Brechtel Manufacturing Incorporated

Humidified Scanning Electrical Mobility System Manual ver. 2.7

Date: July 9, 2020

aerosol solutions

Brechtel Manufacturing Inc.

1789 Addison Way, Hayward, CA 94544
510.732.9723 Fax: 510.732.9153
Web: www.brechtel.com
$bmi_-info@brechtel.com$


http://http:www.brechtel.com
mailto:bmi_info@brechtel.com

This page is intentionally left blank.



Contents

1 Background of the HTDMA 1
1.0.1 The Path of Particles Through the HTDMA . . ... ... ... ... .... 3

2 Starting Your HTDMA for the First Time 7
3 HTMDA Subsystems 11
3.1 TImpactor. . . . . . . L e e 11
3.2 Neutralizer . . . . . . . . . e 11
3.3 Flow Control System . . . . . . . . . . 12
3.4 Pressure, RH and Temperature Sensors . . . . . . . . .. . .. ... ... ... 13
3.5 Humidifier System . . . . . . . . L 14
3.5.1 Humidifier Water Bath . . . . . . . . ... .. ... .. ... 14

3.6 Dry Compressed Air Supply and Vacuum Pumping Systems . . . . . . ... ... .. 16
3.7 DMA Column . . . . . . . . . e 19
3.7.1 Removing the DMA Column . . . ... ... ... ... ... ... ... 20

3.7.2  Cleaning the DMA Column . . . . .. . ... ... .. .. .. ... 20

3.8 Mixing Condensation Particle Counter . . . . . . . .. ... .. ... ... ...... 23
3.9 Data System . . . . ... 23
3.10 Automatic Atomizer . . . . . . . .. 26

4 Software 27
4.1 BMI-HSEMS.exe . . . . . . . . e 27
4.2 HSEMS-Default-Con g.exe . . . . . . . . . . e 28
4.3 Calc.TDMA 4.0.1.0pf . . . . o e 33
4.3.1 Basic Operation . . . . . . . . .. . e 33

4.3.2  Wave, Menu, Command, and File Information . . .. ... ... ....... 33

5 Corrections Applied During Inversion of Scanning Number Concentration Data 41

51 DMA Transfer Function . . . . . . . . .. . 41
5.2 Detector (MCPC) Size-Dependent Counting Efficiency . . . . . ... ... ... ... 42
5.3 Cunningham Slip Correction . . . . . . .. .. . . . e 42
5.4 Number Count Desmearing . . . . . .. .. .. . . 42
5.5 Plumbing Delay Time Count Offset . . . . . . . .. ... ... ... ... ..., 42
6 Description of Output Data and Log Files 45
6.1 Sensor Analog Voltage File . . . . . . . . .. .. . .. 45
6.2 HSEMS Log File . . . . . . . . . e 46
6.3 MCPC Data File . . . . . . . .. o e 46
6.4 SEMS Data File . . . . . . . . . e 47
6.5 SEMS Log File . . . . . . . . e 48
6.6 Monodisperse Concentration Output File . . . .. .. ... ... ... ... ... 48

6.7 Raw Scanning Distribution Concentration Output File . . . . . .. .. ... ... .. 48



4 CONTENTS

6.8 Inverted Scanning Distribution Concentration Output File . . . . . . . .. . ... .. 50
7 HTDMA Growth Factor, Sizing and DMA Transfer Function Validation 53
8 HSEMS Sensor Calibration Procedures 57
8.1 Absolute Pressure Sensor AutoCal Configuration . . . . . .. ... ... ... .... 57
8.2 High Voltage Power Supply AutoCal Configuration . . . . . . .. ... ... .. ... 57
8.3 Laminar Flow Elements AutoCal Configuration . . . . . . .. ... ... ... .... 58
8.4 Laminar Flow Elements Manual Configuration . . . . ... ... ... .. .. .... 59
9 Shipping the HSEMS 63
10 Technical Speci cations of the BMI HSEMS 65
References . . . . . . . . o e 67
A References 67
B Na on Cleaning 71
B.1 Visual Inspection of Tubing . . . . . .. .. ... o 71
B.2 Treatment of tubing with methanol . . . . . . . .. ... ... ... ... 0. 73
B.3 Acid wash of tubing . . . . . . . .. 73
C HSEMS Operating Checklist 75
C.1 Start Up . . . o o e e 75

C.2 Shutdown . . . . . . e e e 76



List of Figures

11
1.2

1.3
1.4
15

3.1

3.2

3.3

4.1

4.2
4.3
4.4
4.5

4.6
4.7
4.8
4.9
4.10

7.1

7.2

7.3

Photo of the front of the HSEMS instrument enclosure showing the main connections. 3
This gure shows the back panel connections on the HSEMS. The layout for the
humidi er sheath ow control can alsobeseen. . . ... ... ... ... ....... 4
In this gure, the main ow control systems in the HSEMS can be seen. . . . . . .. 4
The HSEMS humidi er column and DMA column are shown in this gure. . .. .. 5
Schematic of the BMI HTDMA. . . . . . . . . . . e 6

