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* Located in Dalian, Liaoning, China \
- Dalian Coherent Light Source User Facility (Room Temperature)
- Dalian Advanced Light Source Test Facility \

 1THTB,1VTB,11ITB,1CTB
* Cryogenic system(370 W@2 K),
commissioning expected in

2023.12



| Cryogenic system block diagram
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_ What dynamic simulation can do?

Excel
1 D steady-state
systems

Ecosimpro/Aspen
Hysys
1 D flow dynamics
2 D heat conduction

ANSYS
3 D thermodynamics
design

Steady state calculation

Flow dynamics
More complex system

Refined heat transfer
Need more time

® Simple process calculations, reduce calculation time:
pressure drop calculation, valve selection, safety valve

selection, etc.

® Simulation of complex dynamic processes, virtual
commissioning: Cooldown, liquefaction, load

variation, fast cooldown

® Validate new process design: add new components,
new configuration

® Validate new control strategies: Model based
prediction, Fuzzy control, Feed forward control, etc.

® Failure simulation and failure prediction

® Operation training systems

Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 5



B DALS test facility cryoplant

e WO g T e el TFCP Expected Performance Data
LN Refrigeration = Thermal Thermal  Liquefaction
Section : Power Shield Shield Rate
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 Pre-cooling
e S @2 K @4.5-8K @40-50K g/s@ 1.3 bar
| i Refrigeration
| . m— ~ Mode with 370 420 2600 -
T ’31* P Supply ) 3.5 3.5 13.5 .
. = { i P Return ar - 1.3 12.9 -
| & i
IR M1 ] BIRlN _ e T Supply 4.6 4.6 40 -
B = *'—GXD—ﬂ G F T e T Return K 300 8 51.7 -
w2 B A 8 - = Mass flow g/s 19.9 10.5 42 :
E 7 % - % ‘ - Fast cooldown .
2y Mode with - 420 2600 -
- SSSSSSSSSS—_—§—_—_———— - P Supply bar 3.5 3.5 13.5 -
P Return - 1.3 12.9 -
T Supply K 4.8 4.8 40 -
T Return - 7.9 50.9 -
O Fast Cool Down Mode: 57.7 g/s, 4.8 K @ 3.5 bar
. . . Mass flow g/s 57.7 10.5 45 -
* Large thermal gradient through Tc in SRF cavity help , _
Liquefaction .
. . with - - - 304
magnetic flux expulsion Mode .
without - - - 12.8
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B Ecosimpro introduction
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B 370 W @ 2 K Refrigerator model
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Compressor station: Cold Box: Operation modes:

FSDS575 with VFD
ESD375 * 2
Gas management panel

Heat exchangers, Dewar
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LN2 Pre-cooling, Turbines,

Refrigeration mode
Liquefaction mode
Fast cooldown mode



3 Control loops of Compressors

@ Sensors
Controller

~I1 Control valves

—_—_—— — =

uic
80% —p{SPAE
PV |
I |
Dewarlevel — — — | I
CW1.050. |
u.sc
I |
90 % —p{SP AEj=pm={ =
PV | | |
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Cryogenic engineering conference, July 9

0 HP control: HP1.010.U.PC
« HP>13.8 bar, HP1.QN030 OPEN
« HP<13.8 bar, HP1.QNO070 OPEN

O The set value of HP Setpoint is
determined by three control loops:

 LSI1.015.U.PC: Dewar liquid level control
« CWI1.050.U.SC: Compressor revolution

speed

« LPI1.011.U.PC: LP overpressure control

0 LP Control: PID + Cascade

e LP1.010.U.PC: Little valve
« —HPI1.055.U.GC: Large valve
e« —-CWI1.051.U.GC: Revolution control

- 13,2023, Honolulu 10



B3 Control loops of Turbines

TU1.050. TU2.050.
U.SC /

u.sC
| l
I i I
| I

TU1.QNO050 TU2.QN 050 \

TU3.050.
U.SC /

)

Turbine revolution control:

