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Objective

The objective of this research Is to determine cloud
condensation nuclei (CCN) counter calibration
uncertainties for different CCN counters under
different conditions. Specifically, the CCN counter
concentration and supersaturation calibration
uncertainties are examined for the University of
Wyoming (UWyo) and Droplet Measurement
Technologies (DMT) CCN counters. Previous
research has found calibration uncertainties for a
single supersaturation, however, this research
addresses uncertainties over a range of
supersaturations, the calibration drift with time, and
the dependency of the supersaturation calibrations
on pressure. This analysis will ultimately determine
how well different CCN counters agree and be
applied to previous aircraft experiments.
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Image of aerosol lab equipment during the Droplet Measurement
Technologies Cloud Condensation Nuclei Counter
supersaturation calibration on May 28, 2015
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Lab Setup: Cloud Condensation Nuclei Counter Calibrations

SEA
Excess UWyo CCNC

200
0o | SN

SEA A/D 3.0 L/min In/Out
Intermittent

Desiccant

Aerosol Dryer
Atomizer
1 @ = Electrostatic
X Classifier Mixing Box
NH,(S04);
1.0g/L :
1.0 L/min 0.5 L/min
DMT CPI
: 30 psi Compressed Air X
Mixing CPC Laptop TSI DMT CCNC

‘C}; el Box Excess
[>—Q Critical Orifice

r.,-f—-‘ / CPC SN 076
m pe SN 3771
S =2

@— Pump
DMT CCNC - Droplet Measurement Technologies Cloud Condensation Nuclei Counter
‘ [) Filter DMT CPlI - Droplet Measurement Technologies Constant Pressure Inlet
X v SEAA/D - Science Engineering Associates Analog to Digital Board
alve SEADAS - Science Engineering Associates Data Acquisition System
Interface TSI CPC - TSI Inc. Condensation Particle Counter

UWyo CCNC - University of Wyoming Cloud Condensation Nuclei Counter
Direction of Air Flow

_— Direction of Water Flow

To determine the supersaturation calibration, the temperature gradient
IS set and the activation size Is determined. A Condensation Particle
Counter (CPC) Is used as a standard to count all particles. The ratio of
CCN counter counts to CPC counts Is computed. At a ratio of 50% the
corresponding particle size is taken to be the activation size. Using
Kappa-Kohler theory, the activation size can be related to a
supersaturation percentage (Petters and Kreidenweis 2008).

DMT CCN Counter Calibration Results
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DMT flowrate calibrations (sample and sheath flows respectively) using a Gilian Gilibrator 2 as the standard on May 12", 2015.
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DMT CCN to CPC counts over time from May 28",
2015. Plateaus are averaged to determine the
activated ratio at each size.

DMT pressure calibration using a Mensor pressure
sensor as the standard on May 6", 2015.
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Supersaturation calibration line from May 28", 2015 compared
to the 2009 surface and pressure adjusted calibrations.

Activation curve for a DMT temperature gradient of 8
degrees C at 700 mb on May 28", 2015.

To calibrate the concentration in the UWyo CCN counter,
a CPC Is also used. Particles larger than the known
activation size of the particular supersaturation are run
through the system and counted by the CPC and UWyo
CCN counter. Only the concentration Is changed
throughout the calibration. The calibration curve Is then
generated by comparing the CPC concentration with the
UWyo photodetector voltage.

UWyo CCN Counter Calibration Results
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voltage. All calibrations were done with the same methodology at UND except for the

- Conclusions

*The DMT CCN counter concentration calibration seems to
change very little over several years, but more data is needed
for an uncertainty determination.

* A leak-free laboratory setup was built to allow supersaturation
calibrations at prescribed pressures, however, the occurrence
of rapid pressure changes resulted in poor data quality.

* The UWyo CCN counter has proven to vary , although, there
IS no clear indication of a drift in one particular direction over
time. Varying pressure did not give an indication of drift in any

particular direction.

* Above 1000 #/cm? there is a significant difference between
UND calibrations and the 2008 UWyo calibration, possibly due
to the fact that the UWYyo calibration was inferred to 1.0 %
supersaturation.

* Excluding the 2008 UWYyo calibration, the calibration
uncertainty Is 9%.

Future Work

* Conduct several calibrations at different (0.2, 0.3, 0.6, 0.8, and
1.0 %) supersaturations for the UWyo CCN counter.

* Conduct several calibrations for the UWyo CCN counter at
different pressures (600, 700, 850, 950, 1000 mb).

* Explore the University of Wyoming calibration methodology.

* Conduct several calibrations at different pressures (600, 700,
850, 950, 1000 mb) for the DMT CCN counter.

* For both instrument calibrations a program will be written and
more sizes will be sampled to make the activation size
calculation much more accurate.

* Uncertainty calculations will be done for each instrument and
If a significant pressure dependence Is observed, the correct
calibrations will be applied to previous experiments including
the Polarimetric Cloud Analysis and Seeding Test (POLCAST )
data sets.
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