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What’s this all about?

* Describing the problem.

 Describing the software | already had.

» Describing the modifications to make it all work.
« Some screen shots

« Some acknowledgements
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What do we want to do?

 Track the flow of ‘fluid particles’ through a complex multi-phase system.

— Multiphase means a mixture of solids, liquids and gasses depending on the type of
system.

« ...and the system is optically opaque.

« Large volumes
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Why do we want to do it?

“Multiphase reactors are widely used in petroleum, chemical,
petrochemical, pharmaceutical and metallurgical industries as well as in
materials processing and pollution abatement....the physical
phenomena that affect the fluid dynamics of such systems are not yet
entirely understood. This make a priori predictions of important process
parameters... very difficult.”

Opaque Multiphase Reactors: Experimentation, Modeling and
Troubleshooting.

- M.P. Dudukovich

Oil & gas Science and Technology Rev. IFP
V 55 (2000) #2 pp135-158

“Because its fun and you get to play with cool toys”
- Ron Fox 2011
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How do we do it?

« Computer Automated Radioactive Particle Tracking (CARPT)

« Make ~2mm source of 4Sc (gamma emitter) so that it has neutral
boyancy.
— The source will move around in the reactor.
— Track the movement as a function of time.

A typical example is shown at the right:
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How do we do it?

* Turns out with some ‘relatively straightforward’ math (left as an exercise
for the reader) you can show you just need count rates (intensities)...
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To find the source position/velocity at any time.
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More algorithmically you want:

‘ Counts from detector (t) ‘

l ’ Ensemble (Time) average ‘
‘ Distance-Count Map ‘
l ‘ Mean velocities (X, y, z) ‘
‘ Regression/Monte-Carlo search ‘ l
l Fluctuating velocities
l Instantaneous positions (x, y, z, t) l (X, vy, z,t)
Filter l
- - Turbulent parameters,
Filtered instantaneous Reynolds stresses, TKE,
positions (x,y,z,t) Eddy diffusivities etc.
Time-difference between
successive locations

Instantaneous velocities
x,v, z, t)

There are quite a few difficulties outside the scope

of this paper:

* You need good knowledge of detector efficiencies

» The detector acceptance is not perfect

* If you use a hot source there will be dead time associated with fall time of the signal
in the Nal detectors (1uSec).

» The contents of the reactor can absorb emitted gamma rays. Attenuation can be
difficult to determine/measure (and may be a function of position).
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Development effort must be cheap
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Replace with This.

Collects data and CARPT /CT
analysis

Reads data from scalers

PC under
Windows
Acquisition
program C++

|

and interfaces to pc
AT-GPIB Interface
Card National
Instruments
7'y
List sequencing Crate GPIB Crate Controller

—»| Controller Kinetics Systems [—>| Kinetics Systems 3988

3982-21 B (1 Kb buffer size) - 63A
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Remember me from last time we were here?

A Domain Specific Language
for defining Nuclear Physics

Exeriments.

(Or: How I spent my'summer vacation)

Ron Fox (NSCL)
KariPerdjarvi (STUK)
Jam Turunen . (STUK)
Hari Toivonen (STUK)

National Superconductng Cyclotron Laboratory/Michigan State University

This project used a USB < VME interface
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Hardware Changes

Linux external
Computer Trigger

Digitizers
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Hardware Changes

Trigger in

Linux
Computer

LE
Discriminators
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Software Old:

 But they only need rate

monitoring.

* At the end of each run
they just need a CSV
file for their analysis
chain
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Software New

Readout

thread

Scaler data events
starts (Tcl_ThreadQueueEvent)

control/analysis
thread

Tcl

Acquisition/
analysis
scripts
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Acquisition/Analysis modes

» Calibration — Run with a source in a known location move the source
run some more.

 Discriminator setting — Scan the discriminator settings (poor-man’s
ADC) to know how to set the threshold.

» Production running — Take data for as long as they want to.

scalerDispla: =k
: = Run Number: 0 Run state: Halted
=R Length of run: 0 00:00:00 Scaler interval: 1.0
 Cartesian  Position|| Title: Fluid Tracking diagnostics
Z position 0.0 scalers ]
radius 0.0
theta T Count rates
Readout F T Numerator | Denominator | Rates) | Total(s) | Ratio [rate total] |
eadout Freguency = T

T Scaler.o01

New position Scaler. 02
Scaler.03

Start Scaler.o0d
Scaler.o05
Scaler.06
Scaler.0?
Scaler.08
Scaler.09
Scaler.10
Scaler.11

Calibration mode scater 12
Control/monitoring

scaler.14

v Enable Alarms

Michigan State University
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Sample Spectrum from discriminator
setting mode.
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Conclusions

* Modifying the “STUK" readout to be an all-in-one data acquisition
system was easy.

* Doing the analysis in Tcl provided a lot of flexibility and leveraged:
— The speed of Tcl development
— Ease with which Tk can be used to build user interfaces.
— Plotchart to allow the display of LED threshold data.

At present, position calibration is manual. In the future adding motor
control to the application would allow that to be automated.

» Having the STUK framework as a starting point allowed this project to
be deliverd on the cheap...thanks to the Tcl assist for the analysis
control/analysis sections of code..
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Readout Software Structure

Main Thread | _starts Ac_:lghurlesgéon
(Tcl Interp) (Transitory)
VME accegg,,*’ l Event data
managewmént
Control CSI?WI Output
Clients ey Thread
thread
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Readout software modified for CARPT
data taking

VME access

— management
i Acquisition Slow

tart
IV(I%I:rl] I-;?er(rea)d -22os Thread  [¢-mmmmeeeoeee- > Controls
. (Transitory) thread
A
l Event data
Scaler data Output

Thread
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