shakedown" condition occurs in the first thermal strain 

cycle. The determination of the thermal strain cyclic life of the structure is 

predicated on the accurate determination of this factor. The two critical 

regions in the duct occur at the exit end of the exhaust duct (Section 3) and 

at the duct elbow (Section 2). Chart 23 shows the maxim\im elasto-plastlc stress 

developed at the exit end of the exhaust duct for the critical geometry of the 

rectangiolar coolant channels. This plot is in reality a family of curves for 

variation of W, of which only one is shown. The cyclic life, established as a 

result of the strain sustained in these regions is shown in Chart 24 for the exhaust 

exit structure and in Chart 25 for the elbow region. 
I 

The critical section, i.e., the elbow of the duct, 

is evaluated as a function of tube thickness and tube diameter. The presently 

established design of 0.090 wall thickness and 1.0 inch outside diameter of the 

tube yields a value of 120 engine operation cycles before structural failure 

occurs. The life is governed by the mechanical properties of the material at 

the weld juncture. A factor of safety of k applied to this value yields an 

allowance life of 30 cycles. This factor is applied to encompass stress concen

trations, a variation In weld efficiencies, variation in mechanical properties, 

etc. 

The analysis is based on a single weld seam, either 

an inside or outside weld. However, it is structurally advantageous to provide 

both an inside and outside weld, in order to sustain the external pressure load 

condition, with a minimum of external ring support structure. 
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c. structural Loads 

The loads acting on the duct during engine operation are 

defined in Chart 26. The stresses resulting from those loads must be superimposed 

on the thermal stresses discussed in Section 2a. 

Exhaust Duct Loads: 

(1) Weight of duct (including cooling water). 

(2) Exhaust gas pressure. 

(3) Atmospheric pressure. 

(h) Steam ejector thrust. 

(5) Dynamic loads. 

(6) Coolant pressure. 

(7) Thermal loads. 

In view of the elasto-plastic condition of the inner wall 

of the duct, only the outside cool wall will be considered effective in sustain

ing the external loads shown in Chart 26. This is another point in favor of the 

inside and outside tube-weld concept; a greater cooled segment of the tube is 

provided to sustain the external load conditions. 

The overall thermal loads that would ordinarily occur in 

a restrained structure are relieved by providing means for the duct to expand, 

both vertically and horizontally. This is accomplished through supports which 

restrain lateral to the duct but allow axial movement. The fixed point of the duct 

occurs at the elbow when a coirplete hinge-type support is provided. All areas 

where structural discontinuity occurs, severance planes, etc., are designed 

such that the rigidity and load transmitting capability substantially exceeds 

the capability of the adjacent structure. This assures a uniform stress 

distribution through the discontinuity and substantiates basic assumptions made 

in structural analysis procedures. 
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3- Basis for Structural Design - Truss Support Structure 

The carrying truss for the duct is an 8-foot wide quadrangular 

pipe framework conpletely surrounding the exhaust duct, and provides support for 

the duct on five sets of bearings along the length. Since the entire truss-

duct system rests on the vault walls, 30 feet apart, four space frames called 

"butter-flies" are attached to the carrying truss and transmit loads to the vault 

walls. The basic structural members, i.e., the chord members which serve the dual 

purpose of structural support and as coolant headers for the duct, were sized 

by coolant flow area requirements which far exceed structural requirements. As 

a result, operating stresses are quite low and the rigidity of the truss is such that 

a minimum of structural Interaction occurs with the duct. The design of the truss 

is straightforward, without undue structural complexity. 

C. DYNAMIC ANALYSIS 

The primary natural frequency of the duct was determined analytically 

to be approximately 35 cps. In order to obtain a conservative analysis of the 

dynamic effects resulting from forcing functions imposed on the duct, the critical 

force frequency was assumed to coincide with the natural frequency of the duct. 

In addition, the conser'vative assumption was made that gas flow instabilities 

were such that the pressure fluctuations within the duct would create an oscil

lating force whose double amplitude would equal approximately 25/o of the total 

resultant pressure load. This critical structural condition occurs in the 45 

exhaust-deflector section of the duct. The applied unbalanced pressure vector 

is equal to approximately 80,000 lb at this point (Chart 27). Therefore, the 

forcing function was assumed to have a conservative maximum value of 10,000 lb 

(Chart 28). 

In order to establish the dynamic amplification factor for dynamic 

stresses, a conservative value of 3 "to 5^ of critical danping was assumed for 

the structure. This factor yields an amplification factor of 10 to l6 (Chart 29). 

