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Basic Function of Cryomodule

1. The minimum unit in the accelerator components
which has an interface with the room
temperature.

2. Making the work space where the
superconducting cavities operate at 2K:

— Hold the superconducting cavities in the vacuum and
thermal insulated environment.

— Keep the cavities in a good alignment with respect to
the design beam line.

— Have an interface for supplying RF power to cavities
between cold and warm components.
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ILC cryomodule overview

Vacuum vessel Support post Helium gas return pipe (GRP)

cRey.Hori

Superconducting  Input power coupler Superconducting

cavity Wave guide quadrupole
Thermal radiation

shields
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Cryomodule components

« Vacuum vessel (Iron pipe)
— Outer diameter = 965.2mm, Length=11.8m
— Connection between cryomodules
« Vacuum bellow
— Total length=12.7m
— Magnetic shielding

e Support post

— Supporting the all cold mass in the vacuum
vessel

— Material: FRP(G-10)

« Thermal radiation shield

— Aluminum plate +Muti-layer insulation of
aluminum-evaporated film (Super Insulation)

— 40K-80K, 4K-5K helium gas cooling

Support post Vacuum vessel

Thermal radiation

shields He gas

return pipe

= e A Y
29N
i _-:

Input power 7 O=H supply pipe

coupler /3 i

Superconducting
cavity

DESY-TESLA-TYPE-III
Cryomodule Cross Section
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Cryomodule components

Support post Vacuum vessel

2K helium gas return pipe (GRP)
— Gas channel for evaporated helium gas Thermal radiation '
— Inner diameter=300mm shields
— Material: Stainless steel
— Supporting the cavities and quadrupole

Superconducting cavity package (8 or
9 for one cryomodule)

He gas
return pipe

— Liquid helium container, input power coupler, e

HOM coupler, frequency tuner o ot , A
Another cooling pipes | i §
— 2K 2-phase helium supply B : :
—  2.2K supply

— 5K forward and 8K return for 5K shield
— 40K forward and 80K return for 80K shield

— Cool down and warm up Input power i
. I
Superconducting quadrupole and P ; |
beam position monitor /
Superconducting

— Current lead, corrector coils cavity

DESY-TESLA-TYPE-III
Cryomodule Cross Section
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Making thermal insulated environment
for superconducting cavity

Conduction heat transfer:
Support post

BN
YR\ 2K
,s"l } Vacuum

\O ) [« ) #
#/ Conducti n:\\
Input coupler

5K- 8K
_ 40K- 80K
Thermal radiat
heat transfer 300K
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T=2~300K

Cu
Al

K= 4 x102 ~1.4 x103 W/(meK)
K= 2.4 x102 ~4 x103 W/(meK)

SUS K= 0.2~1.5 x10 W/(mK)
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Conduction heat transfer
g = -KA(dT/ox)

K: thermal conductivity, A: cross section area

For example of A=1 cm?2, T=300K—2K , x=20 cm,
Cu

SUS

Thermal conductivity, [ W/ (m*K)]
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g=81.0W
gq=1.53W

Thermal property of cryomodule components
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(Thermal conductivity)

Grass FRP
K=0.1~0.8 W/(meK) for T=2~300K
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Heat transfer by thermal radiation

Heat flux by thermal radiation between
the coaxial cylinders

cA (T*-T,9

1 A 1l
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q:

o : Stefan-Boltzmann constant = 5.669x108 W/m?2e K4,
A: surface area

£ emissivity,

T1 A
Thermal radiation model: coaxial cylinder
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Heat flux by thermal radiation g, W

For example of A;=2m?, A,= 1m? cylinder
T,= 2K and 80K, cylinder material=SUS,
&= 0.12 (T>77K), &= 0.074 (T<77K)
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Estimated heat load for one ILC cryomodule

