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Introduction

Droplet clouds are one of the most important factors
controlling the albedo and hence the temperature of our
planet. Anthropogenic aerosols, such as black carbon (BC)
organic carbon (OC) and sulfate, have a strong influence on
cloud albedo. IPCC (2001) has estimated the global mean
forcing from aerosols to be potentially as large as that of
greenhouse gases but opposite in sign. However, the
uncertainties associated with the indirect aerosol forcing
preclude a quantitative estimate. An additional impact on the
indirect aerosol forcing, not quantified by IPCC, arises from
recently identified chemical factors, for example, interactions
of atmospheric soluble gases, slightly soluble solutes, and
organic substance with aerosols, which may influence the
formation of cloud droplets. Recent studies suggest that
inclusion of chemical effects on aerosol properties will
substantially impact the calculated indirect effect. We plan to
conduct several critical laboratory experiments that will
reduce the uncertainty associated with indirect radiative

forcing due to chemical modification of sulfate and BC aerosols

by ambient gases.



Experimental Methods

A horizontal thermal gradient cloud condensation nucleus
spectrometer (CCNS) has been recently developed in our

. laboratory. The design principle is similar to that of Fukuta
and Saxena (1979). The main chamber consists of two parallel
thick copper plates in which are separated by two sidewalls.
One wall is made of copper while the other is constructed of
the non-conducting material (Lucite). We apply a thermal
compound on the surfaces of the conducting wall in order to
improve heat transfer and reduce temperature gradient. At
the edge of copper plates near the non-conducting wall, we
solder a piece of copper tubing in which we circulate water
from a temperature-regulated bath. A total of ten Pt-100
sensors, spaced equally across the width of CCNS chamber
near the sampling tube, are cemented to external surfaces of
copper plates. Typically, we maintain a temperature gradient
of 5 to 8 degrees. To establish a supersaturation field, S, inside
the chamber, we cement a piece of filter paper (or cotton felt)
“on inside surface of copper plates. The materials are then
saturated with water prior to the experimental run. The length
of filter paper is adjusted according to the contact time and S

values. A range of S from ~ 0.1 to ~ 2.0 % is established across



the width of the chamber. In the entrance device the sample air
is sandwiched by the sheath air. The Reynold number is about
20-100 depending upon the total flow rate. Hence the flow is
considered to be laminar. After aerosol activation, at the exit
of the main chamber a polished stainless steel tube is used to
sélmple droplets into a laser particle counter. The counter has
six channels with size in the range of 0.5 to 5.0 pum in diameter.
We use a linear actuator and a computerized motion controller
to control the location of the probe. A pressure gauge (1000
Torr, full scale) and a hygrometer (5-100 % RH) located
downstream end of the CCNS instrument farther monitor the

experimental conditions inside the chamber.




)SCO1260.JPG (JPEG Image,

| of 2

2272

e | £

x 1704 pixels) - Scaled (34%)

file:///F:/DSC01260.JPG

5/24/2004 1:43 PM



L

Exhaust 4

Pressure |4 ' .
Gauge h Data Acquisition
: System
Hygrometer 4 y
) 4
, Top Plate Moisture Supply Profile
Filtered
Sheath Air. \Heat Flow Laser Particle
l \&\XX\\ Counter
Sample {:> A (Met One
Air ' \\\{ \1& Model 237 A)
L S\
Bottom Plate
v Linear
Actuator ||

Motion Controller




T (K)

Temperature Field

301
300 -
299
298 -
297
......... O
Lo
296 -
........ O
e
O ........

) I l l T T T T T

0 2 4 8 10 12 14 A -

Probe Position (cm)

O+ Bottom Plate

20



Supersaturation (%)

Supersaturation Field

—k
1

8 10 12

Probe Position (cm)

—&— Probe Position vs S$(%)

14

T

16

18

20



Calculation of Growth Time for

Submicron NaCl Particles:_

The growth of a droplet can be calculated if the properties of
mass and molecular weight of solute, the supersaturation, the
temperature, and pressure of the air are specified. Based on
the theoretical treatments discussed in Mason [1971] and
Seinfeld and Pandis [1998], we calculate for the dry NaCl
particles of sizes 0.029 and 0.041 pm (see the experimental
data). The results are illustrated in Figures 1 and 2. The
growth time in the CCNS chamber depends upon the flow rate
and the length of wet paper. Typically, the maximum time
available is less than 20 s. Hence, very small NaCl particles less

than 0.020 pm may not activate in the CCNS chamber.
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Test of Kohler Theory for NaCl
Aerosols

In preliminary experiments we have used the current setup for
dry NaCl aerosols. There are two methods to determine the activation
supersaturation and activation diameter of aerosols. The first
experiments involve the fixed scanning probe locations of CCNS (i.e., S
= 0.2 and 1.0%) and vary the size of dry particles from 0.010 to 0.2 pm.
This is accomplished by varying the high voltage to the collecting rod of
the DMA. The growth of droplets at S = 1.0% appears to be much faster
than that at S = 0.2 %. This is not unexpected from the theory of droplet
growth. [Mason, 1971; Seinfeld and Pandis, 1998] After correcting for
CPC signals due to multiple charging of larger aerosols and CCN
signals due to saturation (near the maximum counting rate of laser
particle counter), the activation diameters agree well with the classical
Kohler theory. [Seinfeld and Pandis, 1998] We note that the data near
the non-conducting wall may suffer from the additional loss of droplets.
[Fukuta and Saxena, 1979]

In the second set of experiments we use constant sizes of NaCl
particles of 0.029 um and 0.041 pm in diameter. We then move the
scanning probe forward (~ 64 s) and backward (~ 4 s) of the CCNS (or
vary S values) for six cycles. The sharp increase of CCN signals in each
cycle indicates that activation of NaCl aerosols forming droplets. The
data appear to be highly reproducible. We find that the larger NaCl

particles activate at a smaller S value. Again, the results are in good




agreement with the classical Kohler theory. [Seinfeld and Pandis, 1998;
Mason, 1971]
Similarly, the activity data for ammonium sulfate aerosols is also

consistent with the Kohler theory.
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CCN Signals

CCN Activity Spectra of Dry NaCl Particles
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NaCl Aerosols, 0.029 um
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Future Works

1) To improve the performance of CCNS instrument.

2) To measure critical supersaturation and critical diameter
for organic aerosols and black carbon aerosols.

3) To understand the chemical effects of soluble ambient
gases on the nucleation activity of sulfate and black
carbon aerosols.

4) To develop a portable thermal gradient cloud
condensation nucleus spectrometer for ambient

measurements.
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