TU1.050.U.SC,
TU2.050.U.SC,

TU3.QN 050

1 TU3.050.U.SC
‘ TU2.065.U.TC: TU2

3 s
n TU1.050.S 1
TU1.QN020 ~—_ e
TU2.066.
uTC

v TU2.067.
UTC \

15 bar —|— —

AE SP}q — Cooldownra
{%4 -

T3
@

TU3.QNO010
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@ Temperature control
1930505 through TU3 inlet valve
TU2.067.U.TC: TU2
Temperature control
through TU3 bypass
valve

TU2.066.U.TC:
Cooldown ramp control
through TUI inlet valve
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| Sequence control

1 Compressor Mode
2 Cold box connection
3 Cold Mode
3-1 LN2 precooling
3-2 TU1,2 Start
4 HTTS Mode
5 JT Turbine Mode
6 sHe Supply O Sequence control through Experiment code
; s Mode O Loop switch through adjusting Model EL code

Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 13



| Simulation target

O
| O Simulation of Site Acceptance (SAT)

Current target:

O Verify the model accuracy with TS diagram from manufacturer

Site acceptance sequence:

O Compressor Mode — Cold Mode — JT Mode — SAT Mode

O Check Dewar level rising rate (Liquefaction Mode)

O All 4.5 K bypass through CD line, HT shield heater 2600 W, LT shield
heater 400 W

O Adjust LT shield mass flow 10.5 g/s and Coriolis 30.4 g/s check Dewar
level rise (Refrigeration Mode)

O Adjust LT shield mass flow 10.5 g/s and Coriolis 68.2 g/s (FCD Mode)

Mass flow curve

0.16 5 — CD1_F010

0.14 - — LT mass flow
7 PS1_F010
0.12

11 SAT Mode start FCD Mode start
- / \ S

0.02 /
Ty

T T T T T T T T T T T T T T T T T T T T T 1
35,000 40,000 45,000 50,000 55,000

=
e
|

Mass flow (kg/s)

Coriolis flow meter

Cryogenic eng
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3 Cooldown process curve

LP: Low pressur@_HP: High pressure

N

_—

X

4%_4
% % ;
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—

~

—

Lo

TU2_T065:TU2 Outlet
200
B 151]—2

11}0—3

TU3_T065: TU3 Outlet 50

LP1_T515: EQS500B Inlet

Pressure variation

TIME
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—LP
—HP
‘V’ \ all,
Coldbox TU3 Outlet TU3 start
. P control
connection
start
I ' ' ' ' 1 ' ' ' ' 1 ' ' ' ' 1 ' ' 1
0 10,000 20,000 30,000 40,000
TIME
Cooldown curve
— LP1_T515
— TUL_T035
— TU2_T065
— TU3_T065
TU3 start HT Mode on
/Y
T T T T L A T T T T T T
0 10,000 20,000 30,000 40,000
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' Dewar level curve
)

<

Dewar level curve

k

SAT Mode Start: Bypass 19.9 g/s 4.5 K
helium through CD line

X
—<—P L
] Slight increase means extra cooling power
10
0 - I T T T T T T T T T T T T T T T T T T T T T
20,000 25,000 30,000 35,000 40,000
TIME (5)
N
Dewar level carve
707 FCD Mode
| ]

~1
=
1

. Refrigeration Mode

— Dewar level
— PH level

=)
=
|

th
=]
P R

B
=)
I

Level (%0) (-)

w
=]
1

[
=]
1

— Dewar level
] - PH level
60 - VT
X > FCD Mode Start: Bypass 57.7 g/s 4.8 K
T40° helium through CD line
Egsn ] Dewar level decrease, PH
level remains constant
20
— Phase separator level :
10
02 , | | | | |
20,000 25,000 30,000 35,000 40,000 45,000 50,000
__—» Dewar level TIME ()
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| Steady state parameters comparison

