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Abstract 

 Vortex decay in quantum liquids depends on a variety of factors including the channel size 

in which it is measured in, the grid size, helium impurities, as well as helium viscosity amongst 

other factors. In this lab, various techniques were used to analyze the vortex decay in helium-4 at 

temperatures ranging from 2.1K – 1.4K. Quantum Turbulence decay is measured with the use of 

second sound transducers that produce a second sound wave which propagates through the liquid 

helium and the attenuation that happens, due to vortices, is recorded by a receiving transducer. 

These measurements were graphed and analyzed based on varying changes done to the 

environment (Mesh size, temperature and speed) through which the mesh was moved. An internal 

linear motor was used to create turbulence prior to this project, however; a new design for an 

external linear motor is being implemented to provide higher, more constant grid speeds. Included 

with the linear motor, an entire new system is being built so several multimeters and the data 

acquisition device were optimized for future use. By studying the properties of quantum turbulence 

these results can be applied to any variation of fields that use or interact with fluids.  

Introduction 

Research on turbulence is an arduous and math intensive task, but it is very vital towards 

the advancement of vehicular movement, understanding weather phenomena, and the general 

understanding of all fluids. Turbulence involves rotational motion on the characteristic length 

scale, L. To describe different flow regimes the dimensionless quantity the Reynolds number, Re, 

is used. It is defined as the ratio of inertial forces to viscous forces: 

 (Equation 1) 

where U is the characteristic speed, L is the characteristic length, and v = μ/ρ is the 

kinematic viscosity. In a simple, incompressible flow around a smooth surface, the Reynolds 
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number, Re, is the only parameter involved in how a fluid becomes turbulent [2]. Dominant viscous 

forces translate to a small Reynolds number resulting in laminar (smooth) flow. A large Reynolds 

number is indicated by a large nonlinear inertial term leading to unstable laminar flow and 

eventually turbulence.  

Classical turbulence has been studied for centuries with great interest by scientists like 

Leonardo da Vinci [1] and Andrey Kolmogorov, who would sketch the movement of fluids and 

measure some of their properties. For the most part, the Navier-Stokes Equation explains the 

movement and interactions of classical turbulence. [1, 2]. Unfortunately, creating reasonable 

equations and hypotheses that compensate for all liquids is very difficult with quantum liquids. 

Different methods of various equations are used to explain quantum turbulence at varying length 

scales each with different limitations of when they can be used [1]. This is where the study of 

quantum turbulence comes into play as the flow of quantum liquids can be studied and analyzed 

in order to better understand both quantum liquids and classical liquids more thoroughly. 

In Dr. Ihas’ lab, liquid helium-4 is the medium that we study. We cool the helium down by 

use of a mechanical pump which evaporates the higher energy helium thus taking away heat energy 

and bringing the temperature down through evaporative cooling. As the helium is cooled to 4.2 K 

it becomes helium I, the first phase of liquid helium. Helium I behaves in very similar way to most 

of the fluids on Earth. However, when helium I is cooled below 2.17 K [2], its lambda transition, 

it becomes helium II, a superfluid. Figure 1 shows that as the temperature drops, helium has a 

sudden peak in specific heat.  
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Figure 1: Photo depicting the “lambda transition” that helium goes through at 2.17 K. Called as 

such because of the peak resulting in the temperature graph of helium heat capacity resembling the Greek 

letter lambda (λ). 

 

Helium II is drastically different from helium I in terms of its properties including its zero 

viscosity and high thermal conductivity (30 times as much as coppers) [3]. As the cryostat, a large 

thermos used to insulate the helium gas from being significantly impacted by the outside 

environment, becomes cooler less of the normal fluid helium exists and more of the superfluid 

exists [2]. These fluids cannot be distinguished from each other as the superfluid permeates 

through the normal fluid [1] and there are no specific “superfluid” or “normal” fluid particles [2], 

this is known as the two fluid model. The normal fluid contains all the heat and entropy of the 

system and behaves like a classical fluid. It follows the Navier-Stokes Equation:  

