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Target

- [sotropic graphite (IG-430) with rod
structure of 2.6 cm® & 90 cm long

- Inner graphite tube & outer tube
(Ti-6Al-4V) for the Helium cooling

- Enable to detach from the 1st horn
for maintenance

Target case (Ti-6Al-4V)
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Helium cooling system
Helium gas from the target return to the compressor via 2 heat exchangers
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Upgrade for 1.3 MW beam power

Current target design

* Design intensity : 3.3 x 1014 ppp — 3.4 x 104 ppp is no problem
- Cooling capacity : 750kW + 20% margin = 900 kW — Need upgrade

Upgraded design

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

Requirement

("0.16 MPaG — 0.5 MPaG” is our target)

Equipments to be upgraded

- 1st heat exchanger
- Compressor (< 0.9 MPaG)
- Pipes at service pit
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Temperature distribution operating
at 0.5 bar pressure @ J-PARC
Neutrino Beam Upgrade TDR




Current system

- Cooled by Tst (2nd) heat ex. to 70°C (30°C) from 200°C at the target

T =200C (AT =170°C)
P = 0.09 MPaG (AP = -0.07 MPa)

T=70C (AT =-130C)
P = 0.03 MPaG (AP = -0.06 MPa)

TS
Target (Heat load) » 1st heat ex.
He vessel vy
A 4
TS Bl Compressor [¢ 2nd heat ex.
machine room
T =30C T =30°C (AT =-40°C)
P = 0.16 MPaG P = 0.01 MPaG (AP = -0.02MPa)

- Control pressure for the current compressor is 0.16 MPaG
- Comparable with sum of pressure loss in the target & 1st heat ex.



Upgrades of cooling capacity for 1.3 MW

- Cooled w/ high flow rate keeping helium temperature
T =200°C (AT = 170°C) T =70C (AT =-130°C)
TS
. Target (Heat load) » 1st heat ex.
e vessel 'y
\ 4
TS Bl Compressor [¢ 2nd heat ex.

machine room
T = 30°C T =30°C (AT =-40°C)
P=0.01 MPaG (AP = -0.02MPa)

Issues are in current 1st heat exchanger
- Pressure tolerance is not enough after the upgrade
- High pressure drop requires higher discharge pressure by compressor



An idea : Vacuum insulated pipe
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Rough timeline

Need to upgrade by 2023 to accept > 1T MW
- Upgrade to vacuum insulated pipe during the horn exchange in 2021 JFY
- Upgrade of compressor/pipes in the machine room in 2023 JFY

JFY 2019 2020 2021 2022 2023
Vacuum Prototyping  seewssmss ' ‘ ' |
insulated & test _ Production M
pipe ' ~' Installation
R&D of remote
exchange method
& new heat exchanger
Compressor Choice of new compressor Installation
baed on AP & production
| |
Pipes at the T 8 |
_ _ Design of new angle valve Installation
service pit at the strainer & production
| |




Design of vacuum insulated pipe

Contacting to two companies K E
- Enoah Co., Ltd. noah P

. KElYO PLANT ENG'NEER'NG CO., L-td https://www.enoah.co.jp/ http://kpeng.co.jp/

Conventional
insulated pipe

Vacuum
- insulated pipe

Common design
- Two pipes keeping vacuum in between
- Insulation to reduce radiant heat
-+ Choice of pipe thickness & length
- Bellows inside
 Proven long-term operation
(More than 7 years at least)

Main differences
- Different materials in insulation
- Experience of high temperature
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Design choice

Those are related with heat insulation performance

Materials for the heat insulation
- Super insulation by Kaneka Co. Ltd. [KPE]
- Al-evaporated polyimide film
— Heat tolerance (~200 degree)
— Radiation tolerance grade
(but we need a valve for evacuation
of out gas due to radiation damage)
- Al only insulation [Enoah]
- No solvent is used. Adsorbent is placed

Experience of high temperature e S:,,makesat_m.ajucm_
. Degree of vacuum may degrade due to out gas e
— Can be mitigated by a baking process
- Experience to provide pipes with high temperature operation [Enoah]
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Current status of the design

No critical issue is found for the upgrade

- Asking for realistic design & quotation

- Planning to develop short prototype without
bellows to test heat insulation performance
— Any possible tests for LBNF?

