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Commissioning of the LCLS II cryogenic plant has been planned with respect to electrical and mechanical systems checkout, equipment cleanup, cool-
down, and individual performance evaluation. This plant consists of warm and cold storage, helium compressors, 4.5 K and 2 K cold boxes, and all
auxiliaries typical for helium refrigeration processes. The 2 K cold box, consisting of five cold compressors in series to produce the flow and pressures
necessary for 2K operation , will be the last equipment installed and, along with an additional 10,000 L helium Dewar, will allow the entire plant to be
commissioned as a single entity. The pre-commissioning stages, commissioning plan for 2 K cold box without connecting to the LCLS II LINAC, additional
test equipment needed to simulate the loads, all process studies and associated results are described herein.

 The commissioning plan has been developed isolating
the LINAC at the Interface Box by removing u-tubes.

 Test Dewar of capacity 10 m3 is used to simulate the
pump-down volume.
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Process Flow Diagram for the 2.0 K Cold Box Commissioning

Conclusion

 Detailed commissioning plan for
2.0 K Cold Boxes including cold
compressors has been developed.

 Process model has been
developed and used to verify the
operation of cold compressors
within the limits.

 Process model has been used to
develop the pump down paths, in
which second pump down path
has been selected for better
stability.

 Both the 2.0 K cold boxes have
been delivered to SLAC, Menlo
Park, USA for installation.

 Commissioning of 2.0 K cold box
will be performed at SLAC one-by-
one scheduled at summer 2020.
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Process Model for the 2.0 K Cold Box

 The process model has been developed considering the following
scenarios as in below table

 Entire pump-down has been divided in to 10 discrete points and
each point has been simulated to evaluate the operation of cold
compressor. Two pump-down paths have been simulated for the
present work.

Pumpdown-1: Most of pump down flow originated from Test Dewar
[Test Flow : Main Flow = 29 : 1 ]

Pumpdown-2: Part of pump down flow originated from Main Dewar
[Test Flow : Main Flow = 0.46 : 1]

 It is assumed to maintain the liquid helium level at Test Dewar
less than 20% in order to get 8.0 m3 of saturated vapour volume
for the stable pump-down. In particular, the process model
shows the result of calculation for the maximum capacity
operation.

Modes Mass Flow Suction Discharge
Maximum Capacity ≥ 215 g/s 3.5 K, 27 mbar

< 30 K, 1.2 baraNominal Capacity ≥157 g/s 3.6 K, 28 mbar
Minimum Capacity ≤150 g/s 3.6 K, 28 mbar
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Pump Down Stages

Pi [bara] Pumpdown-2: Qtotal [kW]

Pumpdown-2: Qcc [kW] Pumpdown-1: Qtotal [kW]

Pumpdown-1: Qcc [kW]

Pump Down Comparison

Sub-Contractor -1 Sub-Contractor -2 

LHe Dewar

2K CBX

4.5K CBX

Main Transfer Line

U-Tubes

Bypass 
U-Tubes

Dewar-to-2K 
Transfer Line

2K Test Dewar

3-D Model for 2.0 K Cold Box Commissioning

Outer Vacuum Jacket and Internal Piping for two LCLS II 2.0 K Cold Boxes at Supplier Facilities

18 16
Q_Plant 27.836 3.233 1.300
Q_cc 24.091 5.300 4.498

3.728 16.812 30.470
27.819 0.0164 230.00 15.00

Sub-cooler

Qhx 0.0711

1 5 6
3.233 1.300 1.300 17
5.300 4.498 4.498 1.300

16.812 30.278 12.201 4.498
215.00 5.00 5.00 11.630

0.9898 0.0303 15 14 0.1125 0.000
1.300 3.231 9.78 18.772
4.498 4.550

12.075 12.075
5.00 5.00 2 K Cold Box

0.0236 CC1 CC2 CC3 CC4 CC5
Pr 3.07 2.63 1.98 1.91 1.52

CC η 0.724 0.748 0.741 0.722 0.704
ΔH 13.82 19.90 21.68 29.80 26.85

0.6968 2.9718 4.2786 4.6609 6.4063 5.7738

7 8 9 21 22 23 24 25 26
2 3 4 1.400 1.100 0.027 0.027 0.082 0.213 0.418 0.793 1.206

1.400 1.400 1.400 4.584 4.311 3.576 3.500 6.176 10.029 14.216 19.956 25.115
4.584 4.584 4.584 30.278 30.278 33.678 33.275 47.098 67.00 88.68 118.47 145.33

16.812 30.278 12.201 205.00 205.00 205.00 215.00 215.00 215.00 215.00 215.00 215.00
215.00 210.00 5.00 15.971 16.628 17.154 17.565 17.997 18.323
0.2551 17.989

12
0.031
1.997

Main Dewar 25.028
10.00

Legends Unit Symbol

Test Dewar Pressure bar P
10 11 Temp. K T

3.231 0.031 Mass flow g/s m
4.550 1.997 Enthalpy kJ/kg H

12.075 12.075 Entropy kJ/kg-K S
2.791 10.00 10.00 13 Quality  - X

155.15 0.4465 0.031 Power kW Q
1.997 Latent Heat kJ/kg L
1.626 Input cell

0.1276 0.000
5.53 23.049

Cold Compressor Simulation Results

Manufacturing Status of 2.0 K Cold Box

 LINAC Coherent Light Source –II (LCLS II) project requires 2.0 K Cold Box as part of the Cryoplant.
 LCLS II 2.0 K Cold Box consists of a series of six cold compressors, in which first five cold compressors are required to meet high flow condition.
 Commissioning plan for cold compressors with high flow condition has been developed in present work
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COMMISSIONING PLAN FOR LCLS II 2 K COLD BOX
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