
Rui Ge 

Cryogenic group of IHEP, CAS, Beijing 

Asian School on Superconductivity and Cryogenics 
for Accelerators December 10-17, 2017 



Topic 1, Cryogenic Engineering for 
the Super-conducting Accelerator
（cryogenics system） 

Topic 2, Cryogenic Engineering for 
the Cryomodule 



 What’s the cryogenic engineering 

 Basic principles for the cryogenic engineering 

and useful relations 

 Requirements of SRF to the cryogenics 

    Temperature requirements 

 Obtaining of the Cryogenics 

 Typical examples 



 How to obtain the cryogenic 

 How to use the cryogenic 

 Related technology 

 The cryogenic engineering for the 
superconducting accelerator should consider 
much more about the special requirements  
from superconducting cavities and magnets 

 The obtaining of the cryogenics, cryogenics 
distribution, cryogenics transfer, cryostats or 
cryomodules, together with the cryogenics 
control and measurement to realize a whole 
system. 



 1877    Louis Paul Cailletet and Raoul Pictet, liquified oxygen, break the 
secret of the “permanent gas”. The start of modern cryogenic 
engineering?  

 1880s  the first low-temperature physics laboratory was established in 
Poland Cracow university, liquified  nitrogen and oxygen. 

 1892    Dewar, invented a vacuum container named after him. 

 1895    Linde and Hampson, build air liquefiers with recuperative heat 
exchangers. 

 1898    Dewar, liquified hydrogen. 

 1892    Georges Claude, developed the piston expander for air 
liquefaction 

 1908    Kamerlingh Onnes, liquified helium.  

 1911    Kamerlingh Onnes, dicovered superconductivity. 

 1947    Samuel C. Collies, developed an efficient liquid helium facility. 

Above milestones are the base of the cryogenics, particular 
requirements then and now in the superconducting and space also 
greatly prompted the development of the cryogenics. 
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Name Accelerator 
Type 

Lab T (K) Refrigeration 
Capacity 

Status 

CEBAF Electron Linac JLab 2.1 4.2 kW @ 2.1 K Operating 

12 GeV Upgrade Electron Linac Jlab 2.1 4.2 kW @ 2.1 K Operating 

ESS Proton Linac  ESS 2.0 3 kW @ 2 K Under 
Construction 

SNS H-  Linac ORNL 2.1 2.4 kW @ 2.1 K Operating 

E Linac Electron Linac TRIUMF 2.0 288 L/Hr Operating 

S-DALINAC Electron Linac TU 
Darmstadt 

2.0 120 W @ 2.0 K Operating 

ERL Electron Linac Cornell 1.8 7.5 kW @ 1.8 K Proposed 

XFEL Electron Linac DESY 2.0 
5 -8 
40-80 

2.5 kW @ 2 K 
4 kW@ 5 -8 K 
26 kW @ 40-80 K 

Operating 

ATLAS Heavy Ion Linac ANL 4.7 1.2 kW @4.7 Operating 

LCLS II Accelerator SLAC 2.1 K 4 kW @ 2  K 
14 kW @ 35 -55 K 
1.2 kW @ 5 – 8 K 

Design (2019) 
TESLA Tech 

ISAC - II Heavy Ion Linac TRIUMF 4  Operating 

FRIB Heavy Ion Linac MSU 2.1 
4.5 
33/55 

3.6 k W @ 2.1 K 
4.5 kW @ 4.5 K 
20 kW @ 35/55 K 

Under 
Construction 



Name Accelerator 
Type 

Lab T (K) Refrigeration 
Capacity 

Status 

KEKB Electron and 
positron 

KEK 4.5 6.5kW@4.5K operating 

BEPC-II Electron and 
positron 

IHEP 4.5 1kW @ 4.5. K Operating 

SSRF Electron SINAP 4.5 600W@4.5K Operating 

ADS Injector I Proton Linac  IHEP 2 100W@2K Operating 

ADS Injector II Proton Linac  IMP 4.5 1000W@4K Operating 



Traditional definition 
T<120K 
 
Some people think  
T<77K is the real 
cryogenic 
 
Research of the 
superconducting 
accelerator just from 
the 77K (LN2) down to 
around 2K(superfluid 
Helium) 
 
With LN2 as precooling 
to research the liquid or 
superfluid Helium. 



