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ABSTRACT 

This is the fifth in a series of reports covering the development of instrumentation 
for surveillance of the core and in-vessel components of liquid metal fast breeder 
reactors. 

1. INTRODUCTION 

This program was initiated in January 1972 with the objective of developing in-core and in-vessel instrumentation 
for application to LMFBR's. The program is presently divided into six major tasks: 

Task A — In-vessel high-temperature neutron detectors and cable assemblies. 

Task B — Acoustic monitoring systems for application to the reactor core and vessel. 

Task C — Reactor core exit instrumentation. 

Task D — Failed fuel detection and location systems. 

Task E — On-line reactivity computer system. 

Task F — Plant protectton system. 

Primary emphasis is on overall system development, making maximum use of base technology information available 
from the national laboratories. 
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2. SUMMARY 

2.1 GENERAL 

Quality assurance engineering reviews of planning and technical documentation were performed as a continuing 
effort. 

2.2 TASK A — NEUTRON MONITORING 

The objective of this task is to develop in-vessel neutron detector and cable assemblies that do not require 
auxiliary cooling or special shielding. Both startup (source range monitoring) and intermediate and wide range detectors 
are planned with first priority given to the source range monitoring (SRM) detectors. 

The following significant progress was made during the quarter: 

• The fabrication drawings for SRM development model 3 and the prototypes were complete except for 
the overall assembly drawing and the parts list. 

• Electroplating of the electrodes for development model 2 was successfully completed by use of a new 
power supply to increase the electroplating current density. 

• Five compression seals of a new design to minimize metal vapor deposition on ceramic surfaces have 
undergone accelerated life testing with three seals failing and two completing 1650 hours satisfactorily. 

• Cables, built to the program-developed specification, have been ordered for evaluation testing. 

• The special uranium, 99.9% enriched in uranium 235 and with less than 0.029% uranium 234 content, 
has been received for use in all prototypes and qualification units. 

• Conceptual drawings of the test arrangement and drive mechanism for testing the SRM prototype in EBR-II 
were completed. 

2.3 TASK B — ACOUSTIC MONITORING 

The objective of this task is to develop an acoustic system for in-service surveillance of LMFBR core and in-vessel 
components. 

The main activities during this reporting period were: 

• Modification of the task planning to comply with the redefined task scope which emphasizes core monitoring. 

• Circulation to Argonne National Laboratory (ANL) of a draft of a development Specification for acoustic 
transducer and waveguide development at ANL in support of Task B. 

• Preparation and issuance of requests for approval-in-principle of signal characterization tests at several 
national laboratories. 

• Loan by EBR-II to GE of signal recording of impacting tube in EBR-II IHx for analysis and development 
of signal conditioning techniques. 

• Analysis of a typical beam impact by use of a generalized computer code. 
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2.4 TASK C — CORE EXIT INSTRUMENTATION 

The objectives of this task are to identify system functional objectives and to define and conduct the necessary 
development efforts which will lead to a representative core exit instrumehtation (CEI) probe and signal transmission 
design. 

The following significant progress was made during the quarter: 

• The Task Development Plan was transmitted to the US AEC. 

• The functional objectives and their justifications were transmitted to the US AEC. 

• The preliminary analysis and design of two flow mixer devices for use in the water flow scoping tests 
were completed. 

• The water flow scoping test plan was transmitted to the US AEC. 

• Preliminary designs of CEI probe components (sensor geometrical configurations and probe envelope) 
was completed. 

• A feasibility analysis of integrating CEI, failed element detection and location (FEDAL), and acoustic monitor
ing functions in a single assembly was initiated. 

• A survey of past studies and experiments was drafted relative to: (1) techniques for temperature and 
flow measurement; (2) cross flow effects on the instrument probe design; and (3) analytical techniques 
used to investigate flow and temperature. 

2.5 TASK D — FAILED ELEMENT DETECTION AND LOCATION (FEDAL) 

The objectives of this task are to define the requirements of a system for pertonnlng detection and location 
of failed fuel in LMFBR demonstration plants, summarizing available instrumentation to meet these requirements, and 
conducting the development work required to produce an operating FEDAL system. 

