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Purpose

e This thermal-hydraulic analyses were performed to demonstrate
that the current MRA backbone design can meet the following
requirements.

 Requirements
- Maximum water temperature < 100°C
 No water boiling
- Maximum stainless-steel temperature < 200°C
— Pressure drop < 0.5 psi
e For the cooling loops 1 & 2

— Pressure drop < 4.0 psi
e For the cooling loops 3 & 4

e Goal : minimize stainless steel femperatures in order to minimize
thermal displacements
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Geometry
MRA Backbone

Proton beam :

:
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MRA Full Backbone Geometry

Water
Loop_3

Loop_3.1&
Loop_4: outlet
temperatures
from reflector
vessel analyses

0.47 kg/s (7.5 GPM) , 35.0°C (Loop_1: Lower Reflector Inlet )

0.47 kg/s (7.5 GPM) , 35.0°C (Loop_2: Lower Premoderator Inlet)
0.94 kg/s (15 GPM) , 39.2°C (Loop_3_1: Lower Reflector/Premoderator Combined Outlet)
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0.94 kg/s (15 GPM) , 35.0°C (Loop_3_2: Middle Backbone Inlet)
0.94kg/s (15 GPM) , 38.7°C (Loop_4: Upper Reflector/Premoderator Combined Outlet) ——




MRA Full Backbone Geomeiry, Pipe Cut Outs

Higher temperature is expected around the Pipe cut outs (difficult fo route cooling passages)

Pipe Cut Outs:
slots with clearance for routing piping to the component

Cut out 1 Cut out 2
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MRA Full Backbone Geometry, Vacuum Regions

Higher temperature is expected around the vacuum regions (difficult to route cooling passages)
- | P 1‘ s

Vacuum 3

Vacuum 4
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MRA Full Backbone Heat Source

energy deposition from Lukas QSS = 26,054 W
Link:

t sts
VIRA%2FMRA% F 962D5213%2D48c7%2D9 HdebS

hitps:/fornlsharepoint.com/sites/sts/targetsystems/Shared%20DocumentsFor
SFSANDBOX% K AC% 212023 2F D SFSTS% S MR ARL2H0%5 S mmary%2FPrelimin
5FEnergySFDepOsifion&viewid=9besbcBa%2D5a1 372D ABC 7% 2DSN11% D221 idebS

id=%2Fsites: QFV QH argetsystems%2FShai d’72fJD cumen !’72FS’72E0372E02720T q WQOA emb\y 2F‘?9
/uJFMRA’V’FB %SFThermal%SFHydraulics%5F Analysis%2FCFD%5FHeat%SF: Nd%S|
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https://ornl.sharepoint.com/sites/sts/targetsystems/Shared%20Documents/Forms/AllItems.aspx?id=%2Fsites%2Fsts%2Ftargetsystems%2FShared%20Documents%2FS%2E03%2E02%20Target%20Assembly%2F1%5FCALCULATIONS%2FCALC%2D016%20%2D%20MRA%2FMRA%5FR5%2FNeutronics&viewid=9be9bc88%2D5a13%2D48c7%2D9fff%2Dd22f94ffdeb5
https://ornl.sharepoint.com/sites/sts/targetsystems/Shared%20Documents/Forms/AllItems.aspx?id=%2Fsites%2Fsts%2Ftargetsystems%2FShared%20Documents%2FS%2E03%2E02%20Target%20Assembly%2F1%5FCALCULATIONS%2FCALC%2D016%20%2D%20MRA%2FMRA%5FR5%2FNeutronics&viewid=9be9bc88%2D5a13%2D48c7%2D9fff%2Dd22f94ffdeb5

MRA Full Backbone Heat Source (Solid)

Shielding Block— bat | Heal(W)
| Shielding Block 2.157842e+03
Upper Block 6.494906e+03
Upper Block— | ~Jumper Elbow 1 e Block 1.199489+04
Lower Block 5.405235e+03
Jumper Elbow /.509197¢e-01

Middle Block

Lower Block ——
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Heat Source in Water
Q_Water approximation: Quqter = QSS * £2ater — g5  2272%

Pss 7969
Ouaer = 229.57W
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Heat Source in Water
Loop 3 Upper

Q_Water (W/imA3)
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,| |
MY

Water Loop 2 7.426260e+00 2.1190132240E-04
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Loop 3 Lower Sum 229.57 6.0861067143E-03
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S$S316 Material Properties from Ansys