 Refrigerator 
    compressor 
    GMP (gas manage panel) 
    ORL (oil remove system) 
    cold box (integrate the heat exchanger, 
absorber, turbo expander, etc) 
    if superfluid helium, cold compressor or warm 
compressor, J-T heat exchanger 
 Storage Dewar 
 Distribution valve box 
 Transfer line 
 Cryogenic and superconducting 

equipment(cryomodule and cryostat) 



 Carnot cycle 

 COP (coefficient of the performance) 

 FOM (figure of merit) 

 Joule-Thomson Coefficient 

 

 



  Carnot cycle is an ideal cycle which composed of the following 
reversible process 

 Describes the direction and limitless of the real refrigeration 
system 

 Carnot cycle composed following four process 

 

 Isothermal compression and rejection of heat QW at TW(A to B) 

 Isentropic expansion to TC(B to C) 

 Isothermal (adiabatic and reversible) expansion and absorption 
of heat Qref at T2(C to D) 

 Isentropic compression to T1(D to A) 

 

 





 What’s COP? 

 Coefficient of Performance: the heat absorbed from the cold 
sink divided by the net work required to remove this heat 

 As an ideal circle, at the same Tc, Carnot circle have the highest 
COP value 

 Why we so care about the COP? 

 It’s too expensive to get the temperature at 4.5K in large SRF 
facility 

 Some large facility needed Megawatts power supply to meet the 
requirements of the cryoplants, such as LHC,  e-XFEL, SNS, 
LCLS-II, FRIB, and future project ILC, CEPC …… 

 Optimize the design of the refrigeratorss and limit the heat 
loads at higher temperature like T>40K, which are easier to get 
than to get 4K. 

 







Carnot 

66：1 



• Figure of Merit (FOM)  was defined as :  

 

 

• How close can we get to Carnot?  

• FOM never more than 1, FOM<1 
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COP
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 Fluid can be cooled when it is expanded at constant enthalpy 
through a valve, but it depend on the fluid and the temperature. 

 The slope at any point of an isenthalpic curve on a temperature-
pressure diagram is called Joule-Thomson(or J-T) coefficient. 

 The Joule-Thomson(or J-T) coefficient is usually denoted by μ 
and is given by 

 

 

 

  only the temperature lower than the maximum inversion 
temperature, after throttling the temperature of the fluid will 
decrease, rather than increase. 

 

 

 

 

 



fluid Nitrogen Hydrogen He oxygen air neon argon 

Max 
Inversion 
Temperature 
(K) 

622 
 

202 
 

40 
 

761 603 250 722 

 The region to the left and inside the 
inversion curve , where the J-T 
coefficient is positive, is the region of 
cooling; 

 The region outside, where the J-T 
coefficient is negative, is the region of 
heating 

 



 Critical point to super 
critical state is 5.2K, 
2.24atm 

 Transition to a superfluid 
phase below the λ point 
(2.17K) 

 unique thermal and fluid 
properties 

 Zero viscosity under certain 
conditions 

 High effective thermal 
conductivity 

 Creeps up the wall 



The cavity quality factor Q0, thus the cavity dynamic heat load, is proportional to 

the inverse of the RF surface resistance of a superconducting cavity, which is: 

 

 

 

 

 

 

To minimize the dynamic heat load, the cavity should be operated at temperature 

such that RBCS  is similar to or smaller than R0 (usually 1 ~ 10 nΩ): 

 For lower frequency Nb cavity (< 500 MHz), 4.2 K is enough. 

 For higher frequency Nb cavity ( > 500 MHz), 2 K or lower is preferred. 

 

 

 

 

 

 

A: constant that depends on material parameters 

T:  temperature of the cavity inner surface 

f:   RF frequency 

Δ:  energy gap of the superconductor 

k:  Boltzmann constant 

R0: residual surface resistance (temperature 

independent, ambient magnetic field dependent) 

Rs = A
1
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 The efficiencies of the cryogenic plants decrease with decreasing 

operation temperature. 

