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Core Vessel, Cooling Channel

z).’*x

FOAK RIDGE
National Laboratory




Core Vessel, Cooling Channel

} :inlet, 0.5 kg/s (8 GPM) 32.2°C H,O
t : outlet, 45 psia
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Material Properties

S$8S316 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
Zero Thermal Strain Reference Temperature (°C) 32.2




Core Vessel, Mesh Configuration for CFD Analysis
Polyhedral meshes: 25,375,561
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Core Vessel, Heat Source (SS316)

energy deposition from Lukas — ot7a CYBeIDONN SS316Lce

007a_CVBeltDOWN_SS316Water.csv
008b_CVBeltUP_SS316L.csv

L' k o https://orml.sharepoint.com/sites/sts/targetsystems/Shared%20Documents/Forms/Allltems.aspx2csf=18web=1&e=llwgp7 &cid=939335e4%2D4ccc%2D4c00%2Da2d2%2D814c53b7125a&Fold
I n ° 008b_CVBeltUP_SS316Water.csv

erCTID=0x01200064187E8E25420543ACADOBF1C3490EAC&noAuthRedirect=18&id=%2Fsites%2Fsts%2Ftargetsystems%2FShared%20Documents%2FS%2E03%2E02%20Target%20Asse mbly%2F1%5
FCALCULATIONS%2FCALC%2D018%20%2D%20CoreVessel%2FNeutronics&viewid=9be?bc88%2D5a13%2D48c7%2D9fff%2Dd22f94ffdeb5

. 009d_Center_§S316L.csv
C om bl ne d —_— ) 009d_Center_$S316Water.csv
. . 009d_Center_§S316Water_2.csv
( unit conversion ) 009f_11_out_Botfom_SS304L.csv

009f_11_out_Bottom_SS316L.csv
009g_20_out_Top_SS316L.csv
009h_22_out_CVTop_above250cm_SS316L.csv

Heat Data Mapped onto CFD Meshes Nevutronics Heat Data from Lukas Exclude Neutronics Heat Data
Points in Shield Blocks

Q_CV (W/mA3)
1.97e+05
1.77e+05
1.58e+05
1.38e+05
1.18e+05

= 2.0e+05

Exclude Points

Direct Mapping 150000

9.86e+04
100000 3

7.89e+04

5.92e+04 50000
i.Y 3.94e+04 35605
X 1976404
L ]

3.26€-05
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Core Vessel, Heat Source (SS316)

Q. =1,868W

Q_CV (W/mA3)
1 -97€+05

l1 .77e+05
1.58e+05

Q_CV (W/mA3)
— 5.00e+03

l4.SOe+03
4.00e+03

1.38e+05 3.50e+03
1.18e+05 3.00e+03
9.86e+04 2.50e+03
7.89e+04 2.00e+03
5.92e+04 1.50e+03

A « 3.94e+04 $Y N 1.00e+03

ez 1.97e+04 |__\_‘zv 5.00e+02 ‘

3.10e-05 3.10e-05 pbeam
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Core Vessel, Heat Source (SS316)

Q. =1,868W

Q_CV (W/mA3) Q_CV (W/mA3)
> 0-00e+03 > 0-00e+02
l4.50e+03 l4.SOe+02

4.00e+03 4.00e+02

3.50e+03 3.50e+02

3.00e+03 3.00e+02

2.50e+03 2.50e+02

2.00e+03 2.00e+02

1.50e+03 1.50e+02

TY 7 1.00e+03 TY 7 1.00e+02
L:_\.,-:_-_-fz 5.00e+02 , L'Z 5.00e+01 ,

- 3.10e-05 - 3.10e-05

beam beam
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Q_CV (W/ImA3)
> 5.00e+02

l4.50e+02
4.00e+02

‘Eﬂ 3.50e+02
3.00e+02
2.50e+02
2.00e+02

1.50e+02
1.00e+02
5.00e+01
3.10e-05
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Core Vessel, Heat Source (SS316)

Loop..1inlet

Loop_4 outlet

Front View

Q_CV (W/mA3)

l 4.50e+02
4.00e+02

£ 3.50e+02
3.00e+02
2.50e+02
2.00e+02

1.50e+02
1.00e+02
5.00e+01
3.10e-05

> 5.00e+02

r
1
1
1
1
1
1
1
L

1
1
1
1
1
1

v

Loop®

Rear View

Q_CV (WImA3)

3.00e+02
2.50e+02
2.00e+02
1.50e+02

*Y 1.00e+02
Z..f, X 5.00e+01
‘ “ 3.10e-05 -
1
1
1
1
1
1
v
Q_CV (WImA3)

> 5.00e+02
I4.50e+02 g . 4
| 4|4.00e+02 a S * 'Loop_2_ouﬂ‘e
~3.50e+02 "“Loop_2_inlet }
3.00e+02
2.50e+02 Loop inlet.