S$8$316 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
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MRA Full Backbone, Water Pressure

Requirement: less than 0.5 psi for 7.5 GPM circuit

APiniet—outiet = 0.255 psi (Loop_1,7.5GPM)

toops_1-4 AP, 1ot —outior = 0.404 psi (Loop_2 ,7.5GPM)

Absolute Pressure (psi) Absolute Pressure (psi)

18.55 16.82

18.09 16.73

17.63 16.64

17.17 16.55

16.71 16.46

16.24 16.37

15.78 16.28

15.32 16.19
IY 14.86 JY 16.10 __ Inlet, 0.47kg/s, 35°C

X 14.40 )E 16.01 0uﬂet,osust§;°?<>:5.1f 5 l inlet, 047kg/s, 35°C
13.93 15.92 U1
“V‘TwLoTop_l

HOAK oo Loop_2
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MRA Full Backbone, Water Pressure

Requirement: less than 4 psi for 15 GPM circuit

APinlet—outlet - 164‘ pSl (LOOp_3_1, 15 GPM)
AP iet—outier = 1.12 psi (Loop 3 2,15 GPM)  APiiet—outiet = 3:17 psi (Loop_4, 15 GPM)

Loop_3 Loop_4
Absolute Pressure (psi) Absolute Pressure (psi)
1422 1620 I Outiet, 40.90°C
17.01 18.09 I N A
SR EE N
16.76 17.63 1 | | :
16.52 17.17 1
Outlet, 39.25°C
16.27 T 16.71
16.03 Inlet_1, 0.94kg/s, 35°C 16.24
15.78 15.78
15.54 15.32 Inlet, 0.94kg/s, 38.7°C
¥ 15.29 Inlet 2, 0.94kg/s, 39.2°C Y 14.86
X
’EJ 15.04 tgj 14.40
- i
14.80 13.593




MRA Full Backbone, Water Temperature

Requirement: Water temperature : < 100 °C

Peak : 61.2°C

Temperature (C) Temperature (C)
61.2 61.2
I58.6 I58.6
56.0 56.0
53.4 53.4
50.7 50.7
48.1 48.1
45.5 45.5
42.9 42.9
Y 40.2 \ 40.2
g 37.6 37.6

35.0 35.0
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Velocity: Magnitude (m/s)

i §
X Z
“““-.
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MRA Full Backbone, Water Streamlines

3.9
3.6
3.2
2.8
2.4
2.0
1.6
1.2
0.8
0.4
0.0

Streamline Animation

Velocity: Magnitude (m/s)

3.9
3.6
3.2
2.8
2.4
2.0
1.6
Y 1.2
0.8
0.4
0.0




Requirement:

MRA Full Backbone, SS Temperature SS femperature: < 200 °C
Peak : 117.3°C

Temperature (C) Temperature (C)

117.3 117.3
I109.o I109.o

100.8 100.8

92.6 92.6

84.4 84.4

76.2 76.2

67.9 67.9

’ 59.7 § 59.7
ELX 51.5 ‘Q/x 51.5
43.3 43.3

35.1 35.1
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Requirement:

MRA Full Backbone, SS Temperature SS femperature: 200 °C
Peak : 117.3°C

Temperature (C) Temperature (C)

117.3 117.3
I109.o I109.o
100.8 100.8
92.6 92.6
84.4 84.4
76.2 76.2
67.9 67.9
59.7 59.7
‘QY/'X 51.5 YX 515
43.3 k‘z 43.3
35.1 35.1
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Requirement:

MRA Full Backbone, SS Temperature SS femperature: 200 °C
) Peak : 117.3°C

SS T > 90C

Temperature (C)

SS_T>90C |

Temperature (C)

117.3
I109.o
100.8

92.6

84.4

76.2

67.9

59.7

4 51.5

i, |
—X 433
35.1
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Requirement:

