
INEEL - Forced Flow in Complex Internal Cavities 

Gd 
Provide fundamental flow physics knowledge necessary 
to develop reliable predictive techniques for application 
to drying and passivation problems in Environmental 
Management (in the forced flow limit) 

Typical non-dimensional parameters of generic idealization 
(for Rem~ 2500, L/D = 80) 
l Impinging jet: Re,,- 2500, s/D = 2, H/D * 2, R/D = 6 
. Support plate: Reh,,e= 40-160, Approx. angle = 90”, p/D = 4 
l Elements: Reohav&= 70, L/Dh= 6, pf D = 2, Turbi. = ?? 
l L’ = 0.4, Angle of flow = ?, “Equiv.” Kv = 0.02, Kp = 0.11 



Aim for application 
Reliable prediction of mass transfer between the fluid and 
elements 

Fundamental flow physics questions evolving 
l Effects of turbulence on mass (heat) transfer in an array of 

elements? Streamwise pressure gradient? Crossflow? 
l Decay of turbulence in flow through an array of elements? 
l Characteristics of turbulence entering the array? 
l Effects of flow through multiple holes on turbulence fields? 
l What are the turbulence fields approaching the holes? 
l Turbulence in semi-confined low-Re turbulent impinging 

jet? 
l Effects of Slow turbulence on behavior of impinging jet? 
l Turbulence distribution from low-Re turbulent tube flow? 



Initial concentration 
Turbulence structure in the low-Reynolds 
number flow of a semi-confined impinging jet 

Plwi”“S work, low-Re tube ““W fret idet, 
. Mean velocity profile da,., wailahlc 
. Poor predictions by p”p”lar general purpose 
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Flows of impinging jets 







Conceptual design of experiment to study fundamental flow 
physics of forced convection in idealized generic SNF 
canister confi,qxrations 



Half-scale model to measure velocity and turbulence fields 
of semi-confined impinging jet 





Lessons learned to design drying/passivation systems 

l Bypass flow mutes should be avoided 
l Flow distribution should be controlled 
l Assumptions of uniform flow would be misleading 
l Previous wind tunnel measuremenh for flow through 

perforated plates are not likely to be applicable to 
prototypical basket support plates 

l Modifications of basket support plates and lower regions 
of canisters could be useful to distribute turbulent flow to 
the elements 



Purpose 

l Visualize and understand the flow field in a storage canister 
l Ensure that passivation gas is transported to exposed areas of 

the fuel elements 
l Investigate flow visualization methods where the backing 

particles react with a surface of a body in the flow 
l Use the Matched-Index-of-Refraction facility at the Idaho 

National Engineering and Environmental Laboratory to 
experimentally measure the velocity field in the canister 

l Investigate Particle Image Velocimetry and Individual Particle 
Tracking methods applied to SNF storage canisters 

l Develop computational models of the flow field 
l Deliver to DOE a design methodology for future SNF storage 

canister development 



3-D Particle Tracking Velocimetry Development at Ohio State 

The current system under development is designed to operate at 60 
fps and a nominal 922 spatial resolution, with the data being transferred 
to the computer memory in real time. An added feature (required to 
eliminate many of the previous software restrictions) is to redevelop the 
entire saftwwe under a Windows operating system. 

The development of a Windows-based system is not trivial since the 
DIPIX frame grabber software is poorly supported. Thus, the first and 
ongoing task is to develop the ability to grab a sequence of images di- 
rectly into PC memory at the 60 fps rate and at the full resolution allowed 
by the image board (bandwidth limitation). The present large memory 
available can allow a long time sequence of l/4 Mb images (5122) at a 60 
fps rate to be stared. The elimination of the SVHS recording step has 
many advantages: less noise in recording and reading back, VCR stepper 
motor relocation errors, etc. The need for a 32 bit Windows-based opera- 
tion stems from the necessity to address a very large image space (impos- 
sible under the old 16 bit DE-based system). 



To date, we have accomplished the following steps, all based on Win95 

For single imger: 

- We can grab the images directly to the PC memory 

. Display the images 

l Save the images to an image file 

- Copy the itnag- back to the PC memory for image processing 

For multi-images: 

l We can grab the images directly to the PC memory 

l During the transfer operation we can perform simple image processing 
operations, such as gray level averaging. 



Clarksean & Associates - Computer Modeling 

Purpose of Modeling Efforts 
l Support experiments 
l Develop and verify model for fuel storage 
l Assist in understanding flow phenomenon 

Present Efforts 
l Preliminary 3D models of proposed test apparatus 
l 2D models to examine general flow and pressure 

distributions 
l Techniques to model perforated plate that supports the 

spent fuel elements 



Model Geometry 
l Axisymmetric model of center pipe in 

fuel storage apparatus 
. Water flow - Rc=2,0LIlI 
- Laminar and Standard k-l: models 

used t” analyE flow 
l Re-laminarization and additional low 

Re turbulence terms NOT included in 
model 
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Model Selection Important 
l Flow field is markedly different when laminar or 

turbulence models are assumed 
l Selection of Low Re model will be critical 

Future Efforts 
l Development of Direct Numerical Simulation (DNS) for 

simulation of orifice flow 
. Selection and evaluation of low Reynolds number 

turbulence models 
l Continued 3D flow simulations to support experiments 

and to validate proposed model 



Future Activities 

l Continue to develop methods to visualize flow in the presence 
of surface reacti0ns 

l Current techniques may include chemical tracers, reacting 
dyes, fluorescent particles, and electmchemical surfaces 

l Compare visualization results with the data obtained from the 
MIR facility, IIT methods, and computer models 



Introduction 

l Thousands of tons of spent nuclear fuel (SNF) in the DOE 
complex are stored underwater 

. SNF &m,inum- and steel-clad elements have corroded, 
exposing fuel meat 

. Uranium hydride has formed according to the reaction, 

4U+6H20+30~+4IJHx 

. An energetic, pyrophoric rewtion CCCUIS when uranium 
hydride is exposed to air 

l A passivation process can be used to treat the corroded fuel 
elementz and prevent a pyrophoric reaction 

l See figure below for one proposed passivation method 

















Future work: 

l Perform more validation tests to ensure the proper synchronization of 
the cameras and frame grabbers in the multi-image mode and ensure 
the integrity of the images. 

l Port the 3-D ITV analysis software under the new operating system 
environment (Win ‘95). This task is viewed as a simpler task than the 
crucial image acquisition step described above. 



Sequence of photographs showing intrcduction of dye into mock 
spent nuclear fuel storage canister. Scale: 1:4. Inlet pipe Reynolds 
number is 2.5W. Porous support plate open area is 4%. 

The flow initially enters the main chamber from the area between 
the mock fuel rods. While the dye fills the main chamber, 
recirculation zones develop above and below the porous support 
plate. 