The di usion humidi er column in the BMI-HSEMS. The sample inlet can be seen
at the top in the center of the column and the sample exit at the bottom center.
The sheath ow enters from the left, near the top of the column and the excess ow

exits on the bottom, oset from center. . . . . . . . . . . . e 15
The dry-air supply system for the HTDMA. The various key components are num-
bered accordingtothetext. . . . .. . .. . .. . . . ... 17
The dry-air supply system for the HTDMA. The various key components are hum-
bered accordingtothetext. . . .. .. ... .. .. .. .. ... 18

Example front panel display of BMI-HSEMS.exe with the System Overview tab
displayed. . . . . . . e e e e e e 29

Example front panel display ofBMI-HSEMS.exe with the System Details tab displayed. 29

Example front panel display of BMI-HSEMS.exe with the Scanning tab displayed. . 29

Example front panel display of BMI-HSEMS.exe with the Results tab displayed. . . 30

Example front panel display of BMI-HSEMS.exe with the ‘"MCPCS Denuder Cals'

tab displayed. . . . . . ... e 30

Example of front panel display of HSEMS-Default-Cong.exe. . . . . . ... ... .. 31

Postprocess Data Menu . . . . . . . . . . . e e 34
Load Data Menu . . . . . . . . . 34

Graph Data Menu . . . . . . . . . . 34

Graph Marquee Menu . . . . . . . . . e e 35
Results of stepping the BMI DMA column voltage over the range of values to select

100 nm diameter PSL particles. Blue line designates experimental results while
the red line denotes the theoretical transfer function of the DMA for the operating
CoNditioNS. . . . . . L . e 53
Results of scans from HTDMA SNO03 of 203 nm diameter PSL particles. Blue line
designates experimental results while the dashed line denotes the best t to the
measurement data. The t recovers a mode diameter of 206 nm, within 1.5% of the
expected result. The peak shown at 135 nm corresponds to doubly charged 203 nm
particles. . . . . . .. e e 54
Results of scans from HTDMA SNOO5 of 147 nm diameter PSL particles. Blue line
designates experimental results while the dashed line denotes the best t to the
measurement data. The t recovers a mode diameter of 148 nm, within 0.6% of the
expected result. . . . .. e e e e 54



7.4

7.5

7.6

7.7

7.8

8.1

8.2

9.1

6 LIST OF FIGURES

Results of scans from HTDMA SNOO5 of 296 nm diameter PSL particles. Blue line
designates experimental results while the dashed line denotes the best t to the
measurement data. The t recovers a mode diameter of 298 nm, within 0.7% of the
expected result. . . . .. e e e e
Results of scans from HTDMA SNOO5 of 453 nm diameter PSL particles. Blue line
designates experimental results while the dashed line denotes the best t to the
measurement data. The t recovers a mode diameter of 449 nm, within 0.9% of the
expected result. . . . .. L e
Results from HTDMA SNO004 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. . . ... ... ..
Results from HTDMA SNO002 growth factor studies on selected dry particles com-
posed of ammonium sulfate over a broad range of RHs. Experimental data shown as
circles, Kohler model with 3.5% uncertainty bars shown as dashed lines. Deliques-
cence of ammonium sulfate at 80% RH is clearly evident. . . . ... ... ......
Results from HTDMA SNOO01 growth factor studies on selected 75 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. . ... ... ...

The proper location for calibrating the sample excess ow can be seen in this gure.
The ow meter is connected to the input of the sample excess LFE. The output
remains connected to its respective valve and the vacuum supply. . . . . .. .. ...
Locations for the following valves: A) humidi er dry sheath, B) humidier wet
sheath, C) humidi er excess, D) sample excess, E) DMA dry sheath, F) DMA wet
sheath, and G) DMA €XCESS. . . . . . v v i i i e e e e e

HSEMS and SEMS systems are shown prepared for shipping and secured to the base
of the shipping crate. . . . . . . . . . . . . . . e

54

55

63



List of Tables

3.1 Analog voltage ranges for various HSEMS sensors. . . . .. ... ... ... ..... 24
3.2 Digital input and output channel designations for HSEMS tasks. . . .. .. ... .. 25
6.1 Example of lines (truncated) from a typical HSEMS analog voltage data le. . ... 46

10.1 Technical spec cations of the BMI HTDMA.



This page is intentionally left blank.



Introduction

The Brechtel Manufacturing Inc. (BMI) Humidi ed Tandem Di erential Mobility Analyzer (HT-
DMA Model 3002) system de nes the state-of-the-art in water uptake measurements by atmospheric
particles. Information on the change in particle size with relative humidity (RH) is required to un-
derstand the roles of aerosol size and composition in ambient visibility reduction and to properly
model how particles interact with radiation in the Earth's atmosphere. Measurements of particle
growth factors at di erent RHs are used by climate and other researchers to determine the radiative
forcing of atmospheric aerosols.

The HTDMA is used to measure how particles of di erent initial dry sizes change their size
when exposed to changing RH conditions. In the HTDMA, two di erential mobility analyzers
(DMA) and a humidi cation system are used to measure how particles of di erent initial dry sizes
change their size when exposed to changing RH conditions. One DMA is used to select a narrow
size range of dry particles. The selected dry particles are then exposed to varying RH conditions in
the humidi cation system and the second DMA is used to scan the output particle size distribution
from the humidi cation system. The second DMA, by scanning over a range of particle sizes, is
able to measure the change in size, or growth factor (GF), due to water uptake by the particles.
A condensation particle counter is used downstream of the second DMA to count particles as a
function of selected size to obtain the number size distribution of the particles exposed to di erent
RH conditions.

