
FR0200324

THE DROPLET INJECTION SYSTEM USED IN THE ROD BUNDLE
HEAT TRANSFER FACILITY

C. FREPOLI, A.J. ANDREW, L. E. HOCHREITER, F.B. CHEUNG

Mechanical and Nuclear Engineering Department
Penn State University

Key words: PWR, Two-Phase, Heat Transfer

ABSTRACT

The US Nuclear Regulatory Commission (NRC) and the Pennsylvania State University
are currently funding a research program entitled "Rod Bundle Heat Transfer" (RBHT).
The main objective of the program is to investigate heat transfer during the core reflood
period of a hypothetical Large Break Loss of Coolant Accident in a typical nuclear power
plant. The RBHT test facility consists of a full-length 7x7 rod bundle. Information
gathered by the RBHT test facility will be used for improvement of the reflood heat
transfer models in the NRC's thermal hydraulic codes. In particular the RBHT data will
be used to improve the understanding of individual heat transfer effects to the total rod
heat transfer such that compensating errors present in current Best Estimate codes can
be significantly reduced. The strategy in developing the test matrix is to use a "building
block" approach in which simpler experiments are performed first to quantify a particular
heat transfer mechanism alone and then the additional complications of the full two-
phase flow, reflood film boiling behavior of the test facility are added in later
experiments.

One of these "simpler" experiments will be the injection of known size and velocity liquid
droplets into the main stream of superheated steam. The droplet injection system
consists of small diameter tubes inserted across the bundle at a given elevation. A
number of equal size holes are drilled perpendicular to the surface in a triangular pitch.
Water is forced into opposite ends of the tube and ejected from the holes. The injection
system was tested using a digital imaging system known as VisiSizer. This system is
capable of determining the diameter and velocity of small water droplets using a
laser-illuminated digital camera system (LIDCS). Imaging software analyzes the digital
images in real time to determine the distributions of droplet size and velocity.

Pre-test analysis using COBRA-TF have been conducted to determine the range of
conditions for the experiments. The COBRA-TF computer code provides a three-
dimensional, two-fluid, three-field representation of the tow-phase flow. The liquid
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phase is split into a continuous liquid field and droplet field where a separate
momentum and mass equation is solved for each field. The code is also able to model
the effects of the spacer grid on the dispersed flow, such as droplet breakup, grid
rewetting and heat transfer enhancement. This paper contains the description of the
model and the discussion of the results of the simulations for these experiments.