During the present quarter, a meeting at Oak Ridge National Laboratory was attended to review the operation 
of capsule GB-10, and to discuss its potential for providing FEDAL information applicable to the LMFBR program. 

2.6 TASK E — ON-LINE REACTIVITY COMPUTER (ORC) 

The goal of this task is to develop an ORC system for use in an LMFBR. 

During the quarter, the modeling of the feedback reactivity was completed. An analysis of the nuclear uncertainties, 
and the sensitivity of the reactivity model to these uncertainties has also been completed. The control worth uncertainty 
is now being analyzed. This work will provide the basis for estimating expected ORC performance capabilities. 

2.7 TASK F — PLANT PROTECTION SYSTEM 

The objective of this task is to develop LMFBR plant protection system sensors that can meet on-line testability 
requirements. Work on this task has not yet been initiated. 
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3. TECHNICAL ACCOMPLISHMENTS 

3.1 TASK A — NEUTRON MONITORING 

Quality assurance participated with engineering personnel in establishing preliminary methods for assuring the 
quality of work effort on the source range monitor detectors. 

3.1.1 Detector Fabrication Drawings 

An effort was initiated to accelerate the Source Range Monitor (SRM) detector prototype fabrication schedule 
by making the fabrication drawings earlier in the program than had been planned. The detail piece part drawings and 
the subassembly drawings have been completed. 

3.1.2 Electroplating of the Detector Electrodes 

The initial effort to electroplate the uranium to the electrodes for model 2 was unsuccessful. Evaluation indicated 
that a higher current density than was practical with the existing electroplating equipment was required. A special 
apparatus was made to effectively increase the current to the necessary level, but in the process of coating, the apparatus 
warped due to local overheating. The coating results, however, indicated that the current density achieved was corect. 
Therefore, a larger power supply was obtained and installed. The development model 2 electrodes were then successfully 
coated. Effort is continuing to improve this process prior to the next electrode plating task. 

3.1.3 Seal Evaluation 

A seal designed specifically for Project Agreement 65 has been described previously.* This design uses existing 
techniques for joining the ceramic to metal parts but has a ceramic shape that inhibits formation of a complete leakage 
path between the two conductors due to metal vapor deposition. Two dozen of these seals were purchased for evaluation 
and for use on development models and the prototype. 

Five of the new design seals were subjected to an accelerated life test at 650°C for 1000 hours. Three of the 
five seals developed leaks, one at 500 hours and the other two at 1000 hours. The three leakers and two new seals 
have been mounted, sectioned, polished, and etched for examination to determine the failure mechanism. The remaining 
two seals were tested an additional 650 hours and satisfactorily passed the subsequent leak check. 

3.1.4 Cable Evaluation 

Bids were received from two cable vendors based upon the cable specification developed on this program. 
The bids were evaluated and an order placed with the low bidder. These cables will be used for additional testing 
and evaluation, and for incorporation into development model 3 and the prototype units. 

Prior to placing the order, the specification was updated to include a formula for specifying how the relative 
insulator density will be determined. The formula which fits the test data closer than all other formulas considered, is: 

C / C - C • max / mm 

'''• " C \C - C . \ max mm 

'LMFBR In-Core Instrumentation and In-Vessel Surveillance Systems, Third Quarterly Progress Report, October 1972, (GEAP-13825-3). 

X 100 
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where 

p = relative insulator density, % 

C = measured capacitance 

C . = capacitance with air dielectric (calculated) 

C„gx = capacitance with 100% dense dielectric material (calculated) 

3.1.5 Electronic Test Equipment 

The electronic equipment used for cable and seal evaluation and for the test of development model 1 was modified 
to eliminate a tendency of the output stage to oscillate by reducing the output stage gain. The electronic equipment 
was given a series of tests to determine long- and short-term stability and noise level. The equipment was tested 
in accordance with RDT Standard C15-3T and the results indicated the equipment was well within the guidelines for 
noise level. 

3.1.6 Material 

Bar stock Inconel 600 for development model 3 and the prototypes was received. 

