OAK RIDGE |7zt

National Laboratory | STATION

Vessel Systems and
Target Station Shielding
Thermal Analysis

Chris Anton April 22, 2025
Min-Tsung Kao

Darren Dugan

Hogan Knott

Mike Strong

EEEEEEEEEEEE

TG,
&% U.S.
7 s W)
gl I3
i

. -
s



Presentation Outline

Nozzle Extension Analysis

Core Vessel Analysis CV Cooled Shielding Analysis CV Uncooled Shielding Analysis

S -

Target Station Shielding Analysis

%OAK RIDGE

National Laboratory

SECOND
TARGET
STATION




OAK RIDGE |Fietr

TARGET
National Laboratory | STATION

Vessel Systems (S.03.06)
Core Vessel Thermal
Hydraulic Analysis

Min-Tsung Kao 09/06/2023

sf@‘ EﬁFETMREEFY ORNL IS MANAGED BY UT-BATTELLE LLC
FOR THE US DEPARTMENT OF ENERGY

r ) 4
5 W




CV Introduction and Requirements

« The position of the following components are impacted by the CV
thermal performance:
« Target Assembly
« Moderator Reflector Assembly
» Core Vessel Shielding
« Monolith Inserts (neutron guide optics)
» Target Viewing Periscope

Core Vessel Thermal Requirements:
« Maximum stainless steel temperature = 200 C
« Maximum pressure drop = 15 PSI
« Maximum cooling water temperature = 100 C
« Soft requirement to avoid water boiling within the shielding
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Simplified Core Vessel Model used for thermal analysis
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Core Vessel, Cooling Channel




Core Vessel, Cooling Channel

{ sinlet, 0.5 kg/s (8 GPM) 32.2°C H,0
t : outlet, 45 psia
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Material Properties

SS316 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
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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 ~ cora CvssiOwN s5316Lcs

. ) . . 007a_CVBeltDOWN_SS316Water.csv
LI n k. https://ornl.sharepoint.com/sites/sts/targetsystems/Shared%20Documents/Forms/Allltems.aspx?csf=1&web=1&e=Ilwgp7&cid=939335e4%2D4ccc%2D4c00%2Da2d2%2D814c53b7125a&FolderCTID=0x0

o 1200064187E8E25420543ACADOBF1C3490EAC&N0AUthRedirect=18&id=%2Fsites%2Fsts%2Ftargetsystems%2FShared%20Documents%2FS%2E03%2E02%20Target%20Assembly%2F1%5FCALCULATIONS ggggfggg:mgigg}2\5‘fosfvemsv
%2FCALC%2D018%20%2D%20CoreVessel%2FNeutronics&viewid=9be9bc88%2D5a13%2D48¢7%2D9fff%2Dd22f94ffdeb5 . 009d_Center_SS316L.csv
CO m b 18] ed ———— | 009d_Center_$3316Water.csv
. . 009d_Center_SS316Water_2.csv
(U n |‘t conversio n) 009f_11_out_Bottom_$S304L.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 Neutronics 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
7.89e+04 LEEE S
5.92e+04 50000
' ) 3.94e+04 _ 3.50-05
i 1.97e+04
.

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

Q.. =1,868 W

Q_CV (W/mA3)

o | -97€+05

l1 .77e+05
1.58e+05

Q_CV (W/mA3)
— 5.00e+03

l4.50e+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

‘Y 3.94e+04 fY 1.00e+03

P X X

7 1.97e+04 —7" 5.00e+02 ‘

~g \‘

3.10e-05 3.10e-05 beam
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Heat Source in Water

. . P
Q_Water approximation:  Quater = QSBhear * ——or

Pss

Q_Water Limit (W/mA3)

Q_Water Limit (W/mA3)

v

_E:ZZZ: Qwater_Loop_l =49.74W

l1.97e+04 Qwater_Loop_Z =2.29W
::ZZ:Z Lower heating Qwater_Loop_B =0.32W
1.23e+04 Qwater_Loop_4 =0.61TW

9.87e+03

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

0.00e+00 “

Loop_1

> O-00e+02

Q_Water Limit (W/mA3)

> O-00e+02

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 2.00e+02

1.50e+02
1.00e+02
5.00e+01

0.00e+00

1.50e+02
1.00e+02

0.00e+00

5.00e+01 i

Qwater_total = 52.95W




issue

31,

Absolute Pressure (psi)

47.63
46.93
46.23

45.53

44.82

umm34.12

u 43.42

42.72
42.01

41.31
40.61

%
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Water Pressure

Loop_1

Absolute Pressure (MPa)
0.328
0.324
0.319
0.314
0.309
..0.304
!0.299
v 0.295
0.290
Ax
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)

0.285
0.280

Loop_1

} Comparison in next 3 slides



Velocity: Magnitude (m/s)
8.1

7.3

6.4

5.6

4.8

4.0

- 54

Y 24
1.6

Z1 X

il 0.8
0.0

%OAK RIDGE | %228

National Laboratory | STATION

Core Vessel, Streamlines

Velocity: Magnitude (mls)
8.1

7.3
6.4

5.6
4.8
4.0
3.2

2.4
1.6
0.8

0.0

Streamline Animation

Velocity: Magnitude (m/s)
8.1
7.3
6.4
5.6
4.8
4.0
3.2
Y 2.4
1.6
e 0.8
0.0




Core Vessel, Stainless Steel Temperature

Peak: 43°C Heat Source

Temperature (C) Temperature (C) Q_CV (WimA3)
_>5.00€+O2
43.0 43.0 4.50e+02 Front Reqr
I41 9 I41 9
40.9 40.9 2.50e+02
2.00e+02
33.8 33.8 l ooz
_387 A 0000 38.7 pasi [
I-— 376 I— 376
36.5 36.5
Q_CV (W/mA3)
35.4 35.4 Font _____ Rear
Y 34.4 Y 34.4 - - 2 E s
{J\‘x 33.3 {J\‘x 33.3 — e
32.2 32.2 o
6.28e+01 TY
3.27e+01 k—;l‘x
% 0AK RIDGE | 527 No cooling channel in this plate
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Core Vessel, Stainless Steel Temperature

Peak: 43°C

Temperature (C)
43.0

I4‘|.9

40.9
39.8

Temperature (C)

