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ABSTRACT
OCL and NFT have developed the modular shielding house, which is one of forms for astorage
building. In this study, the scdle modd testing and the thermo-fluid andys's considering both
heet transfer and fluid flow have been performed in order to evauate the heet remova
performance of the modular shidding house precisdly. As the result, the modular shielding
house was confirmed to have the adequate heat remova ability and the heat remova evauation
method with a high degree of accuracy has been established for the modular shielding house.
Thefollowing results are obtained from the thermd tests using the 1/4 scde modd;
Thear temperature in the shieding house modd goes up uniformly in the vertica direction
and the sgnificant Sagnant air portion is not observed.
Thetests of tota 7 cases were performed by changing parameters such as heat output, height
of shidding house, area of air inlet and outlet. For al cases, messurement vaues of the
exhaud ar temperature were nearly agreed with calculation results using aair draft head
caculaion method used in stack design and it is concluded that this method can be gpplied for
the heat remova design of the modular shidding house.
The four anayss modd s were cregted for the scale test modd to evauate the effects of pressure
drop of louvers and thermd radiation and mesh size. The mode which has fine mesh for air
layer adjacent to cask surface was verified to be adequate by comparing with scale test results.
Thethermo-fluid analyss results performed for the actud shielding house show thet our
proposed modular shielding house has the effective heat remova performance.

INTRODUCTION

Itisdifficult to provide a spacious Site for an interim storage facility in Jgpan. Therefore,
trangportable storage casks must be stored in a storage building which has sufficient shidding
performance, because of the dose limit at the Site boundary.

Though agtorage building such asthe modular house needs measures to prevent the radiaion
sreaming, the measure results in a disturbance for the required heset remova performance.
Accordingly, in order to optimize the design of the shidding house, it isindispenssble to
improve the precison of heet remova evauation. The conception of our proposed modular
shidding houseisshownin Fg.1.



Thetegting using an actud size modd is consdered to be difficult from aviewpoint of cost and
the enlargement of test equipment. On the other hand, the numerica thermo-fluid andlyss has
given religble smulation results for heat transfer behavior of fluid recently. Therefore, the
thermd tests using the smple scale test model '
were performed to establish and verify andyss
modding by compered with test results.

The heat remova performance of the actual
shidding house was andyzed usng the
edablished andys's modding.

Fig.1 NEO-SSS Type Modular Shielding House ~J
for Kegping Spent Fuel Transporteble Storage Casks )

SCALE MODEL TESTING

The test modd used is shown in Fig.2. In order to smplify test modd and equipment, one row
of the modular shiding house is modeled and insulated walls are st for both Sdes. Two cask
models congtructed of cylindrical shells, where sheet hesters are atached indde, are used to
smulate storage casks. The dimensions of test mode are reduced to be 1/4 of actud one.

The temperaiures of ar ingde test modd, inlet air and wall of cask modd are measured a
typica points by using thermocouples Thear velocity indde test modd and inlet ar flow rate
are measured by hot-wire anemometers. In order to recognize the air flow pattern, smoke flow
was observed. Thetests of total 7 cases were performed by changing test parameters such as
heater output, height of test modd roof, area of air inlet and outlet louver. The observed ar flow
patern indde test modd areillugtrated in Fig.3.

The test results are summarized as follows;

1) Theinlet ar flows horizontaly dong the floor and reeches into the centra of test modd.
Subsequently, the strong upward flow isformed aong the surface of cask mode and
narrowed toward the center above the top of cask modd. The significant air flow is not
observed in alarge part of the space ingde test moddl, except for the base areaand
boundary layer adjacent to cask modd surface.

2) Thear temperature in the test modd goes up uniformly in the vertica direction and the
vaiation in ar temperature of crosscut surface is within 2°C except for the boundary layer
adjacent to cask mode surface and neighborhood of the base.

3) When the test parameters such as hester output, height of shielding house are changed, the
outlet air temperature and cask surface temperature are varied accordingly. However, the
ar flow pattern is not changed and a Sgnificant stagnant air portion is not observed.
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COMPARISON WITH AIR DRAFT CALCULATION METHOD

Inaair draft head cdculation method used for caculaing the exhaust gas temperature in the

stack design, the air draft heed, Z is expressed as the difference in static head between outside

andinddear asfollows

4
_|_1 i ,_dight downward flow

collision with flow from left-side

strong upward flow along cask wall ‘ :

Fig.3 Observed Air How Pettern \+
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Z = fiaHxg-p (Cfi(Tyegvdz @
And, the balanced pressure drop dueto ar flow, Zr is determined by the following equation.
1.
Zr:fc1p+zflg¥v02 ()

where, r 5 dengty of outdde ar



H : height of outlet

g : acceerdion of gravity
r(T) : dendty of indde air
T : temperaure of ingde ar
Dp: pressuredrop

r g- density of outlet air
Vo : velodity of outlet ar

Thear temperaturein the tes model goes up linearly in the verticd direction. Therefore,
the air draft head, Z is assumed to be modified asfollows,