    (Equation 2) 

where ρ is the fluid density, V is the flow velocity, p is the pressure, μ is the dynamic viscosity, 

and F is ‘other’ body forces (such as gravity) [2]. However analytic solutions to solving systems 

and turbulent systems are almost impossible without severe boundary conditions. When interacting 
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with the superfluid it is nearly impossible to do so without utilizing the normal fluid. Because the 

normal fluid has such a high kinematic viscosity (in relation to superfluid helium), it is used to 

analyze turbulent flow in the superfluid/normal fluid mixture as its Re approaches 1, signifying 

that superfluid turbulence does decay, with eddies shrinking to smaller and smaller size, reaching 

the Kolmogorov length scale where viscosity becomes dominant again and dissipation occurs [2].  

We study turbulence by using a cryostat and filling it with the normal/superfluid helium 

mixture and an apparatus in the center containing a specialized linear motor, position sensor, Lock-

In amplifier (to detect and to follow the second sound resonance peak), thermometer, and level 

detector. The turbulence is analyzed by use of a pair of second sound transducers that face each 

other. A phenomena known as second sound (SS) is used to look at the turbulence within the 

mixture. Second sound is the ability of the normal fluid and superfluid to oscillate 180 degrees out 

of phase with each other creating a propagating temperature/entropy wave [2]. The attenuation of 

SS is used to determine the vortex line density, L, which is then related to the vorticity, ω, where 

κ is the circulation shown by Equation 3 [2]. 

 

(Equation 3) 

This wave can be created using resistive heating (although added heat to the system will 

not be beneficial to the project in the long run) or by using porous membranes to mechanically 

oscillate to produce second sound. One transducer creates a second sound signal by vibrating a 

membrane in the liquid [2] which propagates the normal fluid like first sound as the superfluid 

passes through the membrane. This signal propagates throughout the liquid and the porous 

membrane of the second transducer and it receives the signal. The membrane used is called a 



Banks 5 
 

   

superleak membrane and allows superfluid helium to pass through it while the normal fluid 

interacts with it. After the grid moves past these transducers the original signal is attenuated, 

showing that turbulence occurs within the liquid. Attenuation can occur via vortices of quantum 

turbulence that is encountered during the second sound signal travel from one transducer to the 

other, disturbing the regular oscillatory counterflow of the second sound wave. The received signal 

is collected by a Lock-In amplifier and then acquired by a Labview program. The data is then 

graphed and analyzed by an analyzing software such as the Origin Lab. 

 

Figure 2: Typical fitted line density curve to the data at 1.7 K. Averaged plot of several 

measurements of second sounds over time using one of the several meshes used to create turbulence. The 

y-axis represents the line density or vorticity of the turbulence it is a function of time as it decays in relation. 

Data acquired using NI USB 6009 box and graphed via analyzing software. 

In Figure 2 a plot of five motor movements is graphed with vorticity as a function of time. 

This data is valuable for understanding the mechanics of helium-4 and other classical fluids. 
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My project has been to assist in refining the current data taking processes of the lab 

including, but not limited to, increasing the frequency of data acquisition of several multimeters 

using Labview, and increasing the accuracy and precision of the NI USB 6009 box, used to receive 

data from the various instruments described previously in the apparatus. Also I had the task of 

creating multiple circuits including a square wave function amplifier and power supply boxes. 

These projects and revisions of the Labview code are necessary for the grander scheme of my 

project which involves the new apparatus recently received.  

 

Figure 3: The old motor apparatus created in SolidWorks by Jihee Yang 

The old motor used for creating grid motion was based on the Meissner effect that 

superconducting materials exhibit when exposed to near zero temperatures. The motor relied on 

two quadrature magnets for stability while a niobium rod positioned in the middle of several sets 
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of solenoid coils such that when a current was applied, a magnetic field would cause the rod to 

move up or down depending on the direction of the current. The speed of the movement depended 

on the intensity of the current.  

Drive and control solenoids allow the motor to be at desired position by varying current 

profiles that eventually allow us to control the velocity of motor. 

 

Figure 4: Velocity vs. position graph in various temperature created by Jihee Yang. Shows how 

the velocity of the motor movement is not uniform/constant.  