2.00e+02
1.50e+02
1.00e+02
5.00e+01
3.10e-05

/ J

|

& Loop_3_inlet



Core Vessel, Heat Source (SS316

Q_CV (W/mA3)

QSS = 1'868 W -1.97e+05

I1.77e+05 Front Rear

Reqr View 1.58e+05
1.38e+05
1.18e+05
Q_CV (W/ImA3) 9.86e+04 ‘
> 5.0034—02‘ 7.89e+04
[ 5.92e4+04
.4.50e+02 394104 Y
4.00e+02 1.97es04 | £
3.10e-05
3.50e+02
3.00e+02
2.50e+02 Q_CV (W/mA3)

- 5.00e+02 ;
2.OO%-gZGm I4.50e+02 Front IR . J Rear
1.50e+02 4.00e+02 . ‘

3.50e+02
*Y 1.00e+02 300202 -
T X 5.00e+01 2.50e402 ©
3.10e-05 2.00e+02

1.50e+02
1.00e+02
5.00e+01
3.10e-05
%OAK RIDGE
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Q_CV (W/ImA3)
> 5.00e+02

4.50e+02
4.00e+02
3.50e+02
3.00e+02

2.50e+02 ‘

2.00e+02

N Front

1.50e+02 beO m
1.00e+02 ‘Y

I X
5.00e+01 L7
3.10e-05
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Q. =1,868W

Q_CV (WImA3)
3.08e+02

|
Re qar 2.78e+02
M2.47e+02
2.16e+02
1.86e+02
1.55e+02
1.24e+02
9.35e+01
6.28e+01
3.21e+01
1.42e+00

Front
X
v4

Core Vessel, Heat Source (SS316)

Bottom Plate

Rear



Q_Water Limit (W/mA3)

Heat Source in Water

. . p
Q_Water approximation: Quater = QSBhear * v

Pss

_E:ZZZ: Qwater_Loop_l = 49.74W

l1.97e+04 Qwater_Loop_Z =2.29W
::ZZ:S: Lower heating Qwater_Loop_S = 0.32W
1.23e+04 Qwater_Loop_4 =0.61W

9.87e+03

7.41e+03
4.94e+03
2.47e+03

0.00e+00 “

Qwater_total = 52.95W

Loop_1 Loop_4

Q_Water Limit (W/mA3)
> O-00e+02

Q_Water Limit (W/mA3)
> O-00e+02

Q0

l4.50e+02 l4.50e+02
4.00e+02 4.00e+02
3.50e+02 3.50e+02
3.00e+02 3.00e+02
2.50e+02 2.50e+02

2.00e+02

1.50e+02
1.00e+02

5.00e+01
0.00e+00

Loop_2

2.00e+02

1.50e+02
1.00e+02
5.00e+01
0.00e+00




Heat Source (SS316) of Core Vessel and Cooling Channel

Only the region near the inlet of Loop_4 has higher heating. The heating rate for the rest of Loop_4 is low (Loop_3 is similar).

Q_CV (WimA3) ‘ Qv ( -
>5.00e+02] | >5.00e+02) A

4.50e+02 i

4.00e+02 :

g i 5 3.50e+02 I; LY ' b
& . s .
\‘ i a1 3.00e+037 eam

A P a
\‘ 2.50€+02

s
.00e+02

4.50e+02
4.00e+02

3.50e+02
3.00e+02
2.50e+02

2.00e+02

1.50e+02
1.00e+02
V: Vs
5.00e+QX |? 5-0°e+Qf(,,,,T"

3.10e-05 3.10e-05

1.50e+02
1.00e+02 Y.