 Save about 15 % of the overall primary power budget to operate from 2 to 

1.8 K for a multi-GeV CW XFEL (e.g. Shanghai Coherent Light Facility) or 

ERL. However, recent high Q technology (such as Nitrogen-doping) make 

1.8 K unnecessary. 

 If microphonics is considered, helium II bath cooling might become 

unstable below 1.8 K. 

 Static heat load and temperature-independent dynamic loads (input 

coupler, HOM power, field emission) as well as the realistic magnetic 

shielding limit should also be considered to optimize the cavity Q0 and 

operating temperature to have an efficient cryogenic system. 



 Liquefaction mode 

Liquefaction mode for the cryoplants is an opening system 

Used in the project which need much more liquid  

From the design of the cryoplants, the amount of mass returned to 
the start of the cycle is less than the amount that started by the 
mass that was converted to liquid,“unbalanced flows”. 

 Refrigeration mode 

All the cold gas return to the system equal to the warm gas to the 
system 

Because of the cold gas full return, to reach the thermal balance, the 
gas into the turbine should be decreased in proportion.  

At refrigeration mode the area of heat exchanger before the 
turbine is 3-4 times bigger than that of liquefaction mode. 

 Mix mode 



1.8K~2K，HeII

JT 

Heat Exchanger

Cold Box

Heater

Warm 
Compressor

Compressor

1.8K~2K，HeII

JT 

Heat Exchanger

Warm 
Compressor

Compressor

Cold
Compressor

1.8K~2K，HeII

Heat Exchanger

Cold Box

Cold
Compressor

JT 

Compressor

Cold Box

Most of the refrigerators for the SRF use the 
refrigeration mode, but for the cas1, it need much more 
liquid helium to keep the 2K liquefaction rate, while the 
return gas was heated to the room temperature, and then 
to the warm compressor. 

That’s a typical methods for the hundred watts 2K 
system, the refrigerator should be optimized at the 
liquefaction mode . Others would be optimized at 
refrigeration mode. 



 BEPC-II,  4.5K cryogenic system 

 ADS injector I , 2K cryogenic system 

 CEPC Cryogenic system 

 Other large scale cryogenic 

 

 Through the typical examples to know the 
composition of the cryogenic system, working 
of the refrigerator, main equipment, 
operation of the cryogenic system and some 
related technologies. 



 Beijing Electron Positron Collider (BEPC). 

 Upgrade of BEPC (BEPCII). 

 The upgrade from BEPC to BEPCII not only in 
the physics’ goals, but also the usage of the 
new technology such as superconducting 
cavity and superconducting magnet.  

 The cryogenic system just based on the 
requirements of superconducting equipment. 
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Two superconducting cavity 

Two superconducting insert 
magnet (SCQ) 

Superconducting solenoid 
magnet(SSM) 
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10000Gs  3370A 

 9500Gs  3201A 

 
1024A 

 

1078A 

 



BUFFER
TANK

130m3

He VESSEL

HEATER

SRF CAVITY A

STORAGE
TANK130m3

HEATER

SRF CAVITY B

2000L DEWAR

PI2240B

PI2150B

C2110B

CV2255B CV2250B

CV2150B

CV2160B

A2140B S2110B

He VESSEL
PI2200B

A3120B

TURBINE

CV3160B

CV3175B

CV3195B

CV3191B

CV3291B

CV3292B CV3290B

 
COLD BOX

O R S

HEATER

SRF CAVITY C

He VESSEL

LN2

GN2







Cooling Capacity 500 W @4.5 K 

HP(bara) 13.4 

LP(bara) 1.05  

He mass flow rate(g/s) 80  

LN2 consumption(L/h) 60L/h 

 Model  ESD 441 

 Mass fow rate (g/s) 80 

 Suction pressure (bara) 1.05 

 Discharge pressure (bara) 15 

 Rated power (kW) 265 

Cooling water (m3/h) 25  

 Other VFD 







 ORL 

 Two-stage filtration of the 
oil 

 Filtered oil back to the 
compressor 

 One oil absorber with 
charcoal inside 

 Regenerated with hot 
Nitrogen gas at 
maintenance time 

 

 GMP 

 Through loading valve to 
convert the warm helium 
gas  to liquid or cold gas 

 unloaded valve to recovery 
the gas to the tank 

 By pass valve to keep the 
balance of high and low 
pressure 

 