2K 5-8K 40-80K
Static | Dynamic | Static | Dynamic | Static | Dynamic

RF load 7.5
Thermal radiation 0.0 1.4 32.5
Supports 0.6 0.0 2.4 6.0
Input coupler 0.5 0.2 1.5 1.3 15.5 66.1
HOM coupler (cables) 0.0 0.2 0.3 1.8 1.8 9.0
HOM absorber 0.1 0.0 3.1 0.5 3.3 10.9
Beam tube bellows 0.4
Current Leads 0.3 0.3 0.5 0.5 4.1 4.1
HOM to structure 1.2
Coax cable (4) 0.07

Instrumentation tapes 0.07

Diagnostic cable 1.4 2.8
Sum 1.7 9.7 10.6 4.2 59.2 90.1

From ILC-RDR
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Thermal contraction of the components of
different materials in the module

12.7m
Vacuum vessel (Iron): room temperature ™
S G s e
.- _ _ o ; - b o - | s Y o
‘:ﬁ : ‘:ﬁ m : ﬁ ; ‘:ﬂ : ‘:ﬁ ﬂ : ﬂ n,\‘@ &2
e . . B L] Aoy
Fixed point ~ -

Gas return pipe (SUS): 2K

23.4 mm I:> <:| 23.4 mm : thermal shield

Thermal radiation shields (Al): 5K and 40 K
Pictures from Type-4 cryomodule by FNAL
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~ Coefficient of thermal expansion, [%]

0.1 T T T T T T
Coefficient of thermal expansion
o 4
— Thermal property of cryomodule
“o1)- Cu10n 77 - components
Cu-6.75A1-2.13Fe Cu-30Ni /7 2024-T86 (Anneal) Thermal contraction
-02F  oppe c Cu-2Be g 5083-H113 _
cuson\ e 1100 (Anneal) Component | Material | Temp. AL/L
,'— ' 2014-T6 -
L. T Cooling SUS 300K — 4K -0.265%
—0.3 p—— ? 121971 5456-H343 pipes
— 061-Ts, Ti51 | Thermal AL 300K-4K | -0.368%
—0.4 (703961 | || shields
0 100 200 300
; , : , , i Support post | G-FRP 300K — 4K -0.338%
304
316 Cavity Nb 300K — 4K | -0.129%
ok o | cavity jacket | Ti 300K — 4K | -0.134%
Invar36 .
7. Cavity fixture | Invar 300K — 20K | -0.034%
| Inco LEA — ’ rod
‘‘‘‘‘‘ élconelx-ﬁ()
i Inconel 706 j
~0.2f ﬂ
Kromare 58
------ |
— 310 | . | L
0 100 200 300
T ture, 7 [K .
2009/9/19 emperature, T'[K] SRF2009 Tutorial Program 11




Supporting cavities in the cryomodule

Cavity jackets are supported from the
GRP of $300mm.

The GRP is supported with three
support posts from the vacuum vessel.

The power input couplers are
connected between the cavity
jacket/beam pipe and the vacuum
vessel.

Support post is hanged
from vacuum vessel.

GRP The input coupler flange

IS connected to the

Cavity package vacuum vessel.

Pictures by Don Mitchell, FNAL
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Supporting cavities in the cryomodule

By cooling the GRP from room
temperature to 2K

—  Thermal contraction (300k-> 2K) =
0.265%

— Thermal contraction of 12 m gas return
pipe= 32 mm
The cavities locates in the ends of the
cryomodule move over 10 mm without
any slide mechanism with respect to
the vacuum vessel.
— Risk of damage of the input power
coupler.

— Requirement of sliding structure for the
cavity jacket against the thermal
contraction of GRP during cool-down
and warm-up.

Support Post
Movable

Location change from the module center at 2K

No. of cavity C, C, C; C, Cs Cs C, Cqg
jacket

Position @ 5693 | 4312 | 2929 1547 165 1217 | 2599 | 3981
300K

Position @2K 5678 | 4301 | 2921 1543 165 1214 | 2592 | 3970

AL 151 11.4 7.8 4.1 0.4 3.2 6.9 10.5

ALy, 1.9 15 1.0 0.5 0.1 0.4 0.9 1.4

« Using an Invar rod for minimizing position change

of cavity jackets during cool-down and warm-up.
—  Thermal contraction of Invar =0.034%

Support Post Support Post
Fixed Movable

Gas Return Pipe

l l l § I Ilnvar'rod
[EEEEEBBM%EEBEE(;_tEj
ovable avity
structure

Support structure of the cavity string
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Cavity component:

» Power coupler

— Supply RF energy to cavities for
accelerating a beam.

iInput power coupler

Heat load of power coupler for DESY cavity
(one component)

— The power coupler connects directly cold Static [W]

parts to the vacuum vessel at room

temperature.