The critical stress in the duct is composed of the static and dynamic stresses 

(amplification factor of l6 ) and is equal to: 
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static dyn 

6.37 ksi + 12 ksi = I8.37 ksi 

The allowable stress is 28,000 psi yield (Chart 30); therefore, this 

condition is satisfactory considering the factors of safety established for the 

design of AlSL^^l; 2 on yield and k on ultimate. In addition, in view of the con

servative assumptions previously stated, the values obtained are adequate to es

tablish the preliminary design of the duct. However, a detailed dynamic analysis 

is mandatory to establish final design. 

D. INSTRUMENTATION 

The instrumentation for the NES duct has been designed to measure the 

parameter required for operational control and diagnostic evaluation. Chart 3I 

tabulates the duct and related facility instrumentation. 

E. FABRICATION AND QUALITY CONTROL 

1. Fabrication (Chart 32) 

a. A vendor investigation was conducted wherein contact with 

28 potential vendors was made, giving them sufficient information concerning fabri

cation and quality desired to enable them to decide whether or not they would bid. 

Ten of the 28 potential vendors replied that they would 

like an opportunity to bid. 

Technical discussions were held with the interested vendors 

to determine the extent of their facilities and their experience in related types 

of fabrication and quality control. 

b. In the preliminary design particular attention was given 

to the use of standard commercial fabrication methods and equipment wherever possi

ble. 

c. Acceptable weld practices are called for by the Specifica

tion NCC-71. Detailed consideration was given to the cocblant passage welds, es

pecially to the welding of the elbow. It is shown in PD-IIO7 of Report 263O. 

O -4-

crit 
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d. Only in critical areas, such as interface connections, 

were tolerances specified as an activity of the preliminary design. The final de

sign activity will designate all other fabrication tolerances. 

e. The secondary ejector and steam manifold being uncooled 

have been designed to permit thermal expansion independent of the adjoining duct 

sections. 

2. Quality Control (Chart 33) 

The approach to quality control was developed during the pre

liminary design. The final desigan will spell out the quality control procedures 

in the following areas: 

and personnel) 

a. 

b. 

c. 

NDC-71 - Standards and methods for final design 

Based on NPC-200-3 (certification of material, welding. 

Acceptance Tests 

(1) Proof and leak of duct sections, coolant passages, 

coolant supply headers, bellows, etc. 

(2) Flow and pressure drop check of coolant passages. 

(5) Proof and leak of coolant system with duct and 

truss assembled 

Final Inspection 

(1) Visual inspection for quality of workmanship and 

welding 

(2) X-ray and dye penetrant of welds in duct sections, 

coolant passages and steam ejector assembly 

(3) Final measurements of component sections and parts 

(4) Interface location measurements with duct and truss 

assembled 

Page l4 



(5) Instructions and specifications for the handling, 

shipping and storage of the duct sections and component parts 

F. MECHANICAL DESIGN 

Chart 34 outlines some of the major design considerations for the duct. 

Included are the designs of the three duct sections, the seal, severance plane, 

water shield, and steam ejector. 
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VI. SUPPORT SYSTEM (CHART 35) 

A. TRUSS 

The duct loads as presented on Section V-B (Stress) are transmitted 

to the truss network at the various hinge points. Two pairs of sliding supports 

situated on the horizontal portion of the secondary ejector and two pairs on the 

primary duct section allow freedom of movement along the duct axis. A fixed hinge 

on the 90 elbow section is free to rotate about its axis. The truss assembly acts , 

as a water distribution system and a load carrying assembly. The truss weighs 

approximately 68,000 pounds (dry) and 177^000 pounds when full of water. 

The truss-duct assembly will be supported in the ETS-1 vault at four 

trunnion points. These trunnions are connected to the main truss assembly by 

means of butterfly trusses. 

B. WATER FEED SYSTEM 

The duct cooling water system was analyzed for water-flow and pressure-

drop to determine pipe and orifice sizes and to establish the adequacy of the ETS-1 

storage capacity for the NERVA engine operating conditions. 

From the analysis made of the existing components of the water system 

such as the storage tank, the supply and drain lines, and the supply and drain 

valves it was determined that the proposed duct cooling water system can adequately 

provide the necessary quantities of water at safe design pressures and time per

iods adequately to cool the duct. The structural integrity of the duct during a 

complete firing and cooldown sequence is maintained. The storage tank has sufficient 

storage capacity to provide for startup, NERVA full power run, a 48 hour cooldown 

and a 30 minute water supply for fire protection. 

