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E Introduction Neutrino physics at J-PARC
— Tokai-to-Kamioka [2K) Long Baseline
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Overview of Project History

2001FY

— Design of Neutrino beam line project (T2K) was $¢arwith
10 FODO= 40 Superconducting(SC) Magnets

2002FY

— SuperconductindCombinedFunctionMagnets system,

which consists of 14 doublet: IRV was proposed as bendintagnet system.

2003FY

— SCRMwas approved by internal review in KEK

— The first production of prototype magnet was starite-house at the KEK
2004FY

— Cuvil construction work of Neutrino beam line wasaged at Tokali

— Aprototype magnet was completed and tested in KEK

— Design of cryostat and cooling system were started

— Production of the magnets and cryostats were staatéviitsubifi Electric
2006FY

— Continuing magnet production and cryostats
2007FY

— Continuing magnet production and cryostats andtetainstallaion work in the tunnel

— Production of the Transfer line was started
2008FY

— Installation work should be completed and startechmissioningon end of 2008.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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System Overview

o 28 SCHW's
— Dipole 2.6 T
— Quad 18.6 T/m
— Length 3.3 m
— 2 in 1 Cryostat

: — Total Stored Energy: 10MJ
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P.Supply Complex
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Superconducting Combined Function Magnet

Stainless steel shell Hole for coolant and bus-line S C B u S b ar
Space for coolant
Yoking keys

Superconducting coil

Iron Yoke

Shell
welding

Stainless
Steel Shell
. (SHe Vessel)

Lock Key

Iron yoke

Beam tube

Dipole (Bending)

RS

S

Stainless steel shell

Hole for coolant and bus-line

Space for coolant

Yoking keys

Superconducting coil

Yoke Stack
Tube

Iron yoke

Insulation spacer

L/R Asymmetric
Coll
petas Plastic Collar
Quadrupole Dipole/Quadrupole Combined Bending +
(Focusing & De-focusing) Focusing (De -focusing)

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )




- 4,589
- 4348
- 4106
- 3.865
- 3.623
- 3.3

- 3140

\ . 2.898

™,

- 2.657
- 2415
- 2174
- 1.932
- 1.691
- 1.449
- 1.207
- 0.966
- 0.724
- 0.483
- 0.241

Call ID.: Op. Current:
Mag. Length: Op. Margin:
Mech. Length: Inductance:
Tmax: Stored Energy:

!
|
|
1
[
i
|
|
|
!
!
N
N

Dipole Field: SC Cable:
Quad. Field:
Field Error: 10



@ Structure design of the Cryostat for SCHMV

Vacuum vessels

Reduce production cost of the cryostat

e LHC common parts

— Vacuum vessel (modified)

— Cold diode for protection

— Support post

— Shield bottom tray (modified)
Bottom trays — Connecting Sleeve

« Two magnets assemble

Into one cryostat
— F & D magnets (doublet optics)

Support posts

Cold diode

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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Quench Relief Valve

Reference pressure input

Original idea is came from
Kautz eValve @A\L

Modified for low temperature use

by KEK
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Quench Relief Valve Conceptual Idea

Reference pressure input —~
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( Cross section of the TransfeL ine
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A specification of the transfer line for tender wadixed.

'| Bidding was started in Feb.

Contractor will be decided in this April.
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Transfer Line with SC bus-bar

Feed Box (F.B.)

SHe Line (Supply) :
Inner diameter=54.5mm, 100 m, 4.5 K, Main Arc Tunnel

SHE 350 g/s, 0.4 MPa-Abs

With SC-Bus-bar
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Status orSCAM

« In our project plan, thirty tw&CHMs
products for T2K.

« Al of the SCFMsare testdusing with
holyzontalcryostatin KEK.

« In this time, twenty eighS§CRMshave
finished performance test without
serious troubles.

« These magnets instah the tunnel
with cryostats.

« Left four SCAVBWIll be done
performance test until mid of 2008.

« These fourSCRMViswill use as reserve

magnet.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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Cryostat Assembly




Status onDublet Cryostat

Twelve cryostats are completed, and installed in tihenel.
Left two cryostats and two reserved cryostats are
now under production at Mitsubishi Electric Co..

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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Status of Transfer Line

20 L

0 \’\.“\\‘

First of four units of transer line
were delivered for KEK.