 Turbines  

 Plate-fin heat exchangers 

 80K and 20K absorbers 

 Cryogenic valves  



Operating 

Low Temperature Casing 

Process Gas Outlet 

Turbo Brake 

Bearing Cartridge 

Speed Sensor 

Cooler 

Brake Valve 

Process Gas Inlet 

Linde dynamic gas bearing turbines 



 Two-stage turbines 

 Some large refrigerators 
with three or more turbines 

 Expanding the high 
pressure helium gas to low 
pressure and to get low 
temperature 

 



 Turbine running with high 
speed, any granule would 
cause the broken of the 
turbines, which have high 
requirements to purity of 
the helium gas. 

 Except the room 
temperature ORL the 
absorber in the cold box 
to absorb the H2O, O2, 
N2, H2…… 

 Charcoal with low 
temperature at 78K and 
20K can easy to capture 
the above impurity gas 



 uses plates and finned chambers 
to transfer heat between fluids. 

 categorized as a compact heat 
exchanger to emphasis its 
relatively high heat transfer surface 
area to volume ratio. 

 widely used in many industries, 
including the aerospace industry 
for its compact size and 
lightweight properties 

  as well as in cryogenics where its 
ability to facilitate heat transfer 
with small temperature differences 
is utilized. 





 Speed of the cavities cool down and warm up 
should be controlled very strictly, or else it would 
cause some trouble to the cavities and sealing. 

 Through the mixture between 300K and 80K, 80K 
and 4.5K to keep the whole process stable 

 Control the temperature change between the 
upstream and  downstream (<40K). 

 Monitor the temperature difference of the cavity 
(<40K) , in case the big temperature difference 
caused to the higher stress 

 



Helium liquid level ±1% Helium pressure±3mbar 

Heater power 

and RF power 

Helium liquid level in 

2000L Dewar 



 Put heater inside the 
helium vessel and interlock 
it to the heat loads caused 
by the cavity, to realize the 
compensation each other, 
keep the system always 
working at a fixed heat 
loads, also keep the small 
pressure fluctuation at 
±3mbar. 

  interlock the liquid level to 
the inlet valve, keep the 
liquid level at small 
fluctuation ±1% . 





BEPCⅡ cryogenic transfer line 

ADS transfer line 



  take full advantage of the 
interception of the heat 
conduction to minimize the 
heat loads 

  isolate the transfer line to the 
related equipment 



 For the multichannel transfer line, should take more 
considerations. 

 Prosperities of chosen cryogenic fluid, whether it 
need thermal shield, one or two layers. 

 Materials for chosen pipes, whether its suitable for 
the different temperature. 

 Supporting materials and structures, reduce the heat 
conduction. 

 MLI to reduce the radiation heat transfer, 
relationship of MLI layers and temperature. 

 Thermal contraction compensation. 

 Installation and connections. 

 …… 

 





Warm Compressor Cold Compressor 
Warm Compressor and 

Cold Compressor 

1.8K~2K，HeII

JT 

Heat Exchanger

Cold Box

Heater

Warm 
Compressor

Compressor

1.8K~2K，HeII

JT 

Heat Exchanger

Warm 
Compressor

Compressor

Cold
Compressor

1.8K~2K，HeII

Heat Exchanger

Cold Box

Cold
Compressor

JT 

Compressor

Cold Box



 Mode 1: used for some smaller system, cooling capacity from 
several tens to hundreds watts at 2K, technology is relatively 
simple and mature, but some of cooling capacity was wasted 
because of the heating of the return gas. Typical case such as 
KEK STF and ERL, IHEP ADS Injector I.  

 Mode 2: used for system with hundreds watts at 2K, cold 
compressor was used, but only one or two stages, part of the 
cooling capacity was recovered. 

 Mode 3: all of the large scale super fluid helium system use 
mode 3 to recover the cooling capacity, the advanced 
technology cold compressor was fully used. Only seldom of the 
Company master this kind of technology. Typical case such LHC, 
European XFEL, CBAF…… 



  Case of mode 2 

 Helmholtz-Zentrum Dresden-
Rossendorf The radiation source 
ELBE (Electron Linac for beams 
with high Brilliance and low 
Emittance) cryogenic system. 