— Conductive heat load from 300K is

80K 5K 2K

1.78 0.17 0.06

Dynamic [W] 7.60 0.15 0.02
Total [W] 9.38 0.32 0.08

removed by thermal intercepts connected
with 5K and 80 K shields and cooling pipes.

N " B &
i \ !

R H

":_;n = o)

4\ ™ %

Thermal intercepts for cold cou
2009/9/19

couplers

ler KEK-STF cryomodule and power couplers

RF2009 Tutorial Program
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Support post-1

Three G-10 posts for one cryomodule
hold 8 cavity jackets, a quadrupole,
cooling channels and thermal shields from
the vacuum vessel.

— Weight load for one post is 750 kg. III ' !
The center post in the module is fixed to

the vacuum vessel, and the posts in the IRy = connection plate to 80K
both ends have a sliding structure for ’
removing the effect of thermal
contraction of GRP.

— Distance changes of posts of the both
ends: 12.9mm, 13.2mm.

G-10 support post




Support post-2

Thermal design of support post

— Positions of the thermal intercepts are calculated in order
to minimize the heat load to the helium refrigerator.

Thickness of G-10 pipe: 1mm

—  Estimation of the refrigerator load: Carnot efficiency and 1.8K =
mechanical efficiency (experimental value) - 0.0015W/em
Carnot efficiency=T_J/(T,-T,) | 1.TK |3:[_
Lz =
— Optimization by the distance of L2 | mKO.146W/cm IE.:[_ =
Calculation result 1 _ _
— L, distance : Refrigerator heat load is minimized at 50% Integration of thermal conductiofp : 1.249W/cn
of the total conductive length of the post. 300K S
— The heat load is not sensitive to the value of L,. 200
Designed post
— Post height: 140mm, L;=27mm, L,=37mm, L,=10mm Thermal analysis model of support post
— G-10 pipe: Outer diameter=300mm, thickness=2.2mm, s }
Hik— KRR~ #EtE
Heat load 700 g . . .
- 0.1W @ 2.0K, 0.65W @ 5K, 5.9W @ 70K 02 ool —e—11 fixed| |
— Required work for refrigerator : 473 W/W R . ]
© O F
Ej g 500 —
Required work for refrigerator at room temperature %Z soo |
PRI r
Temp. Carnot Mechanical Total Required §§ 300 _
efficiency efficiency efficiency work at 300K ) :
WIW e r
46) uq—)u 200
70K 30.43% 20% 6.09% 16 e s ]
lOO....I....I....I....I... PRI IS TR SR S NS N
0 10 20 30 40 60 70 80
4.5K 1.52% 20% 0.30% 328 L2 (% of total thermal path length)
1.8K 0.60% 10% 0.06% 1657 Effect of the thermal intercept position on the
heat load to the refrigerator
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Support post-3
(Thermal calculation by FEM and measured temperatures)
Condition of the calculation

« T, = parameter for calculat

T, = 300K, T, = 5K, T, = 2K (Fixed)

ion

i " Heat load at 5K level

—— T3 |oad, W (Fixed)
T3 load, Wislide)

Support—post_kdat

e

/

e

//

£

/,

0.8 __
T2=85.4 K =
(70K) = os
T1=278 K / E
(300K) -
0.2
T4=4.6 K =515 K
(2K) (5K)
— — ©
2 6B.222 134,444 200. 667 266, 889
35.111 101.333 167.556 233.778 300

GRP upper surface = 3.82 K
GRP lower surface = 2.02 K

2009/9/19 SRF2009 Tutorial Program

20

30 40 50 60 70
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2]0]

Temperature at T2. K
T,=85.4 K
80K:54W
5K:0.85W
2K:0.12 W
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Constitution of thermal radiation shields

— Aluminum plate cooled at 5K and 80K
* Area of 5K shield plate=30m?
» Area of 80K shield plate=35m?