BMI has over 20 years of experience designing, fabricating, testing and eld deploying HTDMA
systems in both laboratory and eld settings. Key features that distinguish the BMI HTDMA
from current designs in use include: fast response humidi cation control, extended size scanning
capability with the di erential mobility analyzer up to 2 micrometer diameter, isothermal operation,
integrated software control allowing autonomous operation and multiple operating modes, and rapid
sizing scans as short as 30 seconds. The BMI HTDMA is easy to use, eld tested, durable, and
designed as a modular system to allow multiple operating modes.

The BMI HTDMA consists of a Scanning Electrical Mobility System (SEMS), a Mixing Con-
densation Particle Counter (MCPC) sampling from the SEMS, a Humidi ed Scanning Electrical
Mobility System (HSEMS), and a second MCPC behind the HSEMS DMA arranged in series, and
software allowing for the combined operation as an HTDMA system. The following abbreviations
will be used to refer to the system and its components: \HTDMA" refers to the complete, com-
bined system, \SEMS" refers to the upstream instrument enclosure containing a sample dryer,
charge neutralizer, and DMA column, \external MCPC" refers to the MCPC between the SEMS
and HSEMS, \HSEMS" refers to the instrument enclosure containing the humidi cation system,
downstream DMA column, and downstream MCPC. This manual includes information on the BMI
HSEMS. Detailed information on the SEMS and MCPC can be found in the accompanying SEMS
and MCPC manuals.

Operation of the HSEMS hardware and control software is described here in detail. The operat-
ing principles of the HTDMA and DMA are described, as are the various key subsystems. Results
of sizing calibrations of the DMA using PSL particles are presented. Descriptions of the HSEMS
software output data and log les are provided along with detailed technical speci cations. Mis-
cellaneous technical information is provided to assist the user in operating the HTDMA. Detailed
information on maintaining a healthy instrument, procedures for cleaning the DMA and handling
other instrument instrument issues are also discussed in this manual.
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This manual should be read in its entirety. It is imperative that items shown inBOLDFACE in
this manual are understood - they describe key user responsibilities when operating the instrument.



Chapter 1

Background of the HTDMA

In the HTDMA, dry monodisperse particles are selected using an upstream DMA and exposed to
a controlled RH in a humidi cation system upstream of a second DMA. The voltage in the second
DMA is scanned over time to determine the change in size of the dry particles due to uptake of
water. A condensation particle counter is used to monitor the concentration of particles exiting
the second DMA to construct the number size distribution of droplets formed on the originally dry
particles.

The Di erential Mobility Analyzer (DMA) was originally developed to select relatively monodis-
perse sized particle sub-populations from an input polydisperse aerosol sample. It was later adapted
to select monodisperse particles sequentially in time while a particle detector counted each of the
selected sizes. This later development lead to observations of the number size distribution and
the scanning electrical mobility sizing system (Wang and Flagan, 1992). The BMI DMA is opti-
mized to size particles over the 10 to 2000 nm diameter range for sheath air ow rates between 2.5
and 10 Ipm. The DMA selects particles based on their electrical mobility, related to size by the
relationship:

neCg
Z,= 1.1
73D, (1)
whereZ;, is electrical mobility (V=nPs), n is the number of elementary electrical charges carried
by the particle, eis the unit of electrical charge (16 10 1°C), C. is the Cunningham slip correction
factor (dimensionless), is the air dynamic viscosity (kg=m=g, and Dy, is particle diameter (m).
The relationship between the applied voltage in the DMA and the selected particle size is:

_ Qsheath IN S;l:;r (1.2)
2L pva Zp

whereV is the voltage applied to the DMA center rod (volts), Qgheath iS the sheath ow (m3=s),
Router is the outer cylinder inside radius (M), Rinner IS the center rod outside radius (), Lpwma
is the center rod length (m), and Z, is the particle electrical mobility (V=n¥s). To determine the
required voltage to select a given size particle, rst calculate the electrical mobility using Eqgn. 1.1
and then calculate the voltage using Eqn. 1.2 with the desired DMA operating parameters.

When the downstream DMA is used to measure number size distributions, the typical time
resolution for a single distribution is between 15 and 300 seconds. The maximum high voltage in
the BMI DMA is kept below 5500 volts (for an operating pressure of 1000 mb) to avoid electrical
breakdown in the high voltage connector and potential damage to the system.The HTDMA
has been operated at relative humidities up to 95% with no high voltage arcing issues
as long as water is prevented from condensing inside the downstream DMA. The
temperature control of the humidi ed sheath ow is designed so that the sheath ow
temperature is brought to the temperature of the downstream DMA before entering
the DMA. This helps ensure temperature gradients will not lead to water condensation
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inside the DMA.  Some of the key design and operating parameters describing the BMI DMA
are listed in Table 10.1.