The uranium for coating the electrodes of all SRM prototypes and qualification units was received from Oak 
Ridge National Laboratory (ORNL). This uranium is enriched to 99.9% in the isotope uranium 235 for maximum detector 
sensitivity, and contains less than 0.029% uranium 234 to minimize the background noise from alpha counts. 

3.1.7 Test Planning 

Conceptual drawings of the drive mechanism, and several test arrangements of the SRM in the J-2 thimble 
of the EBR-II reactor were made. Discussions of the proposed tests were initiated with all personnel at EBR-II. 

3.2 ACOUSTIC MONITORING 

3.2.1 Overall Task Planning and Integration 

Task planning was modified to reflect the redefined task scope which emphasizes core monitoring (i.e., sodium 
boiling detection, fuel channel voiding, incore mechanical impact detection). The new scope retains in-vessel impact 
detection as a secondary effort, while suspending efforts on control drive Mechanical Signature Analysis (MSA), entrant 
sodium monitoring, and vibration monitoring. These latter activities may be reinstated at a later date. 

3.2.2 Acoustic Source Characterization of Core and Other In-Vessel Components 

A memo on source characterization is in preparation. This memo defines the displacement modes, vibrational 
frequencies, and impact points of in-vessel components. Also, it discusses the predicted character of the sodium boiling 
signal. The selection of transducers, transducer sites, and signal-conditioning techniques requires this information. 

3.2.3 Acoustic Transducer and Waveguide Development 

Argonne National Laboratory (ANL) is developing acoustic transducers and waveguides in support of Task B. 
Breeder Reactor Department of General Electric Co. (GE—BRD) has specified Task B needs in a proposed development 
specification. The scope of the specification to ANL is: 

• Develop transducer-cable units to meet the specifications cited 
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Start qualification tests as appropriate 

Supply to BRD a small number of units for out-of-pile signal characterization testing by BRD 

Develop commercial vendors of cable-transducer units 

Evaluate transmission of both liquid and solid waveguides versus vessel-nrraunted transducers 

Evaluate transmission of both liquid and solid waveguide versus an immersible transducer 

Evaluate transmission of a simplified solid 30-foot waveguide which is welded at a top flange, supported 
at lower end, and cipmped every 10 feet, versus an optimized waveguide design 

Write Reactor Development and Technology (RDT) standards and design guides for sensor and waveguide 
designs. 

GE Is closely monitoring the planned ANL-sponsored testing of sodium-immersible sensors and waveguides 
in the EBR-II tank. The tests will provide valuable background information for in-reactor acoustic probe tests to be 
sponsored by GE in fiscal year 1974. 

3.2.4 Signal Characterization Tests 

To define the transducers and signal-conditioning means for detecting sodium boiling and impacting in-vessel, 
(including in-core), experimental characterization of both the signal and the background noise is required. The sources 
of this information have been identified and data acquisition arrangements are being made: 

• Acoustic data from the failed fuel mockup (FFM) loop at ORNL will be used to characterize subcooled 
sodium boiling. The FFM is an electrically heated, air-cooled sodium test facility in which a wide variety 
of out-of-pile testing can be performed with electric cartridge heaters that simulate the fuel rods in a portion 
of an LMFBR fuel assembly. In experiments carried out in the FFM, the behavior of a simulated partial 
fuel bundle under blockage and other test conditions of LMFBR interest can be studied, and information 
on thermal and hydraulic characteristics of various bundle configurations may be obtained. In an approval-in-
principle request for acoustic monitoring of the portions of the FFM tests in which sodium boiling is planned, 
the following monitoring conditions were recommended: 

1. Broad band signal recording (~10 Hz to 1 MHz) 

2. High signal fidelity 

3. Wide range thermo-hydraulic conditions 

4. A common time base reference for all recording channels 

5. Adequate provision in the test procedure for acoustic monitoring 

Test participants met on February 7, 1973, at ORNL to discuss the acoustic monitoring. They adopted 
the above recommendations, with only minor exceptions. GE will supply tape recording equipment for 
the acoustic monitoring. 