387, U 38.7
37.6 37.6
36.5 36.5
Y 35.4 o 35.4
34.4 ,T X 344

b x
2
e 33.3
32.2

233.5

SSSSSS
TARGET
STATION
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Core Vessel, Water Temperature

Peak: 38.8°C

Temperature (C)

38.8 Temperature (C)
I38.2 I38-8
375 38.2
36.8 =7
36.8
36.2
36.2
35.5
35.5
34.9
34.9

34.2
33.5
32.9

Y 34.2
X 33.5

4
. 32.9
32.2

4

32.2
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Core Vessel Thermal Analysis Summary

Core Vessel Analysis Results: Temperature (C) (.
« Maximum stainless steel temperature = 200 C 43.0
« ANSYSresults: Maximum stainless steel temperature =43 C > PASS 41.9
* Maximum pressure drop = 15 PSI | 140.9
» ANSYS results: Maximum water pressure = 2.47 PSI-> PASS 39.8
 Maximum water temperature = 100 C 38.7
» ANSYS results: Maximum water temperature = 38.8 C > PASS 37.6
36.5
35.4
Tempera;t;res © Absolute Pressure (psi) Y 34.4
2§§ IZ: ;L\‘x 33.3
368 ::z 32.2

36.2

44.82

35.5
34.9
34.2
Y 335

‘;J\x 329

32.2

44.12
43.42
42.72

42.01
Z
X B 1 31

40.61
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Shield Block #1 Introduction and Requirements

« The position of the following components are impacted by Shield
Block #1 thermal performance:
« Target Assembly Snubber
» Moderator Reflector Assembly
» Core Vessel Shielding
« Target Viewing Periscope

Shield Block #1 thermal requirements:
« Maximum stainless steel temperature = 200 C
* Maximum pressure drop = 15 PSI
« Maximum cooling water temperature = 100 C
« Soft requirement to avoid water boiling within the shielding

Cooled Block #1
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Early Shield Block Desidgns

Design_1

APintet—outter = 160 kPa (23.2 psi)

Pressure (Pa)
1.61e+05
I1 .44e+05
1.28e+05
1.12e+05
9.60e+04
7.98e+04
6.37e+04
4.75e+04
3.14e+04
1.52e+04
-9.20e+02

Temperature (C)

Peak 87.3 °C

87.3
I82.1

76.8
71.6
66.4
61.2
55.9
50.7
45.5

40.2
35.0

Design_4

Pressure (Pa) APinlet—outlet = 16 2 kPa (2.3 pSi) Temperature (C)

1.67e+04
I1 .49e+04 T
1.31e+04
1.14e+04
9.58e+03
7.81e+03
6.04e+03
4.27e+03 +
2.50e+03
7.30e+02
-1.04e+03

Design_6

APinlet—outlet : 90 5 kPa (13.1 pSi)

Pressure (Pa)
9.09e+04
I8.1 8e+04
7.26e+04
6.35e+04
5.44e+04
4.53e+04
3.62e+04
2.71e+04
1.80e+04
8.89e+03
-2.16e+02

Peak 87.6 °C

87.6
I82.3
77.0

71.8
66.5
61.3
56.0
50.8
45.5
40.3
35.0

Temperature (C)
58.0
55.7
53.4
51.1
48.8
46.5
44.2
41.9
39.6
37.3
35.0

Temperature (C)

2337
I213.9
19414

174.3
154.5
134.7
114.9
95.1
75.3
55.5
35.6

Pressure (

Design_2
Peak 233.7 °C

Temperature (C)

113.9
I106.0
98.2

90.3
825
74.6
66.8
59.0
51.1
43.3
35.4

Pa) Design_5

V-SHIELD-PLATE-1:Tube_wali,

1.64e+04

I1 .47e+04A
1.29e+04

1.1

e )

9.46e+03 — — 66.3
7.72e+03 ' 618

/ 57.3
5.98e+03 50

0.1m ’

4.24e+03 48.4
2.50e+03 43.9
7.57e+02 39.5
-9.84e+02 35.0

Pres:

Pintet—outiet = 15.9 kPa (2.3 psi) Temperature (©
79.7

T I75.2
2e+04 70.7 A

Design_7

emee o P€AK 61.5 °C

e AP ;niet—outtet = 38.4 kPa (5.6 psi) 61.5
3.89%e+04 pe:8
I3.49e+04 56.2
3.09e+04 53.5
2.70e+04 ¢ 50.9
2.30e+04 48.2
1.90e+04 45.6

1.51e+04
42.9

1.11e+04

40.3
37.6
35.0

7.12e+03
3.15e+03
-8.22e+02

Design_3

Peak 113.9 °C

Peak 79.7 °C

HIECDSS

PESTTube_wall




Water pressure + Thermal *Gravity ™= Stacked Plate Design peak stress : 488 mpa
Deformation scale = 180 SS316 Yield Strength: 252 MPa

B: Static Structural B: Static Structural

Stress_2 Stress_4
Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress : 3
Unit: MPa Unit: MPa ‘
Time: 1s Time: 1s Sharp edge
488.54 Max 488.54 Max
250 250
200 200
150 150
100 100
40 40
20 20
10 10
5 Y )

0.0011521 Min

0.0011521 Min

3 0.00 500.00 1000.00 (mm)
[ | I ]
250.00 750.00




Cooled Block #1 Current Design
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Cooled Block #1 Thermal Analysis

st

Modes
Elements

1425468
966921

Stainless Steel

Density

Structura
“ |sotropic Elasticity
Derive from
Young's Modulus
Poisson's Ratio
Bulk Modulus
Shear Modulus
Isotropic Secant Coefficient of Thermal Expansion
Compressive Ultimate Strength
Compressive Yield Strength
Tensile Ultimate Strength
Tensile Yield Strength

Therma
Isotropic Thermal Conductivity

Specific Heat Constant Pressure

%OAK RIDGE |t

National Laboratory | STATION

Show Detailed 5t... Mo

7750 kg/m?