The BMI DMA, which is the critical subsystem of the HTDMA, has been extensively tested and
a summary of the tests and historical eld data may be found in Sorooshian [2] and other papers
listed in the bibliography of this manual. For a more detailed and excellent theoretical discussion
of the operation of the DMA please see Knutson [3]. A description of the data inversion process
used in the BMI HTDMA is o ered in Stolzenburg [13].

The major components of the complete HTDMA system are shown in Figure 1.1 and Figure 1.2
and include:

1.

The upstream SEMS system. SEMS systems include a charge neutralizer body, and systems
shipped as part of an HTDMA include a Na on® sample dryer.

a MCPC downstream of the SEMS to provide monodisperse particle concentration data at
the HSEMS sample inlet for the HTDMA o -line inversion,

a humidi cation column that exposes the monodisperse sample ow leaving the rst DMA to
RHs between 10 and 93% RH,

a ow control system consisting of laminar ow elements and di erential pressure sensors to
control air ow rates in the humidi cation column and DMA column,

a programmable, positive voltage output high voltage power supply (negative voltage options
are available),

a humidi cation system to humidify the sheath ow in the downstream DMA to the same
RH value in the particle humidi er,

temperature, pressure and dew point hygrometer sensors to characterize the thermodynamic
state of the air inside each DMA and the humidi cation system,

a Windows® PC data acquisition system to control RH, ow rates, DMA voltages, and to
read the various sensors and record data,

a MCPC downstream of the second DMA column providing concentration data used to obtain
the GF measurement.

Software included with the HTDMA system includes:

1.

Software to con gure and control both the SEMS and HSEMS as an HTDMA system pro-
viding continuous, autonomous GF measurements,

Software to allow the SEMS to temporarily be placed into scanning size distribution mode
during HTDMA operation to allow measurements of the ambient size distribution to be made
at user-de ned intervals,

Software to con gure and control either DMA to deliver a sample air ow with constant
monodisperse diameter particles when not operating in HTDMA mode,

Software to con gure and control the SEMS to perform scanning electrical mobility number
size distribution measurements when combined with a MCPC; including the ability to perform
an on-line inversion to obtain actual number size distributions from the raw data,

Software to con gure and control the HSEMS to perform scanning electrical mobility number
size distribution measurements with a charge neutralizer installed on its sample inlet when
the SEMS is not connected upstream,

Software tools to aid in the operational con guration of the HSEMS system,
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7. Software tools to aid in re-calibration of the system's sensors.

Photos of the HSEMS as well as a schematic of the system are provided in Figure 1.1 and other
gures below and Figure 1.5. The remainder of this section describes, in broad terms, major
HSEMS sub-systems. Detailed information is presented in sections following.

Figure 1.1: Photo of the front of the HSEMS instrument enclosure showing the main connections.

1.0.1 The Path of Particles Through the HTDMA

The polydisperse particle sample ow (reference Figure 1.5) from the user-supplied inlet is prefer-
ably dried prior to entering the pre-impactor so that multiply charged particles larger than the size
to be selected by the upstream DMA are removed from the ow. Inside the SEMS, downstream of
the pre-impactor supplied with the unit, the sample ow enters a laminar ow element (LFE) so
the ow rate can be measured. From the LFE, the ow enters a Na on® drying unit to decrease
the sample ow RH to below 10% before entering the rst DMA column. If water is not removed
from sampled particles prior to sizing in the DMA column, then loss of water during sizing could
bias the measurement. After passing through the pre-impactor and sample dryer, the ow enters
the charge neutralizer to expose the particles to bipolar charged ions and impart an equilibrium
(Boltzmann) charge distribution. The two user-supplied Polonium 210 sources in the neutralizer
have a useful lifetime of 3 years and the source date at installation should be written on the back
of the SEM enclosure for easy reference. From the neutralizer, the sample ow enters the rst
DMA which is typically operated a xed voltage to select a monodisperse particle population. The
mono disperse outlet on the back panel of the SEMS is divided between the external MCPC and
the sample inlet of the HSEMS so that the dry, mono disperse particles ow into the di usion
humidi er to be exposed to RH values between 10 and 93%. The external MCPC provides the
mono disperse number concentration selected by the SEMS and is important for the data inversion
process. The humidi ed particle ow exits the humidi er and passes through a LFE so the ow
rate can be measured. The particle ow exits the LFE and enters the downstream DMA which is
typically operated in voltage scanning mode to determine the size distribution of grown particles
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Figure 1.2: This gure shows the back panel connections on the HSEMS. The layout for the humidi er
sheath ow control can also be seen.

Figure 1.3: In this gure, the main ow control systems in the HSEMS can be seen.
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Figure 1.4: The HSEMS humidi er column and DMA column are shown in this gure.

(GF distributions). The humidity of the downstream DMA is controlled to the same RH as the
humidi er. Particles selected by the downstream DMA are sequentially counted by a MCPC to
determine the number size distribution.

