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Fig. 5.8: Velocity vector �ow in test cap section at 0:000063m3=s.

The concentrated �uid was also seen on the sides which did not have a specimen im-

mediately blocking the path. However, a specimen in the immediate path of the �uid at the

entrance into the test cap section, as can be seen in �gures 5.5 and 5.6, created a larger force

e�ect on the �uid. This can be seen in both planes shown in �gure 4.3 when comparing the

side with a specimen to the side without. Even the specimen by the test cap exit in �gure

4.3(b) has a small e�ect, though not as great as the specimen at the entrance into the test

cap section. Even at the slower �ow rate, the placement of the sample still has an e�ect on

the gap �uid velocity pro�le, although very small, as can be seen in �gure 5.8.

With the gap �uid �ow being modi�ed by being forced to one side by a jet-like force,

pressure loss not present in the solid rod was added to the normal pressure loss of the rest



50

of the test cap section and parallel channel �ow. This added amount was greater than the

pressure savings produced by the parallel channel �ow at higher �ow rates. At lower �ow

rates the parallel channel �ow did produce more pressure savings and so behaved as intuition

predicted. Figure 4.1 showed the higher the �ow rate, the less the test cap section behaved

as a parallel channel �ow. The �uid experiment also showed this as the gap between data

widened with increasing �ow rates. This behavior of a widening gap with increased �ow rate

was present in both the �uid experiment and the simulation. As �gure 2.7 shows, a parallel

channel should not increase as fast as the single channel would. The parallel channel �ow

helped keep the pressure loss from increasing rapidly as �ow rate increased which is more

visible in the �uid experiment than the simulation data.

The cause of this interesting �uid �ow was found to be caused by the geometry of the

entrance region into the test cap section. The entrance and exit have the same geometry,

just opposite in facing. Figure 2.2 shows the entrance and exit regions. The speci�c feature

causing the �ow to modify the gap �uid was the curved region at the end of the entrance

region.

A simple simulation of just the entrance region and exit region allowed for easy changes

to the curved feature of the entrance region. The original geometry used a half circle curve

at the back of the entrance where the �uid split with part continuing down the gap and

part going into the test cap section to contact the specimens. The original curved geometry

placed in the simple simulation produced the same disturbance e�ect on the gap �uid �ow

as in the full simulation. By changing the half circle to a �at feature or a rectangular ending

of the entrance the �ow was changed when doing the simple simulation. With the �at back

geometry, the gap �uid was hardly a�ected by the the �ow splitting. No �ow forcing the

gap �uid to one side of the gap channel was developed. The �at feature �ow behaved the

same as �ow around a rectangular blunt body.

The curved feature collected the �ow and then gathered it to the top of the curved

circle. At the very end of the entrance, which was also the top of the curved circle, the

�ow had to split. Since the �ow had been gathered and focused, a large amount of �ow
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moved into the gap �uid and into the test cap section. The �at feature at the end of the

entrance region did not collect the �ow and gather it to one spot. The �ow immediately

had to separate and �ow into either channel. This spread the �ow out so the �ow did not

concentrate at one point.
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Chapter 6

Summary and Conclusion

As demand for safety, reliability, and e�ciency continues to increase for nuclear technol-

ogy and power, new materials greatly help satisfy these demands. This makes new material

testing very important before placement in an actual reactor or structure exposed to nuclear

radiation damage. The new specimen shielding material was designed in order to expand

the ATR's capabilities to test high energy neutron environments. The hafnium aluminide

composite shielding would allow for fast neutron testing in the BFFL. However, the new de-

sign of hafnium aluminide composite itself needed to be tested including corrosion testing.

The new capsule design including a corrosion test capability was designed. The new test

cap section, allowing corrosion testing, had to be tested for proper �uid �ow. The �uid test

of the new capsule design using the test cap section produced results counter to the ideas

the designers sought.

The designers were trying to use parallel �ow to reduce the pressure drop across the

test cap section of the testing capsule. The �uid experiment showed the pressure drop was

actually more instead of less. This counterintuitive result needed explaining and veri�cation.

The �ow of the coolant through the test cap section was vital to a corrosion test of the

specimen. A simulation of the �ow using STAR-CCM+ software was used to show the �ow

characteristics and the pressure drop anomaly.

The simulation veri�ed the test cap sections did allow the �ow of the coolant into direct

contact with the specimens for corrosion testing. The vector �ow �elds of the simulation

clearly showed the specimens in contact satisfying the objective for proper corrosion testing

�ow. There is no stagnate �ow inside the test cap section. The �ow inside the test cap

section even mixed due to chaotic �ow. The �ow was found to be su�cient for corrosion

testing.
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The simulation agreed with the results from the �uid experiment proving the �uid ex-

periment was done correctly. The objective was completed by showing supporting simulation

results similar to the ISU �uid experiment results. Both results had the pressure drop from

the test cap section greater than a solid rod, which was a single channel �ow. Only when

the �ow rate was slow, below the rates used in the �uid experiment, did the simulation show

the pressure drop in the test cap section was lower than in the solid rod. The magnitudes of

the pressure drops did not agree from �uid experiment to simulation, but the patterns did.

The simulation also gave insight into the contribution the specimen holder assembly

had on the pressure drop. However, when removed from the simulation, the pressure drop

was still greater than the single channel simulation of the solid rod. This meant blunt body

�ow interactions were not the primary �ow characteristic associated with the abnormal or

unexpected pressure drop results.

The geometry of the test cap section had many features which contributed to the

pressure drop. A diverging nozzle-like design allowed �uid to enter the test cap section and

contact the specimens. A converging nozzle-like design let the �uid exit the test cap section

and rejoin the original channel. These factors contributed to the abnormal pressure drop

seen in both the physical experiment and virtual simulations. Other contributing factors

explored were the sudden expansion and sudden contraction of the test cap section after and

before the entrance and exit of the test cap section. The mixing of �uids was thought to also

contribute since the �ow was highly chaotic inside the test cap section. These disturbances

in the �ow would provide some contribution to the pressure drop.

The degree of forcing of the gap �uid to the inner wall of the basket as �ow rate increased

was a noticeable change when comparing velocity vector �elds of varying �ow rates. The

slow �ow rates behaved as parallel channels with a lower pressure drops than with the single

channel solid rod design. The fast �ow rates gave just the opposite. This behavior was only

discovered in the simulation as a low enough �ow rate was never used in the �uid experiment.

This gap �uid modi�cation as �ow rate increased produced pressure loss that outweighed

the savings produced by the parallel channel design, except at slow �ow rates. This gap
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�ow behavior might be considered a blocking jet �ow even though it occurred when the �uid

was split. The change of the curved feature in a simpler simulation to a �at feature reduced

the gap �uid being forced to the wall. The pressure loss would be reduced if the same �at

feature behaved the same way in the full simulation.

With the complex design and the presence of many obstructions and changes to the

�ow within the test cap section of the test capsules, the total pressure loss with the test

cap section was comprised of multiple sources of pressure loss which vary with �ow rate.

The sum of these sources was able to create a higher pressure drop than a solid rod single

channel �ow even though the test cap section made use of the parallel channel pipe �ow

properties.

The current design of the test cap section created the counterintuitive pressure drop.

The test cap design would work for corrosion testing only with a higher pressure drop than

was desirable unless slow �ow rates were used. Future work could be done to minimize the

pressure drop by changing the geometry of the test cap section in CFD simulations. Further

study into jet blocking �ow in the gap �uid could further be understood as it varied by �ow

rate.
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