= e
= =
Y

A=

v
AWy

Young's Modulus and Poisson's Ratio
1.93e=11 Pa
0.31
1.693e+11 Pa
7.3664e+10 Pa

1.7e-05 1/°C
0 Pa
207e+08 Pa
5.86e-08 Pa
207e+08 Pa

151 W/m:°C 0.00 1000.00 2000.00 (mm)

480 JkgC 200.00 1500.00



Apply Convection Boundary Condition

Analytical Approach
« Steady state thermal analysis with
estimated water convection was used
* Provides a quick method to
evaluate cooling geometry I Steady-State Thermal
- Convection coefficient calculated using T
the Dittus-Boelter equation T e
« A more thorough CFD analysis will be

performed during final design

|:| Convection: 35. °C, 3000, W/m*°C

0.000 1.000 2,000 (m)

0.500 1.500
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Apply Heat Generation

I: Steady-State Thermal
Imported Heat Generation
Time: 1. s

Unit; W/m?

4/16/2025 10:17 AM

2.7698e5 Max
5 2.4621e5
2.1543e5

—{ 1.8465e5

L 1.5388e5

= 1.231e5

—{ 92329

61553

I 30778
2.721 Min

0.000 1.000 2.000 (m)

I I |
0.500 1.500

%OAK RIDGE |t
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Temperature Results

I: Steady-5tate Thermal
Temperature

Type: Temperature

Unit: °C

Time: 15

4/16/2025 10:17 AM

. 65.511 Max
61.905

— 58.3

— 54,694
51.0849

. 47.483

— 43.877
40.272
36.666
33.061 Min

0.000 1.000 2,000 (m)

0.500 1.500
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Shield Block #1 Analysis Summary

Shield Block #1 Analysis Results:
« Maximum stainless steel temperature = 200 C
* ANSYS results: Maximum stainless steel temperature = 65.5 C &> PASS
* Maximum pressure drop = 15 PSI
 ANSYSresults: TBD -
 Maximum water temperature = 100 C
* ANSYSresults: TBD->

I: Steady-State Thermal
Temperature

Type: Temperature

Unit: °C

Time: 1s

4/16/2025 10:17 AM

65.511 Max
61.905

58.3

54.694
51.089
47.483
43.877
40.272
36.666
33.061 Min
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Shield Block #3 Introduction and Requirements

« The position of the following components are

impacted by Shield Block #3 thermal
performance:

« Target Assembly Snubber

» Core Vessel Shielding

» Target Viewing Periscope

Shield Block #3 thermal requirements:
« Maximum stainless steel temperature = 200 C
* Maximum pressure drop = 15 PSI
« Maximum cooling water temperature = 100 C
« Soft requirement to avoid water boiling
within the shielding
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Layer 2 cooled shield block history

Temperature (C)

267.0
l243.8
220.6
197.4
174.2
151.0

l127.8

104.6

Y 814
_,J\ 58.2

35.0

B: Static Structural
Equivalent Stress

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

770.05 Max
300

- ~ }, 150

> r 100
70
60
50
10
5

0.014936 Min 0.00 500.00 1000.00 (mm)

—m000 000
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Layer 2 Shield Block Latest Design
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Shield Block #3 (Design_31), SS316 Temperature

Temperature (C)
53.2

I51.1
49.0

46.9
44.8 =

427 %
40.6
38.5
Y k364
X
343

32.2

Temperature (C)
53.2

51.1
49.0
46.9
44.8

42.7
40.6
38.5
¥ 36.4




Shield Block #3 (Design_31), Water Temperature

Temperature (C)
40.0

I39.2
38.4
37.6

36.8

36.0

35.1

Y 34.3
’X\T/Z 33.5
32.7

31.9

%OAK RIDGE SSSSSS
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Shield Block #3 (Design_31), Water Pressure

Inlet_1(32.2°C) Outlet 2 Inlet_2(32.2°C)

| 1

Absolute Total Pressure (psi)
59.13

57.73 | Inlet_3(32.2°C)
Outlet_1 /8

56.33 T
54.93
53,55
52.13
50.73
49.33
47.93
46.53
45.13

APinlet_l—outlet_l = 9.5 psi (3GPM)
APinlet_z—outlet_z = 13.2 psi (8GPM)

APinlet_S—outlet_?, = 12.9 psi (8GPM)



Shield Block #3 Analysis Summary

Shield Block #3 Analysis Results:
« Maximum stainless steel temperature = 200 C
« ANSYSresults: Maximum stainless steel temperature = 53.2 C > PASS
* Maximum pressure drop = 15 PSI
* ANSYS results: Maximum pressure drop = 13.2 > PASS
* Maximum water temperature = 100 C
« ANSYS results: Maximum water temperature = 40 C - PASS

Temperature (C)
53.2
I51.1
49.0
46.9 4
443 S
‘ 42.7
40.6
38.5
36.4
34.3
32.2

Y

ﬁz
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Uncooled Shielding Introduction and Requirements

« The position of the following components are
impacted by uncooled shielding thermal
performance:

» Target Viewing Periscope

Uncooled Shielding Thermal Requirements:
« Maximum carbon steel temperature = 200 C

%OAK RIDGE |[5:32%
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Vessel Shielding Area Definition

Uncooled Shielding: A36 Steel

Water Cooled Shielding: Stainless Steel 316/316L




Thermal Model Boundary Conditions

B: Uncooled Blocks
Steady-State Thermal

Assume surfaces contacting stainless steel are 2
maintained at 35°C 4/9/2025 12:51 PM

. Temperature: 35, °C

%OAK RIDGE | %228
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Thermal Model Boundary Conditions

Contact Bgd}r WIBEM Dottt e D D b e B B B B B B S e I]. O x
Assume thermal contact resistance of R"; . = 0.0025 m#*K/W
between all contacting resting surfaces [1]
Conservative assumption for stainless steel contact under
vacuum conditions

¥
: . : -
No convective or radiative effects applied e e s
_'M.CH:}:I
Target Body Wieuw o b i b D S D S L D L L e nMox

.z
0.000 2.000
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Apply Heat Generation Plot

Results:
Row Target
Total Heat Rate (W)
1 Lg44.8
B: Uncooled Blocks B: Uncooled Blocks
Imported Heat Generation ;_mp"lrtm SRS SETAEED
. : ime: 1. s

