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Intro - Exhaust Particles (1/4)
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Intro - Particles Dynamics
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H
Intro - Exhaust composition

Particle

Fraction

Petrol exhaust consists predominantly of short-chained HCs

Diesel exhaust consists of approx. 450 different combustion products
(incl. PAHs)
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CEN=E
Soluble organic fracton \
and particle phase of HCs

Wapor phasg
Solid C-spheres . ¥ HCs

Agglemerates (50 x 1000nm )

® Liquid condensad
HC particles
Adsorbed HCs Solid C-spheres
(10-30 in diz )
(10-80nm in diameter) © Hydrated sulfates

At least 40 are toxic contaminants like arsenic, benzene,
cadmium, dioxins, toluene, formaldehyde and even some major
chemical carcinogens like 3-nitrobenzanthrone (C,;H NO,) and
1,8-dinitropyrene (C,;HgN,O,) are found in either a gas or

particle form
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Instrumentation - CMAG (1/5)
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Condensation Monodisperse Aecrosol Generator, it produces
highly monodisperse spherical and nearly charge -neutral
particles (solid or liquid) in very high concentrations with

diameter ranging from 0.1 to Sum.
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Instrumentation - TD

Adsorber )
(activated charcoal) Cooling

Thermodenuder or Thermodesorber; 1s an instrument to strip off
the volatile HC fraction from solid particles, yielding the
of an aerosol.

Stripping principle: Maxwell-Boltzmann Speed Distribution.
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Instrumentation - SMPS (3/5)
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Scanning Mobility Particle Sizer, 1s a set of instruments that is
used to measure airborne particles in the size range of 3 to
1000nm; it employs an EC to determine particle size and a CPC
to determine particle concentration.
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Instrumentation - SI\/IPS/EC (4/5)
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Electrostatic Classifier, 1s an 1nstrument to analyze a
polydisperse aerosol or to generate monodisperse particles of

uniform size from a polydisperse source.
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Instrumentation - SMPS/CPC s

Photo detector

A I
T Electrical signal

Co:lee:;ing 3-way - —=— Optional
valve make-up air
Sheath air

Optional
, bypass flow

Monodisperse
aerosol inlet

n-Buthyl alcohol pool

Condensation Particle Counter, is an instrument that measures
the number concentration of small particles with high
efficiency.
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TS I 'TD (the commercially available instrument)

T-profile of TDD-590 / TSI-3069 {air-flow 0.5Limin) T-profile of TDD-590 flis1-3069 {air-flow 2Limin]
400
4000 |
0.
5

Why building a new TD?
Indirect heating concept results in sluggish heater response

Irregular T-profile (glass-metal interface)
Interior made of glass (making modiﬁcatimy difficult)
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B
Construction of the QUT-TD o

Frequency [Hz] Wavelength [m]

Heating systems can be made
from X-ray or y-sources;

infrared (IR), ultraviolet (UV), o i
visible light (VIS-laser),
plasma, adiabatic sources, or m -
electrical induction heaters, or " [ I S -1
resistance heater |

Tum

m

Why resistance heating?
Time restrictions
OWHS regulations
Most of the material already on campus
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B
Construction of the QUT-TD o
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power rating available at secondary [W]

Magn:etic flux

The powerhouse — a recycled Tank Coil (reusing core & secondary)
Galvanic separation (V, . <V )
Step-down transformation (<32V )

Calculation of the “turns-per-volt” ratio ( V = 480 turns)
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B
Construction of the QUT-TD o

HITACHI' MAGNET WIRES

@ Hitachi Cable, Ltd. [ =

The making of the Primary (several attempts required)

Coil-Winding-Machine

Bifilar vs. monofilar Primary
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B
Construction of the QUT-TD w0
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Determining core data

Running the application with various loads
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Losses within the transformer

Copper (;R,) and hysteresis (R.) losses

Reactances (,X,) and stray field components (X, )
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attached load with a given R
curve fitting (polygonal lognorm)
Rint = Rex

0.3m long convoluted steel pipe
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Power dissipation at load (P) [W]

o

Load resistance (R,) [Q]
Efficiency factors
Reactive power component Py = 2150VAr
Effective power component P = 384W

Efficiency n = 70% w/ 0.3m heater pipe (
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B
Constructlon of the QUT-TD @no)

335 3 1""0" 2

Working on each unit ....
With the angels of the QUT workshop (Bob, Jim, Marti)

George and some manual skills of course;
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B
Construction of the QUT-TD /10

Thermocouple compressain fitting

Loco (thermocouple overheat protection)
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!
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. until they can be assembled to working modules
Power Unit driving the heater stage

The heater stage
The adsorber stage
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H
Constructlon f the QT -TD (o0

= Aerosol

Last minute modlﬁcatlons
Jammed thread at heater-adsorber interface
Finger-guard (OWHS)
Extra TCs w/n the adsorber stage
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B
Construction of the QUT-TD aono

Power On/Off 250V/10AT '

Temperature |
Control Module

lprimary [A]

REX-C100 = " softstart |
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Step Down
Transformer

7 S 5 Y
| Aerosol flow direction | 1 Secondary

Switching an inductive load A R
Soft Start Module (SSM) to switch an 1nduct1ve load
PID T-controller (negative feedback loop)
Overheat protection devices (controller & switches)
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il
Instrument Testing

T-profile of TDD-590 / TSk-3069 [airflow 1Limin)

Basic Paréimeers
T-profile of both TDs
Leak-test of QUT-TD
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H
Instrument Testing

N, wall
outlet

HEPA filter

A p——pr iy
s

. Lzl
Atomizer —*

1U/min or 2L/min ——

QU'i'-TDi 2L/min
TSI-TD: 1L/min l

Schematic: showing tubing only

Sample Aerosols
NaCl aerosol (penetration)

DEHS aerosol (sebacic acid m,, = 426.7g/mot)

CH,(CH,), CH(CH,),CH, OOC(CH,),COO CH(CH,),CH, CH,(CH,
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il
Instrument Testing

Timeseries (NaCl)

QUT penetration - TSI-TD penetration
QUT-TD linear fit —— TSI-TD linear fit
y=x{-0.01083+44. 738 y=x(-0.0168)+50.22
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Instrument Testing

Timeseries (DEHS)

TD-TSI
400°C

Time [hh:mm]

N, = 3 913E™ 3 175E° #ion’
143+ 11nm

Midpalnt Diameter [ : ciareter [

without QUT-T|
— QUT-T

QuT-T

QuUT-T

f
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DEHS
With NaCl nuclei
DEHS only (Myy, = 426.7g/mol; BP = 248°C)
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Instrument Testinc

—— Spectrum wio TSI-TD
—— Spectrum TSI-TD penetration (n)

—— Spectrum w/ TSI-TD @ 250°C
(solid fraction only)
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Instrument Testinc

—— Spectrum wfo TSI-TD

—— Spectrum TSI-TD
penetration (n)

—— Spectrum w/ TSI-TD

@ 250°C (solid fraction only)
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Conclusions & Rec’s

Conclusions
TSI-TD doesn’t meet specifications (flow-rate & T-profile)
Adsorptive properties of QUT-TD far better than TSI-TD
T-range better w/ QUT-TD (>600°C) than w/ TSI-TD (<400°C)
Glassware of TSI-TD makes it unsuitable for field applications
High power consumption of QUT-TD restricts it to lab-applications

Recommendations
Improve “leak-proofness” of QUT-TD (O-ring of cap-disk - adsorber)
Induction-heater concept for QUT-TD to reduce power consumption
More testing required with smaller particle concentrations

....and finally ....

Thanks for YOUR attention
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