MRA Full Backbone, SS Temperature SS femparature: 200 °C
Peak : 117.3°C

SS_T>80C 4 SS_T>70C 4 SS_ T > 70C
Temperature (C) Temperature (C) Temperature (C)
1172.3 1172.3
I1 09.0 I1 09.0
100.8 100.8
92.6 92.6
84.4 84.4
76.2 76.2
67.9 67.9
59.7 59.7
Y Al Y
4 51.5 1Y - 4 51.5
'Z‘J'X . 'Z‘J'X
\ 43.3 : \ 43.3
35 s 35
| P YUYW »w o vaw o~
s ||[BAE0® 6 OB 0 O i,
117.3 \ P = = iy
I1o9.o =
100.8 4] O
92.6 Y
84.4 NN
76.2 ﬁ
67.9
59.7 4
Y 17)
s 51.5
OAK RIDGE “ I‘”‘3
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Requirement:

MRA Full Backbone, SS Temperature SS femperature: 200 °C
Peak : 117.3°C

SS_T>60C | SS_T>60C
Temperature (C) Temperature (C)
1172.3 1173
I1 09.0 I1 09.0
SS_T > 60C
100.8 1 00.8 Temperature (C)
117.3
92.6 92.6 I1o9.o
84.4 84.4 2o
76.2 76.2 j::
67.9 67.9
67.9 .
59.7 L515
o 157 i
1.3 g
B X m51.5
X
43.3 rd 433
i 35.1
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Requirement:

MRA Full Backbone, SS Temperature SS femperature: 200 °C
Peak : 117.3°C

SS_T > 70C g‘ SS_T > 60C

Temperature (C) Temperature (C) - Tk,
117.3 117.3 * "

I109.o e I109.o e

100.8 100.8
92.6 - 92.6
84.4 \ y
76.2 A 00! —~ Neutron beam ports 2
67.9 y - 67.9

. B ‘ — as = . BP7
51.5 : 51.5

.Z/L.X 43.3 g .Z/I\‘X 43.3

35.1 35.1
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Requirement:

MRA Full Backbone, SS Temperature SS femperature: 200 °C

Horizontal cross sections through the neutron beam ports

Temperature (C)

74.22
70.37
66.52
62.67
58.82
54.97
51.13
47.28
43.43
39.58
Il 3

Temperature (C)

74.22
I7o.37

66.52
62.67
58.82
54.97
51.13
47.28
43.43

39.58
35.73

-




Perfect Contact (zero thermal contact resistance) was assumed before this slide.
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Thermal Contact Resistance of MRA Backbone

Contact Gap Size, L (mm) | Helium, k (W/m-K) | R (mA2 -K/W)
Lower/Middle Blocks 0.1 0.154933 6.4544E-04
Middel/Upper Blocks 0.1 0.154933 6.4544E-04
Upper/Shielding Blocks 0.1 0.154933 6.4544E-04

Contact Gap Size, L (mm) | Helium, k (W/m-K) | R (mA2 -K/W)
Lower/Middle Blocks 1.0 0.154933 6.4544E-03
Middel/Upper Blocks 1.0 0.154933 6.4544E-03
Upper/Shielding Blocks 1.0 0.154933 6.4544E-03
«—Contact resistance

<«—Contactresistance

Middle Block

Lower Block ——
\ —
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MRA Full Backbone, SS Temperature Comparison

Perfect Contact 0.1 mm Helium Gap 1T mm Helium Gap

Temperature (C)

117.257

I109.036

100.816

92.595

84.375

76.155

67.934

59.714

.ﬂ/ X g 51.494

-

43.273
35.053

Temperature (C)

117.320

I109.093

100.867

92.640

84.413

76.186

67.960

59.733

.ﬁ/ X B51.506

i

43.279
35.053

Temperature (C)

120.950

I1 12.361

103.771
95.181
86.591
78.002

69.412
60.822

‘Q/X




Comparison between Requirements and CFD Results

MRA Backbone

Requirement CFD Result
Maximum Water Temperature (°C) <100 61.2
Maximum Stainless-steel Temperature (°C) < 200 117.3
Pressure Drop (psi) for Loop 1 <0.5 0.255
Pressure Drop (psi) for Loop 2 <0.5 0.404
Pressure Drop (psi) for Loop 3_1 <40 1.64
Pressure Drop (psi) for Loop 3_2 <40 1.12
Pressure Drop (psi) for Loop 4 <40 3.17
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Summary

e All requirements are met.
- Water does not bail.
— Stainless-steel temperature is less than 200°C
— Pressure drops for loops 1 & 2 are less than 0.5 psi
— Pressure drops for loops 3 & 4 are less than 4.0 psi.
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