C. ETS-1 STEAM GENERATOR SYSTEM 

1. Introduction (Chart 36) 

With the re-def in i t ion of the role that ETS-1 is to play in the 

NERVA Engine Program; namely, operation of a non-gimbaled 25/I area r a t i o nozzle 

and no p r e - s t a r t a l t i t ude simulation, a scale model duct program was conducted to 
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determine the design parameters for the ETS-1 NERVA Exhaust System. Included in 

these determinations were the secondary gas requirements; namely, sufficient gas 

provided through the secondary ejector to preclude entry of air into the duct and 

engine compartment during any phase of the engine countdown and run where hydrogen 

might be present. 

A range of flow rate and pressure as a function of molecular 

weight was determined in the scale model program. Comparisons were made for the 

secondary gas system on an economical basis - both from the standpoint df facility 

modification and the state-of-the-art of gas generation hardware. Since the ETS-1 

facility already had many of the provisions for a steam system (tankage, plumbing, 

etc.) and potential subcontractors existed with fairly well advanced technology 

in steam generation, the choice was made to provide a steam system for ETS-1. 

2, Performance Requirements (Chart 3T) 

Comparing the data derived from the duct scale model testing 

program and the steam generator requirements indicates that excess capacity is 

built into the steam generators over and above the design point conditions. 

3. System Description 

a. Steam Generators 

Three steam generator assemblies with associated control 

valves and plumbing in modular arrangement are mounted on a common plenum chamber. 

Structure is provided to support valving, the control box, and to support each 

generator module. Manifolds which connect to facility lines are provided with 

vertical lines (propellant water and purge gas) with flange connections to each 

generator assembly such that any required replacement of a generator module can 

be made without removal of the main fluid inlet headers. 

b. Plenum 

The plenum chamber is provided for mixing of the gases dis

charged from each generator. 
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c. Controls 

Control and recording of operational functions on the steam 

generator assembly are provided by separate sequence units for each generator, and 

an Integrated sequence unit which ties the separate sequence circuits into an 

overall system control circuit. Operation of the system is perfonned through this 

sequence circuitry from a console located in (l) a portable instrumentation and 

control van during system development, and (2) in the control point building after 

completion of Installation of the permanent facility I&C system. 

d. Facility 

Facility items required for operation of the steam genera

tor system are the liquid oxygen and propane run tanks with their associated pres-

surlzation systems and propellant feed lines and block valves. Water is provided 

from the main water storage and distribution system for cooling of the steam gen

erators and plenum chamber and for steam production. Controls for operation of 

the facility propellant system are operated in a similar manner as the steam gen

erator system itself (i.e. from either the portable van or the control point build

ing). 

e. Steam Discharge Line 

A 24" diameter i n s u l a t e d steam l i n e connects the plenum 

chamber and the secondary e j e c t o r nozzle plen\im on the SST-2A duct . 

4. System Operation 

a. Duty Cycle 

The total operating duration of the steam generator system 

is 1020 seconds. The initial 3OO seconds (engine prestart phase) prevents mixing 

of atmospheric air with any possible leakage 6f gaseous hydrogen during the intro

duction of hydrogen to the control drum actuators. A post-shutdown (engine) purge 

of 360 seconds is provided during the engine cool-down phase. 

b. Sequence 

(1) All generators (igniter and main propellant injector) 

are purged with gaseous nitrogen at an inlet pressure of 450 psig. 
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(2) All generators are brought to idle condition (first 

stage - ignition of gaseous propellants with a high tension spark; second stage -

ignition of liquid propellants after first stage ignition proved). 

(3) Two of the three generators are brought to full flow 

by opening the main propellant valves and switching the water shuttle valve from 

the overboard to the injection position. 

(4) Malfunction modes - the following modes will cause 

automatic operation or" malfunction of the generator system: 

(a) Failure to close pressure switches in any of 

the ignition or start-up stages 

(b) High steam temperature coupled with loss of 

water flow 

(c) Flameout or shutdown when operating unit (will 

signal automatically the start-up of the idling unit) 

Optional malfunction modes (shutdown at the discretion of 

the operator) are: 

(a) Low chamber pressure 

(b) Low flow rate - any propellant or water 

(c) High steam temperature 

(d) Unstable operation 

5. Component Design 

The design of the steam generator being procured from the Thiokol 

Chemical Corp. is based on concepts used in the "Hyprox" (hydrogen peroxide water 

steam generator). The combustion chamber, water injection system, and the controls 

and valves are similar, and in some cases identical, to those used in the well de

veloped "Hyprox" system. The two stage igniter is similar to that used on the X-I5 

rocket system. The main injector is similar to many developed for rocket and 

generator applications. 
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a. Igniter 

