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Target Helium Cooling System  

Water

Bypass 
valve

2nd 
heat ex.

Helium

Compressor

Buffer 
tank

・Pressure applied by the compressor is 0.16 MPaG 

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

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

Current system

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

T = 30℃ 
P = 0.16 MPaG

T = 30℃ (ΔT = -40℃) 
P = 0.01 MPaG (ΔP = -0.02MPa)

T = 70℃ (ΔT = -130℃) 
P = 0.03 MPaG (ΔP = -0.06 MPa)

TS B1 
machine room

Target (Heat load) 1st heat ex.

Compressor 2nd heat ex.

・Cooled by 1st (2nd) heat ex. to 70℃ (30℃) from 200℃ at the target

c

T = 200℃ (ΔT = 170℃) 
P = 0.09 MPaG (ΔP = -0.07 MPa)

TS 
He vessel

! /166

1st heat 
ex.

Simple diagram of the system
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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) 
 

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 

Why the new pipe? 
・Re-designing for the  higher pressure tolerance (bellows, especially) 
・Low ΔP 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?

Upgrade toward 1.3 MW

Conventional 
insulated pipe

Vacuum 
insulated pipe

Vacuum in between

https://www.enoah.co.jp/
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Reminder : Last meeting (21 Oct. 2019)   

!15

ΔP estimation by COMSOL @ High P
Pressure (kPa)Simulation input  

・Physics：Turbulent flow 
・Shape：d = 23.9 mm、l = 4.5 m 
・Boundary：Bottom to enter, Top to exit 
　　　　         x-sectional average flow velocity 
                     uin = 408.7 m/s 
・Material：Fluid density ρ = 0.515 kg/m3 
　　　　      Viscosity coefficient μ = 0.027 cP  
　　　　      @ 5 atm・200℃ 
                 (＊) No roughness applied 

Simulation result 
・ΔP = -0.14 MPa at 5 atm is estimated  
　→ How about different d & uin?

Flow rate 
= ~60 g/s

If different inner diameter & flow velocity

!16

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

Diameter [mm]
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*20u = u

 = 408.7 [m/s] 0u = u

/20u = u
ΔP = -0.14 MPa  
in previous page

Increase of inner diameter

An option of  
lowering flow velocity

Mass flow 
 [g/s]

Rpipe 
 [mmΦ]

ΔP [MPa] 
＠Tsuna Comment

Current system 30 23.9 0.044  Comparable w/ 0.06MPa.
Updated system 
(0.1→0.5 MPaG) 60

23.9 0.051  0.14 MPa in the past sim.
30.7 0.015  Increased diameter.

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

・Preliminary results of pressure drop at the pipe are reported

・Negligible ΔP for the increased diameter is found 
　→ No problem in the pressure drop (i.e. 0.015 MPa << 0.5 MPa if 30.7 mmΦ) 
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Prototype

Point of the design 
・Inner diameter : 30.7 mmΦ → Acceptable pressure drop 
・Thickness of inner pipe : Sche. 5S (t = 1.65 mm) → 0.5 MPaG tolerance 
・Outer diameter : 50 mmΦ → Same as current 1st heat exchanger 
・Radiation tolerance：SUS304 (pipe), Al (insulation), No solvent → OK 
・Temperature tolerance : < 800℃, 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 

670 mm

CONFIDE
NCIAL

5



●●

●
● ●

●

●

●

●

●

●

●●
HeaterAir inlet

Air outlet

Insulation  
at joint

Vacuum 
insulated 

pipe

Thermostatic 
chamber

Temperature 
logger

Heat 
controller

Flowmeter

Pressure 
gauge

・Heat insulation test in a thermostatic chamber (Stable ~60℃) 
・Air flow (~200℃) 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

Test of the heat insulation (16 Mar. 2020)
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・Good capability of heat insulation at the region is confirmed 
・No significant difference in this range of flow rate

Length from edge of insulated pipe [mm]
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Bare  
pipe

Gas  
outlet

Gas  
inlet

Bare  
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Tair  
= ~200℃

Tchamber 

= ~60℃

・Equilibrium temperature was measured for 3 different flow rate 

Test results
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Air 
0.1 g/s

Air 
1.0 g/s

・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℃) is 0.72 g/l 
・Simulation was performed with conditions below

・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? 