T'”?E' I.s 2 Unit: W/m?
Unit: W/m 4/9/2025 1:07 PM
4/9/2025 105 PM

1.2277e5 Max

1.2277e5 Max 1.0912e5
. 7043 6 95484
L | 59507 81843
' 68203

— %577 54562
L1 4964.8 iz
— 39718 27281
L | 29789 13641

2.639%-5 Min

Imported Heat

1985.9
I 892.95
2.6399¢-5 Min

%OAK RIDGE |t
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Temperature Results

B: Uncooled Blocks B: Uncooled Blocks
Temperature Temperature

Type: Temperature Type: Temperature
Unit: °C Unit: °C

Time: 1 s Time: 15

4/9/2025 1:09 PM 4/9/2025 1:.08 PM

- 292.49 Max . 292.49 Max

263.85 263.85

— 235.2 — 235.2

— 206.56 — 206.56

L] 177.92 —1 177.92

— 149.28 — 140.28

— 120.64 — 12064

— 91994 — 91.994
63.351 63.351

. 34.709 Min . 34.709 Min

%OAK RIDGE |t
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Temperature Results Removable Blocks

B: Uncooled Blocks B: Uncooled Blocks
Temperature 2 Temperature 2
Type: Temperature Type: Temperature
Unit: °C Unit: °C

Time: 15 Time: 15

4/10/2025 454 PM 4/10/2025 4:55 PM

. 292.49 Max . 292.49 Max
267.16 267.16
[ | 241.84 | 241.84
L | 216.51 — 216.51
L1 191.19 e 19119
L 165.86 —| 165.86
1 14053 | e

115.21 115.21
89.881 I 89.881
64.555 Min 64.555 Min

%OAK RIDGE |t
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Temperature Results Stationary Blocks

B: Uncooled Blocks B: Uncooled Blocks
Temperature 3 Temperature 3
Type: Temperature Type: Temperature
Unit: °C Unit: °C

Time: 15
4/10/2025 457 PM

Time: 15
4/10/2025 4:56 PM

. 56.623 Max . 56.623 Max

4188 o4.188

— 51.753 — 51.753

— 49.318 — 49,318
46,883 46,883

— 42,014 — 42014
SN 39.579

I 37144 I 37,144
34.709 Min 34.709 Min
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National Laboratory | STATION



Uncooled Shielding Analysis Summary

Uncooled Shielding Analysis Results:
« Maximum stationary shielding stainless steel temperature = 200 C

« ANSYSresults: Maximum stainless steel temperature = 56.6 C > PASS
« Maximum removable shielding stainless steel temperature = 200 C

* ANSYS results: Maximum stainless steel temperature =292.5 C - FAIL

B: Uncooled Blocks B: Uncocled Blocks
Temperature 3 Temperature 2
Type: Temperature Type: Temperature
Unit: °C Unit: °C

Time: 15 Time: 15
4/10/2025 4:56 PM 4/10/2025 4:54 PM

56523 Max 202.49 Max
54188 267.16
51.753 sl
e
B 155l35
44,448 '
140.53

42,014
39,579 1
3‘.;144 gl

' ) 64.555 Min
34.709 Min
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Nozzle Extensions Introduction and Requirements

« The position of the following components are
impacted by nozzle extension thermal
performance:

« Monolith Inserts (with guide optics)

Nozzle Extensions Thermal Requirements:
« Maximum stainless steel temperature = 200 C
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CV Nozzle Extensions Analyzed in This Presentation

ST10: facing lower MRA

‘|| I —
1 il . I -

i I !.m ! Ta .

- v

Upper MRA _H__ |

I = e
= | e g > i . )
. - .7_7_ . — N -—

Lower MRA . :
1
1
1
. ] 1
. I

ST11: facing upper MRA

| =t
.
A

The nozzle extensions at QIKR, ST10, and ST11 are chosen for the thermal analysis because:

« ST10: facing the lower MRA (~1 m), forward direction of proton beam, higher energy deposition, active cooling

« ST11: facing the upper MRA (~1 m), forward direction of proton beam, higher energy deposition, active cooling

« QIKR: farther away from MRA (~1.9m), backward direction of proton beam, lower energy deposition, passively cooled
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Steel Concrete Steel Concrete

Geometry

Proton Beam

Nozzle Extension He CV Nozzle Extension
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Geometry (ST10)

CV He Air Nozzle Extension Steel Concrete

%OAK RIDGE

National Labor



Geometry, Nozzle Extension @ ST10, ST11, and QIKR

Nozzle Extension

« This presentation discusses the temperature profile of nozzle extensions.

« Theresults in this presentation are extracted from the thermal analyses

done for the QIKR and Monolith Insert Modules at ST10 and ST11. More
details can be found : Monlith_Insert_PDR_CFD_Analysis_06_25_2024.pptx

MTK_QIKR_Heat_Transfer_Analysis_2025_03_07_Updated.pptx

 The front surface of the nozzle extension is welded to the well-cooled core
vessel beltline (active cooling).

« A separate CFD analysis was done for the core vessel beltline, and the
obtained temperature profile was used to set the boundary condition for
the nozzle extension.
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https://ornl.sharepoint.com/:p:/r/sites/sts/targetsystems/_layouts/15/Doc.aspx?sourcedoc=%7BB891C5C9-A3A6-4334-9884-AC29AE3E21DE%7D&file=Monolith_Insert_PDR_CFD_Analysis_06_25_2024.pptx&action=edit&mobileredirect=true
https://ornl.sharepoint.com/:p:/r/sites/sts/targetsystems/_layouts/15/Doc.aspx?sourcedoc=%7B5E5AE8B4-BB63-4AC0-BED0-46883CACFDE0%7D&file=MTK_QIKR_Heat_Transfer_Analysis_2025_03_07_Updated.pptx&action=edit&mobileredirect=true

Assume @ 35°C (conservative)
Contact Surface

Temperature (C)

5255
3215
324
32.4

324
324
52:3
8743
A 3213

ol o 8242

S22

%OAK RIDGE

National Laboratory

SECON
TARGET
STATION

Boundary Conditions:

Bound

nditions

4

ary Co

o-
— | >
={l

Front surface is welded to the core
vessel beltline.

Temperature (C)

surface is assumed at a higher 304
temperature (35°C, conservative 35.7

assumption). S
34.3

33.6
329
32.2

front surface of ST10 & ST11: 34°C

ST10 & ST11 have active cooling =012

circuits. .