• Acoustic data from the heat transfer simulation loop (HTSL) at ANL will be used to characterize sodium 
vapor bubble collapse in the above-core plenum due to channel voiding. The HTSL is a high-temperature 
sodium piping system that is capable of (a) testing the heat transfer and hydraulic characteristics of LMFBR-
type fuel rods and less than full size bundles with various types of spacers, including effects of radial 
power distribution and (b) providing experimental verification of certain theories of superheat under forced 
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circulation flow. Bypass flow is used to control the temperature of the sodium plenum. This control establishes 
the similarity between the facility and a LMFBR operating core with a single blocked assembly. 
GE-BRD has issued an approval-in-principle request to RDT for participation in this test. GE will supply 
a magentic tape recorder for acoustic data and will participate in the data taking. 

• The full fuel assembly water flow tests in the auxiliary loop of the hydraulic core mockup at Hanford 
Engineering and Development Laboratory (HEDL) will be used to obtain acoustic data typical of in-core 
flow-generated noise. Characterization of this background noise will assist in the selection of signal-condition
ing means to discriminate against background noise. The section was designed to test fuel assemblies 
under prototypic flow condition. 

The acoustic monitoring approval-in-principle request issued for the tests in this facility proposed a minimum 
scope and an alternate extended scope which more fully meets the need of Task B. The extended scope 
requires the installation of an immersible transducer. 

• The one-third scale fast test reactor (FTR) hydraulic core mockup at HEDL has been identified as a source 
of acoustic data on acoustic transmission through in-reactor structure, and on in-vessel component impacting. 
Plans for acoustic tests on this facility are in preparation. 

• A tape recording of an impacting drain tube in the EBR-II IHx was loaned to GE for use in developing 
signal conditioning techniques. Also, information from the ANL-sponsored acoustic transducer tests in the 
EBR-II tank will be used in attaining the Task B objectives. 

3.2.5 Impact Analysis 

The GE Corporate Research and Development Center (CR&DC) applied a generalized impact analysis computer 
program to the analysis of a ball impacting on a beam. CR&DC will use the program to analyze impact data from 
tests planned in the one-third scale hydraulic core mockup at HEDL and in the water test facility at CR&DC. In the 
example of the ball impacting on a beam, the beam was 80 inches long, 1.32 inches wide and 0.316-inch thick. Only 
the first four symmetric modes were considered in the analysis. The material was steel (E = 30,000,000 lb/in .̂  and 
7 = 0.3 lb/in.'). The first, third, fifth and seventh vibrational modes were considered. (The even modes would appear 
if the impact were off center). A 10-pound steel ball was considered, impacting the beam after dropping 1/4 inch. 

Figure 1 shows the plot of calculated contact force between ball and beam versus time after impact. Figure 2 
shows the displacement of the ball and vibration mode amplitude versus time. 

The ball first contacts the beam after about 0.036 second when it has fallen the 0.25-inch initial clearance t>etween 
itself and the beam. The contact of the ball with the beam is not steady. There is separation at t = 0.06 second, 
recontact at t = 0.085 second, separation again at t = 0.112 second, recontact at t = 0.13 second, etc. The displacement 
of the ball, in Figure 2 and the deflection in the first mode differ by about 0.25 inch as they should. The higher modes 
have small deflections. However, their contributions to the force are significant and cause the higher frequency components 
in the force curve. 

3.3 TASK C — CORE EXIT INSTRUMENTATION 

3.3.1 Task Planning 

The task development plan for the core exit instrumentation (CEI) was transmitted to the US AEC, reflecting 
the current funding level and technical direction. 

A test plan for the proposed water flow scoping tests was transmitted to the US AEC. The series of tests enumerated 
in the test plan will identify the environment in which the CEI must be operational. The areas of investigation include: 
(1) identification of the requirement for a flow mixer, (2) measurement of temperature and flow distribution variation 
along the channel handle with and without a "hot streamer," and (3) definition of the vibrational environment due to 
the flowing fluid. 
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3.3.2 Functional Objectives 

The functional objectives for the core exit instrumentation, reported last quarter, were transmitted to the US AEC. 

An analysis has been initiated to determine the attainability of these functional objectives, and to provide guidance 
for future development work. This analysis utilizes a literature survey (completed this quarter) as a basis for the results, 
conclusions, and recommendations. The literature survey covers the areas of temperature sensors, flow rate sensors, 
cross flow effects on an instrument probe, and analytical studies conducted to predict the temperature and flow pattern 
behavior in the channel handle. 