The igniter is a two stage spark initiated system which 

provides a pilot flame by the combustion of a stoichiometric mixture of oxygen and 

propane. The igniter is mounted such that the flame emits through a port in the 

center of the main injector. 

b. Injector 

A three spud configuration with triplet (2 oxidizer - 1 

fuel) with fuel film cooling orifices surrounding the igniter port and the three 

injector spuds. The injector is designed to combust a stoichiometric mixture of 

oxygen propane at flow rates of - oxygen 22.5 lbs. per second and propane 7-5 lbs. 

per second. 

c. Combustion Chamber 

Combustion and water injection takes place within a cylindri

cal, all stainless steel, regeneratively-cooled chamber. Water injection tubes 

or fingers protrude radially into the chamber downstream of the combustion zone. 

Film cooling orifices are drilled from the cooling passage into the combustion cham

ber to reduce ignition flame temperature to operating conditions. The chamber is 

flanged on either end for coupling to the plenum chamber and with the main Injector. 

d. Plenum 

A stainless steel, water-cooled, 20-in. diameter cylindri

cal tank with three steamlined entry nozzles (to which the generators are mounted) 

collects ghe gases exhausted from the generators and provides for complete mixing 

of these gases. 

e. Controls 

All propellant, water, and nitrogen purgs valves are facility 

type Annin valves operated pneumatically through 28-volt solenoids which receive 

signals from the control console or from signal demands from the automatic sequence 

circuitry. Pressure switches are attached to the igniter chambers and to the main 

combustion chamber. They are set at levels below normal operating pressures and 
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the contacts of the switches must be closed within a preset time period or an 

automatic malfunction-shutdown will occur. Conversely, if the contacts of the 

switches reopen at any time after establishment of correct operating pressures, 

signals are received at the control console which may be used by the operator as 

a basis for shutdown of a malfunctioning unit. Pressurization of the propellant 

run tanks is provided by opening of the facility nitrogen system block valves 

which introduces gas to the dome of a pressure regulator or proportional control 

valve. Gas is flowed into the run tanks to the pressure set in the dome of the 

regulator. 

f. Instrumentation 

(l) Temporary 

During the course of the development test program 

and the sheet metal duct program (where the steam generator system (SGS) is 

utilized) instrumentation transducers and recording equipment will be obtained on 

loan from Air Force contracts. Conditioning, display, and recording equipment for 

the SGS and the facility (associated with the steam generator) will be housed in 

portable vans and located near the steam generators at FRE'S. Instrumentation 

gram is listed 

Function 

Temperature 

Pressure 

Flow 

Switch Traces 

Valve Traces 

as 

(2) Permanent 

fellows: 

SGS 

27 

30 

10 

100 

20 

(Chart 38) 

Facility 

-

6 

2 

-

10 

Upon completion of the development testing of the 

steam generator system, a demonstration program will be conducted wherein the 

SGS control and instriMientation will be provided through the permanent I&C system 

at ETS-1. Instrumentation transducers, flow and temperature averaging networks, 
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will be provided which are compatible with the system being installed at ETS-1. 

Display and recording of steam generator and facility functions will be performed 

within the control point building. 

6. Facility Requirements 

Provision for mounting the steam generator system, and equip

ment for installation and mounting, including chain hoists or lifting cranes is 

required. The location for the system has been fixed ~ adjacent to the test 

stand shadow shield (opposite from the engine). A reinforced concrete blast 

shield or enclosure is required to prevent possible damage to other facility 

equipment in the proximity of the steam generators. Pressure and temperature 

control of the propellants are required and the inlet conditions of the SGS-

facility interface are as follows: 

Propellants Pressure T emperature 

Liquid oxygen 350 pslg (mln) I7O-I8O R 

Propane 550 psig (mln) 500-520°R 

Water I90 psig Ambient 

Nitrogen 450 pslg Ambient 

A bleed system is required to ensure the acquisition of pro

pellants in proper state conditions at the steam generator propellant valves. 

Bleed lines with appropriate bleed detection systems should be attached to the 

main propellant headers. Power required from the facility for operation of the 

system is as follows: l£0/208 three phase 60 cycles; 480 volts three phase 

60 cycles; 28 volts DO. 