— Muti-layer insulation of aluminum-

evaporated film (Super insulation: Sl)

» 10 layers of Sl on 5K aluminum plate
» 30 layers of Sl on 80K aluminum plate

— Aluminum-evaporated film

* Polyester film of 6~25 micro-meter
thickness with evaporated aluminum of 0.1
micro-meter thickness

«  Emissivity : £=0.056 (80K~300K), £=0.011
(4.2K~80K)

Heat transfer by thermal radiation between the
parallel plates

Q=Ac(1/(Len+1/e-1))(T AT,

A:area,0 . Stefan-Boltzmann constant, ¢: emissivity,
h: high temperature, c: low temperature

Thermal radiation shield plate at 80K | T

2009/9/19 SRF2009 Tutoril Program
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The experimental data in CERN-LHC

Thermal radiation shields -2

Heat load by thermal radiation (calculation)

Is used for calculating the effective
heat load by thermal radiation:

— Heat flux to 70 K shields from 300 K with 30
layers of SI:1~1.5 W/m?

— Heat flux to 5K shields from 70K with 10

layers of SI:0.05 W/m?

With SI Without Sl
300K->80K heat flux, W/m? 1~1.5 45.7
300K->80K total heat load, W 35~53 1600
80K->5K heat flux, W/m? 0.05 0.232
80K->5K total heat load, W 1.5 6.96

Temperature profile in the thermal radiation shields

— During cool-down, the temperature profile is in transient state, and the large temperature difference happens in the
shield.(Calculation by INFN Carlo Pagani etc.)

C

Emissivity without SI : 0.1

Coolin

oung results

Maximum shield temperature

\‘ |
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NJ 70K shield
N\
2K shield

g speed of 21. 5K/h is applled in calculatlon

o

\\
31,070 4'. sv:

AN

Teold 70
Teold 4.

N\ ;

Maximum temperature gradient

K shield

S o I N S

12. 461

-Maximum. temperature difference:~60K

2009/9/19

SRF2009 Tutorial Program

20




Thermal radiation shield-3

Temperature profile in the shield plate
— Calculation result at 8.7 hours after cooling

starts

Sh

— The cooling pipe is welded along the one
side of shield plate. This side shows lower
temperature than the other parts.

Stress in the shield plate
— Calculated maximum thermal stress:

30MPa

Displacement by temperature profile and

thermal stress

— Horizontal direction : ~10mm

Shield plate at 4.2K

thermel lozd

2009/¢

=
©

Maximum stresses during cool-down

Shield plate at 70k

ANSYS 5.4
JUN 7 1999
19:32:41
PLOT NO. 5

PowerGrephics
EPACET=1

/

RF2009 Tutorial

3

1

Temperature fields during cooldown

4.2K thermal shield

ield plate at 4.2

Shield plate at 70K

Cry-3 maximun temp gradient field

ANSYS 5.4

JUN 7 1999
11:00:08

PLOT NO. 3
NODAL SOLUTION
TIME=31320
TEMP (AVG)
R8YS=0
PowerGraphics
EFACET=1
AVRES=Mat

SMN =133.25
sMX =203.33

IV =.8224
DIST=4224

XE =287.5
YF =1362

ZF =4311
A-Z8=-6.511
Z-BUFFER
133.25
141.037
148.823
156.61
164.397
172.183
173.97
187.757
195.543
203.33

RAONARREN

Maximum shield displacement

hield plate at 4.2K

ANSYS 5.4
JUN 7 1999

1800000 poEEEmE

K
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Thermal radiation shield-4

Support post at both sides
~ )

Support post at center

9 TUt@rial Program




Cooling pipe (cooling circuit)

Eight cooling pipes are designed in the cryomodule.

One cryo-string = 12 cryomodules (154m)
Two liquid helium reservoir at both ends for keeping the liquid helium level.
The liquid helium level is controlled in the 2K liquid helium supply pipe.