The ow control system is a critical part of the DMA sizing process. The sheath and excess
air ow rates are controlled by independent ow controllers that use laminar ow elements to di-
rectly measure volumetric ow rates. The ow control hardware can be seen in both Figure 1.2
and Figure 1.3. Di erential pressure, total pressure, temperature and RH sensors are integrated
with custom electronics to monitor the operation of each DMA in the HTDMA. The DMA col-
umn, or sizing spectrometer (Figure 1.4), is a carefully fabricated concentric cylinder electrode
assembly that size separates particles based on their electrical mobilityTHE DMA IS A SEN-
SITIVE ASSEMBLY THAT MUST BE PROPERLY ASSEMBLED AND ALIGNED
FOR PROPER OPERATION. IT IS RECOMMENDED THAT THE DMA BE RE-

TURNED TO BMI FOR CLEANING AND RE-CALIBRATION ON AN ANNUAL
BASIS.

If the integrated aerosol generation system option is purchased with the HTDMA, the polydis-
perse sample ow from the user-supplied inlet is passed through an automated 3-way valve before
reaching the SEMS pre-impactor. The second input to the 3-way valve is connected to an aerosol
atomizer system that can be automatically actuated by the HTDMA software to allow growth
factor measurements on known composition particles to be performed at user-speci ed intervals
during auto-scanning operation. More detailed information on this option is provided below.

A more detailed description of each of the major HTDMA components is provided in the sections
below.
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Figure 1.5: Schematic of the BMI HTDMA.



Chapter 2

Starting Your HTDMA for the First
Time

Each HTDMA DMA column assembly and ow system is vacuum leak checked and certi ed leak
tight to a vacuum level of 0.0005 torr. The sizing performance of each DMA is validated against
Polystyrene Latex Sphere (PSL) calibration particles (100 and 500nm diameter), and the results
of the validation studies are provided with each unit.

The neutralizer body is shipped without the Polonium-210 strips installed. It is
the user's responsibility to obtain and install the two sources (NRD LLC, New York,
Model 2U500, 0.5 mCi activity) before operating the HTDMA. Operating the HT-
DMA without proper charge neutralization will lead to erroneous sizing performance.
A non-radioactive source based neutralizer may be available for your HTDMA. Con-
tact BMI for more details.

Follow these procedures to start your HTDMA for the rst time:

1. Do NOT connect AC power to the HSEMS front panel (panel with computer) or SEMS back
panel until the procedures below are completed.

2. Position the SEMS and HSEMS enclosures on a level surface so you have easy access to front
and back panels and so the mono disperse outlet on the SEMS back panel can be conveniently
connected the sample inlet of the HSEMS.

3. Before using your HSEMS for the rst time, we recommend inspecting the inside of the
enclosure after each time the unit is shipped to verify that nothing has come loose. Remove
the back panel (panel on side with Swageldk tube ttings), side panels (vented) and open
the front panel door to visually inspect the inside.

4. Remove the two side panels on the SEMS and inspect inside the enclosure (before replacing
the side panels, follow the procedure in the SEMS manual to install the Polonium 210 sources
in the neutralizer).

5. Check inside of the enclosures for any components that may have come loose during
shipping, pushing lightly with your nger on the various components to ensure they are
properly mechanically fastened. Pay special attention to the high voltage connectors,
SwageloR compression tting nuts, data system internal electrical connections, and the 1/8"
diameter Tygon® tubing connections to the LFEs.

6. Re-install the HSEMS enclosure back panel (unless zero voltage operation of the HSEMS will
be veri ed as described below).
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It is highly recommended that all enclosure covers be installed to ensure proper temperature
stability in the SEMS and HSEMS. Temperature stability is important for proper RH control.

Locate the supplied vacuum pump and compressed dry-air system in a convenient location
with adequate ventilation. In-house or laboratory vacuum and compressed dry air systems
may be used in place of the supplied systems for quieter operation.Validate that in-
house systems have su cient capacity to run the HTDMA at your desired ow

conditions. The vacuum source capacity should be 20 Ipm at 15" Hg. The dry-air system
should provide 20 Ipm at 15 psig (1 atm).

Be sure to properly vent the vacuum pump exhaust as it will contain butanol
vapor.

Connect the vacuum source to the Vacuum ttings on the HSEMS and SEMS rear panels (20
Ipm, 15" Hg), Do not mix up the compressed air source and vacuum source, follow

the labels on the back panels. Metric tube ttings should be provided to allow hookup
with metric tubing if required (tubing not provided).

Connect the compressed dry air source to the ttings on the HSEMS and SEMS rear panels
(20 Ipm max, 15 psig), Be sure to install the provided pressure regulator and HEPA

Iter between the pressure regulator on the dry-air compressor and the SEMS

and HSEMS compressed air inlet ports. Connect BOTH the dried and un-dried
compressed air ports to the dry-air supply. A pre-assembled tubing harness with the
regulator, HEPA lIter and various tubing connections should be provided. Metric tube ttings
should be provided to allow hookup with metric tubing between the dry air compressor and
instruments if required (tubing not provided).

Connect the SEMS mono disperse outlet to the HSEMS sample inlet using the tubing pro-
vided. If a MCPC will be installed on the sample line between the SEMS and HSEMS, install
the mixing ori ce prior to splitting the sample ow between the MCPC and HSEMS to ensure
both instruments are sampling the same particle population.