QIKR is only passively cooled through Z?

the contact with CV; therefore, its front '
2 X

front surface of QIKR: 35°C

Assume @ 34°C
Contact Surface



Heat Source, Nozzle Extension of QIKR
Energy deposition of QIKR from Kristel Ghoos 1 KW/m3 = 1mW/cc

Total Heat: 1.77 W

Q_SS3161 (W/mA3) Q_SS3161 (W/mA3)

1.61e+03 1.61e+03
1.29e+03 1.29e+03

‘ 1.13e+03 1.13e+03
9.67e+02 9.67e+02

8.06e+02 8.06e+02

6.45e+02 6.45e+02

Y 4.84e+02 Y 4.84e+02
7zt 3.22e+02 7zt 3.22e+02
X 1.61e+02 _ 1.67e+02
1.22e-05 1.22e-05

Q_SS3161 (W/mA3)

> 2.00e+02
1.80e+02
1.60e+02

‘ 1.40e+02

Q_SS3161 (W/mA3)
> 1.00e+01
9.00e+00
8.00e+00
7.00e+00

.

Contact with well-cooled

1.20e+02 6.00e+00 core vessel beltline
1.00e+02 5.00e+00
8.00e+01 4.00e+00
Y 6.00e+01 Y 3.00e+00
t 4.00e+01 t 2.00e+00
X 2.00e+01 A 1.00e+00
1.22e-05 1.22e-05
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Temperature, Nozzle Extension of QIKR

Peak: 36.8°C

h
—f
Temperature (C) ¢ Temperature (C)
35.7 35.9 36.1 36'3, 36.4 36.6 36.8 35.0 35.2 35.4 35.5 35.7 35.9 36.1

36.3




Heat Source, Nozzle Extensions of ST10 & ST11

* Energy deposition of ST10 & ST11 from Thomas Miller

ST10 ST11
Total Heat: 8.5 W Total Heat: 12.6 W

Q_SS3161 (W/mA3) Q_SS316l (W/mA3)

5.82e+03 8.84e+03
I5.24e+03 I7.95e+03
4.66e+03 7.07e+03
4.08e+03 6.19e+03

3.49e+03 5.30e+03
2.91e+03 4.42¢+03
2.33e+03 3.54e+03

’Y 1.75e+03 § 2 65e+03
LX ;;i:gi t x 177403
) ' z- 8.84e+02

0.00e+00 0.006+00

Q_SS3161 (W/mA3) Q_SS316l (W/mA3)

5.82e+03 8.84e+03
I5.24e+03 I7.95e+03
4.66e+03 7.07e+03
4.08e+03 6.19e+03
3.49e+03 5.30e+03
2.91e+03 4.42e+03
2.33e+03 3.54e+03
Y 1.75e+03 y 2.65€+03
<z e ' s
#OAK RIDGE |70 * M 7 (s 84e+02%
National Laborator ;?E%%TN 0.00e+00 \"(
y 0.00e+00 ¥



Temperature, Nozzle Extensions of ST10 & ST11

ST10 ST11

Peak: 42.2°C Peak: 46.6°C

Cooling circuit inside monolith insert

[ 2 -
° Temperature (C) Temperature (C)
340 348 356 365 373 381 389 398 406 414 422 340 353 365 378 390 403  41.5 428 440 453  46.6
Y Y
I =
. Temperature (C) Temperature (C)
340 348 356 365 373 381 389 398 40.6 414 422 340 353 365 378 390 403  41.5 428 440 453  46.6
FOAK RIDGE |75y
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Nozzle Extension Analysis Summary

Uncooled Shielding Analysis Results:
« Maximum standard nozzle extension stainless steel temperature = 200 C
* ANSYSresults: Maximum stainless steel temperature = 46.6 C > PASS
« Maximum QIKR Nozzle Extension stainless steel temperature = 200 C
* ANSYSresults: Maximum stainless steel temperature = 36.8 C > PASS
« Maximum Dual Channel Nozzle Extension stainless steel temperature = 200 C
* ANSYSresults: TBD 2

Y
b x
i Temperature (C) —X
34.0 35.3 36.5 37.8 39.0 40.3 41.5 42.8 44.0 45.3 46.6 ©

L - 1Im 350 352 354 355

Temperature (C)
35.7 35.9 36.1
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Target Station Shielding Introduction and Requirements

« The target station shielding provides significant radiation
shielding to the monolith

* The target station shielding also provides thermal
protection for the monolith concrete, reducing the amount
of neutronic heating is seen in the concrete

Target Station Shielding Thermal Requirements:
« Maximum carbon steel temperature = 200 C
« Maximum concrete temperature = 65 C

%OAK RIDGE |[5:32%
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Monolith Shielding Heating and Thermal Analysis

» Obijective is to ensure the concrete temperature is below 65°C
« A greatly simplified geometry was analyzed for preliminary design

MCNP Geometry

(carbon steel)
Top Steel Top Concrete

Bottom Steel Bottom Concrete
(carbon steel)
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Monolith Shielding Heating and Thermal Analysis

Concrete outer surface temperature
will change the heat transfer
coefficient, h. Therefore, the value of h
for each case in this presentation is
slightly different.

» Heat transfer coefficient, h
= 1.38 W/m2-K s

* Environment temperature,
T, = 35°C

Top Concrete

Bottom shield block is well
cooled.

Heating data provided by L.
Zavorka

Bottom Steel

Bottom Concrete

Temperature (C)
59.8

» Adiabatic boundary condition for the rest

M., surfaces (top, bottom, and inner surfaces).
54.9
52.4
49.9
g « Perfect contact for radial interface between steel and concrete
44.9 (to maximize heat transfer to concrete)

42.5

« Thermal contact resistance for the horizonal interfaces

Y
z 40.0

SE N~ 37.5
TA

%OAK RIDGE
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Monolith Shielding Heating and Thermal Analysis

Volumetric Heat Sources
from Thomas Miller

* The volumetric heat
sources were calculated
from MCNP with
rectangular meshes,
which did not exactly
capture the geometry v
boundaries. R

S

» The volumetric heat
source of the top steel in
this thermal analysis was
multiplied by a factor of
1.232 to match to total
heat from MCNP
calculation.