~110℃ ~60℃

~150℃ ~100℃

Comparison with simulation (COMSOL)

8



Air 
200℃

Helium 
200℃

Thermal  
conductivity  

= 0.039  
[W/m・K]

Thermal  
conductivity  

= 0.188 
[W/m・K]

0.1 g/s

1.0 g/s

60 g/s

=3 �
0.1 g/s

1.0 g/s

60 g/s

=3 �

・More flow rate makes heat transfer around edge to middle of the pipe 
・Helium gas has x5 higher thermal conductivity than air

Extrapolation to higher flow rate & He gas
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Remote exchange - Difficulty
A-A  ( 2 : 1 )A-A  ( 2 : 1 )

B-B  ( 1 : 2 )
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1 1 ৻ᰴ䮟䮱䭭䮧䭳䮀▤ SUS304
2 1 ৻ᰴ䮟䮱䭭䮧䭳䮀౉ญ SUS304
3 1 ৻ᰴ䮟䮱䭭䮧䭳䮀಴ญ SUS304
4 1 ੑᰴ಄ළ᳓ౝ▤ SUS304
5 1 ੑᰴ಄ළ᳓ᄖ▤ SUS304
6 1 ធ⛯䮠䮴䯃䮁 SUS304
7 1 ធ⛯䮠䮴䯃䮁࿕ቯౕ SUS304
8 1 ੑᰴ಄ළ᳓᛬䭙㄰䬦ㇱ⬄ SUS304
9 1 ੑᰴ಄ළ᳓ౝ▤਄┵ㇱ⬄ SUS304
10 1 ੑᰴ಄ළ᳓ᄖ▤਄ㇱ⬄1 SUS304
11 1 ੑᰴ಄ළ᳓ᄖ▤਄ㇱ⬄2 SUS304
12 1 OuterTube50A - 4175.5mm (⵾૞▸࿐ᄖ)
13 1 OuterTubeFrange50A (⵾૞▸࿐ᄖ)
14 1 OuterTubeNut50A (⵾૞▸࿐ᄖ)
15 1 Socket - 73mm (⵾૞▸࿐ᄖ)
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2     Tube Fittings

TU
BE

  
FIT

TIN
GS Features

Q�Live-loaded, two-ferrule design.
Q�Easy to install. 
Q�No torque is transmitted to tubing during installation.
Q�Swagelok® gap inspection gauge ensures suf!cient pull-up upon initial installation.

Two-Ferrule, Mechanical Grip Design
The two ferrules separate sealing and tube gripping 
functions; each ferrule is optimized for its function.

The front ferrule creates a seal:
Q�against the !tting body
Q�on the tubing outside diameter.

As the nut is turned, the back ferrule:
Q axially advances the front ferrule
Q�radially applies an effective tube grip.

Advanced-Geometry, Hinging-Colleting  
Back Ferrule Design
This design is standard on all 1/4 to 1 in. and 6 to 
25 mm Swagelok stainless steel tube !ttings to help 
installers make more consistent, leak-tight tube 
connections.

In these sizes, a patented case hardening process 
and patented recessed and contoured geometry 
provide a unique engineered advantage to the 
Swagelok back ferrule, providing:
Q�excellent gas-tight sealing and tube-gripping action
Q�easily achieved proper installation
Q�consistent remakes
Q�excellent vibration fatigue resistance and tube 

support
Q�full compatibility with original Swagelok stainless 

steel tube !ttings of identical sizes.

Refer to 316 Stainless Steel Swagelok Tube Fittings 
with Advanced Geometry Back Ferrules technical 
report, MS-06-16, for additional information.

Front ferrule

Back ferrule

Tubing
Nut

Fitting body

During assembly of the advanced-geometry design 
(above), the front ferrule is driven into the !tting body and 
the tubing to create primary seals, while the back ferrule 
hinges inward to create a strong grip on the tubing. The 
back ferrule geometry allows for an improved engineering 
hinging-colleting™ action that translates axial motion into 
radial swaging action on the tube, yet operates with a low 
assembly torque requirement.

Hinge point
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Hinge point

1-1/2 Swagelok

Wrench pipe

Two ferrules & a nut1st heat ex.

Remote maintenance area

Using a Swagelok® Multihead Hydraulic Swaging Unit (MHSU) 
https://www.youtube.com/watch?v=T33O_NtUTM8

Pre-swaging

M  ( 1 : 10 )M  ( 1 : 10 )

N  ( 1 : 5 )
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Support module

・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. 
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Remote exchange - Solution
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