Saturated pressure liquid helium at 2K (P=3.1kPa) is produced by the adiabatic expansion from sub-
cooled liquid helium (2.2K, 0.12MPa).

Line F 70K thermal shield helium cooling gas return pipe (ID=100mm) -
LLne E 70K thermal shield helium cooling gas forward pipe (ID=100mm)

A A A A A O i A A A A A A A A
Line D 5K thermal shield helium cooling gas return pipe (ID=70mm) | -
Line C 5K thermal shield helium cooling gas forward pipe (ID=70mm)

A A A A A & 4 i 4 A A A A A A A ‘ A
~_Line A
—TD Subcooled helium supply pipe (ID=60mm)
. CD% aT , - co JT
Line B Helium gas return pipe (ID=300mm) .
A — ' 2K saturated liquid helium supply pipe t |—L ﬁ‘
— @ (ID=7Z2MNT) :“ = @
& )
_M ™1 1 MMM MM MM MM Mo MY M M MM 1 -
@ Cool-down and warm-up line (ID=39mm/3mm) @
Cryomodule Slope
- Cryo-string (12 cryomodules, 154m)

A Coupler & Adsorber heat intercepts

9-cell cavities

@D Temperature sensor

2009/9/19

SRF2009 Tutorial P

® Current lead heat intercepts
@ SC quadrupole
LD SC level sensor

rogram

Pm Heater

AN\ Screens or shields
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Helium gas return pipe-1

Function of the helium gas return pipe -
1. The cryogenic system including the pump "IN

system locates every 2.5 km along the
accelerator.

2. Diameter of 300 mm

« The pressure drop induced by the gas flow of
evaporated gas influences the temperature of
the saturated liquid helium along the
accelerator.

3. 8 superconducting cavities and one
superconducting quadrupole are
supported from the gas return pipe. (Back
bone of the cryomodule)

« The weight of the cold mass supported by the
gas return pipe reaches 2 ton.

» The sag of the gas return pipe is less than 50
micro meter when this pipe is hanged with
three posts.

Cdoling pipes in the DESY cryomodule
2009/9/19 SRF2009 Tutorial Program 24



Helium gas return pipe-2

(Effect of pressure distribution on temperature profile along the accelerator)

Condition of the calculation

— Cryomodules locate every 17m along the accelerator of 2.5 km. Total number of cryomodules is 147.
— Heat load of one cryomodule is assumed to be 10W or 30W.

Equation of pressure drop

AP=4fX (G22p) X (L/ID)

f: friction factor, G:mass flow rate(kg/m?/s),
o . density (kg/m3), L:pipe length (m),
D : inner diameter (m), AP: pressure drop(Pa)

P=3.129kPa
- 2500 m i
B 17 m L 17 m __|
| AP; s ;{/ Q
QGRP QL‘E‘rl:i'.P' ‘é'PjS QL"}l:i'.P' QGRP QL’.—‘-Pi'.F' QL‘E‘rl:i'.P'
! ! tee . ! t t Pump
T . . m Miss Myy7
I Cryomadule-1 | I Cx romodu le -2 | I Crypomeduls -3 | I / | ICr!_.n:hm-:-dule—Hﬁ | Jﬂrwmodule—ld? | TOta| evaporated
* b £ * £ * gas=188.5¢g/s
d. o o g K d d.

Calculation model of pressure profile by evaporated gas

Heat load of one module : Q.=10W or 30W
Evaporated gas : m=0.43 g/s for 10W or 1.28g/s for 30W
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kPa

Pressure,

3

3.

3.

3.