\
\
\
\
\
\
\

JQ_CV (W/mA3) o). &V (Wigs12%))
| > 5.00e+02 > 5.00e+02-
: 4.50e+02
4.00e+02
|
| 3.50e+02
: 3.00e+02%0 &
| 2.50e+02 T 1 2.502+02
: 2.00e+02 | 2,000
| 1.50e+02
1 1.00e+02 Nl 1.
Y § .
: 5.00e+0lz\_\)2 A : = ¢ ' 9.002-+-0
| 3.10e-05 # e 1)05-05
¥0AK RID
National Labof]




Absolute Pressure (psi)
47.63

46.93
46.23
45.53

44.82
44.12
7“ 43.42
42.72

31,

42.01
41.31
40.61
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Absolute Pressure (MPa)
0.328

0.324
0.319
0.314

0.309
0.304

\ !0.299
; ' ’ 0.295

. 0.290

ZAX I 265

Loop_3 Loop_2 0.280

APiniet—outlet Loop1 = 0.17 bar (= 17 KPa = 2.47 psi)

APiniet—outlet Loop 2 = 0.044 bar (= 4.37 kPa = 0. 63 psi)
APiniet—outlet Loop 3 = 0.014 bar (= 1.43 kPa = 0.21 psi)
APiniet—outlet Loop 4 = 0.015 bar (= 1.51 kPa = 0.22 psi)

Loop_3 Loop_2

} Comparison in next 3 slides



Water Pressure Loop 1 & Loop 2
Loop_1 ¢ Loop_2

Absolute Pressure (psi)
46.22

Absolute Pressure (psi)

Absolute Pressure (psi)
47.63

Absolute Pressure (psi)

|

|

: 46.22
: 46.93 .
| 46.23 —

45.53 .

I Higher pressure drop %9250
I 44.82 P
l 44.12 45 34
I 43.42 45.17
' 42.72 . 4455
| .

: 42.01 ~Z\,J 4 55
I 41.31 r 44.64
I 40.61 44.47
|
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Water Pressure Loop 1 & Loop 2

Loop_1 Loop_2

Show the pressure distribution 45 psi ~ 46.5 psi Show the pressure distribution 44.47 psi ~ 46.22 psi

(inlet excluded) (Whole domain)
Absolute Pressure (psi) l Absolute Pressure (psi)

46.50
46.35 -

46.20
46.05
45.90

45.75&& ] LR AR IS A T -l .

45.60
45.45
45.30
45.15
45.00

%OAK RIDGE
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Velocity Loop_1 & Loop_2

Loop_1

Loop_2

Loop_1 has thinner and narrower
channel near the inlet, and thus

has higher flow speed and
higher pressure drop.

Velocity: Magnitude (m/s) ©

¥
* Z

1«09
6.83
6.07
5.31
4.55
3.79
3.03
2.28
1.52
0.76

0.00

"™ National Laboratory

r >

higher speed

Narrower

Angle been adjacent surface 58.67°|

Line length 6mm

o Y
6 mm thick ‘Z\)J

r's

2.98
2.68
2.38
2.08
1:49

0.89
0.60
0.30

0.00  Lower speed

Velocity: Magnitude (m/s) ©

-

Angle between adjacent surfaces|47.16°

Line length 12mm

12 mm thfck



Core Vessel, Streamlines

Velocity: Magnitude (mls)
8.1

7.3
6.4
5.6

Velocity: Magnitude (m/s)

8.1
7.3 -
5.6
4.8
4.0
3.2 Streamline Animation
Y 2.4
16 Velocity: Magnitude (m/s) =
Z. X ' 8.1
a Ta 0.8 7.3
0.0 6.4 :
5.6
4.8 A -
4.0
3.2
*Y 2.4
Z X 1.6
4T e 0.8
%OAK RIDGE 0.0
National Laboratory




Core Vessel, Stainless Steel Temperature

Peak: 43°C Heat Source

Temperature (C) Temperature (C) Q_Cv (WimA3)
43.0 43.0 S0e+
I41.9 I41.9 s
40.9 40.9 o
39.8 39.8 1.00e+02 Y
387 38.7 pasi [
B37.6 37.6
36.5 36.5
Q_CV (WimA3)
35.4 35.4 o Front cear
Y 34.4 X 34.4 e € <5 2
,J\.X 333 {J\X 33.3 — SR
32.2 32.2 s
6.28e+01 Y
3.21e401 sz
% 0AK RIDGE No cooling channel in this plate
National Laboratory




Core Vessel, Stainless Steel Temperature
Peak: 43°C

Temperature (C)
43.0

I41 39
40.9
39.8 g
a7 ——

Temperature (C)

I
38.7L .