 The helium plant is based on a 
modified Claude cycle, specified 
for 200 W at 1.8 K and 200 W at 
80 K respectively. 

 Two-stage cold compressor and 
warm vacuum pump. 

 The helium gas is partly 
compressed at low temperatures 
(approx. 4 K) by means of two 
centrifugal cold compressors in 
series. 

 

 



 Direct pumping 

 Pumping  & Throttling  

 Pumping & Throttling & Pre-cooling 

 

 From the compare of the three methods to 
verify the importance of the 2K J-T heat 
exchanger and J-T valve 



Pumping  

1.8K， 

16mbar 

• liquefaction rate: 59.8% 

• Simple and convenient  

• Not fit for long time test 

Vertical test Dewar  
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Pumping  

4.2K，1.0bar 

1.8K， 

16mbar 

1 

5 

4 JT 
6 

T 5（K） 4.2 3 2.2 

Liquefaction rate 61% 80% 87.7% 

Helium vessel  

Heat exchanger 



 

 

 

 h1=h2 =h2Gx+h2L(1-x) 

 mh2+Q=mh4 
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Pumping  

4.2K，1.0bar 

1.8K， 

16mbar 

1 

2 4 

JT 

Helium vessel 



LEBT MEBT1
RFQ 

162.5MHz
ECR

SC-HWR

SC-CH 

162.5MHz

LEBT MEBT1
RFQ

 325.0MHz
ECR

Spoke  

325MHz

Spoke021

 325MHz

 28 cavities

Spoke040 

325MHz

72 cavities

Elliptical 063 

650MHz

28 cavities

Elliptical 082 

650 MHz

85 cavities

Injector II

Injector I

MEBT2 10MeV

34 MeV 178 MeV 367 MeV 1500 MeV

2.1 MeV

3.2 MeV

35 keV

35 keV

Target
HEBT

Main Linac 



 2 cryomodules, each with 7 superconducting 
spoke cavities and 7 superconducting 
solenoid magnets 

 4K/2K cryogenic system 

 Refrigerator capacity 1kW@4.5K, 200W@2K. 

 2k running with pressure fluctuation inside 
cavity helium vessel ±10Pa 

 Vertical and horizontal test station 

 High pressure recovery and purify system 

 

mailto:1kW@4.5K
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Refrigeration mode start end result 

time 14:53 16:47 1.9hour 

Liquide level 62.5% 76.64% 14.14% 

Volume  1875L 2299L 424L 

353W&223L/h 

heater：353W level 

time：16：00 time：18：19 

Liquefaction mode start end result 

time 16:00 18:19 2.32hour 

Liquide level 47.88% 71.38% 23.5% 

Volume  1437L 2141L 705L 

302L/h  >284L/h(guarantee value) 

Refrigeration mode start end result 

time 12:08 14:50 2.7hour 

Liquide level 45.13% 71.38% 2.53% 

Volume  2254L 2330L 76L 

1020W>1000W(guarantee value) 

level 
heater：1020W 



• The total capacity 8000m3/h 

• 3 sets for the cryomodules’ operation 

• 2 sets for the test stations 

• 3+2 sets used for one side 
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4th Feb 2015 

Operation at 2K  

64 
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Cool down to 4.5K  Cool down from 4.5K to 2K  
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Liquide level 89%±0.5 

Temperature 2K 

Pressure 31mbar±10Pa 



• Two test methods 

     measure the liquid level  

     measure the mass flow rate 

Liquide level 

(W) 

Mass flow rate 

(W) 

1 31.2 30.4 

2 31 28.5 

LHe level 

mass 

flow 

rate 

pressure 

temperature 
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换热器

LHe,4.5K，1.25bar

LHe，2K，31mbar

JT 



 It is a counter flow HEX 

  Helical finned copper pipe, and 
stainless outer shield 

 Mass Flow rate：2g/s~10g/s 

 Efficiency： 90% 

 Output Temperature of  LHe: 

      2.2K  

Inlet Temperature of LHe（K） 4.4 

Inlet Pressure of LHe（MPa） 0.13 

Inlet Temperature of GHe（K） 2 

Inlet Temperature of GHe（Pa） 3100 









—4 CBx with a 
refrigeration power of 
18 kW @ 4.5 K each  
—4 CBx each 
containing a string of 
4 cold compressors 
with a refrigeration 
power of 2.3 kW @ 
1.8 K each  

 







Upgrade to 2K 

system for the 

eXFEL 









 The Circular Electron Positron Collider (CEPC) is a long-term 
collider project, which will be divided into two phases.  