3.3.3 Core Exit Instrumentation Evaluation 

The preliminary analysis and design of a flow mixer for use in measuring a mixed-mean channel outlet temperature 
was completed. The results are summarized in the Appendix. 

The preliminary designs for the CEI probes are shown in Figures 3, 4, and 5. The sensor assembly concept 
consists of a grouping of thermocouples (TC) in a square (Four TC's) or triangular (Three TC's) pattern surrounded 
by either an eddy current (EC) flow meter bobbin or permanent magnet (PM) flowmeter magnets. The general configuration, 
incorporating an EC flowmeter bobbin, is shown in Figure 3. The TC sheaths have a surrounding thin-walled tube 
shrink-fitted in place to provide rigidity, as well as providing a mounting surface for the flowmeter magnets or bobbin. 

For drywell applications, the sensor assembly is enclosed in an outer sheath tube, as shown in Figure 4 for 
the EC flowmeter probe and in Figure 5 for the PM probe. The PM flowmeter magnets are surrounded by a ceramic 
tube to prevent damage to the magnets during installation. The EC flowmeter bobbin is protected by a ceramic cement 
coating after the coils have been installed. 

The thermocouple tips extend down into a necked-down region below the flowmeters. This necked-down region 
decreases the total mass near the thermocouple sensors, with an attendent improvement in response time. 

These configurations will be tested in the water flow scoping tests to ascertain their vibrational characteristics 
and the temperature sensor performance, given a specified temperature profile at the fuel bundle exit. 

The redesign effort on the flow distribution and vibration test facility (FD&VTF) was initiated. Included in this 
redesign effort was the formalizing of the temperature and pitot tube rakes and the water and air bubble injection 
systems. 

The required time response for the temperature measurement must be defined before a meaningful set of design 
requirements can be specified for the CEI probes. Therefore, an analysis was initiated to correlate the time response 
required to protect against typical flow blockages. 

A feasibility analysis was initiated which will investigate the merits of integrating the core exit instrumentation, 
failed fuel location, and acoustic monitoring functions in a single probe assembly. This analysis will encompass the 
following areas: 

• Core Accident Categorization 

• System Functional Specification 

• Rapid Damage Propagation 

• Slower Damage Propagation 

• No Propagation 
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Figure 3. Eddy Current Flowmeter and Thermocouple Sensor Assembly 
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Figure 4. Eddy Current Flowmeter CEI Assembly 
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• Subsystem Capability Definition 

• Acoustic Monitoring 

• Failed Fuel Location and Characterization 

• Temperature—Flow Monitoring 

• Candidate Systems Configuration 

• Test Recommendations 

3.4 TASK D — FAILED ELEMENT DETECTION AND LOCATION (FEDAL) 

3.4.1 Technical Liaison 

A meeting was held January 4 and 5, 1973, at Oak Ridge National Laboratory (ORNL) to review the operation 
of capsule GB-10 to discuss its potential for providing FEDAL data for the LMFBR program. The GB-10 experiment 
is part of a series of tests in the Gas-Cooled Fast Breeder Reactor (GCFBR) program to measure fission-gas release 
effects in mixed-oxide fuels. These tests are being conducted jointly by ORNL and Gulf General Atomic. GE participated 
in the meeting in order to maintain a strong liaison with potential sources of information which relate to defected fuel 
studies and developments in the FEDAL area. Particular interest was expressed in plans to evaluate release effects 
associated with a range of linear heat ratings, various ambient fuel rod pressures, and effects produced by shutdown 
and startup transients. Priorities for these and other measurements were discussed at length; opportunities for obtaining 
such data in other programs were also reviewed. 