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

Production of Transfer I|n-e
was started on end of 2007

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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Status onDoublet Cryostat (1)

\! a S &

| A NG
On 8th Feb. 2008, installation work of
the doublet cryostats were startéd

n the tunnel at Tokai

The above photograph shotlse cryostat
into the tunnel by crane.

Left three photographs show

the firstcryostat in the tunnel.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 ) 22



Status onDoublet Cryostat (2)

Doublet cryostats in the tunnel.
elevendoublet cryostats (11/14) were set on the beam line
The cryostats were tighten by bolts.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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Status on Quench ValveCryostat

Four Quench Valvénter-connect Three Quench Valvinter-connect
cryostats were transferred cryostats were seain right position in
in to the tunnel the system.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 ) 24



@ Status on other component

Quench pressure relief lines were installed in tinenel.
The lines will be connected with quench relief eatwyostat
and stack.

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 ) 25
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Summary

» Twenty eightSCRVishave finished performance test
without serious troubles.
- Twelve doublet cryostats have been completed, asthlied
in the tunnel.
Left two doublet cryostats and two reserved crysstare
now under production at Mitsubishi Electric Co..
« Three quencirelief valve cryostats and two corrector magnetoststs
have installed in the tunnel
e First of four units of transfer linwere delivered for KEK.
These units will be installed in the tunnel on thisy.
A cold box manufactured by LINDE and componentshsas a Helium
compressor will be delivered Tokai at mid of May 200

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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@Introduction

J-PARC project and Neutrino beam line

JAEA@Tokal-mura
(60km N.E. of KEK)
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Beam tube

Beam shield

50GeV-750kW

0.1, 0.5, 1.0, 1.4 degs.
proton beam

Incident angle

300 cm

=2cm

istributed uniformly rectangular atBé=1cm,dY

is d

The beam

Beam tube

Beam shield

Stainless

Copper

Material

76~84

~74

Radius (mm)

0,4,8,10
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50GeV 750kW protons with 1.4 degs. hit on beam pipe
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Simple estimation: gy, =

2—V

3= 1) EEDI aldT 100kGy/pulse
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Strict analytical model

Dirichlet Type
B.C.

Quench
Recovery Tank

Neumann Type B.C.

Emergent Exhaustion

Neumann Type B.C.

H

H_HC_H

H—1

Cryostat

Cryostat
7 Magnets + Interconnect/!35 m
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« Cold Diode
— Turn On Voltage: 6V
— Forward Voltage: 1V

¥,

L_8kACl
Bk CL—

— —N
| R Y

/ | Extraction Circuit

_ 8kA 30V

Joguooouood

e Dump Circuit
— Protect Cold Diodes « Lbubboubb
and SC Bus Bars |
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(E) Summary of Load (Magnet & Transfer Lines) to Cryogenic System

4.5 K Level Remarks 80 K Level Remarks
Coolant SHe 45 K0.4 MPa He Gas 601100 K, 1.2 MPa
336 W Including beam loss of 1419 W Including
Heat Load Estimation 150 W transfer line of
transfer line of 55 W 440 W
Current Lead 1.09g/s 8000A -
_ 403 W + 1.1 g/s 1703 W
+ 20 % Contingency
204 ton Iron basis 6.8 ton Aluminum basis
Cold Mass 2.5 ton Iron basis
. 225ton Iron basis 7.5ton Aluminum basis
+ 10 % Contingency 2.8 ton Iron basis
Inventory 3550¢ 1620¢
. 3900¢ 1780 ¢
+ 10 % Contingency
84 kPa 300 g/sec, 4.5 K, 36 kPa 40 g/sec, 80 K,
Pressure Drop 0.4 MPaAbs 1.35 MPa
Design Pressure >1.4 MPa(G) >1.4 MPa(G)
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Operation — Pre-cooling

LN2CE
>
20000 L Cold Box Sub-cooler
/ 1
K> | ) |
% F—————Tube Gas to Atm = Turbine
Trailer
3 i
i ) § Oil Separators 19 )
—
0] et 1} s
[ -
Purifier Vacuum " J’U"U ﬁ
Her =y Pump X Main Compresso 2
! - ®
Quench Buffer £
Re_yfgylery Tank g
Tank | \
Currnt Leads
Y A— ]| = i
< Iz
= c
Surface 9] <
_ _ -7 -
3 £
h Exhausi Multi Transfer Line' 3 E ‘
Subtunnel B (Connection) Quench Exhausiof | 3 < |
| = RN
P | 2 &
Beam Line Tunnel | g
|
Quench Exhausion |
|
End Boxm 1 |
_ 'l FeedBox. ...
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o peration — Magnet Excitation (Steady state)