Fill Na on ® water bath with distilled deionized water using the included water |l bottle.
The water bath will hold 750 mL. A Il sensor automatically opens and closes a solenoid
valve to deliver water to the bath. Take note of water level - if for some reason the bath

is over lled, water will drain freely from the over Il port on the front panel door.

Fill MCPC butanol supply bottle using the included butanol Il bottle. The butanol supply
bottle will hold 500 mL.

Before connecting the HSEMS AC power verify that the voltage selector in the

power connector matches the supply voltage. The voltage selector should have been
pre-set at the factory. If it is not set correctly, contact BMI. Connect the AC power (110{230
VAC) to the connector on the front panel.

Connect the SEMS AC power. The SEMS automatically adjusts to the input voltage.

Connect the serial crossover cable (provided) between the appropriately labelled serial ports
on the HSEMS and SEMS. During HTDMA operation the HSEMS software controls the
SEMS and requires serial communication to do so.

Connect the keyboard, monitor and mouse provided KVM switch and connect the KVM
cables to the appropriate mating connectors on the SEMS and HSEMS computers. The
KVM switch allows the same keyboard, monitor and mouse to be used by each computer.

Boot the HSEMS computer by pressing the power button on the front panel. Push the
computer select button on the KVM switch during boot-up so the peripherals are properly
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20.

21.

22.

23.

24,

25.

26.
27.
28.

recognized. Boot the SEMS computer by pressing the power button on the front panel. Push
the computer select button on the KVM switch to connect the peripherals to the SEMS
computer.

Turn on both vacuum and compressed air sources. Verify that the pressure regulator at the
HSEMS reads 10 psig.

To check for leaks, install a HEPA lIter to the polydisperse inlet tting on the SEMS front
panel.

Run the BMI-HSEMS.exe software and set the sheath ows of each DMA to 5 Ipm, the RH
to 10% and the requested particle size to 0.0 nm to verify proper HSEMS operation.

Allow the ow control to equilibrate over a few minutes and verify that no particles are
detected by the MCPC.

Remove the HEPA lter on the polydisperse inlet tting and verify that no particles are
detected by the MCPC. Because the voltages on the DMAs may not be set exactly to zero
volts and due to static charge buildup inside the DMA, very small particles may still be
selected by the DMA, resulting in detected counts in the MCPC.

To verify \true" zero voltage operation, disconnect the high voltage BNC connector at the
top of each DMA column and ground the center pin of the female connector attached to the
DMA column to the top plate of the DMA.

With the temporary ground in place, verify that no particles are detected by the MCPC.
Remove the ground, re-connect the high voltage connector, and re-install the side panel.

The HTDMA is now ready to size select particles and measure growth factor distributions!
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Chapter 3

HTMDA Subsystems

3.1 Impactor

If the HSEMS is used in an HTDMA con guration, an impactor is installed on the SEMS poly-
disperse sample inlet and no impactor is connected to the HSEMS impactor high and low pressure
ports near the HSEMS sample inlet. If the HSEMS is used independently, an impactor must be
installed on the HSEMS sample inlet.

The particle pre-impactor is included with the HTDMA, its purpose is to remove particles from
the polydisperse sample ow larger than the largest diameter selected by the rst DMA. The DMA
selects particles based on their electrical mobility, which is directly proportional to the number of
charges carried by a particle and inversely proportional to the particle diameter. Particles that are
physically larger and carry more than one charge will be selected by the DMA at the same voltage
used to select a physically smaller particle with a single charge. This multiple-charge e ect must
be corrected for during processing of the SEMS (number size distribution measurements) raw data.
The correction is also required to a lesser extent when processing HTDMA data. In order to apply
the multiple charge correction, the number concentration of the larger, multiply-charged particles
must either be measured, or the particles must be physically excluded from the DMA polydisperse
sample ow. The DMA can only select particles up to a maximum size due to voltage and ow-rate
limitations.

The impactor attaches to the panel-mount SwageloR tting marked \Polydisperse Flow" lo-
cated near the top of the SEMS front panel. The polydisperse sample inlet ow from the user-
supplied inlet should be connected to the upstream (high pressure) side of the impactor, the tting
in-line with the long axis of the impactor. The downstream (low pressure) side of the impactor
is the port exiting at 90 degrees to the long-axis of the impactor. The downstream side should
be connected to the panel mount Swageldk tting in the SEMS front panel. The small, 1/16"
diameter barbed tubes protruding from the impactor body should be connected to the high Py;)
and low (Piow) pressure port ttings in the SEMS front panel so that the pressure drop through
the impactor may be monitored. Monitoring the pressure drop is important to determine the onset
of impactor clogging. Do not operate the impactor without the pressure ports connected
- this will lead to a particle leak.

Additional information on the impactor can be found in the BMI-SEMS manual.

3.2 Neutralizer

If the HSEMS is used in an HTDMA con guration, a neutralizer is used upstream of the rst DMA
in the SEMS. If the HSEMS is used independently, a neutralizer must be installed on the HSEMS
sample inlet upstream of the particle humidi er.
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The purpose of the neutralizer is to impart a known, equilibrium charge distribution to the
sampled polydisperse particles so that the DMA selects charged particles as a function of size
in a known, repeatable manner. The DMA only selects charged particles, so a repeatable and
robust technique for charging the incoming particles is critical to proper sizing with the DMA.
The neutralizer can also be used to reduce particle losses in aerosol generation systems due to
electrostatic precipitation.

