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T2K (2009~)

K2K (1999~2005)

Super-Kamiokande

���

250km J-PARC
@JAEA

CHOOZ
excluded

sin22θθθθ13

Sensitivity onνe appearance

~20times

Neutrino physics at  J -PARC
Tokai -to-Kamioka (T2K) Long Baseline

ν Oscillation Experiment

• Off-axis sub -GeV νµ beam
from  J -PARC 50GeV-PS

• ~3000 νµ CC int. /yr (w/o osc.)
νe appearance discovery
νµ disapp. presice meas.

• 5 year construction
• Start  experiment in 2009.

objective: study the nature of Neutrino in detail

Tokai

Introduction

Kamioka
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Overview of Project HistoryOverview of Project History

•• 2001FY2001FY
– Design of Neutrino beam line project (T2K) was started with

10 10 FODO FODO = 40 Superconducting(SC) Magnets= 40 Superconducting(SC) Magnets

•• 2002FY2002FY
–– SSuperconducting uperconducting CCombined ombined FFunction unction MMagnets system,agnets system,

which consists of 14 doublet: 28 which consists of 14 doublet: 28 SCFMSCFM, was proposed as bending, was proposed as bendingmagnet system.magnet system.

•• 2003FY2003FY
–– SCFM SCFM was approved by internal review in KEKwas approved by internal review in KEK
–– The first production of prototype magnet  was started inThe first production of prototype magnet  was started in--house at  the KEKhouse at  the KEK

•• 2004FY2004FY
– Civil construction work of Neutrino beam line was started at Tokai
–– A prototype magnet was completed and tested in KEKA prototype magnet was completed and tested in KEK
–– Design of cryostat and cooling system were startedDesign of cryostat and cooling system were started
–– Production of the magnets and cryostats were started at  MitsubisProduction of the magnets and cryostats were started at  Mitsubishi Electrichi Electric

•• 2006FY2006FY
–– Continuing magnet production and cryostatsContinuing magnet production and cryostats

•• 2007FY2007FY
–– Continuing magnet production and cryostats and started installatContinuing magnet production and cryostats and started installation work in the tunnelion work in the tunnel
–– Production of the Transfer line was startedProduction of the Transfer line was started

•• 2008FY2008FY
–– Installation work should be completed and started commissioning Installation work should be completed and started commissioning on end of 2008.on end of 2008.
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Refrigerator&
P.Supply Complex

Tank Yard

Installation Shaft

• 28 SCFM*s
– Dipole 2.6 T
– Quad 18.6 T/m
– Length 3.3 m
– 2 in 1 Cryostat
– Total Stored Energy: 10MJ 

(50GeV)

• 13 interconnect cryostats
– 5 beam monitors
– 3 correctors
– 4 quench valves
– 1 none

*SCFM: Superconducting Combined Function 
Magnet

System Overview

Toward to Target Station
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Quadrupole
(Focusing & De-focusing)
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Dipole (Bending)

Iron Yoke

Yoke Stack 
Tube

L/R Asymmetric
Coil

Plastic Collar

Lock Key

Stainless 
Steel Shell
(SHe Vessel)

SC Busbar

Superconducting Combined Function Magnet

Dipole /Quadrupole Combined Bending + 
Focusing (De- focusing)



10

Specification
2+5 Blocks, 
41 turns

Coil ID.: 173.4mm

Mag. Length: 3300 mm

Mech. Length: 3630 mm @RT

Tmax: < 5.0K

(Supercritical Helium)

Dipole Field: 2.59 T

Quad. Field: 18.6 T/m

Field Error: < 10^ -3

Pole

Op. Current: 7345 A

Op. Margin: 72%

Inductance: 14.3 mH

Stored Energy: 386 kJ

# of Magnet: 28

SC Cable: NbTi/Cu for LHC

Dipole Outer - L
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Structure design of the Cryostat for  SCFM

• LHC common parts
– Vacuum vessel (modified)
– Cold diode for protection
– Support  post
– Shield bottom tray (modified)
– Connecting Sleeve

• Two magnets assemble
into one cryostat
– F & D magnets (doublet optics)

Reduce production cost of the cryostat

Vacuum vessels

Cold diode

Bottom trays

Support posts
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Quench Relief ValveQuench Relief Valve

27
5

87
5

Flow Direction

Reference pressure input

Bellows

Original idea is came fromOriginal idea is came from
Kautzky type Kautzky type ValveValve@FNL@FNL