Q_Total =546 W

S
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Q_Top_Steel = 519W

Q_Top_Steel (WImA3)

£

"~

6.89e+03
l6.20e+03

5.51e+03
4.82e+03
4.14e+03
3.45e+03
2.76e+03
2.07e+03
1.38e+03

6.89e+02
3.47e-04

Q_Bottom_Steel = 12.3W

Q_Bottom_Steel (W/mA3)

61.72
l55.56

49.40
43.24
37.08
30.92
24.76
18.60
12.44

6.27
0.11

Q_Top_Concrete = 12.7W

Q_Top_Concrete (W/mA3)
15.50

l13.95
12.40
10.85
9.30
7.75
6.20
4.65
3.10

1.55
0.00

\ ‘x<
"~

~—

Q_Bottom_Concrete = 2W

Q_Bottom_Concrete (W/mA3)
5.17

l4.65
413
3.62

3.10

2.58

2.07

1.55

x5 1.03
- 0.52
0.00




Monolith Shielding Heating and Thermal Analysis

Heat Removal on Boundaries

Portion of the 519 W in top steel and the heat in
top concrete flow outwards to the concrete outer
surface. Therefore, it is ok to assume perfect
contact radially between concrete and steel
because the top concrete is mainly cooled by the

35°C environment, not by the 40°C cooled surface.
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F X
=_. Z
l1 .95e+02
9.20e-01

Heat Flux_Scalar (W/mA2)
1.94e+03

.1 .75e+03
1.55e+03
1.36e+03
1.16e+03
9.71e+02
7.77e+02
5.83e+02
3.89e+02

100 W
(18%)

16 W
(3%)




Monolith Shielding Heating and Thermal Analysis

« Heat transfer coefficient, h = 1.38 W/m2-K

Steel + Concrete Temperature Steel Temperature Concrete Temperature

-
('/‘.
( a_<:
N

Peak: 47.9°C Peak: 47.0°C
Temperature (C) Temperature (C) Temperature (C)
47.9 47.9 47.0
46.8 47.1 45.9

45.6 46.3 44.9
44.4 45.5 43.8
43.3 44.7 42.7
42.1 44.0 41.7

41.0
39.8
38.7
C ¥ hs
36.4

43.2
42.4
41.6
40.8
40.0

40.6
39.6
38.5
37.4
36.4

Average outer surface
temperature is 36.5°C.

4

This value was used to evaluate heat
transfer coefficient.
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Target Station Shielding Analysis Summary

Uncooled Shielding Analysis Results:
« Maximum carbon steel temperature = 200 C

* ANSYSresults: Maximum stainless steel temperature = 47.9 C > PASS
« Maximum concrete temperature =65 C

« ANSYSresults: Maximum concrete temperature = 44 C > PASS

Temperature (C)

47.9
46.8
45.6
44.4
43.3
42.1
41.0
39.8
38.7
375
36.4
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Backup Slides
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Core Vessel, Heat Source (SS316)

Q.. =1,868 W

Q_CV (W/m~3) Q_CV (W/mA3)

— 5.00e+03 — 5.00e+02

.4.50e+03 .4.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

W 7 1.00e+03 W 7 1.00e+02
L7 5.00e+02 P L7 5.00e+01 p

b 3.10e-05 b 3.10e-05

beam beam

%OAK RIDGE |stcow Front View Front View
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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 :

S 3.50e+02 L W) '

- P 2 .50e+

5 - A

\‘ ‘ - i 3.00e+037 beam
A P )

\‘ 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/imA3) o). &V (Wigs12%))
| > 5.00e+02 > 5,006202-
: 4.50e+02
| 4.00e+02
| 3.50e+02
: 3.00e+02%0 &
| 2.50e+02 T 1 2.502+02
: 2.00e+02 | 2,002+0%
1.50e+02
|
| 1.00e+02 , " Iz
Y. % .
‘ N & R L4 3 -
: 5.00e+0lz\_\)2 A = = ¢ ' 9.002-+-0
I 3.10e-05 # e 1)05-05
F OAK RID)
National Labonl



Q_CV (WImA3)

Core Vessel, Heat Source (SS316)

Front View

Q_CV (W/mA3)
> 5.00e+02

I 4.50e+02
4.00e+02

3.50e+02
3.00e+02
2.50e+02
2.00e+02

1.50e+02

1.00e+02
X

-7 5.00e+01

e

3.10e-05

r
1
1
1
1
1
1
1
L

1
1
1
1
1
1

v

Rear View

Q_CV (W/mA3)
> 5.00e+02

l4.50e+02
4.00e+02

3.50e+02

3.00e+02

2.50e+02

2.00e+02

1.50e+02

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

[

> 5.00e+02

Loop_idinlet Loop

> 5.00e+02 4 4
4.50e+02 -, ) ALY
4 o0es0n 4.50e+02 il . 4
B e+ o
'4.00e+02 “ N = 'Loop_z_outlé
3502402 3.50e+02 57 Loop_2_inlet J
.50e+ L
3.00e+02 L 4 or R e
2506402 o0p_4_outie .‘ 3.00e+02 - T )
2.00e+02 S Coop .4 inlet
2.00e+02 . : :
1.50e+02 & Loop_3_inlet / {

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

y

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

Q_CV (W/mA3)
-1 .97e+05

I1 77e+05  Front

1.58e+05

Q,, =1,868 W
Rear

Rear View

1.38e+05
1.18e+05

9.86e+04 ‘

7.89e+04

Q_CV (W/mA3)

N
-> 5.00e+02

5.92e+04

.4.50e+02 394404 Y
4.00e+02 1.97e+04 | K
3.10e-05
3.50e+02
3.00e+02
2.50e+02 Q_CV (W/mA3)
- 5.00e+02 §
2006402 I4-50e+ozFront | p | Rear
1 5oeb+{e)§m 4.00e+02 \ ‘
Y 3.50e+02 ‘
s 1.00e+02 3 000402 [
Zl.. X 5.00e+01 2.50e402
o i 3.10e-05 2.00e+02

1.50e+02
1.00e+02
5.00e+01

3.10e-05
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Q_CV (W/ImA3)
-> 5.00e+02

I4.50e+oz Front
4.00e+02
3.50e+02
3.00e+02

2.50e+02 ‘

2.00e+02

1.50e+02 beam

1.00e+02 Y
[ X

5.00e+01 |

3.10e-05
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Q.. = 1,868 W

Q_CV (W/ImA3)

