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ABSTRACT 

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

NES Duct to Air Preheater Company on 11 January 1965^ in Wellsville, New York. 

This presentation was requested by SNPO-C to inform the ETS-1 NES Duct 

fabricator of the significant items and requirements involved in design and 

procurement of the Nuclear Exhaust Duct for the NERVA Program, 

'D. Stinnett 
REON Technical Systems Manager 

- N O T I C E -
This report was prepared as an account of work 
sponsored by the United States Government. Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use 
would not infringe privately owned rights. 
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\ 
INTRODUCTION 

This presentation covers the significant items and requirements involved 

in design and procurement of the Nuclear Exhaust Duct for the Nerva Program. 

The duct is to be installed in Engine Test Stand No. 1 at the Nuclear Rocket 

Development Station at Jackass Flats, Nevada. The purpose of the duct is to 

conduct the hot, combustible gases away from the test stand during an engine 

test firing. 
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I. Engine Test Stand No. 1, Nuclear Exhaust System 

The Nuclear Exhaust System (NES) for Engine Test Stand No. 1 (ETS-I) is 

composed of two major subsystems, namely, the Duct System and the Steam Generator 

System, as presented on Chart No. 1. These systems include their respective 

piping, valving, instrumentation and controls. 

II. ETS-1 NES Ground Rules 

Chart No. 2 summarizes the functional requirements of the Nuclear Exhaust 

System (NES) for the ETS-1. Items which were considered were those relating 

to both safety and operational requirements of the system. 

III. l/k Scale Model Installation 

A scale model test program was undertaken to define the NES system in 

keeping with the ground rules as defined in Chart No. 2. 

The scale model testing installation (Chart No. 3), located at AGC-Azusa, 

shows the testing model, gas heaters, and associated piping and valving. The 

selection of a duct geometry was based on aerodynamic performance, internal 

pressure profiles and a heat transfer profile, all obtained from the model 

testing program. 

IV. H^ Firing of l/8 Scale Model 

Chart No. 4 is a photograph of a night firing of the l/8 scale model using 

hydrogen gas as the primary fluid. Superimposed on the photograph is the outline 

of the duct itself. 

As illustrated, the exhaust plume will be of a sizable magnitude; 

approximately 250 ft long. The radiation heating effects of ETS-1 stand 

from the exhaust were also a major consideration and were obtained from the 

model testing program. 

V. Duct Geometry 

The duct geometry, as defined by model testing, is illustrated on Chart 

No. 5. 
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The primary section of the duct was designed to operate as a second 

throat supersonic diffuser. In the operation of this type of diffuser the 

supersonic stream shocks down to a subsonic stream, with a commensurate in

crease in pressure. This process occurs in the cylindrical portion of the 

duct. The diffusion process is sufficient to provide an engine compartment 

pressure of 1 psia. The inlet area was made as large as possible without 

interfering with the diffuser action. The conical section downstream of the 

supersonic diffuser is a subsonic diffuser to further reduce the velocity 

before entering the elbow. Downstream of the elbow an offset conical section 

was used to act as a flow stabilizer within the elbow. The cone was offset 

to make the duct self-draining. 

The sfeondary ejector is the location at which the steam is introduced 

to provide some pumping and also to provide an inert atmosphere within the 

duct in the event of a nuclear engine malfunction. The secondary ejector 

is the largest diameter section because of the requirement to handle the 

engine flow plus the steam flow. A flow of 135 lb/sec of steam reduces the 

engine compartment pressure to about 8 psia with no engine flow. 

The drain tube located at the i+5 exit elbow is installed to again pre

clude water accumulation within the duct. The U5 exit elbow deflects the 

exit gases upwards to minimize the thermal heating of the coolant water 

drainage ditch and test stand. 

The total duct coolant water flow rate is 3^^000 gpm. The heat flux *^-

varies from .5 to 2,6 BTU/in sec. The total heat transfer is approximately 

125,000 KW. 

