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Shield Block # 1(from 02/05/2024), SS316, Solid

Inlet 1

Outlet _1

Outlet_2

Outlet 1

Outlet 2




Shield Block # 1(from 02/05/2024), Water

(0.5 kg/s, 35°C H,0)
Inlet _1
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Outlet 1
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Material Properties

$8316 Material Properties From Ansys

Stainless steel, 316, annealed
Data compiled by Ansys Granta, incorporating various
sources including JAHM and MagWeb.

Density (kg/m?3) 7969
Coefficient of Thermal Expansion (1/K) 1.61E-05
Specific Heat (J/kg-K) 486.1
Thermal Conductivity (W/m-K) 14.58
Young's Modulus (Pa) 1.95E+11
Poisson's Ratio 0.27
Bulk Modulus (MPa) 1.413E5
Shear Modulus (MPa) 76772
Tensile Ultimate Strength (MPa) 565.1
Tensile Yield Strength (MPa) 252.1




Heat Source and Cooling Chqnnel of Shleld Block #1 (83316)

Neutronics Heating from Lukas (2023) Link =
QSBpogr = 12.56 kw
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Heat Source in Water

° ° p
Q_Water approximation: Quater = QSBreas * —ov

Qwater = ]OQW
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Shield Block #1, Stainless Steel Temperature

Peak: 71.4°C

Temperature (C) Temperature (C) Temperature (C)
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Shield Block #1, Stainless Steel Temperature
Peak: 71.4°C

Temperature (C)

71.4

l67.7
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.67_7 I53.2
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Shield Block #1, Water Temperature

Peak: 66.1°C

35°C

Toui= 37.9°C
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Shield Block #1, Pressure

AP iniet 1—outtet 1 = 0.0172 bar (= 1.72 kPa = 0.25 psi = 0.017 atm)
AP iniet 2—outtet 2 = 0.0172 bar (= 1.72 kPa = 0.25 psi = 0.017 atm)

Absolute

Inlet_1 (0.5 kg/s, 35°C H,O)

Absolute Total Pressure (psi)
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Shield Block #1, Reynolds Number

Turbulent Flow (Realizable k-&¢ model used)

Reynolds number Dh_Cylinder
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Shield Block #1, Velocity

Velocity: Magnitude (m/s)
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Shield Block #1, Streamlines

Velocity: Magnitude (m/s)
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Velocity: Magnitude (m/s)

Animation
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Velocity: Magnitude (m/s)
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Shield Block #1, Streamlines
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Velocity: Magnitude (m/s)

Animation

SS316_T>60C
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Shield Block #1, Streamlines

Animation

Velocity: Magnitude (m/s) 25310 _TaeaC Velocity: Magnitude (m/s) Velocity: Magnitude (m/s) 55316_T>60C

Velocity: Magnitude (m/s)

1.6 1.6
1.4
1.2
1.1
0.9

1.4
1.2
1.7
0.9
0.8
0.6

0.2

Temperat L) % ' Temperature (C) 0.0
5818 60.3.61.9 63.5 GEH, 6 8. ) 19 55.6 57.2 58.8 60.3 61.9 635 65.1 66.6 68.2 69.8 71.3
‘ -

%OAK RIDGE

National Laboratory




Shield Block #1, Streamlines

Streamlines from inlet _1 Animation
inlet_1
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Shield Block #1, Streamlines

, Animation
Streamlines from inlet_2
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Shield Block #1 Structural Analysis

%OAK RIDGE

National Laboratory




-I| Definition

iect*
Model (B4)
> @ Geometry Imports
o &P Geometry
>, {5 Materials
i Coordinate Systems
of E Connections
& Mesh
9 Named Selections
/1. Static Structural (B5)
,,fﬁ] Analysis Settings
- ~/‘“r Standard Earth Gravity
@ Fixed Support_Vertex_XYZ_Fixed
,9 Displacement_Vertex_XY_Fixed
2 ,,53 Displacement_Plane_Y_Fixed
@, Pressure
%) Imported Load (A2)
P} Imported Body Temperature

!

m
=

DIH!HH!HH

{507
-+ Solution Infnnntun
%3 Equivalent Stre
@ Total Deformatifin
@ Directional Defgimation_X
B Directional Defcimation_Y
@ Directional Defomation_Z

Details of "Static Structural (B3)"

Physics Type Structuflal

Analysis Type Static Sfructural
Solver Target Mecharfjcal APDL
= Options
Environment Temperature | 35. °C
Generate Input Only No

temperature profile from (A2
CFD (STARCCM+)
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Shield Block #1, SS316 (Design_16)
5: Statc Structura Structural BCs