Modified for low temperature useModified for low temperature use
by KEKby KEK

Variable Relief  Pressure
with reference pressure
At Pre -cooling: 1.2 MPa
In Operation: 0.45 MPa

Assembling of Inter -connect
Cryostat
For Quench Valve

Seal by PEEK
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Flow Direction

Reference pressure input

Bellows

Quench Relief ValveQuench Relief Valve

P

Pin

P >Pin= Close
P <Pin= Open

Conceptual Idea

Variable Relief  Pressure
by reference pressure

Pre -cooling: 1.2 MPa
In Operation: 0.45 MPa
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Cross section of the TransferCross section of the TransferLineLine

Spacer �GFRP�for Thermal Shield

SC Bus-bar

•Super Insulation
– Main Line
Polyester

– Part of connection 
with Feed Box
Polyimide

Spacer �GFRP�for
SHe supply and Return Line

A specification of the transfer line for tender was fixed.
Bidding was started in Feb.
Contractor will be decided in this April.

Design of Heat Loads
440 W (300K to 60K)
55 W (60K to 5K)
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Transfer Line with SC busTransfer Line with SC bus--barbar

Sub-tunnel B

Main Arc Tunnel

Feed Box (F.B.)

Current Leads Box
(C.L.)

Sub-cooler
(S.C.)

CL SC

FB

3858

1

2       3        4       5
6

7              8               9              10       11

1600

8500

3080

2000     6963      3874     5330   3049                 6262    9000             9000              9000        5924      4824

1900

1100

SHe Line (Supply)
Inner diameter=54.5mm, 100 m, 4.5 K, 
SHE 350 g/s, 0.4 MPa-Abs
With SC-Bus-bar
SHe Line (Return)
Inner diameter=54.5mm, 100 m, 4.5 K, 
SHe 350 g/s, 0.4 MPa-Abs
Shield Line (Supply)
Inner diameter=42.6mm, 60 K, 100 m
Shield Line (Return)
Inner diameter=54.5mm, 80 K, 100 m 
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•• InIn our project plan, thirty twoour project plan, thirty twoSCFMs SCFMs 
products for T2K.products for T2K.

•• All of theAll of the SCFMs SCFMs are are testd testd using with using with 
holyzontal holyzontal cryostatcryostatin KEK.in KEK.

•• In this time, twenty eight In this time, twenty eight SCFMs SCFMs have have 
finished performance test without finished performance test without 
serious troubles.serious troubles.

•• These magnets installThese magnets installin the tunnel in the tunnel 
with cryostats.with cryostats.

•• Left four Left four SCFMs SCFMs will be done will be done 
performance test until mid of 2008.performance test until mid of 2008.

•• These four These four SCFMs SCFMs will use as reserve will use as reserve 
magnet.magnet.

Status on Status on SCFMSCFM
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Cryostat Assembly

transport suport
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Twelve cryostats are completed, and installed in the tunnel.
Left two cryostats and two reserved cryostats are
now under production at Mitsubishi Electric Co..

Status on Status on Dublet Dublet CryostatCryostat
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First of four units of transfer lineFirst of four units of transfer line
were delivered for KEK.were delivered for KEK.

These units will be installedThese units will be installed
in the tunnel on this July.in the tunnel on this July.

Status of Transfer LineStatus of Transfer Line

Production of Transfer lineProduction of Transfer line
was  started on end of 2007was  started on end of 2007
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Status onStatus onDoublet Cryostat (1)Doublet Cryostat (1)

On 8th Feb. 2008, installation work ofOn 8th Feb. 2008, installation work of

the the doublet cryostats were started doublet cryostats were started II

n the tunnel at  Tokain the tunnel at  Tokai..

The above photograph showsThe above photograph showsthe cryostat the cryostat 

into the tunnel by crane.into the tunnel by crane.

Left three photographs showLeft three photographs show

the firstthe first cryostat in the tunnel.cryostat in the tunnel.
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Status onStatus onDoublet Cryostat (2)Doublet Cryostat (2)

Doublet cryostats in the tunnel.Doublet cryostats in the tunnel.

elevenelevendoublet cryostats (11/14) were set on the beam line.doublet cryostats (11/14) were set on the beam line.

The cryostats were tighten by bolts.The cryostats were tighten by bolts.
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Four Quench ValveFour Quench Valveinterinter--connect connect 
cryostats were transferredcryostats were transferred
in to the tunnelin to the tunnel

Status on Quench ValveStatus on Quench ValveCryostatCryostat

Three Quench ValveThree Quench Valveinterinter--connect connect 
cryostats were setcryostats were seton right position in on right position in 
the system.the system.
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Status on other componentStatus on other component

Quench pressure relief lines were installed  in the tunnel.Quench pressure relief lines were installed  in the tunnel.