Helium gas return pipe-3

(Effect of pressure distribution on temperature profile along the accelerator)

| — bres, profile ILC 7001 | — e, profile 11C
N 3.2868 kh 1 < 2.015F \
.25 e ] . - 2.0168 K “\,&
: H‘"a. : 52,010
20 | . 2.0027 K
:}1543 kPa \ . 82,005
i ] 10) 3
b 1 Q,
15 sreron - c i
i ‘: “““&g [ii) 2.000 - —e— Temp. profile for 10 W/one module 2.000 K
! —e—gres. pro?%e gor %8 %one mogu%e 3.1291kPa f  —=— Temp. profile for 30 W/one module : ]
10 b L bbb 1.995 b S
0 50 100 150 0 50 100 150
Cryomodule Cryomodule

* Pressure drop along the 2.5 km GRP = 25 Pa for 10 W, 158 Pa for 30W
« Temperature difference along the 2.5 km GRP = 3 mK for 10 W, 17 mK for 30W
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Assembly of cryomodule In DESY 1







Assembly of cryomodule in DESY - 3 o
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Assembly of cryomodule in DESY -4
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Assembly of cryomodule in DESY - 6




Assembly of cryomodule In DESY - 7
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Summary
Study items for ILC cryomodule

m The basic function of the cryomodule has been developed by DESY
and INFN.

m Improvement of cavity packing factor for increasing the effective field
gradient.

m Development and construction of the cryomodule which has the
guadrupole/ correctors/BPM in the center of the cryomodule.

m  Optimization of the thermal shield system with considering
construction and operation cost.

m The vibration of the cavities and the quadrupole in the cryomodule.

m Alignment repeatability of the cavities and the quadrupole after thermal
cycle.
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Improvement of cryomodule for ILC

m The development of the cryomodule which has the quadrupole/correctors/

BPM in the center of the cryomodule.

m Inthe TESLA and XFEL cryomodules, the quadrupole locates at the end of the
cryomodule. In this case, the quadrupole position is influenced by the cooling condition
including cool-down and warm-up.

m The position under the support post at the center is the fixed position in the cryomodule
and it is insensitive to the thermal cycle.

— 11750
t )
E i
,"-7 -------------- .‘. Xl’"-‘ [ .;.'-‘l- ) ’-"-h OGO NG TS facae ’-.L .v ........ T THShorEreEh
‘..1: T - TR -l 0 -l T )= (RIS - T I0) G DA -3 LTS | 7..1....'. e
‘ :
" "Quadrupole,
correctors
and BPM 5
, )
) ) 2 B o 2 5 1 2 8
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Improvement of cryomodule for ILC

m Making the distance short between cavities and simplifying the
assembly process.
m This length for TESLA-TYPE-IIl = 345.45mm — 283mm for ILC (A= — 62.45 mm)

m Since the length of the cavity is 1034.55 mm, this reduction in length leads to
about 5 % increase in the accelerating field.

Z
%

;“ ‘A"__-‘_:
' ,‘"£ N—{Eep|
““H' l Il
J mHILL_
SRMITIY —— 283.00
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Improvement of cryomodule for ILC

m  Modifying the thermal radiation system from two shield system of 5K
and 70K to one shield system of 40 K.

m Improving the assembly process.
m Changing the cooling scheme of the thermal shields and the thermal intercepts,

| L |
1 f 1 |
T

—

AN "
Two thermal |' " 1§* 4 One thermal
shields / ‘ shields
/{’f’//ﬁdg B I o GHe (5 y
7 if g | \‘ 7
L\»«Fc' ‘ i 1—— Return GHe // 4
¥ 't (52K-80K) LA
T s N— (R REANY;
"‘."‘.““ :‘ £7/ ‘ E |\ [ ‘ (o _ml"‘l‘l‘ I‘:.
s W Jiias: =
// & j
- = = =
) N &/ - | Thermal
\ L h | intercepts
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Superconducting Cavity Helium Jacket

2K LHe supply pipe

Operating temperature of Superconducting
cavity : 2K
— Cavity material: Niobium

— Saturated vapor pressure liquid helium
cooling( T=2K, P=3.1kPa)

Port of

¥ Frequency tuner

Helium vessel (Cavity jacket) HOM couplen
— Material: Titanium = g S YL S i 4 \\\\\\\\\ .
. . . '////|J//J [[// e /’//\ Py as /E‘////I/ ///B//J;/E /////////]r!{lfl ]]
— The ratio of thermal contraction is almost ) '
same as Niobium g G nmmgnping it
*  Ti:0.134%, Nb:0.129% T DR ALAL U A UAL W,
— Length of helium jacket: 1036.2mm B I