3.5 TASK E — ON-LINE REACTIVITY COMPUTER (ORC) 

3.5.1 Feedback Reactivity Uncertainty Calculation 

A study of the uncertainty in the calculation of the feedback reactivity was completed. The sensitivity of the 
power coefficient to the important parameters is included. Generally, the geometry and distribution of the fuel within 
the core and the fuel temperature make the principal contributk>ns. Reducing the uncertainty in these parameters will 
significantly reduce the uncertainty in the calculated feedback reactivity. The fuel geometry and distribution depends 
principally on the core mechanical behavior and axial fuel motion. The results of this sensitivity study will be used 
to determine reasonable accuracy levels for the ORC system based on present uncertainties and expected improvements. 

The feedback reactivity is calculated by combining the individual contributions for a specified change in reactor 
conditions. For this analysis the reactivity change is produced by geometric and material density changes from a reference 
condition, assumed to be full power, full flow. The nuclear coefficients relate these changes directly to reactivity as 
shown below: 

dk _ / akt dR 

k ~ I 3R/ R ( M 
^ 3 k \ d H ^ y ^ / 3 k \ ^ / ^ \ ^ 

37 H Z^y 3n.,j n, ^ f 67^j Tf 

where 

— = total reactivity change 
k 

with nuclear coefficients 

dk 
R — = reactivity coefficient from radius change only 
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dk 
H — = reactivity coefficient from height change only 

On 

an. 
Hj :̂ — = reactivity coefficient from material i density change only 

dk 
Tr — = Doppler coefficient for changes in fuel temperature 

dT^ 

nj = density for material i with, 

i=1 fuel 

1=2 steel 

i=3 control poison 

1=4 sodium 

and geometric changes 

— = core radius fractional change 
R 

— = core height fractional change 
H 

dn: 
—- = material i density fractional change due to all effects. 
" i 

The core radius change is specifically attributed to the steel structure dimensional changes. The fuel radial distribution 
is assumed to follow the steel. The core height change is specifically attributed to the fuel height change. The material 
density, ni, is defined axially by the change in the material temperature itself and radially by the change in the steel 
structure. The sodium coolant, however, is not geometrically constrained and assumed to be only temperature dependent. 
The change in density for materials other than sodium is then expressed as: 

(=?), steel 

The geometric changes for the materials are determined by the thermal-mechanical analysis relating the material 
temperature to geometry. The thermal expansion is approximated as: 

[f = ^ ^ ^'^') T 

^ = (^.->^>)? 
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where 

and 

T. = material temperature 

A; 

fitting constants to describe thermal expansion for material i 
B: 

Ci 

D: 

The material temperatures are related to the reactor power, coolant inlet temperature, and flow by thermal-hydraulic 
analysis: 

dTj dP „ dT dW 
— = tt; — -I- )3i — -̂  7. — 
Tj ' P ' T ' W 

where 

P = reactor power 

T = coolant inlet temperature 

W = coolant flow 

and 

^j ^ = fitting constants. 

'^\ 

This analysis was applied to a representative LMFBR plant design. The calculated reactivity changes from refueling 
conditions to full power and from hot standby to full power are given in Table 1. 

The contributions of individual uncertainties in the calculated reactivity are shown in Table 2. Each coefficient 
in the analytical model was individually assigned an uncertainty which was introduced into the calculation. The prominent 
effects and their contribution to the total uncertainty were identified. Also, through expected methods and experimental 
development the uncertainty in several of the prominent areas can be reduced. Table 2 includes an expected uncertainty 
in the reactivity calculation from this development effort. 

The development areas are identified primarily as nuclear and mechanical analyses of changes in fuel geometry 
and distribution. The more precise nuclear treatment is required for the irregular geometry from radial and axial distortions. 
The mechanical analysis to predict these distortions is then required to complement the nuclear analysis. In addition, 
increased knowledge of the fuel temperature from thermal-hydraulic analysis is assumed. 
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Table 1 
CALCULATED FEEDBACK REACTIVITY 

Refueling {350°F) to Full Power Conditions -3.00$ 
Hot Standby (700°) to Full Power Conditions -2.00$ 

Table 2 
CONTRIBUTIONS TO UNCERTAINTY IN REACTIVITY FEEDBACK* 

Uncertainty {^a) 
Present Contribution Expected Contribution^ 

(%) (%) 

Fuel Geometry and Density 14 6 
Doppler Coefficient 8 8 
Fuel Temperature 13 6 
Remaining Contribution 8 8 

Total Calculated Feedback 22 14 

'The control worth uncertainty Is being treated separately. 
tExpected uncertainties after development work but prior to reactor operating experience. 

