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Nobile Liquid Test Facility — Cryogenic System
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Fermilab. (n.d.). Tall Bo Cryostat. Fermilab Neutrino Physics - Liquid Argon Facilities. Retrieved August 31, 2022, from
https://neutrinophysics.fnal.gov/wp-content/uploads/2017/05/tallbo.jpg.
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Nobile Liquid Test Facility — Cryogenic System

Fermilab. (n.d.). Luke Cryostat. Fermilab Neutrino Physics - Liquid Argon Facilities. Retrieved August 31, 2022, from
https://neutrinophysics.fnal.gov/wp-content/uploads/2017/05/luke.jpg.
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Project Goals and Methods

Project Goals

» Create a physical model of the cryogenic systemto < Make recommendations for upgrades to

* Improve understanding of the system * The cryogenic system itself
* ldentify the most impactful factors in the system * Sensors and data collection equipment
Pressure Drop Pressure Drop
Liquid Argon AP, AP,
Flow
U ) BELCICEE s—
) Crvostat
Element 1 Element 2 oo Yo
Initial — Po —
iy Py =Po— AP, P, =P, — AP, p
Conditions H, = Ho Cryostat
1 H2 = Ho H =H
PO’ Ho Cryostat — 0
#For Loop to iterate through cryostat path
for elementNum, element in enumerate(cryostatfrray):
elementType, elementID, elementl, elementlngle = element
fluid.update_kw(P=P_element, Hmass=fluid.Hmass)
Q = fluid.Q
k = K2(elementType, elementlL, elementID, elementidngle, Qt, fluid)
dP = dP_Darcy(elementType, elementl, elementID, k, Qt, CvValve({elementType), fluid)
P_element -= dP
sensorP = sensorDict.get(elementhlum, @*ureg.Pa)
Results.append{[elementhum, element[8], k, dP.m_as(pressure_unit), P_element.m_as{pressure_unit},
sensorP.m_as(pressure_unit), Q.m_as(ureg.dimensionless)])
Jt H
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Assumptions

1. Saturated liquid argon enters the system

2. Flashing and boiloff/evaporation are not significant in the transfer line

3. Density and viscosity of liquid argon is held as constant

4. Changes of elevation are not significant

5. The system is perfectly insulated and the flow has constant enthalpy

6. Fully turbulent flow through the system
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Seeq Data Example

Luke Cryostat fill from 9/17/2020
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Sensor Data Processing

« Pressure and temperature sensors are averaged over the data range

« Temperature sensor data is converted into pressures

* Level sensor data is processed to get the average liquid fill rate over the time range

Liquid Ar Fill Rate Linear Regression

- Sensor data
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Liquid Ar Fill Rate Linear Regression

- Sensor data
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Liquid level Sensor Processing for Luke (left) and Iceberg (right) cryostats
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Example Output Data
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Example Output Data
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Recommendations and Future Work

* Analyze vapor mass flow rate in the system
— Direct measurements

— Heat load analysis

» Optimize oxygen deficiency mitigation strategy

— Substitute orifice with different system

» Redesign filters
— Add filter bypass

— Optimize design for lower pressure drop
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