-3.08e+02
Rear I2.78e+02
2.47e+02
12.16e+02
1.86e+02
1.55e+02
1.24e+02
9.35e+01
6.28e+01
3.21e+01
1.42e+00

Core Vessel, Heat Source (SS316)

Bottom Plate

Front

Rear



Water Pressure Loop_1 & Loop_2

Loop_1 ¢

Loop_2

Absolute Pressure (psi)
46.22

Absolute Pressure (psi)
47.63

Absolute Pressure (psi)
47.63

|

|

' 46.93
: 46.23
I 45.53
I 44.82
| 144,12
|

|

I

|

|

|

|

Absolute Pressure (psi)
46.22

46.05
45.87
45.70
45.52
45.34
45.17

Higher pressure drop

43.42

R ¥ 44.99
42.01 <Z\)J #4455
41.31 £ 44.64
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)

45.90
45.75
45.60
45.45
45.30
45.15
45.00

—
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al Labor:



Loop_1 has thinner and narrower
channel near the inlet, and thus has
higher flow speed and higher
pressure drop.

Velocity: Magnitude (m/s) ©

7.59
6.83
6.07
5.31
4.55

3.79 O
3.03
2.28
1.52
0.76

%,

- \.INational L.aboratory | STATION

0.00  higher speed

Velocity Loop_1 & Loop_2

Loop_1

Narrower

»

Angle between adjacent surfaces 58.67°|
Line length 6mm

Y
6 mm thick Z

Loop_2

Velocity: Magnitude (m/s) ©

2.98
2.68
2.38
2.08
1:42
1.49 @
1.19
0.89
0.60
0.30

0.00 | ower speed

I e
Angle between adjacent surfaces|47.16°

Line length 12mm

12 mm thlck



Core Vessel, Water Temperature

Loop_1 Loop_2

Temperature (C) Temperature ) " '"‘»:" :
38.8 I32'8 =3
I38.2 32.7
4 £ 32.7 ,
36&8 .32k6 . k 1 v
36.2 £ 32\6
365K, O~ \ 132,57
Rl RS -
3491 N\ : S A S 32.4|
347\ - : w8 75 32.4'\
\ - A ) 9 ’ \
NG N s< 9 L« ,-'r, % T ’/_:‘rj,., \
n 232 S SRR ATD h 32.3
! 32.9 | RS
‘,Z"' \‘X 32 2 “ € A b s ot L Z"_.‘\\ X I32'3
A\ 2 2 I R
; ' RS 32.2

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

%OAK RIDGE

National Laboratory

SECOND
TARGET
STATION




Core Vessel, Water Temperature

Loop_3 Loop_4

Temperature (C) )
Temperature (C) ) = =

I32.9
Iaz.e 32.9
y 32.8
32.7| {
I 32.6 |
7 B3 ) 326
TS [
S Z f = 32.54
,_?M—;{" .”r;;,-’ \‘r; \
— B S=r s, 32.4 |\ 7 | /
t e sy B SSRE P
AZ \‘\X Sh oL .Z""'\‘\‘X AR ! ¢
> 32.2 N /

Inlet Temperature :32.20°C Inlet Temperature :32.20°C
Outlet Temperature : 32.24°C Outlet Temperature : 32.26°C
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Shield Block #1, Stainless Steel Temperature

Peak: 71.4°C

Temperature (C) Temperature (C) Temperature (C)

71.4 71.4 71.4

l67.7 l67-7 I67.7

64.1 64.1 64.1

60.5 60.5 60.5

56.8 56.8 56.8

53.2 53.2 53.2

495 49.5 49.5

45.9 45.9 45.9

Y 42.3 L \ 42.3

“ 7 s X 42.3

v
7~X I38.6 — 38.6 X I38.6
e 35.0 35.0 35.0
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Velocity: Magnitude (m/s)

%

0.5
Y 0.3
0.2

-
e 0.0

1.6
1.4
1.2
1.1
0.9
0.8
0.6

Shield Block #1, Streamlines

S$S316_T>60C

= 1.6
R ‘:-z; =
ZANGS NP2
C S NN 1.2
o—— e
SRS f—
e = A et 1§
ey S S e
N e Y =Y
e SN S .
= 0.6
N —— '
NN 4 0.5
‘\\-’I'
\‘f/ 0.3
‘r
0.2
0.0

Temperature (C)
55.6 57.2 58.8 60.3 61.9 63.5 65.1 66.6 68.2 69.8 71.3

i L
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Velocity: Magnitude (m/s)

Animation

SS316_T>60C

Velocity: Magnitude (m/s)
1.6
1.4
1.2
1.1
0.9
0.8
0.6
0.5

‘Y 0.3
| 0.2

ol 0.0
Temperature (C)
55.6 57.2 588 60.3 61.9 63,5 65.1 66.6

N
"<

Velocity: Magnitude (m/s)
1.6
1.4
1.2
1.1
0.9
0.8
0.6
0.5
0.3
0.2
0.0

68.2 69.8 71.3



Shield Block #1, Streamlines

Animation
Velocity: Magnitude (m/s) =5310_T > 60 C Velocity: Magnitude (m/s) Velocity: Magnitude (m/s) 55316_T>60C Velocity: Magnitude (m/s)
1.6 1.6
1.4 e : 1.4
1.2 1.2
1.1 i

Temperature (C) ‘
55.6 57.2 588 60.3 61.9 635 65.1 66.6 682 69.8 71.3
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Velocity: Magnitude (m/s)

1.6
1.4
1.2
1.1
0.9
0.8
0.6
0.5

v 0.3
_Zl « 02
T 0.0

%
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Shield Block #1, Streamlines

Streamlines from inlet_1

Animation
inlet_1

inlet_1




Shield Block #1, Streamlines

_ ] Animation
Streamlines from inlet_2

Velocity: Magnitude (m/s)

1.6
1.4
1.2
1.1
0.9
0.8
. . 0.6
Velocity: Magnitude (m/s) 0.5
1.6 |
0.3
1.4 0.2
1.2 0.0
1.1
0.9
1.6
0.8
1.4
0.6 1.2
0.5 1.1
§ 0.3 0.9
s
5.3 0.8