*  Thermal contraction by cooling = 0.05 mm Cavity helium jacket with the blade-type frequency tuner

position sensor

Components for helium jacket savepuids € coax transttton

— Frequency tuner roon tenperature window
«  Mechanical motor at 5K:slow tuning of cavity e
frequency doxt suning
+ Piezo: fast tuning(1200Hz) e w2 G
— Input coupler fesitiron

cold coax
240 mm
Z = 70 Ohm

isolating Kapton foil

— HOM coupler

— 2K LHe supply pipe
* Material: Titanium or Stainless steel

Qext tuning rod
4.2 K point

room temperature
isolating vacuum flange

cold window

— Slide support structure TESLA-type power input coupler

1.8 K flange to cavity
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2K saturated liquid helium supply pipe-1
Supplying 2K liquid helium

— The total length of 154m along the one cryo-unit: straight pipe of ID= 72mm + Helium vessel to
2-phase pipe cross-connect of ID=55mm (length=~200mm)
— Heat load at cavity is removed by evaporation of liquid helium.

— In case that the area of evaporation is not sufficient, stable cooling is not kept.
* The 2K supply pipe is filled with liquid helium.

Cavity vessel and 2K helium
: ks supply pipe
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2K saturated liquid helium supply pipe-2

Calculation of the temperature profile in the liquid helium with heat load.
— Heat load: 30W for four cavities

— Heating surface is the cavity surface, and the shape of 9 cells is assumed to be
cylinder for simplification.
* Pipe diameter between LHe supply line and cavity jacket = 60 mm
+ Cauvity jacket length = 1000 mm
+ Distance between cavity heating surface and jacket inner surface = 6 mm
— Thermal calculation is performed with the two fluid model of super-fluid component
and normal-fluid component (with viscosity and entropy).

Calculation model

Helium supply line Calculation model

$60 [ Liquid
Helium

— v

| Cavity heat transfer surface |

r\hjkag* i{heating surface) |
I |

i 1000 mm |

Cavity vessel and 2K helium supply pipe
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2K saturated liquid helium supply pipe-3
Calculation results
— There exists temperature profile which shows the turbulent condition in the superfluid
helium.
« Atthe both ends, T=2.0024 K, and at the liquid surface, T=2.000 K.

— The temperature gradient is induced in the sub-cooled condition by the hydraulic head
pressure from the liquid surface to the heating area.

— Smaller the evaporation area leads to higher temperature of the balk helium, and to
smaller sub-cooled condition.
» Easy to happen a vapor film on the heating surface and decrease of cooling efficiency.

P-T diagram of He
107 ¢ : T T T T

SOLID

—
o~
_ . —J
2K helium supply pipe 5
fo01a; M \

cross B 20l He IT
connect g 8
Liquid helium in cavity Zooois A

ot L Vapor
Ty T,

Temperature (K)
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Position change of cavities during cool-down/warm-up -1

« Alignment of cavities is performed in room temperature.

— Alignment tolerance for ILC:
« Cavity : XY directions = £0.3mm
* Quadrupole : XY directions =+0.3mm

» Positions of cavities and quadrupoles are changed by
thermal contraction during cool-down and warm-up

— Requirement of study for position change and the
reproducibility by cool-down and warm-up
* Measuring sensor: Wire Position Monitor (WPM)

« WPM consists of 4 electrical terminals which locate 90
degrees in azimuthal direction.

» Beryllium copper wire of ¢ 0.5 mm is stretched in WPMs.
— Tension =100kg/mm?, sagging of wire =2.07mm

* The wire is supported from the components at room
temperature, and then the wire position is not influenced
by cool-down.

2009/9/19 SRF2009 Tutorial Program




Position change of cavities during cooldown/warmup -2

Cavity position change while thermal
cycles

— WPM#1~7:Module-4

— WPM#8~14:Module-5

— Module-4 and 5 were connected with a

bellow pipe.