Time: 1. s

A Fixed Support_Vertex_XYZ_Fixed
Displacement_Vertex XY Fixed
Displacement_Plane_Y_Fixed

|§| Standard Earth Gravity: 9.8066 m/s?
[E] Pressure: 5.e+005 Pa

0.000 0.500 1.000 (m)

[ Ee—  S—
0.250 0.750 1

« BC-A: Point fixed in x, y and z directions
» Reference point
« BC-B: point can only move in z direction
» Fixed iny : Block rests on flat surface
» Fixed in x : symmetric, no rotation
« BC-C: Plane fixed iny
» Block rests on flat surface
« BC-D: Gravity (-y direction)
« BC-E: Uniform Pressure of 5 bar (= 0.5 MPA)



Temperature Profile from CFD (STARCCM+)

Imported Temperature

B: Static Structural
Imported Body Temperature

B: Static Structural
Imported Body Temperature

Time: 1. s Time: 1. s
Unit; °C Unit; °C
. 71.31 Max . 71.31 Max
67.68 67.68
— 64.05 — 64.05
— 60.42 — 60.42
— 56.79 — 56.79
E 53.16 53.16
4953 4953
45.89 45 .89
4226 42 .26
38.63 Y 38.63 Y
35 Min I 35 Min I
P @
0.000 0.500 1.000 (m) 0.000 0.500 1.000 (m)
— — ] [ — " ma—
0.250 0.750 0.250 0.750
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Water pressure + Thermal + Gravity V on- MiS es S.l.r ©SS  Peak Stress : 488 MPa
Deformation scale = 180 $S316 Yield Strength: 252 MPa

B: Static Structural

Stress_1

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time:1s

488.54 Max
250

200
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40
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0.00 500.00 1000.00 (mm)
]

— —
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B: Static Structural B: Static Structural

Stress_2 Stress_4 . .
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa
Time: 1s Time: 1s

488.54 Max 488.54 Max

250 250

200 200

150 150

100 o

40 40

20 20

10 "

5 Y 5

0.0011521 Min

0.0011521 Min

0.00 500.00 1000.00 (mm)
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Water pressure + Thermal + Gravity

Total Deformation

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1s

1.0677 Max
0.9402
0.82267
0.70515
0.58762
0.4701
0.35257
0.23505
0.11752

0 Min

0.00

500.00 1000.00 {(mm)
E— ]
750.00

—
250.00

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s

1.0877 Max
0.9402
0.82267
0.70515
0.58762
0.4701
0.35257
0.23505
0.11752

0 Min

0.00 500.00 1000.00 (mm)
— — ]
250.00 750.00

Displacement

X - Deformation

Y - Deformation

Z - Deformation

B: Static Structural
Directional Deformation_X

Type: Directional Deformation(X Axis)
Unit: mm
Global Coordinate System
Time: 1s

0.48978 Max
0.38385
0.27791
0.17198
0.066039
-0.039897
-0.14583
-0.25177
-0.35771
-0.46364 Min

0.00 500.00 1000.00 (mm)
—— )
250.00 750.00

B: Static Structural
Directional Deformation_Y
Type: Directional Deformation(Y Axis)
Unit: mm

Global Coordinate System
Time: 1s

1.0554 Max

0.92213 {
0.78885

0.65557

0.52229

0.38901

0.25573

0.12245

-0.010835

-0.14411 Min

0.00 500.00 1000.00 (mm)
L Em—— - —]
250.00 750.00

B: Static Structural
Directional Deformation_Z
Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System
Time: 1s

0.083577 Max
0.050289 {
0.017

-0.016288

-0.049576

-0.082865

-0.11615

-0.14944

-0.18273

-0.21602 Min

T — —

0.00 500.00

1000.00 (mm)
[ I E—
250.00 750.00



Water Pressure 5 bar

Von-Mises Stress Peak siress : 497 MpPa
Deformation scale = 50 $S316 Yield Strength: 252 MPa

B: Static Structural
Figure

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s

497.43 Max
250

200

150

100

40

20

10

5

0 Min g

0.00 500.00 1000.00 (mm)
— — )
250.00 750.00

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

B: Static Structural
Stress_1
Type: Equivalent (von-Mises) Stres

Unit: MPa Unit: MPa
Time: 1s Time: 1s
497.43 Max 497.43 Max
250 250 Max '/
‘1‘ i
200 200 A /TN il
_ A
ANV
100 100 N “\“\\
40 40 \
20 20
10 10
5 5
0 Min I 0 Min
[ ]
0.00 500.00 1000.00 (mm)
[ T ]
( 250.00 750.00
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Water Pressure 5 bar