34.4
233.5
32.2

34.4

X
';,""2
. I33.3
= 7

%OAK RIDGE
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l37.6 _37.6

36.5 36.5

Y 35.4 35.4
?
L




Core Vessel, Water Temperature

Peak: 38.8°C

Temperature (C)

37.5
36.8
36.2
35.5
34.9
34.2

&

%OAK RIDGE
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Core Vessel, Water Temperature

Loop_1 Loop_ 2

Temperature (C
Temperature (C) P ©

38.8
I38.2
37.5
36.8 | 2\
56\2% /- \} AN ' 326
W 35.5) ‘ A=\ ‘
AN : = : / /%‘:r‘r:, 7 \

342\

t i S A o 52,3
% B : / = ‘\:‘

32.2 | AN L K-

Inlet Temperature :32.20°C Inlet Temperature :32.20°C
Outlet Temperature : 32.89°C Outlet Temperature : 32.33°C

%OAK RIDGE
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Core Vessel, Water Temperature
Loop_3

— *: : T Temperature (C) e
| 32.9 =
I32.9
32.8
32.7{
3256\
W26
‘IH"32_5 \“
324

\ \ t : e \ S
\ X : X

e f /) W /
e e 7/ SECA
: > 5 '/ v/ Z_,.v-‘\\ X 32.3 I ¢ :—". \»' ‘,‘.“ > .
' 32.2 ; ) e

'y “a

Inlet Temperature :32.20°C Inlet Temperature :32.20°C
Outlet Temperature : 32.24°C Outlet Temperature : 32.26°C

%OAK RIDGE
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Core Vessel Structural Analysis

%OAK RIDGE
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Core Vessel, All SS316, Structural BCs

B: Static Structural
Static Structural
Time: 1. s

@ Displacement_Plane_Y Fixed
IB| Fixed Support_Vertex_XYZ_Fixed
Displacement_Vertex XY _Fixed
[D] Standard Earth Gravity: 9.8066 m/s* [PZD" |
Bl Imported Pressure_Loop_1
. Imported Pressure _Loop 2
. Imported Pressure _Loop 3
. Imported Pressure Loop 4

« BC-A: Plane fixed iny .Y X
> Block rests on flat surface

« BC-B: Point fixed in x, y and z directions 0.000 2 000 4.000 (m)
» Reference point —

 BC-C: point can only move in z direction
> Fixed iny : Block rests on flat surface
» Fixed in x : symmetric, no rotation

« BC-D: Gravity (-y direction)

* BC-E-H: Pressure from CFD simulation

%OAK RIDGE

National Laboratory




Core Vessel, Mesh Configuration

WAV AVAVAVAY 4
FAVAVAVAV AV AW,

Nodes 31,678,326
Elements 20,813,208

0.00 500.00 1000.00
% OAK RIDGE (mm

National Laboratory




Pressure and Temperature Profiles from CFD (STARCCM+)

Imported Pressure Imported Temperature

B: Static Structural
Imported Body Temperature

Time: 1. s
Unit; °C

B: Static Structu raI
Imported Pressure_

Time: 1. s
Unit: MPa
43 Max
0.328 Max
B 0324 . 418
! 0.32 N _ o e
| 0316 < X 40.6
0.311 T ; 39 4
0.307 = o 389
0.303
- 0.299 37
| 0.295 35 8
oo 34.6
0.286 Min
33.4
32.2 Min Y

0 3e+03 (mm) Z’I\X
I 20000

1.5e+03

%OAK RIDGE
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Pressure and Temperature Profiles from CFD (STARCCM+)

Imported Pressure

B: Static Struct
Imported Pressu
Time: 1. s

Unit: psi

47.626 Max =
46.2

45.8

45.6

45 4

45

44

43

42

41.489 Min

Previously, pressure was
incorrectly mapped onto
this surface.