Ttie significance of this uncertainty to ORG performance is being evaluated. 

\ 
V 
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4. ADMINISTRATIVE 

4.1 TRIPS 

1. January 4 and 5,1973 — J. J. Regimbal (GE-BRD) visited Oak Ridge National Laboratory to review the operation 
of capsule GB-10 as it relates to FEDAL development. 

2. February 7, 1973 — K. Smith (GE-CR&DC) visited Oak Ridge National Laboratory to discuss acoustic monitoring 
of the failed fuel mockup. 

4.2 VISITS 

1. January 29 through 31, 1973 — J. Patterson (AEC-RDT) visited Sunnyvale for a technical review of PA-65. 
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APPENDIX 

Preliminary Design of Flow Mixing Devices To Be Evaluated In The Flow Distribution 
And Vibration Test Facility 

ABSTRACT 

The PA-65 core exit instrumentation bundle-hydraulic tests include the testing 
of flow mixing devices to be used in conjunction with the bundle instrumentation 
probe to provide mixed-mean channel outlet temperature monitoring. Several 
flow mixer concepts have been investigated and evaluated. As a result, two of 
these concepts are being recommended for evaluation in the flow distribution 
and vibration test facility. They are an orifice and a disc, either of which would 
be located just above the top end plugs of the fuel bundle. 
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INTRODUCTION 

The possibility has arisen that, due to sharp radial temperature profiles, the proposed single instrument probe 
for fuel bundle monitoring may not be capable of measuring, with sufficient accuracy, the mixed mean outlet temperature 
of the fuel assembly. Flow mixing tests are to be conducted to determine the amount of mixing in the channel handle. 
Should the tests indicate a need for a flow mixing device in order to facilitate measurement of a mean outlet temperature, 
several of these devices will be available for testing. 

The preliminary analysis and design of flow mixing devices for this test have been completed. The conceptual 
design of the two most promising concepts as they might appear in a reference LMFBR fuel assembly design is presented 
here. 

SUMMARY 

Several flow mixer concepts were investigated. Of these concepts, two (a disc and an orifice) appear to satisfy 
the design requirements. The concepts were analyzed for the FFTR fuel assembly, and the results would be applicable 
to any LMFBR fuel assembly having a similar configuration in that portion of the assembly located above the rod 
bundle. The two concepts, as they might appear in an LMFBR fuel assembly, are illustrated in Figure A-1. 

A design for each of these two concepts has been developed for incorporation in the PA-65 bundle hydraulic 
tests. Specifically, it is proposed that these two designs be tested in the flow distribution and vibration test facility. 
The two designs, as they would appear in the above-mentioned facility, appear in Figure A-2. The detail designs of 
the disc and orifice concepts appear in Figures A-3 and A-4, respectively. 

It is proposed that three discs and three orifices be tested. The only parameter to be varied is the disc diameter 
and the orifice diameter. This should yield test data in the form of mixing capability versus disc and orifice diameter. 
From these data, design curves could be drawn from which future designs could be sized. 

DESIGN REQUIREMENTS 

The following design requirements were used as a basis for selecting suitable flow mixing devices: 

1. The pressure drop across the device must be kept to a minimum. It must not exceed 8 psi. (See below). 

2. The device must provide adequate mixing of the flow. 

3. The device must be physically compatible with known reference demonstration plant fuel assembly designs. 

The maximum allowable pressure drop of 8 psi (requirement 1) is somewhat arbitrary. The maximum value for 
the pressure drop in the upper handle, instrument probe, and flow mixer should not exceed 10 psi. Allowing 2 psi 
pressure drop for the upper handle and instrument probe, leaves 8 psi for the flow mixer. A more reasonable value 
for the pressure drop across the flow mixer is felt to be 3 psi. The water flow tests will resolve the mixing requirements. 

DESIGN ANALYSIS 

Five different concepts were analyzed with respect to the design requirements, and two were found acceptable. 
The analysis of the acceptable devices, the disc and the orifice, is presented in this section. A summary of the remaining 
three devices may be found in Table A-1. 

