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Target Helium Cooling System

Simple diagram of the system

T = 200°C (AT = 170°C) T =70°C (AT = -130°C)

P = 0.09 MPaG (AP = -0.07 MPa) P = 0.03 MPaG (AP = -0.06 MPa)
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* Pressure applied by the compressor is 0.16 MPaG

- Helium gas from the target (~200°C) is cooled
by 1st (2nd) heat exchanger to ~70°C (30°C)

- Comparable pressure drop at target & 1st heat ex.




Upgrade toward 1.3 MW

Current target design
- Cooling capacity : 750kW + 20% margin = 900 kW — Need to upgrade

Upgraded design
- High flow rate to accept x1.7 of heat load (24 kW @ 750 kW — 41 kW @ 1.3 MW)

- High pressure tolerance (“0.16 — 0.5 MPaG” by the compressor, for reasonable flow velocity)

httos://www.enoah.co.in/

R&D items for the upgrade |
- 1st heat exchanger — Vacuum insulated pipe
- Remote exchange method of the pipe

- New heat exchanger & new compressor .
- Pipes from the Helium vessel to the Machine room

Vacuum Conventional
insulated pipe insulated pipe |

Vacuum in between

Why the new pipe?
- Re-designing for the higher pressure tolerance (bellows, especially)
- Low AP can relax required specification of the compressor
- Cooling at low radiation level to reduce radioactive water
- Good maintainability of the heat exchanger

— Possible input for LBNF?



Reminder : Last meeting (21 Oct. 2019)

- Preliminary results of pressure drop at the pipe are reported

AP estimation by COMSOL @ High P If different inner diameter & flow velocity
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Simulation result

- AP =-0.14 MPa at 5 atm is estimated

Parameters related with the pressure loss is roughly understood

— Contacting to a company of vacuum insulated pipe for more
realistic simulation w/ expected flow rate & downstream pressure

- Updated boundary conditions: Fixed mass flow rate @ inlet & velocity @ outlet

Mass flow | Rpipe AP [MPa]

[g/s] [MMm®] | @Tsuna
Current system 30 23.9 0.044 Comparable w/ 0.06MPa.
Updated system 23.9 0.051 0.14 MPa in the past sim.

60
(0.1—0.5 MPaG) 30.7 0.015 Increased diameter.

Comment

- Negligible AP for the increased diameter is found
— No problem in the pressure drop (i.e. 0.015 MPa << 0.5 MPa if 30.7 mm®)



Prototype

670 mm

Point of the design

* Inner diameter : 30.7 mm® — Acceptable pressure drop

- Thickness of inner pipe : Sche. 5S (t = 1.65 mm) — 0.5 MPaG tolerance

- Quter diameter : 50 mm® — Same as current |st heat exchanger

- Radiation tolerance : SUS304 (pipe), Al (insulation), No solvent — OK

- Temperature tolerance : < 800°C, Baking process to reduce out gas — OK
- Long stability : Record of 7 years operation at least — OK

- Length : ~0.7 m — Long enough to do heat insulation test



Test of the heat insulation (16 Mmar. 2020)
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- Heat insulation test in a thermostatic chamber (Stable ~60°C)
- Air flow (~200°C) within a range of flow rate of 10~100 L/min
- Temperature measurement
-+ 2 points at gas inlet/outlet, 4 points at surface of bare pipe,
7/ points at surface of insulated pipe & one in the chamber



Temperature [OC]

Test results

- Equilibrium temperature was measured for 3 different flow rate
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- Good capability of heat insulation at the region is confirmed
- No significant difference in this range of flow rate



Comparison with simulation (COMSOL)

- Flow rate of 10~100 L/min — Mass flow rate of 0.12~1.2 g/s
if calculating with density of air (1 atm - 200°C) is 0.72 g/I
- Simulation was performed with conditions below
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- Comparable results in case of 0.1 g/s

but higher than observation in 1.0 g/s

- Investigating the difference with observation
- Flow rate correction?

- Design of the edge of insulated region?

- Boundary condition in a chamber?

109/5




Extrapolation to higher flow rate & He gas
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- More flow rate makes heat transfer around edge to middle of the pipe
- Helium gas has x5 higher thermal conductivity than air
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Remote exchange - Difficulty

- Current 1st heat exchanger is not designed for replacement
- Max. diameter of the wrench pipe is too large to pull up through the support module
- The nut of 1-1/2 Swagelok prevents to pull up through the wrench pipe

- Pre-swaging before mounting is necessary for the new pipe
- If we do in the same way as performed in the 1st heat exchanger installation,
this have to be done remotely as it is close to the irradiated materials now.

Pre-swaging

Ist heat ex. N\ Two ferrules & a nut S

Support module $ Hinge point
_.A|: Wrench pipe
pag g8 \A4eT w11 \
] | ‘
el 1-1/2 ‘Swaqelok | Using a Swageloks Multinead Hydraulic Swaging Unit (MHSU)
bij I f f (L S— . by, g ! https://www.youtube.com/watch?v=T330_NtUTM8
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Remote exchange - Solution

Cut top & pull down

- Cutting both 1st heat ex. & wrench pipe
on the support module

- Remote operation become very simple

Cut of the top part Maintenance area
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New joint & wrench pipe
- Smaller joint (1-1/2" — 1-1/4") allows

us to insert it from the module top
- No remote work. Easy to replace again

Support module - Top view

N~

Joint/wrench design
(Current — New)

AP estimation

for the smaller joint

m
002 0V 5i0E7 (kPa)
& ;
— 0.15

kPa
A 509

508.27
507.43
506.59
505.75
504.91
504.07
503.23
502.39
501.55

m 500.72

499.88
499.04
498.2
497.36
496.52
495.68
494.84
494
493.17
492.12
¥ 492

11



Final design of the pipe (not yet finalized)

- Designed to fit current equipments (e.g. Limited space on the module)

1-1/2” Swagelok
to the new heat ex.

Support module
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New wrench pipe (50A)

Vacuum insulated pipe
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- Plan : Production in this JFY & Test before installation in next JFY




Other works toward the upgrade

- Extension of the vacuum insulated pipe to outside of the Helium vessel
- For easier access to the new heat exchanger
- Need new flexible pipe & new feed through with vacuum insulation

200 348 1238 . 678 | 272.03
28

d ]

289.1

Feedthrough

Vacuum
insulated pipe
w/ gas tightness

Samples of flexible vacuum insulated pipe

- Selection of new heat ex.
- Selection of new compressor
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Status & prospects

- st stage of the upgrade : In the Helium vessel (e.g. Pipes & heat ex.)
- 2nd stage of the upgrade : In the Machine room (e.g. pipes & compressor)

JEY 2019

JEY 2020

FY 2021
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Initial design & AP estimation

E—

Prototyping & insulation test

—

Detailed design

Production of the pipe to be installed

R&D of exchange method

Production of necessary equipments

Design of pipe in the Helium vessel

Production of pipe in the Helium vessel

Selection & production of new heat ex.

]
Hlfl '

Assembly check & test before installation

Ready for 1st stage of the upgrade
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Backup
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Details of 1st heat exchanger
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Detalils of other system
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