%OAK RIDGE

National Laboratory




Water Pressure + Thermal + Gravity

%

OAK RIDGE

National Laboratory

B: Static Structural
Stress_3

Type: Equivalent (von-Mises)
Unit: MPa

Time: 1s

236.02 Max
‘! 120
100

— 80
— 60
— 40
— 20

10
I 5
0.0021718 Min

Y

T0er03

B: Static Structural
Stress_1
Type: Equivalent (vQg
Unit: MPa
Time: 1s

120
100
— 80
— 60
— 40

E 236.02 Max

3e+03 (mm) VI\X

Von - Mises S‘l'ress $S 316 Tensile Yield Strength: 252.1 MPa

B: Static Structural
Stress_2

Type: Equivalent (von-Mises) Stre
Unit: MPa

Time: 1s

236.02 Max
‘! 120
100

— 80
— 60
— 40
— 20

Y

10
I 5
70021718 Min ?I\
0 3e+03 (mm) X

Toer03

B: Static Struct
Equivalent Stresg
Type: Equivalent
Unit: MPa
Time: 1s

236 Max
120
100
80 i
60
40
20
10
2 A
0.00217 Min




Water Pressure + Thermal + Gravity TO'l'ql Disp'qcemen‘l'

|

| B: Static Structural
| Total_Deformation_1
I Type: Total Deformati

B: Static Structural
Total Deformation_2
Type: Total Deformation

B: Static Structural
Total_Deformation_3
Type: Total Deformation

Unit: mm Unit: mm I Unit: mm
Time: 1s Time: 1s :Time: 1s (
|
0.83403 Max 0.83403 Max I
0.74136 0.74136 :
0.64869 0.64869 I
0.55602 0.55602 I
0.46335 0.46335 1
0.37068 0.37068 I
0.27801 0.27801 :
0.18534 0.18534 I
0.09267 Y 0.09267 ' A
0 Min 1/1\ 0 Min 1/1\ i
0 3e+03 (mm) X 0 3e+03 (mm) X1

%OAK RIDGE
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Water Pressure + Thermal + Gravity

Vertical Displacement

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformatlon(Y A

B: Static Structural
Vertical_Deformation_3
Type: Directional Deformatio

1 B: Static Structural
lVertlcal Deformation_1
|Type Directional De

Unit: mm Unit: mm I Unit: mm
Global Coordinate System Global Coordinate System I(':}Ioba:ll Coordinate
Time: 1s Time: 1s :Tlme 1s

0.80931 Max 0.80931 Max :

0.6598 5 0.6598 :

0.5103 0.5103 [

0.3608 0.3608 :

0.21129 0.21129 [

0.061789 0.061789 :

-0.087714 -0.087714 :

-0.23722 Y -0.23722 Yoo

-0.38672 A I -0.38672 z/k !

053623 Min O 3e+03 (mm) X -0.53623 Min 3e+03 (mm) Xl

oet03 oet03 |
%OAK RIDGE
National Laboratory



Water Pressure Only Von -Mises S‘l‘l‘ess

B: Static Structural

B: Static Structural

Stress_3 Stress_2
Type: Equivalent (von-Mises) Type: Equivalent (von-Mises) Stre
Unit: MPa Unit: MPa
Time: 1s Time: 1s
236.89 Max 236.89 Max
E 120 E 120
100 100
— 80 — 80
60 60
] 40 ] 40
— 20 — 20
10 10
I 5 Y 5 Y
4.3553e-5 Min Yl\ 73553e-5 Min Z’I\
3e+03 (mm) X 0 3e+03 (mm) X

0
—rer03 e per03

B: Static Structural B: Static Struct

Stress_1 Equivalent Stresg
Type: Equivalent (vop Type: Equivalent
Unit: MPa Unit: MPa
Time: 1s Time: 1 s
236.89 Max 237 Max
E 120 ! 120
100 j 100
— 80 - 80
60 — 60
] 40 — 40
L1 20 — 20

10
I 5
- 4.36e-5 Min

16y
I 5
4.3553e-5 M‘
i I

%OAK RIDGE 1
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Water Pressure Only

B: Static Structural

Unit: mm
Time: 1s

0.67404 Max
0.59914
0.52425

— 0.44936

— 0.37446

= 0.29957

— 0.22468
0.14979
0.074893

0 Min

%OAK RIDGE

National Laboratory

Total_Deformation_3
Type: Total Deformation

0

—er03

Total Displacement

B: Static Structural
Total_Deformation_2
Type: Total Deformation
Unit: mm

Time:1s

0.59914
0.52425
— 0.44936
— 0.37446
— 0.29957
— 0.22468
0.14979
0.074893

E 0.67404 Max

B
?I\ 0 Min
3e+03 (mm) X 0 3e+03 (mm)