However, due to need for larger channel sizes and the non-uniform velocity of the motor, 

adjustments must be made to the motor design. Figure 4 shows a graph of plotted points of position 

that vary in velocity. In order to generate homogenous, isotropic turbulence the motor speed must 

be constant throughout the movement. The original channel for second sound measurements was 

1 cm2 and the new channel will be 5 cm2 allowing for a longer allotted time for turbulence decay, 

making a new motor system vital for better data. This includes an entirely new apparatus that must 

be made, incorporating parts of another campus’s linear motor (University of Oregon) and creating 

our own.  
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My project has now been expanded into analyzing the Oregon apparatus, another linear 

motor setup from a separate quantum turbulence research group in Oregon, and understanding the 

wiring and general layout of it. It, along with a new cryostat and external linear motor setup, will 

be the new system that Dr. Ihas and his graduate student, Jihee Yang, will be using to acquire data. 

This new setup will have a larger channel through which second sound will propagate, allowing 

for a better look at the decay of turbulence over longer periods of time. The new motor will produce 

less heat interference in the system than the internal linear motor and will be able to move at faster 

speeds while maintaining a constant velocity throughout the movement. I am to write the program 

for the new external linear motor with Labview and to help collect the first few sets of data from 

the new apparatus and to help build it. This paper’s purpose will be to give a more in-depth look 

at turbulence and quantum turbulence and the theories behind it followed by some quantitative 

results, and Labview code that has been used to operate the old linear motor system and the new 

linear motor system. 

 

 

Methods and Procedures/Results 

 

 

Multimeter Results 

          In order to create the new motor system we first had to optimize the current system so that 

the integration would be a smooth and uniform transition. This included priming the multimeters 

in use to their maximum potential. The multimeters were used to test the incoming voltages of the 

various devices that were used to sense phenomena within the cryostat.  The system involved 
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included the Keithley 196 multimeter that when connected to the NI USB 6009 data acquisition 

box, would relay voltages from a randomly picked output from the cryostat. The first multimeter 

that was tested was the Keithley 196 multimeter and its first testing showed that it had an output 

of about 12 readings per second. Labview 9.0 was used with the program “Vreading.vi” which 

would read the interpreted voltage from the GPIB serial port. The Keithley multimeter uses a type 

of programming language that deals with string based inputs called Standard Commands for 

Programmable Instruments (SCPI) which is used in many programmable instruments and 

measurement devices [4]. The amount of maximum readings per second unrestricted, is 2000 

readings per second. Further investigation discovered that the coding required to achieve the 2000 

readings per second meant reading a DC voltage which was not possible as we were measuring 

AC voltage. The amount of readings received from the Keithley multimeter were not increased. In 

order to obtain the data from the multimeter the Labview code used the command “*GET” within 

the VISA WRITE.vi which would get the data from the multimeter in a prepackaged amount of 

data.  

          Unfortunately, the SCPI language was not utilized until the use of the second multimeter, 

the HP 34401A. Because both devices are GPIB devices they both would have been able to use 

the standardized SCPI coding language once implemented by any program that could interact with 

the serial port connected to it. The HP multimeter could not be accessed via the “*GET” string in 

the VISA WRITE.vi so a new approach was taken to use the SCPI language. It was discovered in 

the manual for the HP multimeter that there were several commands usable to access the different 

settings and speeds of the multimeter and each set of commands had their own personalized tree 

of key words that went along with them. The first command used belonged to the “CONF” 

command, which stood for CONfigure. Once again entered into the VISA WRITE.vi, the 
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command “CONF:VOLT:AC 10,0.00001;:INIT;:FETC?” was used to activated the HP multimeter 

for the first time. Each semicolon represents the end of that command chain and the colon accesses 

a new command chain within that main one.  Because the desired voltage was AC and the 

maximum voltage that would be put in would not surpass 10 volts the command “VOLT:AC 10” 

was used. The decimal “0.00001” represents how accurate of a reading was to be read which was 

4 ½ digits of accuracy. INIT initializes the search and FETC gets the information to relay back to 

the computer. 