It is important to note that the radioactive neutralizer is shipped without the
Polonium 210 sources. It is the user's responsibility to purchase and install the sources,
which should be replaced once every 3 years.

For more detailed information about the neutralizer see the BMI-SEMS manual.

3.3 Flow Control System

The HSEMS ow control system consists of two identical sets of three BMI Model 7045 Laminar ow
elements, three stepper-motor driven ow control valves, associated electronics and control software
integrated into the HSEMS software package. One set of three LFE/valve pairs is associated with
the sample humidi er system, the other with the HSEMS DMA column itself. Two LFE/valve pairs
are combined to control the sheath ow; one supplies dry air, the other supplies water saturated
air from the Na on ® water bath. These two ows are mixed to achieve the desired RH. The dry
air ow rate and the mixed total air ow rate are measured by LFEs. The remaining LFE/valve
pair controls the excess ow rates in the HSEMS DMA and humidi er. The ow rate range for the
DMA column sheath and excess ow is 2.5 to 10 Ipm.

The handling of water saturated air ows requires the use of special hydrophobic
HEPA lters on the HSEMS DMA and humidi er wet ow lines to prevent liquid
water from entering either system. These Iters should be removed and blown out
with dry air every few months to prevent build-up of water and mold. Access the
Iters by removing the rear panel of the HSEMS.

Sheath and excess ow rates in the DMA are controlled to the same value. The sheath ow
rate in the humidi er system is xed at 10 Ipm while the humidi er excess ow is set to 9.8 Ipm to
ensure e cient particle transmission through the humidi er. The particle sample ow exiting
the humidi er therefore has 0.2 Ipm of Itered humid air added to it, resulting in some
dilution of the particle sample ow.

A BMI model 7035 LFE is installed to measure the sample ow rate entering the DMA column.
The HSEMS provides the ability to control the sample ow rate through the system. At the exit
of the DMA column the sample is split. One branch feeds the enclosed MCPC, the other branch
is connected to a second Model 7035 LFE and ow control valve pair. This additional sample ow
is discarded into the vacuum ow path. The user can de ne a sample ow ranging from 0.36 Ipm
(drawn only by the MCPC), to 2.0 Ipm. However, to reach maximum RH, the humidi er sample
ow is typically limited to 1.0 Ipm.

A di erential pressure sensor is used to monitor the pressure drop in each LFE and a calibration
equation relates measured pressure drop to volumetric sample ow. The LFEs, valves and lters for
each of the humidi er system and DMA are mounted on a single platform (ow plate) to facilitate
removal if necessary. The LFE di erential pressure is calibrated at BMI against a bubble ow
meter (Gillibrator) so that the air ow rate can be calculated from the sensor output voltage. The
LFE measurement of volumetric ow rate is independent of operating pressure and depends weakly
on temperature through the temperature dependence of the viscosity of air. The LFE ow rate is
corrected in the software for measured operating temperature. Tests at BMI indicate that the ow
control system is capable of maintaining constant sheath and excess volumetric ow rates within
2% of the set point value with a precision of 0.3%. The user should annually validate each LFE
calibration against a volumetric ow meter standard. Information about re-calibration of the LFEs
can be found in Section 8. The LFE calibration equation t values, as well as the t values for all
other sensors, can be found by viewing th¢HSEMS Calibration Coe cients.exe software.
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3.4 Pressure, RH and Temperature Sensors

A total pressure sensor is used to monitor pressure just downstream of the DMA column on the
excess air outlet port in both the SEMS and HSEMS. The pressure measurement is used to calculate
the particle electrical mobility, adjust the maximum high voltage that can be applied to the DMA,
and, along with the temperature measurement, allows the thermodynamic state of the air being
sampled to be de ned. The pressure sensor has been calibrated at BMI against a Fluke Model 718
30G Pressure Calibrator with a Model 700PA4 Absolute Pressure Module. The sensor has been
calibrated over a range of 200-1000 mb. The pressure sensor calibration equation slope and o set,
as well as the t values for all other sensors, can be found by viewing theHSEMS Calibration
Coe cients.exe software.

A di erential pressure sensor is used to monitor the di erential pressure across the impactor.
The sensor is calibrated at BMI against a Druck Model DPI 610 Pressure Calibrator. The impactor
di erential pressure sensor is used to provide an indicator of jet clogging (green or red light). If the
impactor clogging indicator becomes red, impactor clogging is imminent and the impactor should
be cleaned (see the BMI-SEMS manual for more details about the impactor).