—Teet03

|B Static Structural
ITotaI Deformation_1
.Type - Total Deforma

|Un|t mm
I

0.67404 Max
0.59914

0.52425
0.44936
0.37446




Water Pressure Only Verﬁcq| Disp'qcemenf

.. 009090909090 000 | i

B: Static Structural B: Static Structural : B: Static Structural :
Vertical_Deformation_3 Vertical_Deformation_2 I Vertical_Deformation_1 2023
Type: Directional Deformatio Type: Directional Deformation(Y A :Type: Directional Defg :
Unit: mm Unit: mm I Unit: mm I
Global Coordinate System Global Coordinate System I Global Coordinate :
Time: 1s Time: 1s jTime: 1s "
I I

0.67403 Max 0.67403 Max : :
0.52483 5 0.52483 : :
0.37562 0.37562 I "
0.22641 0.22641 : :
0.0772 0.0772 [ I
-0.072009 -0.072009 : :
-0.22122 -0.22122 I [
-0.37043 i -0.37043 Y | :
-0.51963 sz\ -0.51963 zrk : i
-0.66884 Min O 3e+03 (mm) x#8 066884 Min O 3e+03 (mm) Xi i
—Toet03 T Det03 : :

%OAK RIDGE
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Thermal Only Von-Mises Siress

B: Static Structural

B: Static Structural

Stress_3 Stress_2
Type: Equivalent (von-Mises) Type: Equivalent (von-Mises) Stre
Unit: MPa Unit: MPa
Time: 1s Time: 1s
71.939 Max 71.939 Max
E 70 E 70
60 60
— 50 — 50
— 40 — 40
— 30 — 30
— 20 — 20
10 10
i ) Y
0.00094014 Min Z/I\ 040094014 Min Z/I\
0 3e+03 (mm) X 0 3e+03 (mm) X
T oet03 T oet03

B: Static Structural B: Static Struct

Stress 1 Equivalent Stresg
Type: Equivalent (vQa Type: Equivalent
Unit: MPa Unit: MPa
Time: 1s Time: 1 s
71.939 Max 71.939 Max
E 70 oo
60 60
- 50 50
140 40
= 30 30
— 20 20

5 e 3
0.00094014

M

0l
I5 ‘,
0.00094014
%OAK RIDGE -
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Thermal Only Total Displacement

|

| B: Static Structural
I Total_Deformation_1
I Type: Total Deformati

B: Static Structural
Total_Deformation_2
Type: Total Deformation

B: Static Structural
Total_Deformation_3
Type: Total Deformation

Unit. mm Unit; mm I Unit: mm

Time: 1s Time: 1s :Time: 1s
0.61555 Max 0.61555 Max I
0.54716 0.54716 :
0.47876 0.47876 I
0.41037 0.41037 I
0.34197 0.34197 I
0.27358 0.27358 I
0.20518 0.20518 :
0.13679 0.13679 I
0.068395 Y 0.068395 Y oy
0 Min z)\ 0 Min z)\ I
0 3e+03 (mm) X 0 3e+03 (mm) X1
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Thermal Only Vertical Displacement

|

| B: Static Structural

I Vertical_Deformation_-1
I Type: Directional De

B: Static Structural
Vertical_Deformation_3
Type: Directional Deformatio

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformation(Y A

Unit: mm Unit: mm I Unit: mm
Global Coordinate System Global Coordinate System I Global Coordinate
Time: 1s Time: 1s :Time: IS |
0.52732 Max 0.52732 Max I
0.46873 0.46873 :
0.41014 0.41014 1
0.35154 0.35154 |
0.29295 0.29285 |
0.23436 0.23436 I
0.17577 0.17577 , :
0.11718 Y 0.11718 : Y I
0.058591 Z)\ 0.058591 z/k i
0 Min 0 3e+03 (mm) X 0 Min 0 3e+03 (mm) X1
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Gravity Only

%
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Von-Mises Stress

B: Static Structural

B: Static Structural

Stress_3 Stress 2
Type: Equivalent (von-Mises) Type: Equivalent (von-Mises) Stre
Unit: MPa Unit: MPa
Time: 1s Time: 1s
13.923 Max 13.923 Max
E 13
12
— 10
5
N
— 3
2
I 1 Y Y
0.00014893 Min YK ?L.
0 3e+03 (mm) X 3e+03 (mm) X