VI. Coolant Passage Studies 

One of the primary considerations in the design of the ETS-1 NES duct 

was the proper cooling of the system during operation. Study findings as 

illustrated on Chart No. 6 dictated that the duct must be divided into three 

(3) separate cooling sections. Those are (l) the primary or supersonic duct 

section, (2) the 90 elbow and offset cone, and (3) the secondary duct or 

subsenic section, including the U5 exit elbow and low point drain. 
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A double wall, smooth inter-surface configuration, constructed from an 

inner shell and a series of angles welded to the periphery of the inner 

surface, formed this desired geometry and was selected for the coolant 

passage configuration in primary and secondary sections of the duct. 

The 90 elbow and off-set cone coolant passage were selected as being 

tubular bundle, formed to the proper contour and welded both internally as 

well as externally, thus providing the necessary coolant and structural 

requirements for use in this application. 

VII. Material Evaluation Studies 

Concurrently with the investigations of coolant passages for the various 

sections of the duct, a material evaluation effort was expended to select a 

material which would be best suited for this application. Chart No. J. 

Aluminums, stainless steels, copper, carbon steel and high strength steels, 

such as Inconels and hastelloys, were all considered. 

Due to the corrosive action of the coolant water, carbon steels were 

found to be unacceptable for use in the construction of the ETS-1 NES duct. 

Although copper and aliominum exhibit good heat transfer characteristics, 

their strength at elevated temperatures did not provide the margin of safety 

required in this application. 

High strength steels such as Inconel or hastelloys, were found to be 

too expensive when considerations such as costs of raw materials, forming 

and welding were included. 

Of the stainless steels, only the 3OO series was considered, primarily 

due to the high temperature characteristics that they exhibit. Of the 5OO 

series stainless steel. Type 5^7 with special chemical properties was selected. 

VIII. ETS-1 NES Duct 

Shown on Chart No. 8 is an artist's conception of the completed ETS-1 

NES duct and support structure. All major duct-facility interface points 

have been noted. 

k 



The Nuclear Exhaust System duct is a welded, stainless steel, double 

walled heat exchanger. It is divided into three cooling sections. A one-pass, 

gravity-fed water system provides coolant during duct operation. 

A severance plane is located between the top of the 90 elbow section 

and the bottom of the primary straight section. This is provided so that the 

entire duct-truss assembly can be shipped in two sections. When the duct 

assembly is to be removed from the test stand after a series of firings, it must 

be done remotely and as a single unit. Upon removal, the duct can then be 

separated at the severance plane for ease of transport. 

Each of the three principal sections (the primary, the 90 elbow, and 

the secondary ejector with the 45 exit elbow) have separate coolant water 

manifolds. Water is delivered at one end of the section through a ring 

manifold circling the duct. The water makes a single pass through the cooling 

channels and then exits through the discharge manifold. Because of thermal 

expansion, water lines connecting to the ring manifolds have expansion joints 

to provide freedom of movement between the duct and supporting truss. 

The duct is supported in the truss assembly by hinged supports located 

in the 90 elbow section. These supports are capable of carrying both vertical 

and horizontal loads. Four roller supports located on each side of the duct 

are capable of cariying lateral loads. In this manner, the duct is permitted 

to expand circumferentially and longitudinally from the hinged support. 

IX. Duct Instrumentation 

During NES duct operation, remote monitoring of events is provided to 

the test stand operation personnel by means of instrumentation. Shown on 

Chart No. 9 are the two major fxinctional divisions of this instrumentation. 

They are (l) control, and (2) diagnostic. 

Due to operational safety and simplicity in the design, the NES duct 

coolant system was purposely designed only as an on-off or go-no go operation. 

Only the supply and discharge water valving, located beyond the hazardous 

radiation environment, can be cycled but only in two positions: full open 

or full closed. 
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All remote interface connections are controlled in order to accomplish 

the remote removal of the ETS-1 NES duct. The duct will only be removed after 

it has been damaged and requires replacement. 

Diagnostic instrumentation such as temperature, pressure, flow, strain 

and vibration, is provided to the test stand operator, so that he may be 

able to determine or predict a malfunction of the system. 