 The first phase will construct a circular electron-positron 
collider in a tunnel with a circumference of 50 – 100 km. 
The machine is expected to collide electron and positron 
beams at the center-of-mass energy of 240 – 250 GeV. 
CEPC will serve as a Higgs Factory.  

 The second phase of the project will upgrade the machine 
to a super proton-proton collider (SPPC) with a center-of-
mass energy of 50 – 100 TeV. 

80 



 CEPC Booster ring 
 1.3 GHz 9-cell cavities, 256 cavities,  
 8 cavities in one module, 32 cryomodules, 2K temperature 

 CEPC collider ring (Partial double ring scheme) 
 650MHz 2-cell cavities, 480 cavities,  
 6 cavities in one module, 80 cryomodules, 2K temperature 

LTB : Linac to Booster  

 

BTC : Booster to Collider Ring  

 

BTC 

IP1 

I

P

2 

e+ e- 

e+ e- 

Linac 

  (240m) 

LTB 

BTC 



• Required CEPC cooling capacity: 

– 9.88 kW @ 2K 

– 12.88 kW @ 5-8K 

– 77.6W @ 40-80K 

• COP’s  

– 703 W/W @ 2K 

– 197.9 W/W @ 5-8K  

–  16.4 W/W  @ 40-80K 

• Required installed power  - 16.57 MW 

 

Multiplier=1.54 15.2 kW @ 2K 

19.8 kW @ 5-8K 

119.5.1kW @ 40-80K 

Equivalent to 

75.75 kW @4.5K  



 8 cryoplants: each cryoplant 

to provide cooling for one RF 

station; 

 

 Booster ring: 

    8 stations, 32 cryomodules, 

    4 cryomodules/each station 

 

 Collider ring: 

    8 stations, 80 cryomodules, 

  10 cryomodules/each station  

The CEPC heat loads require whole plant capacity of 75.75KW 

@4.5K. 

Eight 12 kW @4.5K refrigerators will be employed. The total 

capacity can reach  96KW@4.5K  

 



10 Cryomodules, each 

with 650MHz 6G2-cell 

SC cavities
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Distribution Box

Recovery and 

Purification

JT 

HX

Cold compressorWarm compressor

Main Collider Cryomodules Booster ring Cryomodules

ORS

Adsorber

40K~80K heluim  supply

5K~8K helum  supply

2.2K,1.2 bar  supply

2K, 31mbar gas return

Helium Gas Storage 

To ATM

Impure

 GHe 4Cryomodules, each 

with 1.3GHz 8G9-cell 

SC cavities



C C C C C CC C C C C C

L

Heater Heater

L L

JT

2.2K , 1.2bar helium supply

2K, 31mbar gas return

warm up/cool down line

2K, 2 phase supply

warm up/cool down line

2 cryomodules

10 cryomodules  ~ 120m

 cryomodule, 6 2-cell cavities, 10m

C Cavity Phase Seperator Helium Vessel

80K thermal shield 40K~80K GHe  supply

5K~8K GHe supply5K thermal shield
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 What’s cryomodule 

 Design goals of the cryomodule 

 Choice of the material 

 Heat transfer 

 Typical examples 



 Cryostats that contain superconducting radio 
frequency cavities are frequently referred to 
as cryomodules. 

 The function of the cryomodules are to 
maintain the cavities and cold mass at the 
required temperatures. 

 Cryomodules are one of the branchs or parts 
of the cryogenics.  

 Research of cryomodules require many 
disciplines’ knowledge, such as cryogenics, 
vacuum, mechanic, materials, heat transfer 
and thermal insulation etc. 