LN2CE Liquefaction
>20000 L Cold Box Sub-cooler
S /
- (
AN < AN
- | Turbine
% S————Tube Gas to Atin A— Lf l SHE
¢ Trailer EEDEE G Q‘{ ¥.Q'| Pump
LL - - slofl Pole g 10 H o ¥e T > 3
Oil Separators %5 JTxp %p %
o
Purifier 3 Main Compressor . I L [DI [
p=)
< - = = 1t €11 | ©
3 Quench Buffer 1 £ #D %b | — 'f 3
Revcovery Tank h < LHe =
Tank b VW ﬁ
! : . . D ED < - ¥
Gas Transfer t s : C/LCooling : L —— '
] . . Currnt Leads >
---iir-----------------% [”] I\ X
< ol
£
y e ] =T
—_——g [4)
Surface Qé %
E | £
[=]
=]
Sk
h Exhausi Multi Transfer Line % O
Subtunnel B (Connection) Quench Exhausion = é
%
p 5 o
e
Beam Line Tunnel 3
Magnet Cooling
Quench Exhausion
End Box
| F0 =0 S.C. Magnets F0 £
s 27| [26 |2 W22 22| [ 22 2c L[ 2ol o W e ez [ e | o5 | [2a s L 22 | 2 lYf 2olf o s |[ 7 |[ 6|5 s [ = 2 [ 1

Radiation Shield

Feed Box
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@ Operation - Quench

LN2CE
>20000 L Cold Box \ Sub-cooler
:E[ :
Turbine
% £ JTube Gas to Atm H "'l e A —
————Trailer Il ™~
SN PSRl Ty
*D XD XD o] 1D . ~s i [ ’ =
i Oil Separators M I
__ AN
o 1 LUl = 3
[}
. Vacuum T =
Purifier 1 Pump £ A Main Compressor a
4 ~ [~ i >
f 3p Quench Buffer - : = 3D - = #Du ;Iu o= N g
Revcovery Tank L < g
rank : . H
r i |EE| . . p
[ - —
i N . Currnt Leads |
< (B
3
O
Surface x
o) Nt LI
o ,.E.....ﬂ
43778
h Exhausi Multi Transfer Line g : o
Subtunnel B (Connection) Quench Exhausion o é % :
1 74
] s )
Beam Line Tunnel S : 5
13
33
’
L
: =
End Box h 4 i |
| ' S.C. Magnets P
r
e e dodla L8 Lo 1L 61 [2]] 1] u u
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i DAdintinn Chinald [
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‘ [ | _Feed Box
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@ Schedule

2006

Cryostat w/ 2-
SCHMs

Transfer Line

Refrig.

PS

Corrector
Magnet

Quench
Detector
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E Horizontal Test Bench with the Cryostat

From Cold Box LNZ Shield Line

Fie Gas Supply Ling] ——pg— |P=0.15MPaABS MX

P=1.6MPaABS T=78K MULTI CORE TRAMNSFER LINE MaSS ﬂOW rate- 20 —_ 40 glsec

T=7.0K :

sl o/s - ™1 [| Coolant: SHe
Return Line o Cold Box - E . -
| Tecoan s S Supply temperature : 4.5 ~4.8K

— T=4.5K Cine S \ Supply pressure :
4 7o Gas Holder e . S 0.35~0.4 MPa Abs
+ M=10~40g/s c.L. L I

~ 1%

»O

¥ / Bypass & Return Line

RETURM BOX I_/ | FEED BOX

Temperature censor
(Lake Shore, Cernox)

Quench protection heater
as a calibration heater
Qinpt=2, 3, 4 (W)
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1 w/m, 4000 hr/year

Summary of Organic Materials in Magnet
and Radiation Resistance

Coail (~30kGyly)
— GFRP (10Gy)
— Polyimide (10Gy)
Plastic Collar (~10kGy/y) = @
— Glass Filled Phenol (1Gy)
Super Insulator
— Body (~200Gy/y)

* Polyester (1€5y) B ) &
— End (~-30kGyly)

+ Polyimide (610°Gy) T

Support Post (~200Gyly) ) ~ g
— GFRP (10Gy)
Cold Diode 1

(~200Gyly, 1.2103 n/cne
Elastomer Seals

(~30kGyly)
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@ New Elastomer Seal for the Cryostat

New EPDM type Elastomer seal were developed withatoliation of
KEK, JAEA and Hayakawa Rubber Co..
New Elastomer seal have been tested up to Dose=XS/Ithy ray source.