The lines will be connected with quench relief valve cryostatThe lines will be connected with quench relief valve cryostat

and stack.and stack.
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Summary

•• Twenty eight Twenty eight SCFMs SCFMs have finished performance testhave finished performance test

without serious troubles.without serious troubles.

• Twelve doublet cryostats have been completed, and installed

in the tunnel.

Left two doublet cryostats and two reserved cryostats are

now under production at Mitsubishi Electric Co..

•• Three quenchThree quenchrelief valve cryostats and two corrector magnet cryostatsrelief valve cryostats and two corrector magnet cryostats

have installed in the tunnelhave installed in the tunnel..

•• First of four units of transfer lineFirst of four units of transfer linewere delivered for KEK.were delivered for KEK.

These units will be installed in the tunnel on this July.These units will be installed in the tunnel on this July.

• A cold box manufactured by LINDE and components such as a Helium

compressor will be delivered Tokai at mid of May 2008.
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N

600MeV Linac

Rapid
Cycling
Synchrotron

Main Ring

FD

Neutrino Beam Line

To Super Kamiokande0.00520.410.75Power(MW)

0.450.530.275Rate(Hz)

640330Int.(1012ppp)

1212050E(GeV)

K2KNuMI
(FNAL)

JPARC

JAEA@Tokai-mura
(60km N.E. of KEK)

1021POT(130day)≡ “1 year”

J-PARC project and Neutrino beam line

January, 2005Introduction
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Z

X

Beam tube

Beam shield50GeV-750kW

proton beam

300 cm

Y

X

- Beam shield Beam tube

Material Copper Stainless
Radius (mm) ~74 76~84
Thickness(mm) 0, 4, 8, 10 8

�������

Incident angle = 0.1, 0.5, 1.0, 1.4 degs.

The beam is distributed uniformly rectangular area. dX=1cm,dY=2cm
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σ th = 2−ν
3(1−ν )

⋅ E ⋅ α
0

T

∫ ⋅ dT 100kGy/pulse

= 0.52GPaσ th
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• ������������������
– MARS

– 1 w/m, 4000 hr /year

Iron yoke collar

Plastic spacer

Coil

Corrector

Beam tube
X

Z0

330 cm

X

Y

55 cm

0
50GeV-1W/m
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Radiation to Cold Diode

• Influence of Neutron to 
Cold Diode
– Intensively studied at 

CERN by D. Hagedorn
� Change Forward Voltage

– Using LHC Arc Quad 
Assembly
� 7.5kA Operation

� Limit; 2• 1014 n/cm2

1

2
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4

5

6

0 5 1013 1 1014 1.5 1014 2 1014 2.5 1014

Uf77K-2kA
Uf77K-4kA
Uf77K-6kA
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Uf77K-10kA
Uf77K-12kA
Uf77K-14kA
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2
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0 5 1013 1 1014 1.5 1014 2 1014 2.5 1014

Neutron Fluence [n/cm
2
]

Maximum Wafer 
Temperature

Maximum Heat 
Sink Temperature

3570 7140 1428010710 178500

To Spectrum Equivalent Dose [Gy]

Tw-limit

Courtesy D.Hagdorn



40(Nobuhiro KIMURA The 2nd Saclay-KEK cooperation program workshop– 28/March /2008 )

���������

• ����������
– ������������
– ������

���������

���������

• ����������������
– �����������

�����

����������



41(Nobuhiro KIMURA The 2nd Saclay-KEK cooperation program workshop– 28/March /2008 )

Buffer
Tank

Main Compressor

LN2 CE

Sub-cooler

Beam Line Tunnel

S.C. Magnets

Subtunnel B (Connection)

LHe

Multi Transfer Line

M
ag

ne
t C

oo
lin

g 
w

ith
 B

us

Purifier

Radiation Shield

JT 

M
ag

ne
t C

oo
lin

g 
R

et
ur

n

SHE
Pump

Currnt Leads 

    1    2    3    4    5    6   7    8    9    10    11   12   13   14   15   16   17   18   19   20   22   23    21   24   25   26   27   28

Surface

S
hi

el
d 

C
oo

lin
g 

R
et

ur
n

S
hi

el
d 

C
oo

lin
g 

S
up

pl
y

R
ad

ua
tu

i S
hi

el
d

Tube Gas
Trailer

>20000 L

Turbine

100
 m3

100 m3

Quench
Revcovery

Tank

Oil Separators

to Atm

End Box

Feed Box

100 m3

100 m3

Cold Box

Quench Exhausion 

Vacuum
Pump

Quench Exhausion 

CB & SC Warming

Gas Recovery

Shield Warming

Magnet Warming

5. Operation - Warming
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7 Magnets + Interconnect�35 m

Strict analytical modelStrict analytical model

Cryostat Cryostat

Neumann Type B.C.Neumann Type B.C.