In the horizontal direction

— Alignment error in room temp.<0.1mm

— Position change at 2K from the base line
+ 1stcooldown:-0.3mm<A<+0.3mm
« 2nd cooldown:- 0.3mm<A<+0.5mm

— After warmup:- 0.1mm<A<+0.5mm
In the vertical direction
— Alignment error in room temp. < 0.21mm

— Position change at 2K from the base line
» 1stcooldown : -0.35mm<A<+0.25mm
« 2ndcooldown :- 0.4mm<A<+0.2mm

— After warmup :- 0.2mm<A<+0.5mm

Not good in reproducibility of the
cavity position at 2K.

2009/9/19

TTF2M4M5 wpmx Horizontal direction
—8— 20-Jun-03 300K Is0=0b —#—22-Jul-03 2K Iso=0b |
e 06-Oct-03 300K Iso=0b ~—#— 31-Mar-04 2K Iso=0b

- - - -gxpected value 2K

SRF2009 Tutorial Program

£
£
0 v 2o ; - 4‘_
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05 1— —— —
N wpm no g
M4 M5
TTF2MAMS wpmy Vertical direction

~— 20-Jun-03 300K, Iso=0b ~—#—22-Jul-03 2K, Iso=0b
e (06-Okt-03 300K, Is0=0b ~@— 31-Mar-04 2K, Iso=0b
- - % - - gxpected value 2K

Room temp.
—
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Measured heat load of cryomodules

The heat loads of
cryomodules measured in
DESY are listed in the table.

Heat load of 5 cryomodules:

— Heat load at 2K < 3.5W

— Heat load at 4.3K =13~14.5W
Heat load at RF operation (ILC
specification):

— Dynamic load at 2K = ~10 W

— Dynamic load at 5K = ~4 W

— Dynamic load at 40K = ~90 W

ROoRTL

'Designed_, estimated and measured static Cryo-Loads TTF-Modules in TTF-Linac
40/80 K [W]

Module

Name/Type fDeslgn |Estim.
|Capture

Module 1 1115.0

Modul1 rep. | [115.0
\

Modul2 I [115.0
Module3 11 115.0
Module 1* 11 |115.0
Module 4 1 115.0
Module 5 1il 115.0
Module SS  115.0

Module 3* 1l 115.0
Module 2* Il 115.0

76.8

76.8
|76.8
|76.8
|76.8
|76.8
|76.8
|~76.8
|76.8
76.8

Status:15-Sep-04 R.Lange -MKS1-

Module 6 EP _|Type lll, EP-Cavities Goal:Solution close to XFEL Modules

2.8
2.8
2,8
28
2,8

2,8
2,8

>2,8
2,8

4.3K [W] 2K[w]|

Meas. Design Estim. |Meas. Design Estim.
468 | | 39 |

900 *210 138  [23.0 *la2

81,6 210 139 {169 4.2
77,9 210 139 (130 42

72.0 **21.0 (13,9 /48.0 *"a2
[73.0 210 13,9 l‘.?:?. 4.2

74 21.0 113.9 [13.5 a2
74 210 139 130 a2

720 |-210 [-139 (120 -4.2

75 10 h3e 14 ap

78 1o has 145 a2

2,8

Notes
Meas. |
5,5 special
[6,0 * lopen holes in isolation
5,0 2 end-caps
4,0 12 end-caps
5,0 *liso-vac 1E-04 mb, 2e-capi
|<3.5 1 end-cap ]
1<3.5 1 end-cap
|<3.5 1 end-cap
4,5 |Special, 2 end-caps
[<3.5 1 end-cap
|<4,5 2 end-caps

(Assembly End-0477)

|Design and estimated values by Tom Petersen 1995 -Fermilab-  Modules under Test in TTF2-Linac

Heat load at operation (rough calculation)

2K:10W and 4K:40W
1 cooling unit (240 cryomodules)

Endcap
ACC5 M5 ACC4 M4
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BC3

L ——

)]

-> 80W at 4K

: 80 X 240=19200W
The planed refrigerator power : 25kW@4K, 30% operation margin

Cryomodule configuration at DESY FLASH

Fermilab
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