  

Figure 5: Plot of acquired voltage as a function of time 

          Even though the data acquisition worked we discovered that the output was 7 readings per 

seconds, much less than the older multimeter beforehand. To further increase the amount of data 

received, after much trial and error we decreased the trigger delay, which decreases the amount of 

time that data points can be called. The new code was then “CONF:VOLT:AC 10, 

0.00001;:TRIG:DEL 0;:INIT;:FETC?” which doubled the amount of readings from 7 to 14 shown 

by Figure 6. 
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Figure 6: Voltage as a function of time graph, for a time of 20 seconds. 

After this period, and more trial and error of testing variations of the code in incorrect format it 

was discovered that turning the display off would yield more results as the HP multimeter would 

need to use less processing power for the display and more for the actual data collection. The code 

“DISP OFF” before the trigger delay command allowed me to turn off the display and read about 

16 readings per second. The last and final change include changing from the CONF or configure 

command to SENS. The CONF command gives predetermined information to the multimeter, 

limiting flexibility with the code. One of the most debilitating limitations was the implementation 

of the medium AC filter which processed incoming voltage at 20 Hz, which was not enough. In 

order to be able to manually change the AC filter to fast (200 Hz and above), I utilized the SENS 

command which does everything CONF does but with more flexibility in exchange for a less tidy 

looking code. This final code change and manual change on the multimeter resulted in 

approximately 20 readings per second, shown in Figure 7. The final code is 

“SENS:VOLT:AC:RES 0.001;:DISP OFF;:TRIG:DEL 0;:INIT;:FETC?”. 
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Figure 7: Final maximum readout acquired from HP 34401A multimeter at 20 readings per second 

 

 

NI USB 6009 Box Results 

To collect data from multiple sensors at once, our lab uses the NI USB 6009 data acquisition box, 

also known as the NI box. It has 12 analog inputs, two analog outputs and two digital I/O ports 

(one with 4 lines and another with 8). Its acquisition rate is rated to be 1000 readings per second 

for the entire device. My project involved getting the NI box to output that amount of data. There 

are several factors that determine how fast data is acquired from an NI box, and they include 

defining certain parameters (all accessible in the Labview programming language) including the 

sample rate, sample mode, and samples per channel (input and output). A sample deals with a 

predefined packet of data moved from the sensors connected to the NI box to the computer [5]. It 

is the balance of the amount of samples vs the rate at which they are acquired that determined how 

many actual readings are reported by the program. 

The program’s original sample rate was 100 Hz, with the “samples per channel” for input being 1 

sample. The sample mode was “continuous samples” meaning that data would be acquired until 
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the program was stopped. That program resulted in the code acquiring about 100 readings per 

second. To achieve faster data acquisition I first added an integer control to the DAQmx Sample 

Clock.vi, which allows the program to know how many samples to call and to work in congruence 

with Analog 2D DBL Nchan NSamp.vi, which receives the data and stores it in a 2D array to be 

displayed in graph and text format. Synchronizing the two functions (one for asking how much 

data should be accepted and one for receiving a predetermined amount) allows for smoother data 

flow from one process to another. The number of samples could be increased although for every 

incremental increase speed drops as the processor has to allot more time to collect more samples. 

An optimal system that balances speed of data acquisition and accuracy should have the number 

of samples be 1/10th of the frequency. However we wanted the fastest readings possible so we kept 

the  

“Samples per channel” at 1 and increased the “sample rate” to around 42,000 Hz which is near the 

max sampling rate of the NI box. The resulting data and figure (Figure 8) gave us exactly what 

we wanted with approx. 1,000 readings per second but without feasible data. 

 

Figure 8: A graph of the lack of data collected at 42,000 Hz. Elapsed time 6 seconds. 

Over many trials we continued to test for actual data points now that we had the speed we wanted. 

The sampling rate speed was continuously lowered over several trails until at test (14) we received 
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actual data from the NI box. Unfortunately, as Figure 9 shows, the sample rate was lowered to 

about 200 Hz and the samples per channel was set to 20 resulting in 20 readings per second which 

was undesirable. A one second timeout was also placed such that the NI box did not start acquiring 

data until 1.026 seconds into the program running.  