X. NES Duct Tests 

Shown on Chart No. 10 are the NES duct tests that will be performed, 

using the system, prior to actual operation. These tests are divided into 

two categories: (l) acceptance testing, and (2) design demonstration testing. 

Acceptance testing includes those tests which will be perfomied by the duct 

fabricator and include the installation of the system, as well as proof and 

leak tests. 

After water flow and calibration of the system are completed, a series 

of design demonstration tests will be conducted, using both the steam generator 

system and the duct system. The purpose in performing these tests is to 

ascertain the operational characteristics of the as-fabricated, prototype 

system. 

The design demonstration tests are divided into two programs. Phase I 

tests use only gaseous nitrogen as the primary fluid. Phase II tests use both 

gaseous nitrogen and gaseous hydrogen in the conduction of the system evaluation 

testing. 

XI. Steam Generator System 

Chart No. 11 is a photograph of the as-fabricated ETS-1 NES steam 

generators. The steam generator system is a three-module unit, two of which, 

when running at full flow, produce a sufficient quantity of steam to prevent 

air back-flowing into the duct and engine compartment. The third module is 

a back-up spare and is operated at full capacity only when a malfunction has 

occurred to one of the other modules. 
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XII. Organization and Responsibilities 

Chart No. 12 illustrates the various organizations and an outline of their 

respective program responsibilities which were developed to support the ETS-1 

NES duct system. Under the SNP-1 contract funding allocation, AGC-REON 

developed the conceptual and preliminary design and have provided technical 

assistance to the SNPO during final design, fabrication and checkout of the 

ETS-1 NES duct system. AGC-AETRON was responsible for the duct final design 

as defined by the ETS-1 facility IO6O contract. 

On August 14, 1964, SEPO-C awarded Air Preheater Co., Wellsville, New 

York, with Liimmus Co. as the prime subcontractor, the SKP-23 contract to 

fabricate and site-install the ETS-1 NES duct. 

XIII. ETS-1 COMPLEX 

Shown on Chart No. I5 is an aerial view of the Engine Test Stand No. 1 

(ETS-I), located at Jackass Flats, Nevada. 

XIV. ETS-1 

Chart No. 14 is a photograph of the ETS-1 showing the duct vault. 

XV. Chart No. I5 outlines the major areas of responsibility of the 

Nuclear Engine Development Program. 
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ETS-I NES GROUND RULES 

A. SAFETY 
CONTROLLED DISPOSAL OF ENGINE EXHAUST 
CONTROLLED VENTING OF FISSION PRODUCTS RELEASE 
PROHIBIT EXPLOSIVE COMBINATION OF H2-O2 IN 

ENGINE COMPARTMENT AND DUCT 
SAFE STARTUP AND SHUTDOWN 
SELF DRAINING 
GRAVITY FED WATER SYSTEM 

B. OPERATIONAL 
VERTICAL DOWN ENGINE FIRING 
ENGINE SIZING 
NO ALTITUDE SIMULATION DURING STARTUP AND SHUTDOWN 
ENGINE PULL-IN :^ 407o POWER 
MANUALLY INSTALLED', REMOTELY REMOVED 



1/4 SCALE MODEL TEST INSTALLATION 





DUCT GEOMETRY 

45' 

53"-4" 

50'-10" 

44.5 

t STAND 
—19'-0"-

53.5—^ 

38.8 50'-3 3/4" 

52.0-^ 

54'-9" 



COOLANT PASSAGE STUDIES 

0.095 WELDS 

COOLANT CHANNELS 
SECTION © 

WELDS 

0.095 
COOLANT CHANNELS 

SECTIONS (I) a (D 

V DUCT DRAIN 

SECONDARY 
DUCT 

-3 

D 

(y\ PRIMARY 
DUCT 

90"ELBOW a 
OFFSET CONE 



DUCT MATERIAL EVALUATION 
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DUCT INSTRUMENTATION 
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NES DUCT TESTS 
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NUCLEAR ENGINE DEVELOPMENT PROGRAM 
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