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STATEMENT OF WORK
MODIFICATION NO, 3 TO TASK ORDER NO. 6

UNDER
NRC-04-03-048

Task Order Title: Post-CHF Heat Transfer and Hydrodynamics
Contractor: Purdue University
Site: University of California at Los Angeles (UCLA)
Principal Investigator: V, J. Dhir (310-825-8507)

Vdhir@seas.ucla.edu
Period of Performance: Date of Award through July 31, 2007
NRC project Manager: Shawn 0. Marshall (301-415-5861)

somr@nrc.gov

This statement of work replaces the existing statement of work.

I. BACKGROUND

The TRACE code is being developed by the NRC to perform large and small break loss of
coolant accident and system transient analyses for a wide range of nuclear plants. This code
will be used as an audit tool to analyze transient and accident analyses submitted by the
vendors and licensees. Two-fluid codes such as TRACE frequently use ad hoc models for wall
and interfacial heat transfer as well as interfacial shear in the inverted annular film boiling flow
regime. The inverted annular film boiling regime is of particular importance as its precursory
cooling largely governs the quench front progression and provides the initial conditions for the
dispersed flow film boiling regime where the peak clad temperature occurs.

Previous work under this task completed the fabrication and testing of a flat plate film boiling
tests facility. Tests conducted to date have confirmed the existence of a large flow rate
dependence of inverted annular film boiling in contrast to the commonly used Bromley model.
In addition, further tests with the flat plate facility will provide the information needed to estimate
the interfacial heat transfer rates. Finally, to provide steady state low quality film boiling data in
a rod bundle geometry, a test loop using a refrigerant has been constructed.

!1. OBJECTIVE

The accurate prediction of two-phase thermal-hydraulics is a key requirement for the audit
calculations for which the TRACE code is being developed. Specifically, the cooling in the
inverted annular film boiling regime establishes the initial conditions for the dispersed film
boiling regime during which peak clad temperatures occur. Therefore, accurate inverted
annular film boiling regime drag/heat transfer computations are a prerequisite for the accurate
computation of figures of merit for typical TRACE audit calculations: peak clad temperature
and, eventually, clad oxidation.

Specifically, the objective of this task is to generate an experimental database sufficient to
develop improved models and correlations for inverted annular flow film boiling heat transfer
and interfacial shear in the region just downstream of the quench front. An experimental study
of conditions near the quench front on a flat plate and 9-rod bundle will be used. To facilitate
model development, therod bundle experiments will employ a "hot patch" technique to freeze
the quench front thereby allowing for steady state film boiling tests to be conducted at low
quality conditions. To assist in understanding these phenomena, visual observations of the
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.quench process are to be made using high speed photography. Local thermodynamic non-
equilibrium in both the liquid and vapor phases are to be determined. Mechanistic models of
the wall heat flux partitioning into the liquid and vapor phases are to be developed for
incorporation into TRACE.

IIl WORK REQUIREMENTS

Add the following to the existent statement of work:

This work builds upon the effort of the previous year. It consists of the following three tasks:
Hot Patch Testing, Construction of the Rod Bundle Test Section, and Steady-State Low-Quality
Film Boiling Tests. Task 4 will provide the necessary information to design the hot patch to be
used to freeze the quench front in the rod bundle tests. Task 5 is to complete the construction
and shakedown testing of the rod bundle test section in the refrigerant loop. Task 6 is to
conduct steady state film boiling tests to provide the data base for model development and
assessment.

Task 4: Hot Patch Testing

The contractor shall conduct single tube tests in the refrigerant flow loop to determine the
requirements for effective operation of a "hot patch" for the rod bundle test facility. The role of
the hot patch is to freeze the quench front so that steady state film boiling can be established at
low quality (subcooled) conditions without using elevated rod powers that would lea'd to non-
prototypic conditions. The goal of this task is to design and test a hot patch that will effectively
.freeze the quench front but without significantly distorting the inlet conditions, This requires that
the hot patch be as short as possible, use the minimum power, and be instrumented well
enough that the deposition of heat into the fluid can be accurately calculated.

Deliverables Level of Effort Completion Date

Letter report documenting hot patch 1 Staff Month (10% Pl, On, or about 2 months
design and required operating 20% Research from issuance of task
conditions. Associate, 49%-60% order modification

Graduate Student),

Task 5: Construction of the Rod Bundle Test Section

The contractor shall complete design, construction and shakedown testing of a 3x3 rod bundle
in the refrigerant flow loop. This test section shall be capable of performing both steady state
film boiling and quench experiments. Appropriate instrumentation shall be provided for:
1. Bundle inlet conditions: flow rate and temperature,
2. Applied bundle and hot patch powers,
3. Bundle exit pressure,
4. Axial profile of rod temperatures and heat fluxes downstream of the hot patch,
5. Subcooled liquid temperatures downstream of the hot patch at a minimum of two axial

locatibns,
6. Superheated vapor temperatures for each subohannel at one or more axial elevations,

and
7. Axial profile of void fraction in the film boiling region.
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A bundle design and instrumentation review meeting shall be held with the NRC technical
monitor prior to bundle construction. Finally, shakedown tests shall be conducted to
demonstrate the ability of the bundle hot patch to freeze the quench front and operate in a
steady state mode.

Deliverables Level of Effort Completion Date

Letter report documenting the bundle 3.0 Staff Months 1 Staff On, or about
design and shakedown tests Month (10% P1, 20% March 31, 2007

Research Associate,
49%-60% Graduate

A_ Student) ._ _

Task 6: Steady-State Rod Bundle Low-Quality Film Boiling Tests

The contractor shall conduct a series of steady-state film boiling tests in the 3x3 rod bundle
geometry with low-quality (subcooled) inlet conditions. The test matrix shall include at least two
pressure levels, four inlet velocities and three inlet subcoolings. The test matrix shall be
proposed in a letter report and concurred upon by the NRC project manager, Data generated
from these matrix tests shall be provided to the NRC in electronic format to facilitate model
development, Specifically, a MS Excel workbook shall be provided with the data from each
individual test comprising one worksheet. Also, functions to calculate the refrigerant
thermodynamic and transport properties shall be included as user defined functions in a Visual
Basic module.

Deliverables Level of Effort Completion Date

Film boiling data to be provided in electronic 5 Staff Months (2% On, or about July
format (see above). Pl, 20% Research 31, 2007

Associate, 50-60
percent Graduate
assistant)

IV.. REPORTING REQUIREMENTS

No change.

V. MEETINGS AND TRAVEL

For domestic travel, It is estimated that the principal investigator and researchers will travel to
the NRC (one trip for up to two persons) to report on progress in Tasks, and participate in
meetings. Each trip will be of approximately two day's duration. All trips have to obtain
approval from the NRC project manager in advance,

VI. TECHNICAL DIRECTION

No change.
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