7• Development Program 

After installation of the steam generator system is completed, 

including the instrumentation and controls, a program to determine the system 

characteristics and possible problem area,s will be conducted. Tests are planned 

which will demonstrate the capability of tne system to operate over the required 

duration and to determine the consequences of various anticipated system mal

functions. A sumiriary of the types of tests to be conducted is indicated below. 
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a. System Checkout 

(1) Ignition and idle 

(2) Full power (single units) 

(3) Full power (total system) 

b. Development Testing 

(1) Individual Units 

(a) Non-ignition (spark plug off) 

Post ignition - spark plug off 
(second stage start transient) 

Post combustion - spark off 
(main start transient) 

(b) Loss of ignition in successive stages 

(c) Off-mixture ratio startup both fuel rich 
and oxidizer rich 

(d) Propane heater off, on, start, and post 
start loss 

(e) Reduction of oxygen lead 

(2) System 

(a) Design operation 
(2 generators full flow - 1 at idle) 

Shutdown of one unit and startup of idling 
unit 

(b) Power failure - total facility ac power off 
(battery power on) 

dc power off (each generator and entire 
facility) 

dc low voltage (drop out and operational) 

(c) Propellant and water system failures 

Propellant valve failure 

Feed system failure (run tank vent off) 

Loss of plenum water 
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(d) High steam temperature 
(at switch setting and through switch setting) 

(e) Restart of failed unit to idle 
(with 2 generators at full flow) 

(f) Startup idling generator simultaneously with 
shutdown of a full flow unit 

(g) Operation of 3 generators at full flow 

(h) Inadequate liquid oxygen bleed 

8. Demonstration Program 

Upon completion of the development program, where any problem 

areas may have been discovered and corrected, the steam generator controls will 

be connected to the permanent I&C system. The steam line which connects the steam 

generator to the duct secondary ejector will be installed and a complete system 

demonstration test will be conducted. Many of the tests outlined in (6.) above 

will be repeated to ensure complete system compatibility. 
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VII. INTERFACE 

The ETS-1 NES facility interfaces were defined during the course of the 

preliminary design effort and are tabulated in Chart 39- Chart 40 presents a 

pictorial view of the location of the facility and NES duct interfaces. 



VIII. NES OPERATION 

Chart 4l outlines the basic requirements for the overall operation of the 

NERVA Exhaust System. The assembly of the duct will be conducted outside of the 

ETS-1 vault area, where the upper duct and truss assembly will be mated to the 

lower duct and truss assembly at the severance plane. The complete duct-truss 

assembly will then be moved into the vault as a unit by means of the transport 

cart. The cart will elevate the assembly into its operational position where 

the interface will be connected. Prior to the NERVA tests, the completed 

assembly will be flow-calibrated, proper orifices inserted and the complete 

system flow checked. Between runs, checks will be made by reviewing the instru

mentation data to ascertain the integrity of the duct for the next firing. 

Further, visual examination will be provided by television inspection. During 

operation visual recorders provide insight into the operational aspect of the NES. 

Chart 42 depicts graphically a typical operational sequence of the water 

flow and the duct and steam generator in support of the E-1 engine test at ETS-1. 

The steady-state water flow rates are summarized as follows: 

50,500 gpm Duct full flow 

7,240 gpm Steam generator 

6,000 gpm Engine compartment shields 

43,540 gpm Total steady-state flow. 

The total water consumed for an ETS-1 NERVA test is approximately 1,500,000 gal 

(exclusive of fire protection) and the storage tank capacity is 2,500,000 gal. 

Therefore, the existing facility water system is adequate. The operational se

quence for the NES duct and steam generator covers the entire engine run profile 

during the hydrogen cycle. 
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IX. SUMMARY OF PRELIMINARY DESIGN 

The final design of the ETS-1 NES duct can proceed on the basis of the 

preliminary design as presented. Feasibility of the system has been established 

as part of the preliminary design effort and documented in Report 263O. 

Chart 43 summarizes the important areas which have been considered. Analysis 

of heat transfer, stress, and dynamics has been developed to the point wherein the 

NES duct can proceed to final design. 

Sixteen drawings have been developed in sufficient detail to define the 

critical design areas. The feasibility of fabrication in these critical areas 

has been evaluated to the degree necessary to demonstrate that the duct can be 

adequately constructed by acceptable standard commercial practice. 

Chart 44 shows the resulting ETS-1 NES duct configuration based upon the 

effort as reported in document No. 265O. The duct, truss, seal, severance plane, 

and mechanical interfaces are depicted. 

Chart 45 tabulates the ground rules for the final design. Included are 

those areas which are considered firm in keeping with the original ETS-1 NES 

ground rules, criteria and conceptual design. The areas of flexibility provide 

the A&E with some latitude and basic considerations for development of the final 

design. 

Chart 46 provides the necessary data and support requirements for the A&E 

to proceed to final design. The documents as tabulated offer a guide for smooth 

transition from preliminary to final design. 
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