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Humidified Tandem Differential Mobility Analyzer

HT-DMA installed in AMF 3

The ARM Humidified Tandem Dif-
ferential Mobility Analyzer (model
3002, Brechtel Manufacturing Inc.)
measures the change in ambient
aerosol particle size (. . . . . . .growth . . . . . .factor,
GF) due to water uptake, thus pro-
viding information about the chem-
ical composition of the aerosol par-
ticles. HT-DMA is part of the
ARM Aerosol Observing System
(AOS) . . . .core. . . . . . . . . . . . . . .measurements and has
been successfully deployed for sev-
eral years in various environments
during ARM field campaigns. ARM
currently has 5 HT-DMA units.

The HT-DMA consists of two major parts:
Scanning Electrical Mobility Sizer. SEMS dries the aerosol sample
and . . . . . . . . . .size-selects a narrow range to be humidified in the HSEMS.
Humidified Scanning Electrical Mobility Sizer. HSEMS humid-
ifies the dry size-selected aerosol sample at a fixed RH and measures
the resulting size distribution from which the particle GF is derived.
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Schematic diagram of the HT-DMA
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A typical GF measurement from
Oliktok (AMF 3)

HT-DMA periodically scans
through 5 dry sizes between . .50
. . . .and . . . . .250 . . . . .nm and measures the
humidified particle size distribution
at each step. This allows the GF of
aerosol particles with different dry
sizes (and possibly different origins)
to be measured. The entire cycle,
covering all 5 dry sizes, takes about
an hour to complete.

Extending hygroscopicity measurements
It is possible to derive the . . . . . . . . . . . . . .hygroscopicity. . . . . . . . . . .parameter. .κ from the existing
HT-DMA GF measurements at a single fixed RH (around 80–90%) without
change to the instrument configuration by extrapolating the measurements
at a lower RH up tp 100% RH (Tang et al. (1977). J. Aer. Sci., 8.):
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Hygroscopicity parameter κ for 150 nm dry particles calculated from
HT-DMA measurements during LASIC

However, the HT-DMA is also capable of scanning through . . . . . . .multiple. . . .RH. . . .set
. . . . . .points. This would provide confidence in extrapolating the GFs measured
at a lower RH up to 100% RH and also allow . . . . . . . . . . . . .deliquescence curves of
ambient aerosol to be obtained.
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Model:  fit_15%RHAvgCount17
Y data:  root:'15%RHAvgCount17'
X data: root:'15%RHDiams17'
Coefficient values ± one standard deviation

y0   =0.057878 ± 0.00714
A    =0.89196 ± 0.0101
x0   =449.15 ± 0.448
width =0.12644 ± 0.00197

Figure 7.5: Results of scans from HTDMA SN005 of 453 nm diameter PSL particles. Blue line designates
experimental results while the dashed line denotes the best fit to the measurement data. The
fit recovers a mode diameter of 449 nm, within 0.9% of the expected result.

theoretically determined values using Kohler theory calculations for the known aerosol composition.
In almost all cases, the measured growth factor lies within 3.5% of the value predicted by Kohler
theory, demonstrating excellent performance of the sizing and humidification control system. Re-
sults from the growth factor studies also demonstrate the deliquescence properties of ammonium
sulfate, with clear droplet growth evident in the RH range between 79 and 81%.
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Figure 7.6: Results from HTDMA SN004 growth factor studies on selected 200 nm dry particles composed
of ammonium sulfate over a broad range of RHs. Experimental data shown as triangles, Kohler
model with 3.5% uncertainty bars shown as dashed lines. Deliquescence of ammonium sulfate
at 80% RH is clearly evident.

Deliquescence curve of ammonium sulfate measured by the HT-DMA
Graph by Brechtel

HT-DMA RH scans would complement the existing CCN and f(RH) mea-
surements:

Measurements at multiple RH values, CCN is limited to 100–101%.
HT-DMA measurements are . . . . . . . . . . . .size-selected, CCN/f(RH) are usually not.
HT-DMA κ would provide some closure to the CCN measurements.

Measuring ambient aerosol size
The design of the HT-DMA allows the first "dry" DMA to be used as a
. . . . . . . . . . .standalone . . . . . . . .particle . . . . .sizer if an additional . . . . . . . .external . . . . . . . . .(M)CPC is added to the
system. This would allow scans of the ambient aerosol size distribution
to be made, similar to an SMPS, interspersed with regular HT-DMA GF
measurements.
The benefit of using the HT-DMA for ambient particle size scans over the
regular SMPS would be the higher size range (up to . . . . .1000. . . .nm) as compared
to the already deployed TSI SMPS (limited to below . . . .500. . . .nm):
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Trade-offs
While the above options would extend the HT-DMA capability, they would
also limit the existing GF measurements:

Deliquescence scans. Would provide deliquescence curves of am-
bient aerosol, but would significantly lower the time resolution of GF
measurements as the system scans through multiple RH set points.
Hygroscopicity parameter κ. Can be obtained without any change
to current configuration if only a single RH set point is used. Using
multiple RH set points would lower the time resolution of GF measure-
ments.
Ambient size scans. . . . . . . . .Minimal . . . . . . .impact on the usual GF measurement
cycle – slight increase in the overall scan time. Would need an . . . . . . . .external
. . . . . . . . .(M)CPC to be added to the system.

Decision to implement any of the above would have to be made on a
per-deployment basis, considering what kind of measurements are more
important in each case.
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