A. MIXING REQUIREMENTS 

The radial temperature profile for the bundle in a typical LMFBR which possesses the sharpest (most extreme) 
radial temperature profile at the bundle exit is plotted in Figure A-5. Lines drawn at a radial distance of one inch from 
the bundle centerline enclose that volume of coolant, characterized by a power-dominated temperature gradient, which 
is intended to be mixed with the coolant having a temperature gradient dominated by edge effects. 
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B. DISC AND ORIFICE DESIGN 

The analysis of both the disc and the orifice was based on a calculation of pressure drop versus diameter 
for each of the two devices. The basic equation used in the calculation is: 

A P - ^ ^ ^ -
2g (144) 

where 

AP = pressure drop (psi) 
K = loss coefficient 
p = density (Ib/ff) 
V = velocity (ft/sec) 
g = gravitational constant (32.2 ft/sec^) 

The following flow parameters were used: 

Fluid: Sodium 
Temperature: 1000°F 
Density: 51.39 Ibm/ft^ 
Flow Rate: 2.18 x 10= Ibm/h 

The values of K were obtained from a plot of K versus diameter ratk) for sharp-edged orifices.* This pbt appears 
in Figure A-6. A fifth order polynomial was fit to the curve. Based upon this polynomial, the pressure drop versus 
the orifice diameter and the disc diameter was calculated for a range of diameters. The results of this calculation 
appear for the disc in Figure A-7 and for the orifice in Figure A-8. 

The disc was treated as a sharp-edged orifice by equating the annular area around the disc to the circular 
area of the orifice. The value used for K was set equal to 1.3 times the value of K for an orifice or equal open area. 
The value of 1.3 was obtained from General Electric experience as data could not be found in the literature for the 
disc configuration. The range of diameters to be tested was obtained from the two ptots of pressure drop versus diameter 
for the disc and the orifice. 

From the radial temperature profile plot. Figure A-5, it would appear that a 2.0-inch diameter disc would provide 
adequate mixing. Figure A-7 indicates that a 2.5-inch diameter disc would produce the target pressure drop of 3 psi. 
The three disc diameters to be tested were, therefore, set at 1.5, 2.0, and 2.5 inches. 

The orifice diameters to be tested were determined as follows. A data point slightly above the 8 psi limit is 
desired, so 10 psi was chosen, which con-esponds to a diameter of 2.75 inches. A 3 psi pressure drop eippears to 
be the lower limit possible with the orifice if adequate mixing is to result. This corresponds to a diameter of 3.45 inches. 
A diameter halfway between these two extremes was chosen as the intermediate data point. The range of orifice 
diameters to be tested is, therefore, 2.75, 3.10, and 3.45 inches. 

* R. L. Daugherty, J. B. Franzini, Fluid Mechanics With Engineering Appliations, McQraw HM Inc., Ntw Yoffc, 1966. 
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Tabto A-1 
OTHER MIXER CONCEPTS CONSIDERED 

A. FLOW DISTRIBUTOR (FIGURE A-9) 

The flow distributor channels the hot coolant at the center of the bundle exit into the peripheral flow. 

Pressure drop ~7 psi (acceptable) 
Mixing judged to be very good 

Reasons for Rejection lack of simplicity plus physical incompatibility with the refueling grapple 

B. INVERTED CONE (FIGURE A-10) 

The inverted cone functions in the same manner as the disc. 

Pressure drop 2 to 10 psi (good) 

Mixing judged to be acceptable 
Reason for Rejection physical incompatibility with the refueling grapple and space limitations of known 

reference demonstration plant, fuel assembly designs. 
C. TEMPERATURE SAMPLER (FIGURE A-11) 

The temperature sampler does not mix the flow, but mixes samples of the flow taken at different radial positions 
in the channel handle. 

Pressure drop ~0.5 psi (very good) 
Mixing (of samples) very good 

Reason for Rejection... physical incompatibility due to tight instrument probe alignment requirements 
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Figure A-9. Flow Distributor 
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Figure A-11. Temperature Sampler 
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