Toer03

oet

a\nsys
Equivalent Stress 2023R1
Type: Equivalent

B: Static Structural
Stress_1
Type: Equivalent (vopd

Unit: MPa Unit: MPa
Time: 1s Time: 0
13.923 Max 13.923 Max
E 13 13
12 2 I
— 10 1 10
1 5 bl 5
— 4 - 4
L1 3 — 3
p D
5 .
0.00014893 - 0.00014893



Gravity Only

B: Static Structural
Total_Deformation_3
Type: Total Deformation
Unit: mm

Time: 1s

Total Displacement

B: Static Structural
Total_Deformation_2
Type: Total Deformation
Unit: mm

Time: 1s

0.15622 Max 0.15622 Max
E 0.13887 E 0.13887

0.12151 0.12151
— 0.10415 — 0.10415
D 0.086791 m 0.086791

{ 0.069433 — 0.069433

— 0.052075 — 0.052075

0.034716 0.034716
I 0.017358 Y I 0.017358

0 Min Z/k 0 Min

0 3e+03 (mm) b 0 3e+03 (mm)
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|

| B: Static Structural
| Total _Deformation_1
I Type: Total Deformatis
I Unit: mm
ITime:1s

0.15622 Max
0.13887
0.12151

1
-

R ===




Gravity Only Vertical Displacement

|

| B: Static Structural
| Vertical_Deformation_1
I Type: Directional Defg

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformation(Y A

B: Static Structural
Vertical_Deformation_3
Type: Directional Deformati

Unit: mm Unit: mm I Unit: mm
Global Coordinate System Global Coordinate System \ I Global Coordinate
Time: 1s Time: 1s :Time: 1=
1.4641e-6 Max 1.4641e-6 Max I
! -0.017349 -0.017349 :
-0.0347 -0.0347 1
—{ -0.052051 — -0.052051 |
. -0.069402 -0.069402 1
-0.086753 -0.086753 N I
| 01041 | 01041 | :
-0.12146 i -0.12146 Y I
-0.13881 z* I -0.13881 z)\ I
-0.15616 Min O 3e+03 (mm) X ® 015616 Min O 3e+03 (mm) A
De+ De+ l
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Comparison of Vertical (+/-) Displacement

Water Pressure + Thermal + Gravity

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformation(Y A
Unit: mm

Global Coordinate System
Time: 1s

0.80931 Max
0.6598
0.5103

— 0.3608

. 0.21129
0.061789

— -0.087714

-0.23722

-0.38672

-0.53623 Min| O
—

3e+03 (mm)

: B: Static Structural

I Vertical_Deformation_1

I Type: Directional De

 Unit: mm

| Global Coordinate
ITime:1s

0.80931 rla!(

0.69

Water Pressure Only

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformation(Y A
Unit: mm

Global Coordinate System
Time: 1s

| 5 0.67403 Max
0.37562

— 0.22641

. 0.0772

-0.072009
-0.37043
-0.51963
-0.66884 Min

-0.22122

I B. Static Structural

I Vertical_Deformation_1

'Type Directional Defg

|Un|t mm

| Global Coordinate
ITime:1s

e T Y

Thermal Only

B: Static Structural
Vertical_Deformation_2
Type: Directional Deformation(Y A
Unit: mm

Global Coordinate System
Time:1s

0.52732 Max
0.46873
0.41014

— 0.35154
. 0.292095

0.23436
— 0.17577

I 0.11718

0.058591
0 Min 0 3e+03 (mm)

STet03

B: Static Structural

Vertical_Deformation_1
Type: Directional De
Unit: mm
Global Coordinate
Time: 1s

0.46




Summary

Core Vessel
$S316 Tensile Yield Strength: 252.1 MPa ; $SS316 Tensile Ultimate Strength: 565.1 Mpa

Max. Von-Mises Stress (MPa) Max. Vertical Displacement (mm) Max. Total Displacement (mm)

Water Pressure Effect Only 237 0.674/-0.669 0.674
Thermal Effect Only 72 0.527 0.616
Gravity Effect Only 14 -0.156 0.156

Water Pressure+Thermal+Gravity 236 0.809/-0.536 0.834

« The maximum stress/displacements due to different forces do not occur at different locations.
« Vertical displacement is directional (+/- sign).
« Total displacement is non-directional (absolute value).
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