0o [IEERN]
Dose=9.1 MGy Dose=0.34 MGy
HEREE ]
Dose=2.6MGy Dose=0 MGy

3 1.0 div 1.00m/d v
HEREE
Dose=1.2MGy

1. @@mm-d i v
—
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Hardness and Compression set

CS/ %
—g—1— 30
25 g
| : T
| 120 D
" )
2 5 0,
5 f o 1 S
= 40 \ |+@-onoooon g : 0N
G o b\ |2 0000 = 110 D
- B e : S
20} @\ L,
10 [ SN \. :
' q ]
O-' "-i "-- PR L . ¥, '-O

_ _ Dosell/ [IMGy
Neutrino Beam Line
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@ Outgas Characteristics of EPOM Elastomer Seal

- Comparison of outgasharacteristicof ¢liCs  Basevt B2 |

[ EPDM and VITON elastomer seal W S517 B

~. —®- - P-509 (VT) &
107

Pressure (Torr)
[ .Y
o
»

[
o
1,

826A60CARaUTTACI &
System B.G. Pressure (1.98x10 8 Torr)

1078 , , , , , , l , , , l , , ,
0:00:00 20:00:00 40:00:00 60:00:00 80:00:00
Time (h) (after vacuum pumping start)

It is confirmed that new EPDM type elastomer seal ba used
up to Dose=1.2 MGy.

EPCM
MITON
EPCM
MITON
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Layout of Cryogenic Components

Magnet String & Transfer Line =

Inventory: 3900 ¢, Cold Box & b-cooler
SOEIMEE o) SHe Max 300 g/sec at 4.5 K
_ N\ LHe reserver : 800 ¢

3 Recovery Tanks

(for Quench)
Volume 100 m3x3

NS
//'/ |

O

)

5=
N

Purifier

Cold Box

Main compressor(MCP)
550 kW
Discharge pressure:1.5 MPaAbs

Buffer Tank J
Buffer Tank )
Gas Warmer
LN2 Tank ﬁ L[]
/ Evacuation
P
‘Main Compre%or
’ ggparalor

Quench Buffer
Quench Buffer

LN2 > 20000 ¢

Only precooling and
recooling after quench
18000 t/day

For first heat exchanger

Tube Trailer

(

Buffer Tank for Main Compressor
(steady state)

Volume 100m3x1 (cold box)
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Quench Release Analysis

OKAMURA Takahiro
takahiro.okamura@kek.jp

W= o

Contents
Motivation of this work
Conceptual diagram of quench release
Analytical model & Method

N

Highlight numerical result
Summary
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©

Conceptual diagram of quench release

Allowable pressure of SC magnet system: 2.0 MPa

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

Quench
Recovery
Tank

Determination
of Geometric Parameter
I.D. of Relief Valve

] Sub-cooler

Cold Box j

Beam Line

Emergent Exhaustion Line

4 Relief Valves > open
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©

Simulation Model

Dirichlet Type
Emergent Exhaustion (a) | | Emergent Exhaustion (b) B.C.
|.D: 100 mm, Length: 1.5 m |.D: 250A, Length: 175 m
> > P Quench
Recovery Tan
] 25A 28.0 mm
1 | Relief Valve 50A 53.5mm
\ .D: 25 A, L:120 mm oo seeomm Neumann Type B.C.
Interconnect (a) || Interconnect
.D: 50A (b)
; } | L: 770 mm |.D: 50A, 90A, Magnets
L: 1910 mm
(1) 2) l /\ (3)
g T s

Cryostat

Cryostat

/ Magnets + Interconnect]35 m
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@ Governing Equations & Method

o o
Continuity Equation © a(pA) + a(pw‘l) =0
- 0 o 0
Momentum Equation(’ —(puA) + —(puuA) = —(pA)+G(u)
ot ox ox
Energy Equation’’ 2(peA)—|—3(pefu,A)= —pAa—u — 3(qA)—|—Q
ot ox oxr Ox ——
_ Oe Oe
Thermal Equation of State™ de = (a_) dp =+ (—) dp
P/, I/,