Quench
Recovery Tank

Dirichlet Type 
B.C.

Emergent Exhaustion
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• ���������

• �����������

• ������

• �������

• Dump Circuit
– Protect Cold Diodes 

and SC Bus Bars
– Time Constant: 10 sec

8kA 30V

D DF F

Extraction Circuit

• Cold Diode
– Turn On Voltage: 6V
– Forward Voltage: 1V

• Quench Protection Heater
– Powered by Capacitor 

Bank

������
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Summary of Load (Magnet & Transfer Lines) to Cryogenic System

>1.4 MPa(G)>1.4 MPa(G)Design Pressure

40 g/sec, 80 K, 
1.35 MPa

36 kPa300 g/sec, 4.5 K, 
0.4 MPaAbs

84 kPa
Pressure Drop

1780 ℓ3900 ℓ
+ 10 % Contingency

1620 ℓ3550 ℓInventory

Aluminum basis
Iron basis

7.5 ton
2.8 ton

Iron basis225 ton
+ 10 % Contingency

Aluminum basis
Iron basis

6.8 ton
2.5 ton

Iron basis204 ton
Cold Mass

1703 W403 W + 1.1 g/s
+ 20 % Contingency

-8000A1.0 g/sCurrent Lead 

Including
transfer line of
440 W

1419 WIncluding beam loss of 
150 W

transfer line of 55 W

336 W
Heat Load Estimation 

60�100 K, 1.2 MPaHe Gas4.5 K�0.4 MPaSHeCoolant

Remarks80 K LevelRemarks4.5 K Level
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Operation – Pre-cooling
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Install
Quench 
Detector

Install
Corrector 

Magnet

InstallPS

InstallRefrig.

InstallTransfer Line

2 & Install6
(12 Mag.)

6
(12 Mag.)

1 (proto)Cryostat w/  2-
SCFMs

2008200720062005

Schedule
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Horizontal Test Bench with the Cryostat

Feed Box 
Mass flow rate: 20 ~ 40 g/sec
Coolant: SHe
Supply temperature : 4.5 ~4.8K
Supply pressure :
0.35~0.4 MPa Abs

Quench protection heater
as a calibration heater
Qinpt=2, 3, 4 (W)

Temperature censor
(Lake Shore, Cernox)
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1 w/m, 4000 hr/year
• Coil (~30kGy/y)

– GFRP (107Gy)
– Polyimide (107Gy)

• Plastic Collar (~10kGy/y)
– Glass Filled Phenol (107Gy)

• Super Insulator
– Body (~200Gy/y)

� Polyester (106Gy)
– End (~30kGy/y)

� Polyimide (6⋅107Gy)
• Support Post (~200Gy/y)

– GFRP (107Gy)
• Cold Diode

(~200Gy/y, 1.2•1013 n /cm2 )
• Elastomer Seals

(~30kGy/y)

Summary of Organic Materials in Magnet
and Radiation Resistance
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New Elastomer Seal for  the Cryostat

New EPDM type Elastomer seal were developed with collaboration of
KEK, JAEA and Hayakawa Rubber Co..
New Elastomer seal have been tested up to Dose=9.1 MGy with γ ray source.

Dose=0 MGy

Dose=0 MGy

Dose=0.34 MGyDose=9.1 MGy

Dose=2.6MGy

Dose=1.2MGy
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Outgas Characteristics of EPDM Elastomer Seal
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Time (h)  (after vacuum pumping start)

  System B.G. Pressure (1.98x10 -8 Torr)  
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It is confirmed that new EPDM type elastomer seal can be used
up to Dose=1.2 MGy.