Estimation of pressure drop is ongoing in parallel
- Important to know required specifications of
the upgraded compressor
- FEA simulation is performed to see the impact of
bigger diameter for the inner pipe
— Any possible input/feedbacks for LBNF?
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AP by hand calculation @ Present

Darcy-Weisbach equation relates AP for steady flow in a circular pipe as:

[ pxu? Flow rate

AP =\ X 5 X = —0.036 MPa - -32g/s
A |Friction loss factor 0.022 From Moody diagram with Reynolds number & ¢ /d (See below)
I Length 45m From drawing
d |Diameter 23.9 mm From drawing
o |Density of the fluid [0.103 kg/ms @1 atm, 200°C. From p (K,P)=0.1785x 273.2/K x P/101.3
u |Average flow velocity [408.7 m/s Fromu = Q/(m*(d/2)2) & Flow rate Q = 660 Nm3/h
u | Viscosity 0.027 cP (=mPa - s) |@1 atm, 200°C. From u (K) = 0.0186 x (K/273.2)2/3

Details of friction loss factor

- Calculated Reynolds number to know Laminar or turbulent flow

Re=pxuxd/u=37263 01y

0.09

0.08}+
0.07F~
0.067+

where, u = 0.027 cP (= mPa - s) at Tatm - 200°C is used

- If Re > 2000 in steady flow, it becomes turbulent flow.

Colebrook equation gives Darcy’s friction loss factor.
nventionally, M lagram from th lon |

The A can be estimated with Re & roughness :

- Here, A is obtained assuming no roughness.

Relative pipe roughness (e /d) is €/d = 0.001252

assuming seamless SS pipe without any degradation.

Then A =~0.025 (+20%) is obtained from the right diagram
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AP estimation by COMSOL @ Present

Simulation input Flow rate
- Physics : Turbulent flow =~329g/s
- Shape :d =239 mm, =45 m
- Boundary : Bottom to enter, Top to exit
x-sectional average flow velocity
uin = 408.7 m/s
- Material : Fluid density o = 0.103 kg/m3
Viscosity coefficient u = 0.027 cP
@ 1 atm - 200°C
(*k) No roughness applied

Simulation result
- AP =-0.04 MPa at 1T atm is estimated
— Comparable with the hand calculation
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AP estimation by COMSOL @ High P

Simulation input Flow rate
- Physics : Turbulent flow =~60 g/s
- Shape :d =239 mm, =45 m
- Boundary : Bottom to enter, Top to exit
x-sectional average flow velocity
uin = 408.7 m/s
- Material : Fluid density o = 0.515 kg/m3
Viscosity coefficient u = 0.027 cP
@ 5 atm - 200°C
(*k) No roughness applied

Simulation result
- AP =-0.14 MPa at b atm is estimated
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If different inner diameter & flow velocity
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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
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Summary & prospects

Target Helium cooling system will be upgraded for 1.3 MW
- [dea is to provide high flow rate by increasing pressure
- Vacuum insulated pipe i1s newly used, replacing 1st heat ex.

Status
- Designing the vacuum insulated pipe with two companies

- Initial estimation of pressure drop was performed

Prospects
- Prototyping & heat insulation tests ASAP
- R&D of exchange method & new heat exchanger
toward upgrade of the vacuum insulated pipe in 2021
- Upgrade of compressor & angle valve is foreseen in 2023
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Backup
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Details of 1st heat exchanger
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Details of other system

Compressor
- ATV T Ly
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