Total Deformation

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1s

0.99545 Max
0.88484
0.77424
0.66363
0.55303
0.44242
0.33182
0.22121
0.11061

0 Min VL
X

0.00 500.00 1000.00 (mm)
— — )
250.00 750.00

B: Static Structural
Deformation_1

Type: Total Deformation
Unit: mm

Time: 1s

0.99545 Max
0.88484

0.77424 l
0.66363

055303

0.44242

033182

0.22121

0.11061

0 Min

0.00 500.00

1000.00 (mm)
— — )
250.00 750.00

Displacement

X - Deformation

Y - Deformation

Z - Deformation

B: Static Structural
Directional Deformation_X

Type: Directional Deformation(X Axis)
Unit: mm
Global Coordinate System
Time: 1s

0.63484 Max
0.4942
0.35357
0.21293
0.072294
-0.068341
-0.20898
-0.34961
-0.49025
-0.63088 Min

0.00 500.00 1000.00 (mm)
250.00 750.00

B: Static Structural
Directional Deformation_Y
Type: Directional Deformation(Y Axis)
Unit: mm

Global Coordinate System
Time: 1s

0.99545 Max
0.85368
0.71191
0.57015
0.42838
0.28661
0.14484
0.0030758
-0.13869
-0.28046 Min

0.00 500.00 1000.00 (mm)
— —— )
250.00 750.00

B: Static Structural
Directional Deformation_Z
Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System
Time: 1s

0.19867 Max
0.15428
0.10988
0.06548
0.021082
-0.023317
-0.067715
-0.11211
-0.15651
-0.20091 Min

0.00 500.00
[ Emm— - —]
250.00 750.00

1000.00 (mm)



UACEGBE il Von-Mises Stress  Peak stress : 83 MPa

$S316 Yield Strength: 252 MPa

Deformation scale = 500

B: Static Structural
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1s

83.381 Max
70

60

50

40

30

20

10

5

0.001191 Min

A

0.00 500.00 1000.00 (mm)
[ — - —
250.00 750.00

B: Static Structural
Stress_1

B: Static Structural

Type: Equivalent (von-Mises) Stress Equivalent Stress
?imt;_wlpsa Type: Equivalent (von-Mises) Stress
; Unit: MPa
83.381 Max filue s
70 ‘ 83.381 Max
60 1 70
50 ] 60
% f 50 /\ /N NS
20 i VAVAV. (N
10 20 “‘\\‘ \‘\\\‘*‘
20 " e ”\
2 : 10 \ \\
0.001191 Min 5
X 0.001191 Min
0.00 500.00 1000.00 (mm)
250.00 750.00
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Thermal Only

Total Deformation

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1s

0.19763 Max
0.17567
0.15371
0.13176
0.1098
0.087837
0.065878
0.043918
0.021959

0 Min

0.00 500.00
250.00

1000.00 (mm)
750.00

B: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1s

0.19763 Max
0.17567
0.15371
0.13176
0.1098
0.087837
0.065878
0.043918
0.021959 i Y

0 Min ' 5)\‘
@
X
0.00 500.00 1000.00 (mm)
I 00O ..

250.00 750.00
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Displacement

X - Deformation

Y - Deformation

Z - Deformation

B: Static Structural

Directional Deformation_X

Type: Directional Deformation(X Axis)
Unit: mm

Global Coordinate System

Time: 1s

0.16161 Max
0.12817

0.094726 {

0.061285

0.027845 ) I
-0.0055962 1
-0.039037

-0.072478 1
-0.10592

-0.13936 Min

0.00 500.00

1000.00 (mm)
250.00 750.00

B: Static Structural
Directional Deformation_Y
Type: Directional Deformation(Y Axis)
Unit: mm

Global Coordinate System
Time: 1s

0.17235 Max
0.14645

0.12055 {
0.094654

0.068756 )
0.042858

0.01696

-0.0089377

-0.034836

-0.060734 Min

0.00 500.00 1000.00 (mm)
250.00 750.00

B: Static Structural
Directional Deformation_Z
Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System
Time:1s

i
0.017761 Max |
-0.0012606 ‘
-0.020282 {
-0.039304 : .
-0.058325 .
0077347 =
-0.096368
-0.11539 1
-0.13441
-0.15343 Min