 Design temperature 

 Applications of low temperature materials 
including the sealing materials 

 Optimized structure design and easy 
assembly 

 Minimum static heat load 

 Vibration and alignment meet the beam 
requirements 

 Vacuum and leakage meet the requirements of 
the vacuum vessel and cold mass 

  …… 

 

 

 







Low conductivity and thermal interception are effect ways to 

reduce the heat conduction 



 Application of materials with low conductivity 

Most of the support of the crymoduels use the 
materials such as G10, G11, fiber-glass, teflon etc, with 
lower conductivity but higher mechanic performance to 
realize the transition between the coldmass and the 
vacuum vessel  

 Intermediate heat interception also and effect way 
to reduce the heat conduction 

This method often used for the high power coupler, 
conduction cold current-leads and cold beam pipes to 
the warm end flanges 





1. Intermediate thermal shield 

 For 4.5K cryomodules, normally one LN2 cooled thermal shield 

 For 2K cryomodules, normally one layer lN2 or GHe(40K -70K) 
cooled shield and one Ghe (5K-8K) 

 Some new projects only use one Ghe (40K-70K) cooled shield, 
which depend on the cost performance 

2. Material of low emissivity 

Metal materials can get low emissivity by mechanic and electronic 
polishing 

3. MLI-the most popular way to reduce the radiation in 
Cryomodules and other cryogenic equipments 

 





 Superinsulation 

 

 

 

 

 Materials: thin aluminized Mylar or aluminized 
kapton+nonconductive mesh or paper 

 Feature: reduce or eliminate the thermal conduction between 
the successive layers 









 TESLA type Cryomodules,  eXFEL, ILC, LCLS-II 

 Spoke type cryomodules, ADS 



XFEL Length ca. 3.4 km 

PETRA 

HERA 



102 



Coupler port 

Thermal 

shields 

Helium Gas 

Return Pipe 

Support post 

Two phase flow 

Pressurized 2 K 

helium feeding 

Shield gas return Wire Position Monitors 

Shield He cooling 

Cavity helium tank 

Sliding supports 

Invar Rod 

Vacuum Vessel 

Suspension Bracket Taylor-Hobson holder 



CRYOSTAT 

COLD MASS 

General 

Overall length(flange to flange, m) 11.177 

Diameter of Vacuum vessel ,m 0.965 

Overall weight, t 7.8 

Cryo-system working temperature, K 2 

Number of cavities   (Eight  9-cell cavities  ) 8 

Number of solenoids 1 



European XFEL  Cryomodule 



STRESS G11-STRESS Temperature  G11-Temperature  

POST 
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1

1

1 



Alignment of the 

vacuum vessel 

Δx=±0.5 

Δy=±0.5 

Δz=0 

 



Alignment of the 

cold mass 

Δx=±0.3 

Δy=±0.5 

Δz=±1 

 



Assembly with Cavities and Magnet 

Multilayer Insulation  Final State 

Big assembly tooling was used 



Installation of Wave Guide and Power Coupler Waiting Test 



Cooled down curve Displacemant curve 









 

TCM 

CM1 

CM1 CM2 
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主动 从动 



   



   



   



   



   



   



   



   







 



Pressure31±0.1mbar 



 This lecture only give some basic principal of 
the cryogenics and cryomodules 

 Some typical examples can help to understand 
the cryogenics and cryomodules  for the SRF 

 Hope it can provide some useful knowledge 
and information for your future studying and 
working 

 ……  



     Cryogenic engineering, Thomas M. Flynn, 1977 

 SRF2007_cryogenic tutorial, Bernd Petersen, 2007 

 Cryogenics & Cryomodules, J. G. Weisend II, 2015 

 Cryostat design, J. G. Weisend II, 2016 

 Cryogenics Course Material, T.S.Datta, 2008 

 ILC school Lecture, Carlo_Pagani, 2006 

 Introduction to Cryogenic Engineering, G. Pernic, 2005 

 低温技术与超导加速器， 舒泉生， 2006 

 ADS注入器Ⅰ2K低温系统关键技术研究， 葛锐，2015 

 低温技术的发展及在加速器中的运用，李少鹏，2010 

 Status on the conceptual design of the CEPC cryogenic system, 
Shaopeng Li, 2017 



THANK  YOU  FOR  YOUR 
ATTENTION 

 