Mass, Momentum, Energy are directly coupled.
(Semiimplicit Pressure Based Schenme

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

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

~Dimensional Heat Transfer Model
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@ Heat Transfer Model

Region-1 Cu+NbTi
Region-2 Imz Kapton (Insulation)
Region-3 Supercritical He
Region1: Energy Balance Equation
T Thr—T
pep 8?/[AV:QAV—qAS, =\ MATQH
. |
qgAS

Heat Generation teer' —
from Magnet to SHE -
9 Ax
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Initial Conditions

20 . | . |
SMagneti Emergent Exhaustion |
100- ~
0 . | ! |
o ' 100 200
elier valve X (m)
1 ' [ T [
0. Magnets_ Emergent Exhaustion |
0.6 .
0.4 -
0.2- ]
0 - | . | |
O Relief Valve 100 200
X (m)
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Simulation Model

Dirichlet Type
Emergent Exhaustion (a) | | Emergent Exhaustion (b) B.C.
|.D: 100 mm, Length: 1.5 m |.D: 250A, Length: 175 m
> > Py Quench
Recovery Tan
] 25A 28.0 mm
1 | Relief Valve 50A 53.5mm
. . 90A 101.6
\ [.D: 25 A, L:120 mm S50A 2554 rr?]m Neumann Type B.C.
Interconnect (a) || Interconnect
.D: 50A (b)
L: 770 mm |.D: 50A, 90A, Magnet

o X
M H

\L: 1910 mm

1

VAN

iy

Cryostat

Cryostat

/ Magnets + Interconnect]35 m
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e
X
—

Heat generation ra
per unit volume

X
=

Pressure
(Pa)

(W/m®)

O
QO

=

© O O

=

Highlight Result

lhl)llhl?l

(-]

[ ' [

Total energy input to SHE =394 (kJ) x 7(Magnets) _|

A,/p;;:qg? S

|

== —

Time (s
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@ 7.Quench simulation D Simulation)

&

|.D: 25 A, L:120 mm

250A 255.4 mm

|.D: 50A
L: 770 mm

Interconnect (a) | | Interconnect

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

- H 3

Cryostat

4 Magnets + Interconnect

<

N,
>

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

Dirichlet Type
B.C.
Emergent Exhaustion (a) | | Emergent Exhaustion (b)
. . by Quench
Recovery Tan
] 25A 28.0 mm
Relief Valve 50A 53.5mm
90A 101.6 mm

buffer tank.
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@ Simulation Method

E.Q.: NSE+Equation of State

%4—?-(,01?):0

0
a(pv)-l—v* (pvv)=—-Vp+V -7+ pg

0
a(pe)—l—v* (pev)= -V .-q—p(V-v)+7:Vov

2 .
= () (5 2)
P L

f 2
where T:M{vﬂ+(Vﬂ)T}—§ﬂ(V»‘l})I
\
q=—-\VT

A AT A AT NI A A AT AT IR ST AS A I A2 I I S

Method: FVM+P
Coordinate: BFC

)
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@ 7. Simulation Results at 4/4 Magnets Quench

e et e s e e s e Bas line
. Quench relief valve
/ Magnet(Heat Inputy  Pressure Profile

T Y S L 106 1 O T i O L Y I
50 100 150 200

Temperature Profile

100 150
Density Profile

[ i e i #

‘ 'y ——

1 (R | | 3:,'.'j_!uuTl|-||||||||||l|ll-—||]-E:I!
I L] I N R R R "i |

50 100 150 200

(INUDUTIITU NIVIUFA TTIE ZTTU DSdlldy-INEN cuupeiauull proyidiil WUIKSIHIUP- £o/vidl Ll £UVo )

V3
1.1E+06
1.02222E+06
944444
866667
788889
711111
633333
555556
477778
400000

V3
30
27.1667
243333
215
18.6667
15.8333

V3
110
98.2778
86.5556
74.8333
63.1111
51.3889
39.6667
27.9444
16.2222
45
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Required Cooling Capacity

SHe Flow Rate max 300 g/s Main Compressor
SHe Condition 0.4 MPa(A), 4.5 K
SHe Return 49 K
Thermal Load to SHe Flow 410 W
i Cold _
Pressure Head of SHe 85 kPa . box | ziufbme
Current Lead cooling gas 1.1 g/s (1 pair) : :
z A
Shield Temperature 607100 K | }‘? v
.T.Valve Current
Shield Cooling Cold Helium Gas Leads
LHe o
Thermal Load to Shield Line 1710 W D =
Pump
[}