Z (rarg) H g )
where, H' : effective height of draft head = H-(hpy/2+hy)
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Table 1 shows the comparison of caculated vaues of temperature difference with test results.
For al test cases, measurement vaues are nearly agreed with caculation resultsand it is
concluded that this method can be gpplied for the heat remova design of the modular shidding
house.
Table 1 Comparison between Test Results and Air Draft Head Cakulation Results
Tet Heater Temp. Differencebetween | Cdculated
Case Test Parameter Output /Cask Inlet and Outlet Air(°C) Pressure
No. (kW) Test Cdculaion | Drop(Pa)
1 Fundamentd 150 40 40 2.2
2 Heater Output Reduced 0.75 25 25 14
3 Inlet Louver Area Opened 147 35 35 20
4 Outlet Louver Area Opened 149 39 37 21
5 Inlet Dam Area Reduced 148 39 40 2.2
6 Outlet Dam Area Reduced 146 40 40 22
7 Roof Height Reduced 152 48 47 17

ESTABLISHMENT OF ANALYSI SMODELING
Theair flow in the shielding house is consdered basicdly to be anatura convection flow aong




verticd plate and transgited to a turbulent flow. Therefore, a turbulence modd is required to
smulae thermd and flow behavior of ar indde the shidding house. In this sudy, we used the
standard k-e modd as a turbulence mode and Boussinesq gpproximation modding which is
consdered the buoyancy term into the momentum conservation equation for incompressible
fluid. And, the andys's was performed using the three-dimensond thermo-fluid andysis sysem
“SCRY U’ which can treat both hest transfer and fluid flow.

Thefollowing four andysis modds were crested for scae test modd to evauate the effects of
pressure drop of louvers and therma radiation and mesh size.
1) Fundamental modd (Pressure drop of louvers and thermd radiation to Sdewadls are
included.)
2) Modd neglecting pressure drop of louvers
3) Modd neglecting thermd radiation
4) Fine mesh modd ( Fundamenta modd was modified so asto have fine mesh for ar layer
adjaoent to cask surface, as shown in Fig.5.)

The andysis results are summarized in Table 2. The obtained ar velocity vector and air
temperature digtributions are shown in Figs 6 and 7. The following conclusions are derived from
these andlys's results by comparing with test results.

1) The pressure drop of louvers effects largely on the calculated vaue of ar flow rate and
outlet air temperature and is required to be evauated exactly.

2) Thefine mesh modd isfound to evauate the air flow rate and outlet air temperature more
precisdy than fundamental modd, as shown on Table 2.

3) The anadysisresults of fundamenta and fine mesh modds are agreed with test results, as
shownin Figs 6 and 7. The flow pettern of ingde ar shown in FHg. 6 isvery smilar to the
observed test result shownin Fg. 3.

4) A sgnificant stlagnant air portion is not existed and the inside air temperature goes up
uniformly in the vertica direction, as well as the test results.

5) All andyss models can not smulate the surface temperature distribution of cask modd and
afiner mesh than the fine mesh modd is considered to be required for air layer adjacent to
cask surface. However, the object of this study is to evauate the outlet air temperature and
ar flow behavior in the shidding house and it is concluded from the comparison with test
results that the fine mesh modd is adequate for the heat remova evauation of the shidding
house.

Table 2 Comparison between Test Results and Andlysis Results

Item Inlet Air How Outlet Air Surface Temp. a
Rate(nv/s) Temp.(°C) Middle of Cask (°C)
Test Result 0015 54 93
Fundamentd Modd 0.0163 52 118
Mode Neglecting Pressure 0.0207 45
Andyss Drop of Louvers

Rediation

111
Resilt | Modd Neglecting Thermal 00153 53 131
FineMesh Modd 00154 53 77
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ANALYSISRESULT OF ACTUAL SHIELDING HOUSE

The thermo-fluid anadysis was performed using the fine mesh model for the actual typica
shielding house to evaluate the heat removal performance. The analysis conditions and results
are presented in Table 3. The obtained air velocity vector and air temperature distributions are

showninFigs 8and 9.

Table 3 Andyds Conditions and Reaults for Typica NEO-SSS Type Shidding House

Item Vdue
Condition Hga Output 20 kW/Cask
Inlet Air Temperature 3°C
Inlet Air Flow Rate 0.375 /s
Result Max. Air Veocity 11m/s
Outlet Air Temperature 57°C

The calculated value of outlet air temperature is well with in the allowable design value of 60°C
and Figs. 8 and 9 show that air flows smoothly nside the shielding house and there is no air
space with locally raised temperature. Therefore, our proposed modular shielding house is
verified to have the effective heat removd performance.
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CONCLUSION
In this study, the scale mode testing and the thermo-fluid andys's consdering was performed in
order to evauate the heat removd performance of the modular shiding house precisdly.

The test results using the 1/4 scdle modd show that the air temperature in the shielding

house modd goes up uniformly and the Significant stagnant air portion is not observed.
Theandysis modd which has fine mesh for air layer adjacent to cask surface was verified to be
adequate by comparing with scale test results. The thermo-fluid andysis results performed for
the actud shielding house show that our proposed modular shieding house has the effective hesat
remova performance.
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