 

Figure 9: Data acquired from test run #14. No units were used for y-axis as they all depend of different 

variables.  

 

The sampling rate was increased by random increments until it was found that after 12,000 Hz the 

NI box stopped recording data and would revert back to its unrealistic 1,000 readings per second, 

however; it is speculated that the 1,000 readings may be for the entire device, splitting up the 

amount of readings over the number of channels used. It may also be that the recoding frequency 

at which the NI box is requesting data may be faster than what is being measured causing a lapse 

in information. There were five analog channels being used to acquire data and we knew of the 

current maximum performance of the NI box the expected maximum output had to be around 200 

readings per second. Since we now had this theoretical goal and it was already known what 100 

Hz at 1 sample per channel would do, we increased the rate to 200 Hz at 1 sample per channel and 

were able to achieve 200 readings per second. 
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External Linear Motor Results 

As described previously in this paper, the old linear motor was internal and driven via solenoids 

interacting with a niobium rod due to the Meissner Effect. After multiple modifications, the 

velocity was not uniform and the resulting motion was not fast enough. It was decided that we 

needed a motor with an encoder to give us precise movement of a certain distance in a short amount 

of time. We received a linear motor from a lab in Oregon doing similar research in quantum 

turbulence, along with their entire apparatus.  

 

Figure 10: Linear motor received from University of Oregon. Contains motor encoder inside to 

give precise readings of position. 
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To understand how they used the apparatus, I mapped the wires and their corresponding coaxial 

cable ports and the 26 pin connector ports. Many of the wires have been shorted out and contacted 

the metal housing of their respective casings and repairs must be done to fix them. Figure 11 

shows one side of the coaxial ports but there were three in total each with seven cable ports, all of 

which had to be tested for shorts and wire resistivity.  

Figure 11: Inside of Oregon Apparatus 

After the mapping and labelling of wires was done, work was to be done on the square wave tester 

circuit. The square wave tester will the new system for a time constant of any system with AC 

signal use. Another integral part of the system is the microcontroller, the LM628, which will 

interpret the signals and send information to and from the encoder and manage trajectory settings 

and the feedback system (PID) to the NI box to be analyzed by the Labview code.  
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Figure 12: Square wave tester circuit 

In order to read and write to the LM628, which wrote and read in digital signals, the Labview code 

must be able to interpret digital data signals so the NI box was set to connect to it via its two digital 

ports, Ports 1 and 2. Port 1 would use its 8 lines to send and receive commands between the LM628 

using hexadecimal codes. Port 2 would use its 4 lines to utilize digital handshaking, a process 

where two electronic devices have a series of “conversations” in order to define which device 

sends what amount of a data packet. The analog inputs are saved for the analog signal received by 

the SS transducers, current from the motor, and a miscellaneous channel saved for whatever 

instrument is decided to be used that day.  
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Figure 13: Flowchart of Labview program used to interact with motor 

Discussion/Conclusion 

As of now both multimeters are performing at their maximum potential as well as the NI box; 

however, updated information or new additions to the system could change the output of both. The 

HP 34401A multimeter now runs at approximately 20 readings per second and the NI USB 6009 

box runs at 200 readings for the current five channel input. The program for the new linear motor 
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is finished and testing of both the program and linear motor will ensue soon afterwards. Continued 

work will be done on the new cryostat setup and will include bellows to reduce vibrations in the 

atmosphere, an RF shielding room to keep stray radio frequencies from heating up the helium 

atoms and disrupting the second sound signal and a suspension system to keep the cryostat from 

touching the ground in order to reduce vibrations. In order to keep the helium in the cryostat cold 

and stay in the cryostat longer, there will be two layers of helium baths. The inner bath will be 

where the actually experiments are performed and outer helium jacket will contribute to reducing 

heat transfer from external environment and therefore reducing helium loss by a great deal. The 

linear motor system will be set atop of the new cryostat to be used for future experiments with the 

larger second sound channel. The encoder will relay position and velocity to the LM628 chip which 

will then be sent to the NI box. Users will be able to set trajectories, PID control, velocity, 

acceleration and position from the code. All of these updates will make the system run smoother 

and more efficiently for data taking. 
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