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PAPSRF system

AThe PAPS RF system has two targets :

A Build a SRF facility

A Conduct R&D on cavities and ancillaries

AThe SRF facility isbased on mass production for SRF projects
A Post- processing, clean assembly, VT/HT/conditioning of cavities, couplers,

and cryomodules.

A Compatible of 166MHz, 325MHz, 500MHz, 650MHz, and 1.3GHz

A 200- 400 cavities (couplers) per year
A ~20 cryomodules per year
A Support R&D on new material

and new technology
A Total area of 4500 n?

ACryogenic system:
300W @ 2K

l PAPSRF I
Clean assembly ' Labs |
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Design of the Cryogenic System
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Process Calculation

A Carried out the detailed process calculation with software and independent programming, and good
agreements were found between the two methods.

U
P: 1.299bar P: 1.298bar
T: 4.497K T: 4.497K
MDVB_V X: 0.1602 MDVB B X:0.2085
M:6.660q/s M:7.080g/s MDVB_H _IFj: g,ggillzar
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T: 4.453K P: 1.25bar
Compressor X:0.1933 EVB1 T: 4.453K
M:6.660g/s >r\§|: %584/ EVB2
:7.080g/s
P:1 : p:2 4 100Pa
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X:0 X: 0
P< D><
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T: 2.0K s 8 T: 2.0 5 ? gloe;gpa
X: 0.1065 s & . 2 22, -
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) M:4.848g/s R-V-MDVB si aasals 4 50Pa 1 50Pa L=100m ;:-1300K 4 50Pa
P: 3009Pa 4. o 3038P R HAMDVE xi
T: 302.0K : :9.97gls
X:1 e L=100m T l:«LOOK
M:4.8619/s i=263mm REBMDVE .
p: 2877Pa M:4.861g/s Di=263mm
T: 301.0K
X:1 .
M:9.97g/s Di=263mm



Detailed Process Calculation for 1.3GHz Cryomodules HT

. 3bar@5K Supercritical helium is subcooled by 1.3bar saturated liquid helium from Dewar and
generated by JT heat exchanger and JT throttle valve 31lmbar@2K Saturated liquid helium, helium
vapor through the electric heater and return gas pipeline to the decompression and cooling pump
station, return to the low pressure side of the compressor.

Proper tradelines sizes and valves list have been completed through the process calculation.
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Scheme of 2K Helium Pump

Group




Scheme of production 2K helium

A Reduce the saturated liquid helium pressure to 31 mbar or 16 mbar to produce 2K or 1.8 K superfluid

helium
A The reflux cold helium can sub-cool the saturated liquid helium through a 2K JT heat exchanger, and
then the subcooled helium throttle to 2K liquid helium.
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2K pumping system

A The vertical test station (three Dewars), the horizontal test station (two cryostats), and the beam test station (two cryostats).
The heat load of each station at 2 K is 100W and the lowest temperature needed will be below 1.4 K.

A Vacuum pumps work together with electric heater.

o

The maximum pumping speed of each station is not less than 6400 m3/h, when helium pressure is 30 mbar and temperature
300 K. The lowest pressure limit of each vacuum pumps set is less than 2.5mbar.

A The refrigeration capacity at 2K is about 120W. And the rest capacity at 1.4K is 10W.

Main parameters

3) :
Piped ‘ Pipe5 | Pipe6 Helium tank pressure 3129 Pa
i ooa s i DotS * ’Mf i Dote * Pressure stability +/-10 Pa
| | E | | | i Max mass flow 26.79ls
ile XBZ g o0 g Y X"‘ g o0 g ssY Wi g oo g Total pumps system capacity | 19200 m?/h  300K,30mbar
: " 2 i = z | = = | Pumps station i nlet 300K
3 | | temperature
‘ Dot1l E M1 Dot2 } M2 Dot3 i .
[ >« >« : Pumps station out let pressure 1.2 Bar
""""""""" TP|pel Pipe2  |pipe3 :
} | Noise level <80 dB@1m
“ E “ L L Leakage rate 1E 6 Pam?d/s
1| (H2
Vertical Test Station Horizontal Test Station Proton Beam Station Vibration size <5mm/s




A Dry pump scheme is adopted, which has the advantages of no
oil and high reliability.

A Brand: BUSCH, and total pumps system capacity is 19200 m3/h
~ 300K,30mbar”

A Total 36 pumps, including 12 NS600, and 24 WZ2000
A Factory test, January 6, 2020
A Final test will be finished at the end of April 2021




Helium Refrigerator




Helium Refrigerator

Technical Specifications

A Under the condition of Liquid Nitrogen Precooling, the refrigerating capacity in the refrigeration
operation mode should be greater than 2.5kW/4.5K*

A Under the condition of Liquid Nitrogen Precooling, the liquefaction rate of the refrigerator in the
liguefaction mode should be greater than 800L / h*

A Under the condition of Liquid Nitrogen Precooling, the refrigerating capacity in the mixed mode
shall be more than 500W @ 4.5K, and the liquefaction rate shall be more than 650L / h*

n Cooldown s

TS Returr
- : : Supply, Supply
& : BOK Atsorers Regeneration :
I
!
: P | ‘
[ ' i 1
CoLDBOX |  —————qF-ry - : i P
Lix W

15.]¢ :
1Nl | &2
g 1] LR

i
EA
H
i
‘% i 80K Adsorber
|

PFD of Refrigerator(Linde LR700)

uuuuu




=

1x CSD165 with 2x F 5
,:_ 3 .’:_l;"‘“*: 5 = -

- —

- - ;
Refrigerator Unpacking and Placement




«&» Helium Refrigerator

A t()ntJanuary 29, 2021, the PAPS helium refrigerator passed the performance
est.
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Helium Refrigerator Cool-down

AOn January 27, 2021, the temperature began to drop at 11 a.m., and then
dropped to 4.5K at 9 p.m. and began to accumulate fluid.
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Liguefaction Rate Test
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Refrigeration Capacity Test
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Key Equipments




The equipment includes:

32 cryogenic valve components

22 safety valve components

15 pressure sensors

matching DN4 ferrule hand valve components

15 temperature sensors and supporting installation
tooling

A 4 bayonet low temperature connector components
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=» Test platform for 2K heat exchanger

I i -
(L (m) m
200 0.398 0.800

tank

exchanger
60 0.624 0.35
separator

Mechanical structure design:

A In order to changing heat exchangers easily, the

way of fAtake offodo I s acce
the upper vessel and upper cold shield can be

take off by crane. and then the heat exchanger

can be shown and changed.

A We select VCR connector for the pipeline of

liquid nitrogen and indium wire seal for the
pipeline at the temperature of 2 K.
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Main technical parameters
A Working temperature' 2K’

A Working pressuré 0.1MPato 0.33MP4& inner vessel |
0.1MPa (outer vesse)

A Dimensior
U 1250 inner diameter )l 5360mm( height)
U 1976 outer diameter )} 5925mm( height)
Total height 6325mm
A Main components:

Inner vessel

80K shield

Vacuum jacket

Two layer magnetic shield

A Materials' inner vessel and cryogenic pipeline:SUS316L
outer vessel:SUS304.