Comparison of outgas characteristicsof
EPDM and VITON elastomer seal

EPDM

EPDM

VITON

VITON

After Dose=1.25MGy
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Layout of Cryogenic Components

LN2 > 20000 ℓ
Only precooling and 
recooling after quench 
18000 ℓ/day
For first heat exchanger 
(cold box)

Magnet String & Transfer Line
Inventory: 3900 ℓ, 
Cold mass: 225 ton(Fe)

3 Recovery Tanks 
(for Quench)
Volume 100 m3×3

Cold Box & Sub-cooler
SHe Max 300 g/sec at 4.5 K
LHe reserver : 800 ℓ

Buffer Tank  for Main Compressor
(steady state)
Volume 100m3×1

Main compressor(MCP)
550 kW
Discharge pressure:1.5 MPaAbs
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Quench Release AnalysisQuench Release Analysis

OKAMURA Takahiro OKAMURA Takahiro 
takahiro.okamura@kek.jptakahiro.okamura@kek.jp

Contents
0.  Motivation of this work
1. Conceptual diagram of quench release
2. Analytical model & Method
3. Highlight numerical result
4. Summary
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Conceptual diagram of quench release

Allowable pressure of SC magnet system: 2.0 MPa

Quench 
Recovery
Tank

Cold Box

Sub-cooler

28 Magnets (Beam Line)

Magnet

4 Relief Valves

Magnet Magnet Magnet 

Beam Line

Emergent Exhaustion Line

Essential qualification of He gas
Max Pressure of He gas < 2.0 MPa

Determination 
of Geometric Parameter
I.D. of Relief Valve

open

close
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Relief Valve
I.D: 25 A, L:120 mm

Emergent Exhaustion (b)
I.D: 250A, Length: 175 m

7 Magnets + Interconnect�35 m

Quench
Recovery Tank

(1) (2) (3)

Simulation ModelSimulation Model

Magnets

Interconnect (a)
I.D: 50A
L: 770 mm

Interconnect 
(b)
I.D: 50A, 90A,
L: 1910 mm

Cryostat

Emergent Exhaustion (a)
I.D: 100 mm, Length: 1.5 m

Cryostat

Neumann Type B.C.

Dirichlet Type 
B.C.

25A    28.0 mm    
50A    53.5 mm
90A  101.6 mm  

250A  255.4 mm
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Mass, Momentum, Energy are directly coupled.Mass, Momentum, Energy are directly coupled.
(Semi(Semi--Implicit Implicit Pressure Based SchemePressure Based Scheme))

Governing Equations & MethodGoverning Equations & Method

Continuity EquationContinuity Equation��

Momentum EquationMomentum Equation��

EnergyEnergy EquationEquation��

Thermal Equation of StateThermal Equation of State��

Solving Pressure Poisson equation Solving Pressure Poisson equation 
Finite Difference Method (FDM)+FCT AlgorithmFinite Difference Method (FDM)+FCT Algorithm

Heat generation term from Magnet.Heat generation term from Magnet.
Most Important Term !!?Most Important Term !!?

11--Dimensional Heat Transfer ModelDimensional Heat Transfer Model
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Cu+NbTi 

Kapton (Insulation) 

Supercritical He

+Q (W/m3)

q (W/m2)

∆x

Region-1

Region-2

Region-3
TH

TM
∆r2

Heat Transfer ModelHeat Transfer Model

RegionRegion--1: Energy Balance Equation 1: Energy Balance Equation 

Heat Generation term
from Magnet to SHE
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Initial ConditionsInitial Conditions
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Relief Valve
I.D: 25 A, L:120 mm

Emergent Exhaustion (b)
I.D: 250A, Length: 175 m

7 Magnets + Interconnect�35 m

Quench
Recovery Tank

(1) (2) (3)

Simulation ModelSimulation Model

Magnet

Interconnect (a)
I.D: 50A
L: 770 mm

Interconnect 
(b)
I.D: 50A, 90A,
L: 1910 mm

Cryostat

Emergent Exhaustion (a)
I.D: 100 mm, Length: 1.5 m

Cryostat

Neumann Type B.C.

Dirichlet Type 
B.C.

25A    28.0 mm    
50A    53.5 mm
90A  101.6 mm  

250A  255.4 mm
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Highlight ResultHighlight Result

Total energy input to SHE =394 (kJ) × 7(Magnets)



67(Nobuhiro KIMURA The 2nd Saclay-KEK cooperation program workshop– 28/March /2008 )

7. Quench simulation (�D Simulation)

This model is based on an assumption that flow is Two-dimensional 
Numerical simulation is carried out involving four magnets, one relief valve, venting line and 
buffer tank.