Shield Cooling Gas Condition Not specified 5 ( (
LN2 usage Only Pre-cooling and ) )

re-cooling after

quench 28 S.C. Magnets
Pre-cooling duration < 20 days N
. y Schematic diagram of SHe
Re-cooing duration <6 hours (30GeV circulation system
operation)
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quired Cooling Capacity - Estimation

495
49
485
48
4.75
4.7

Return Temperature (K)

4.65

Returen Temperature VS Flow Rate

160000
X ) 140000
120000 &
\ / =]
100000 §
T
80000 @
?
60000 &
a
( 40000
20000
01 02 03 04 05

Flow Rate (kg/sec)

PressureHead = f ——

Lpu2

Dy, 2

f : Friction Coefficiert, L : Length,
Dy, : HydraulicDiameterp : Flow Velocity

Expected Operational Flow Rate :
300 g/s1Pump Load : < 300 W
Mag. Temp. : ~ 4.8K

Thermal Load VS Flow Rate

1400 [~

1200 -

1000 f---------- B R R

800 [~ B L EEI EETERPER

w0 e

400 [ T P RREE
200 - b

Flow Rate (kg/sec)

TotalLoad =

[Mag & TransT + 20%]
+[PumpLoad]

+[Sub —coolerLoad : 143N]

PumplLoad = APM

P

Mass-flow rate is controlled to be 300 g/s at the aximum.
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@ Required Refrigeration Capacity— Design by Contractor

Thermal Load
@4.5 K Level

Thermal Load @shield
Level

KEK Magnet & Transfer Line 410 W+ 1.1 g/s 1710 W
Requirement
SHe Flow conditions Max 300 g/s, 4.5 K,
0.4 MPa
Pressure Head 85 kPa
Contractor SHe Pump Load 330 W
Design .
Sub-cooler, Transfer Line b/w CB | 150 W 250 W
Required Refrigeration 890 W +1.149/s 1960 W
— 1.0 kW — 2 kW
+ 20 % Margin 1.2 kW 2.4 KW

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

(Nobuhiro KMURAThe 2nd Saclay-KEK cooperation program workshop- 28/March/2008 )
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S

Conceptual Flow Diagram

LHe reserve
. LN2CE Turbine  Cold box JT Valve SHebpuml_) :1alde by
Main compressor / Burber-Nicholes
720000 o = = = —cmEm — = = = = .\ Sub-cooler, Max mass flow rate
I L L \\ / (/ =300 g/sec at 4.5 K
) | | I =
G =———ubd\gas wodn | <p—p bGine 11~ - = 1
Trailer I {'Q-I Pufnp A/ I
R S % CHISE M g riele | #
| Lt ¥ '
) ﬁ 1 s 1
- Vacuum 5 -
Purmer%o PumpX . I J “g | SUb COO|€I’
= = - = W ©
Quench Buffer { >0 - - S
Revcovery Tank f #" #" | I I E I
Tank — . —— — - - - 'l I 1
71@ |
A % Currnt Leadsl ,r- ﬁ& .
pin T = == - = -—
Surface / é ‘% %E
S
subtunnel B (Connection)  First heat exchanger Quench Exhausio < | I
=] I )
Vent line lead.to Transfer line 9 | I Transfer line
Beam Line Tunnel quench recovery | ‘ |
tanks. I o
Quench Exhausion | ! |
End Box I | J |
r_;_____ _____ = ™ ™ T Magnes 7 T ¥ & & —m —m - _'I
I B T W T O W R TR T T
‘I—ll—l L JLJ J L J J L J JL JL _J L JL _JL JL _J L JL _JL JL _JTL _JL 1 I_ll#l I
I L Radiation Shield / _ I
I e s S

Quench relief valves
4 quench relief valves are installed

mE i mm Tt iR
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Summary

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

2

*

[ —
“H

=_

Heat Load (W)
o

©..
* %

* .

* Py

‘ © QPH- Calibration
@ Heat Load - QPH

-_————— =

v

Calibration by QPH.

Pure heat load &
Removed QPH Power

v

L E s L@ ____

v

Effect by Temperature of
Radiation Shield
100K—80K .

Total heat load to 4.5 K line
8.0W

20 25 30 35 40 @Two in one structure cryostat
Mass flow ratio (g sec)
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