Cut top & pull down 
・Cutting both 1st heat ex. & wrench pipe 
   on the support module 
・Remote operation become very simple
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B-B  ( 1 : 2 )
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2 1 ৻ᰴ䮟䮱䭭䮧䭳䮀౉ญ SUS304
3 1 ৻ᰴ䮟䮱䭭䮧䭳䮀಴ญ SUS304
4 1 ੑᰴ಄ළ᳓ౝ▤ SUS304
5 1 ੑᰴ಄ළ᳓ᄖ▤ SUS304
6 1 ធ⛯䮠䮴䯃䮁 SUS304
7 1 ធ⛯䮠䮴䯃䮁࿕ቯౕ SUS304
8 1 ੑᰴ಄ළ᳓᛬䭙㄰䬦ㇱ⬄ SUS304
9 1 ੑᰴ಄ළ᳓ౝ▤਄┵ㇱ⬄ SUS304
10 1 ੑᰴ಄ළ᳓ᄖ▤਄ㇱ⬄1 SUS304
11 1 ੑᰴ಄ළ᳓ᄖ▤਄ㇱ⬄2 SUS304
12 1 OuterTube50A - 4175.5mm (⵾૞▸࿐ᄖ)
13 1 OuterTubeFrange50A (⵾૞▸࿐ᄖ)
14 1 OuterTubeNut50A (⵾૞▸࿐ᄖ)
15 1 Socket - 73mm (⵾૞▸࿐ᄖ)
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②

③

①

2D CAD file by 関口さん

リモート”レス”交換 (取り付け)

Φ62  (< Φ65)Φ74

1-1/2”でなく1-1/4” Swagelokを使用 
・新しいレンチ管の製作が必要 
・レンチ管の外径はΦ62 (< Φ65) にできそうなのでOK 

真空断熱配管の取り付け　 
　1. 真空断熱配管をレンチ管に通した状態で、 
　　 あらかじめ1-1/4" Swagelokの予備締め 
　2. サポートモジュール上部から配管を入れて、支持部を固定 
　3. レンチ管を回して、ホーンに配管を取り付け (要リモート操作)  
　4. その他の上部継手等の接続を行い、動作チェック 

将来的な交換可能性 
・レンチ管ごと配管を引き抜けるので、引き抜いた後に 
　フェルールを直接外して配管のみを交換可能 

懸念事項 
・Swagelokとレデューサ部分が少し狭くなるので、 
　そこでの圧力損失
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Joint/wrench design 
(Current → New)

Support module - Top view

ΔP estimation  
for the smaller joint 

Maintenance areaCut of the top part
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Final design of the pipe (not yet finalized)

・Plan : Production in this JFY & Test before installation in next JFY 
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34.1
38.1

1-1/2" パイプエンド (t2)

1-1/4" パイプエンド (t2)

左から、サポートモジュールおよび

継手、レンチ管、真空断熱配管。

真空断熱配管以外は製作範囲外。

1-1/2” Swagelok  
to the new heat ex. 

Support module

New wrench pipe (50A)

Vacuum insulated pipe

1-1/4” Swagelok  
from the target

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

Feedthrough Piping in the Helium vessel

Vacuum  
insulated pipe 

w/ gas tightness
Samples of flexible vacuum insulated pipe

Vacuum insulated pipe 
in the support module
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89
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・Selection of new heat ex. (Same type as 2nd heat ex? Started investigation) 
・Selection of new compressor (Less outlet pressure → Relaxing specification)
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Status & prospects

JFY 2019 JFY 2020 JFY 2021
4-6 7-9 10-12 1-3 4-6 7-9 10-12 1-3 4-6 7-9 10-12

  Initial design & ΔP estimation

  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.

Assembly check & test before installation

Ready for 1st stage of the upgrade

Now

・1st 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)
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Backup

15
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Details of 1st heat exchanger

A-A  ( 2 : 1 )
A-A  ( 2 : 1 )

B-B  ( 1 : 2 )
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第一熱交換器 
・マイテック (株) 製 
・一次ヘリウムガス系の耐圧 0.3 MPaG 
・二次冷却水系の耐圧 0.5 MPaG 
・最高使用温度 200℃
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Details of other system
2nd heat exchanger  
・ブレージングプレート式熱交換器 
・日阪製作所(株) 製 BXC-724-PU-30 
・伝熱面積：5.6 m2

Compressor 
・オイルフリーコンプレッサ 
・堀技研工業(株)製 2640TD (*) 圧縮熱はアフタークーラーによって除熱 

(*) バッファタンク (1.24 m3、耐圧0.97MPa) でガス貯蔵 
(*) バッファタンクには0.3 MPaGの安全弁が備え付け 
(*) 流量はおよび圧力は、循環系へのガスの 
　 充填量とバッファタンクからコンプレッサに戻る 
    バイパス流量を調整することにより制御 
(*) コンプレッサ吸入口には圧縮部への異物混入を防ぐ 
    ストレーナ (~数百μm以上) 、コンプレッサ吐出口には 
    標的部への異物混入を防ぐHEPAフィルタ (1μm以上)

Other circulation system 
・アイハラ (株) 製
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