Liquefaction Mode

Parameters from Manufacturer TS diagram

Liquefaction rate: 32 g/s

Parameters calculated from Ecosimpro 29.26 g/s
2600W
A
@/ 5.73 bar
3 bar, 87.84 K 1877 K 12.71 bar
3 bar, 87.84 K 35.75 K 5.96 bar 11.65 K 8.972 K 6.152 K
LN2 Supply 35.76 K 18.92 K@ 11.55 K ;2‘34[(')3_1'@_ 6.174 K
— ,_ : f 5000 L
148.6 g/s l\l Dewar
1.02 bar, 304 K 143 g/s 83.16 g/
1.02 bar, 310.3 K 81 g/s 576 K
78 K %
226 g/s
229g/s | 13.2bar 80 K 12.9 bar 3575 K 18.77 K 11.86 K
313K 783 K 454 K 35.6 K 18.7K 11.84 K
13.65 bar 12.78 bar q}{
313K 455K
Compressors ()
1.05 bar 1.3 bar
200g/s | 3041K 4.497 K
200 g/s 1.09 bar 78.81 K 39.23K 35.11K 1512 K 11.65 K 6.03 K 1.32 bar
310K 77.14 K 39.13 K 35.02 K 14.93 K 11.61 K 6.05 K 451 K
420W
A
&Y
T CD/WU Return
LILILILIL
. Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 18
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| Steady state parameters comparison
Refrigeration Mode

2 K mass flow: 19.9 g/s

19.9 g/s
2600W
)
@/ 5.68 bar
3 bar, 87.84 K 18.95 K 12.71 bar
3 bar, 87.84 K 40K 5.8 bar 11.54 K 8.972 K 6.175 K
LN2 Supply 3575K 18.6 K 'T/I 152K 13 bar 6.15K
| K ( 5000 L
141 g/s Dewar
1.02 bar, 304 K 145.8 g/s 82.33 ;g/
84.9 g/s
1.02 bar, 308.6 K 53K » 0.4 gs
S3H 304 g/s
226 g/s
230 g/s ;iflgar 80 K 12.75 bar 40K 18.95 K 11.86 K
79.7K SL53 K 38.36 K 18.53 K 11.64 K
13.8 bar 13.08 bar q}{
313K 50 K
Compressors ()
1.05 bar
206 g/s 3024 K
209 g/s 1.1 bar 7794 K 46.36 K 39.04 K 15.09 K 11.54 K 6.05 K
303 K 75.7K 44.11 K 37.55 K 14.64 K 11.27K 6.04 K
1.3 bar
7.747K  420W
1.3bar /A )\
TR
T CD/WU Return
LILILILIL
. Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 19
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| Steady state parameters comparison
FCD Mode

182 g/s
210 g/s

Compressors (

168 g/s
188 g/s

2 K mass flow: 57.7 g/s
57.7 g/s
2600W
)
@/ 5.68 bar
3 bar, 87.84 K 18.95 K 12.71 bar
3 bar, 87.84 K WOK 596 bar 154K 10.43 K 6.745 K
LN2 Supply 37.17K 18.19 K@ 11.54 K 12.84 bar 6.23K
721 8.94 K 1 5000 L
108.9 g/s Dewar
1.02 bar, 304 K 135 g/s 85.0? g/
75 gls
1.02 bar, 310.3 K 5.993 K 48
84 K JK

13.8 bar 80 K 13.5 bar 40 K 2127K 1423 K

313K 77.95 K 50.39 K 364K 18.03 K H3K

13.93 bar 13.4 bar q}{

)313 K 47.87 K

1.05 bar

302.7 K

1.14 bar 78.46 K 4591 K 3823 K 1727 K 13.69 K 6.61 K

310.6 K 75.8 K 413K 36 K 1424 K 10.97 K 6.13K
1.3 bar 10.5 g/s
7747 K 420W 10.5 g/s
1.3 bar //D
547K \Y 57.7 gls

L1111 CD/WU Return 57'7 g/s
UL -
. Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 20
mbient
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' Conclusions

O A refrigerator model of the DALS test facility was built, including sequence
control and control loop switch logic

O Three operation modes were simulated with Ecosimpro and the parameters
correspond well with the TS diagram

O The next step is to improve the model accuracy based on the future

commissioning data and use it to solve real problems

Cryogenic engineering conference, July 9 - 13, 2023, Honolulu 22
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