0.00 500.00

1000.00 (mm)
250.00 750.00



Sl Ol VOn -Mises S'l'l'eSS Peak Stress : 13 MPa
$S316 Yield Strength: 252 MPa

Deformation scale = 100

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

B: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress

Unit: MPa Unit: MPa
Time: 1s Time: 1s
. 7.57 Max . 7.57 Max

6.813 6.813
— 6.056 — 6.056
— 5.299 — 5.299
— 4.542 — 4.542
[ 3.785 [ 3.785

3.028 3.028
— 2.271 — 2271

1.514 Y 1.514 Y
I 0.757 0.757

6.739e-9 Min ZA 6.739e-9 Min J‘\

0.00 500.00 1000.00 (mm) X 0.00 500.00 1000.00 (mm) %
— — ] e —
250.00 750.00 250.00 750.00
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Gravity Only

* B: Static Structural
IS q ‘ e m e n Directional Deformation_X
Type: Directional Deformation(X Axis

° Unit mm
Total Deformation  Deformation scale = 100 Global Coordinate Syster
0.0072199 M ‘
_lB_:tSItegit; Strufc:_tural 0.0056196 =
otal Deformation . 0.0040194
Type: Total Deformation X - Deformation 0.0024191 !I
Unit: mm 0.00081887
Time: 1s -0.00078139
-0.0023816
-0.0039819
0.026735 Max -0.0055822 '
0.023765 -0.0071824 Min ).\‘
0.020794 0.00 500.00 1000.00 (mm) %
8.812222 000 75000
0.011882 B: Static Structural
0.0089117 Directional Deformation_Y
Type: Directional Deformation(Y Axi
00059412 U};ﬁf m;rr]ec lona erorma |on(Y XIS
0.0029706 Y Global Coordinate System
0 Min Time: 1s
ZL‘ X 5.3864e-6 Max
0.00 500.00 1000.00 (mm) o :giggggggg !
I .
250.00 750.00 Y - Deformdflon -0.008908 1
-0.011879
-0.01485
-0.017821
B: Static Structural :8:852;22 ‘
Deformation_1 _ -0.026735 Min J.\‘
Lﬁ?r:]—?rfal Deformation 0.00 500.00  1000.00 (mm) %
Time: 1 5 250.00 750.00

B: Static Structural
Directional Deformation_Z

0.026735 Max

0.023765 Type: Directional Deformation(Z Axis
Unit: mm
0.020794 Global Coordinate System
0.017823 Time: 1s
0.014853
0.0024591 Max

0.011882 0.0018789
0.0089117 . 0.0012987
0.0059412 L - Deformation - ooorsss
0.0029706 ‘ Y -0.00044179
0 Min -0.001022

° -0.0016021

X -0.0021823 ‘
O 0.00 500.00 1000.00 (mm) -0.0027625 Min J.\‘
), _—— . )
%Nm 250.00 750.00 0.00 500.00 1000.00 (mm) %

250.00 750.00



Summary

CUI're n‘I' Model Absolute value for deformation

Bottom Shield Block (Design 16), Uniform Water Pressure of 5 bar
$8316 Tensile Yield Strength: 252.1 MPa ; $S316 Tensile Ultimate Strength: 565.1 MPa

Max. Von-Mises Stress (MPa) Max. Total Deformation (mm) Max. Y Deformation (mm) Max. X Deformation (mm) Max. Z Deformation (mm)

Water Pressure 5 bar Only 497 0.995 0.995 0.63 0.2
Thermal Effect Only 83 0.198 0.17 0.16 0.15
Gravity Effect Only 7.6 0.027 5.4E-06 7.2E-03 2.7E-03

Water Pressure+Thermal+Gravity 488 1.06 1.06 0.49 0.22

Previous Model

Bottom Shield Block (Design 14), Water Pressure from Normal Operation
$S8316 Tensile Yield Strength: 252.1 MPa ; $S316 Tensile Ultimate Strength: 565.1 MPa

Max. Von-Mises Stress (MPa) Max. Total Deformation (mm) Max. Y Deformation (mm) Max. X Deformation (mm) Max. Z Deformation (mm)

Water Pressure Effect Only 171 0.22 0.22 0.03 0.02
Thermal Effect Only 859 0.18 0.16 0.11 0.15
Gravity Effect Only 13 0.03 2.76E-06 2.50E-03 2.20E-03

Water Pressure+Thermal+Gravity 833 0.36 0.36 0.11 0.15

%OAK RIDGE

National Laboratory
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