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Ultrafine Particle Number Concentration (10 - 96 nm)

Ultrafine Particles Dominate
Particle Number Concentrations

Fresno First Street Angiola (San Joaquin Valley farming area )
14x10° — December 2000 - Feburary 2001

R=0.95

slope =0.82 = 0.007
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Rural and Urban Sites : Similar Relationship between
Ultrafine Particle Number Concentrations
and Total Particle Number Concentrations



Simplest Indicator
for Ultrafine
Particles:

Particle Number

Concentration
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1889: First Measurement of Atmospheric
Particle Number Concentrations |

John Aitken,

“On the Number of Dust
Particles in the
Atmosphere”,

Transactions of the
Royal Society of
Edinburgh, 1889
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HOW Aitken’s Receiving flask

into which
Instrument sampleis
expanded, with
Worked counting stage

Humidified air sample me ~—»

Expanded adiabatically

Droplets formed around
particles, which then
settled

+filter

Counted manually

Repeated with dilution




What Aitken Observed:

s

Number of Dust Particles in Air,

Source of Air. Number per c.c. | Number per c. in.
Outside (Raining), . : 32,000 521,000
Outside (Fair), . : : 130,000 119,000
Room, . . : 1,860,000 30,318,000
Room near ceiling, . : 5,420,000 83,346,000
Bunsen flame, . ) ) - 30,000,000 489,000,000

“The reason of the greater number of particlehien t
room than that found outside was due to the pesicl

produced by the two gas flames burning in the rabm
the time.”



1912: Wilson Cloud Chamber
— 1929: Nobel Prize for particle physics

— Determined precise expansion ratios __ for avoiding
homogeneous and ion-induced nucleation of
particles

1930s: Scholz: Automated expansion for
particle counting

1950s: Vonnegut: Automated counting by
recognizing particles grow to uniform size.




1950s: Vonnegut, Automated Counting
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( condensing vapor: water )
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1970s: Thermally Diffusive
Condensation Particle Counter (CPC)
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Automated & Continuous (condensing vapor: butanol or other alcohol)
Widely used, suitable as detector for size distribution instruments
Many models, sold by several companies



Can you have a Continuous, Automated Particle
Counter without Butanol?

 Challenge : too small for direct optical detection

 Approach: Create region of supersaturation to
activate particle growth => form droplets

 Why Supersaturation? Equilibrium vapor pressure
over a droplet is greater than over a flat surface due
to free energy associated with surface (surface
tension)

 Kelvin Relation:

I:)droplet = I:)flat surface exp( 20v/ kTp R )

/ \

Surface tension Particle radius



Thermally Diffusive CPCs: Operational Principle

Saturate flow with vapor
* Flow into cold-walled tube
e Vapor condenses on particles

Requires slowly diffusing vapor (e.g. butanol)

Saturator, 35T Condenser, 10C  Optics Head
Thermal Diffusivity, Mass Diffusivity,
air =0.215cm?/s butanol = 0.081 cm ?/s

Note: diffusivity of water = 0.265 cm?/s > air
Does not work well with water



2003: Water Condensation Particle Counter (WCPC)

 Cold flow enters warm _wet-walled tube
« Water vapor diffuses more quickly than flow warms

« Supersaturation, particle activation and growth occurs
inside of a warm, wet walled tube.
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2003 WCPC Optics Head
(~5 nm) : Saturator, 20C Condenser, 60C
2004: Saturator, 12C Condenser, 75C

Nano-WCPC (~2.5 nm)

Thermal Diffusivity, Mass Diffusivity,
air =0.215cm?/s water = 0.265 cm 2/s



Centerline Saturation Ratio
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Non-Dimensional Axial Position (x/UR?)

WCPC: Inlet flow at 20C & 100%RH,
Wetted walls at 60C

Traditional: Inlet flow 60C & 100%RH
Wetted walls at 20C




HEATED SECTION

Hering et al, 2005

OCLED SECTION

WATER [INLET

FLOW CONTROL ORIFICE

Water Condensation Particle Counter



First laminar-flow WCPC Response to
Ambient Aerosols & Vehicle Emissions
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Tunnel Measurements with Antonio Miguel, Arantza Eiguren-Fernandez, UCLA



Radial Position, r/R
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Calculated Supersaturation Profiles within the

Ultrafine Water — CPC

2.37 nm, S=2.38
2.17 nm, S=2.59
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a, = vapor mass diffusivity

Z = axial distance

Q = volumetric flow rate
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WCPC-410/WCP C-410x (%)

Calibration of the Ultrafine WCPC
Water Residue Particles
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Comparison of Water CPC and TSI Ultrafine,
Queen’s College, NY (Univ. at Albany, EPA Supersite)

l Ambient air inlet

Size-Selection

by 0.6 Ipm 1.51pm

A

Electrical Mobility

1lpm
)
Filtered -
room air
WCPC
(TSI 3785)
Compare:
0.2-sec average

11-sec running average

counts/cm 3 measured below nanoSMPS
(not ambient size distribution — no charging correct ion)

v

TSI 3025

(ultrafine)




Comparison to Butanol Ultrafine CPC with Nano-DMA

Particle counts per 0.2 sec window (average over two scans)
TSI-3025: 1.1+1.0 particles (0.5cc/s)
WCPC: 356 particles (16.7 cc/s) --- much better counting statistics

+ 30 + +HHH
12 — Run 74 Run 74
2/3/2004 18:15 n 2/3/2004 18:15
® WCPC-2sec + 25 — ® WCPC-0.2sec
104 = WCPC-20sec + + = \WCPC-10sec
+ TSI3025-2sec + + 4 + TSI3025-0.2sec
= TSI3025-20sec = TS13025-10sec
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Particle Number during SMPS Scan (cm-3)
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In collaboration with ASRC, University at Albany '-"l '"l



Field Comparisons Among CPCs




Vehicle Tunnel Particle Concentration (#/cm3)

Total Particle Number Concentrations for Traffic Em ISsions
Ultrafine WCPC (TSI-3786) compared to Butanol UCPC (T SI-3025)
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Indicated Particle Number Concentration (#/cm3)
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Ambient Sampling In Riverside, California
Ultrafine WCPC — 3786 & Butanol UCPC - 3025
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2005: Micro-Environmental WCPC

Size: 7"X7"X5"

Weight: 51b

Power 12V, 30 Watts

Featu res. RTICLES/CM3
. . »
internal data logging
one week unattended

Micro-Environmenta

up to 10 ¢ particles/cm 3 Water-Based CPC

In single count mode




Response Relative to Butanol UCPC

Response to Near-Monodisperse Aerosols
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Particle Number Concentratin (#/cm3)

ME-WCPC Measurements in a Residential Kitchen
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Summary

1890’s

Aitken, first explorations of airborne particles nu mber
concentration

|ldentified combustion as source of particles

1920s-1950s
Advances on Aitken’s approach: automated instrument S

1970’s

First continuous flow condensation particle counter S

widely used, especially as detectors for mobility s ize distributions
2003

Introduction of continuous water-based condensation counters
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