Relief Valve
I.D: 25 A, L:120 mm

Emergent Exhaustion (b)

4 Magnets + Interconnect

Quench
Recovery Tank

Interconnect (a)
I.D: 50A
L: 770 mm

Interconnect 
(b)
I.D: 50A, 90A,
L: 1910 mm

Cryostat

Emergent Exhaustion (a)

Dirichlet Type 
B.C.

25A    28.0 mm    
50A    53.5 mm
90A  101.6 mm  

250A  255.4 mm
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Simulation Method 

• E.Q.: NSE+Equation of State

• Method: FVM+Pressure Based Scheme

• Coordinate: BFC

where



69(Nobuhiro KIMURA The 2nd Saclay-KEK cooperation program workshop– 28/March /2008 )

7. Simulation Results at 4/4 Magnets Quench

Pressure Profile 

Temperature Profile 

Density Profile 

SCFM SCFM                                          SCFM              SCFM 

Quench relief valve 
Magnet(Heat Input) 

Bas line
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Required Cooling Capacity

< 20 daysPre-cooling duration

Only Pre-cooling and 
re-cooling after 

quench 

LN2 usage

<6 hours (30GeV 
operation)

Re-cooing duration

Not specifiedShield Cooling Gas Condition

1710 WThermal Load to Shield Line

Cold Helium GasShield Cooling 

60�100 KShield Temperature

1.1 g/s (1 pair)Current Lead cooling gas 

85 kPaPressure Head of SHe

410 WThermal Load to SHe Flow 

4.9 KSHe Return

0.4 MPa(A), 4.5 KSHe Condition

max 300 g/sSHe Flow Rate

Current 
Leads

Main Compressor

Turbine

Pump

28 S.C. Magnets

J.T.Valve

LHe

S
H

e

Cold 
box

Schematic diagram of SHe 
circulation system
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 Efficiency Adiabatic: Density,:

 Flow, Mass: Head, Pressure:
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300 g /s �Pump Load : < 300 W
Mag. Temp. : ~ 4.8 K

2
Pr

2u

D

L
fessureHead

h

ρ=
Velocity Flow: Diameter, Hydraulic:

,: t,CoefficienFriction :

uD

LengthLf

h

]143:[

][

%]20.&[

WcoolerLoadSub

PumpLoad

TTransMag

TotalLoad

−+
+

+
=

Returen Temperature VS Flow Rate

4.65

4.7

4.75

4.8

4.85

4.9

4.95

5

0.1 0.2 0.3 0.4 0.5

Flow Rate (kg/sec)

R
e

tu
rn

 T
e

m
p

e
ra

tu
re

 (
K

)

20000

40000

60000

80000

100000

120000

140000

160000

P
re
ss
u
re
 H
ea
d 
(P
a)

Required Cooling Capacity - Estimation

Mass-flow rate is controlled to be 300 g/s at the maximum.
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2.4 kW1.2 kW+ 20 % Margin

1960 W
→ 2 kW

890 W + 1.1 g/s
→ 1.0 kW

Required Refrigeration

250 W150 WSub-cooler, Transfer Line b/w CB 

330 WSHe Pump LoadContractor 
Design

Max 300 g/s, 4.5 K,
0.4 MPa
Pressure Head 85 kPa

SHe Flow conditions

1710 W410 W + 1.1 g/sMagnet & Transfer LineKEK 
Requirement

Thermal Load @shield 
Level

Thermal Load
@4.5 K Level

Required Refrigeration Capacity – Design by Contractor

Taiyo-Nissan Co. in the business collaboration with LINDE won the bid. 



73(Nobuhiro KIMURA The 2nd Saclay-KEK cooperation program workshop– 28/March /2008 )

Conceptual Flow Diagram
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Quench relief valves
4 quench relief valves are installed  

SHe pump made by 
Burber-Nicholes
Max mass flow rate
=300 g/sec at 4.5 K

LHe reserve
JT Valve

Transfer line

Cold box

Sub-cooler

Transfer line

Current lead box

Vent line lead to 
quench recovery 
tanks.
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SummarySummary

• A new Implicit Continuous-fluid Eulerian code for SHe venting 
simulation has been developed 

by means of 1 & 2 Dimensional Heat transfer model.

• Maximum Pressure is about 1.8 MPa 
and lower than allowable pressure of the magnet 
under the present relief valve 
and emergent exhaustion line design conditions.
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Heat Load of the Cryostat
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Effect by Temperature of
Radiation Shield
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Total heat load to 4.5 K line 
8.0W 
@Two in one structure cryostat