0.0
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Shield Block # 1(from 02/05/2024), SS316, Solid

Inlet_1

|

Outlet_1

Outlet_1




Heat Source and Cooling Channel of Shield Block #1 (SS316)

Neutronics Heating from Lukas (2023) Link =
Q0SB = 12.56 kw

hared%20D: /Allitems.aspx?2csf=1&web=1&e=Ilwgp7&cid=039335e4%2DA4cco%2D4c00%2Da2d2%2D81453b7125a&F0lderCTID=0x01200064187EBE25420543ACADOBF1 C3490EACENOAUthRedirect=18id=%2F sites%2Fsts%2Ftargetsys
OAsser

LCULATIONSS% F(AL( %2D018%20%2D%20CoreVessel% uf bc88%2D5a13%2D48¢7%2D9fff%2Dd22f94ffdeb5

QSB_heat (WImAB) QSB_heat (Wlm/‘3)

2.4e+05
2.1e+05
1.8e+05

2.4e+05
2.1e+05
1.8e+05
1.5e+05
1.2e+05
8.9e+04
5.9e+04

AY )
Z.l- . X l3.0e+04
s i~ 2.2e+00

QSB_heat (W/mA3)

1.5e+05
1.2e+05
8.9e+04
5.9e+04

3.0e+04
2.2e+00

QSB_heat (Wim’\B)

1 >1 0e+04 |
-
8.0e+03 8.0e+03
7.0e+03 7.0e+03 (/
6.0e+03 6.0e+03 WL
5.0e+03 5.00403 [
4.0e+03 4.0e+03 g
3.0e+03 3.0e+03 <

2.0e+03

‘Y
oAl «~ *

% » 2.2e+00
Natior

Y 2.0e+03

Z TX l1.0e+03
- *
2.2e+00



Shield Block #1, Stainless Steel Temperature

Peak: 71.4°C
Temperature (C)

71.4

l67.7

64.1

Temperature (C) 60.5

71.4 56.8

.67_7 I53.2

64.1 495

60.5 ~ B ::'z

56.8 .;I\‘X =5 2

53.2 350
I49.5

:

.ux?.“."’h Eevawx = -“'A‘;,i‘;s ﬁ‘ .
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LR IO U] EEY) Von-Mises Stress peak stress : 488 MPa
Deformation scale = 180 SS316 Yield Strength: 252 MPa

B: Static Structural

Stress_1

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

488.54 Max
250

200

150

100

40

20

10

5

0.0011521 Min I
°

0.00 500.00 1000.00 (mm)
]

— —
250.00 750.00

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 I

5 Y 5

0.0011521 Min

0.0011521 Min

3 0.00 500.00 1000.00 (mm)
| I ]
250.00 750.00




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)
)

— —
250.00 750.00

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

o

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) X
—— )
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) X
L Em—— - —]
250.00 750.00

T ——

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
0.00 500.00 1000.00 (mm) X
— )
250.00 750.00

———



Water Pressure 5 bar

M

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

0.00 500.00
— —
250.00 750.00

1000.00 (mm)
]

B: Static Structural
Deformation_1

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

0.00 500.00
—
250.00

1000.00 (mm)
— )
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

1000.00 (mm)
T
250.00 750.00



Thermal Only Von-Mises Stress peak stress : 83 MPa

%
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SS316 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 : :
Type: Equivalent (von-Mises) Stress E&iﬁ':nfg#::gral
?imt;_wlpsa Type: Equivalent (von-Mises) Stress
; Unit: MPa
83.381 Max filue s
70 ‘ 83.381 Max
60 1 70
50 ) 60
% f »  EESogsiggAl
40 WAWAVA \\\\
10 : AN
s 10 OIS
0.001191 Min 5
X 0.001191 Min
0.00 500.00 1000.00 (mm)
250.00 750.00



Thermal Only

%

OAL\ ANLAJI\TLY | TARGET
National Laboratory | STATION

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 1000.00 (mm)
a—  —
250.00 750.00

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 ' J\‘
@
X
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

I
0.16161 Max |
0.12817 l
0.094726 {
0.061285

0.027845 )
-0.0055962

-0.039037

-0.072478 {

Y

-0.10592 ,

-0.13936 Min z'/L‘
X

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

I
0.17235 Max i
0.14645 l
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 i
-0.0012606 l
-0.020282 {
-0.039304

-0.058325 ) [
-0.077347 1
-0.096368

-0.11539 i
-0.13441

-0.15343 Min

0.00 500.00

1000.00 (mm)
250.00 750.00



ELEITIETCIT Von-Mises StressS peak stress : 13 MPa
SS316 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 {L\

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
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s

0.026735 Max
0.023765
0.020794
0.017823
0.014853
0.011882
0.0089117
0.0059412
0.0029706

0 Min

B: Static Structural
Deformation_1

Type: Total Deformation
Unit: mm

Time: 1s

0.026735 Max
0.023765
0.020794
0.017823
0.014853
0.011882
0.0089117
0.0059412
0.0029706

0 Min

Total Deformation

0.00 500.00 1000.00 (mm)
e m—

250.00

750.00

0.00 500.00 1000.00 (mm)
L - —

250.00

750.00

Displacement

Deformation scale = 100

-

"?.—~<

X

X - Deformation

Y - Deformation

Z - Deformation

B: Static Structural
Directional Deformation_X
Type: Directional Deformation(X Axis
Unit: mm

Global Coordinate System
Time: 1s

0.0072199 Max
0.0056196
0.0040194
0.0024191
0.00081887
-0.00078139
-0.0023816
-0.0039819

-0.0055822 :
-0.0071824 Min ).\‘
X
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

5.3864e-6 Max
-0.0029658
-0.0059369
-0.008908
-0.011879
-0.01485
-0.017821
-0.020793

-0.023764 i
-0.026735 Min o
X
0.00 500.00 1000.00 (mm)

250.00 750.00

O
-

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

Global Coordinate System
Time: 1s

0.0024591 Max
0.0018789

0.0012987 !
0.00071855

0.00013838
-0.00044179

-0.001022

-0.0016021

-0.0021823 '
-0.0027625 Min N
X
0.00 500.00  1000.00 (mm)

250.00 750.00
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