Di erential pressure sensors are also used to monitor the ow rates air in the HSEMS by
measuring the pressure drop across each laminar ow element (LFE). Calibrations of the LFE
volumetric ow rate versus sensor voltage output are quadratic, and should be validated annually
by the user. The typical accuracy and precision levels of the LFE ow measurement are 2% and

0.3%, respectively. The volumetric ow measurement by the LFE depends on the viscosity of
the air passing through the unit, which depends on temperature but not pressure. Therefore, the
temperature measured during DMA operation is used to correct the LFE-measured ow rate. The
form of the correction is simply the ratio of the current temperature to the reference temperature
measured during calibration. Since the temperature correction must be performed in Kelvin degrees,
the magnitude of the correction is between about -1.0% and 8% for operating temperatures between
15 and 4% and a calibration temperature of 20%0. Note that in order to perform this correction a
reference temperature, the temperature of the air in the LFE during a given calibration, must be
recorded and entered intoHSEMS Calibration Coe cients.exe along with any new t values.

The quality of the sizing data from the DMA depends critically on the accurate and
precise measurement of ow rates. The LFE calibrations must be validated by the user
at least once annually to verify proper ow measurement. Each LFE requires a unique
calibration and will have slightly di erent t values. The procedure for performing a
LFE calibration is provided below in the sensor calibration section.

Relative humidity is derived from the measurement of dry bulb air temperature and dew point
temperature. Dew point is measured using chilled mirror hygrometers (EdgeTech DewTrak II)
at two locations: the humidi er column excess outlet and DMA column sheath inlet. Dry bulb
temperature is measured using precision RTDs paired with each of the chilled mirror probes and
thermistors at the DMA sheath inlet and humidi er excess outlet. The chilled mirror hygrometer
and accompanying RTDs have NIST traceable calibrations provided by the manufacturer. A factory
calibration is also used for the thermistors. The temperature calibration has been checked at BMI
by comparing observed temperatures against an Extech Precision RTD. Agreement between the
precision thermistor and temperature sensors is within 0.5%o.

Chilled mirror hygrometers measure dew point by optically detecting the presence of condensed
water on a temperature controlled mirror. For proper operation, the mirror must remain clean.
While both hygrometers are in locations where they will primarily be exposed to ltered air, the
mirror may require periodic cleaning. The DewTrak has internal monitoring of the mirror. The
software front panel will indicate a mirror that must be cleaned by showing a continuous red button
indicator on the System Details page next to 'SH DP Clean' or '"HD DP Clean'. It is normal for
the indicators to become red during operation of the HTDMA as a result of the self-checking cycle
of the dew pointer, however, if the indicator remains red for extended period, the mirror should be
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cleaned.
To clean the DewTrak mirror:

1. Shut down the HSEMS and turn o all ows.

2. Remove the left side panel (as viewed from the front).
3. Cut the tie wraps holding the DewTrak in place.
4

. Carefully loosen the swage lock ttings using a backing wrench to prevent warpage of the
DewTrak body during loosening.

o

Slide the Dewtrak probe out of the sample chamber to expose the mirror and optics. Twisting
the probe (rotating) back and forth can help.

Wipe the mirror and optics surfaces with an isopropanol-moistened cotton swab.
Dry with a clean cotton swab.

Rinse with a cotton swab moistened with distilled or Itered water.

© ® N o

Dry with a clean cotton swab.

10. Inspect probe body orings and replace as necessary. Apply fresh oring grease to installed
orings and clean the inside of the probe body before reassembly.

11. Replace probe and covers.

Further information on operation of the DewTrak can be found in the manual included with the
system. EdgeTech recommends a yearly re-calibration in order to maintain NIST traceability.

3.5 Humidi er System

BMI has developed a novel diusion based humidi er column (reference Figure 3.1) to rapidly
change the RH to which the particle sample ow is exposed. In the column, an annular sheath
ow of a de ned humidity passes concentrically around the annular sample ow. Water vapor will
di use throughout the sample ow. All ows remain laminar in the humidi er column so that
bulk mixing does not occur. It is worth noting that the humidi er sample inlet ow will
always be 0.2 Ipm less than the humidi er sample outlet ow because the humidi er
sheath ow is 10.0 Ipm while the excess ow is 9.8 Ipm.

As the system is capable of generating high humidity air ows, it is recommended
that prior to storage or periods of non-use that the system be run with dry air ow
and that the water bath be drained. This will minimize any possible condensation and
formation of mold inside the instrument during storage.

3.5.1 Humidi er Water Bath

To generate the humid air ow, a Itered air stream passes through selectively permeable
Na on ® tubing which is submerged in a water bath. This moist air is then proportionally com-
bined with Itered dry air to produce the desired RH. Humid sheath ows in both the humidi er
column and DMA column are generated by parallel systems in this manner. The humidi er system
is capable of controlling the sample RH to within 1% over the range 10{93% RH. Typical time
scales for changing sample humidity and system stabilization for large changes in RH>B0% RH)
are < 4 minutes while smaller changes in RH require less than 2 or 3 minutes.

The Na on ® water bath should be lled with distilled-deionized water to prevent contamination
of the membrane tubing. Care should be taken not to over Il the water bath. The automatic
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Figure 3.1: The di usion humidi er column in the BMI-HSEMS. The sample inlet can be seen at the top
in the center of the column and the sample exit at the bottom center. The sheath ow enters
from the left, near the top of the column and the excess ow exits on the bottom, o set from
center.

Il system should prevent over lling. The water bath holds 750 mL. The water bath includes
an over ow drain which is connected to the tting on the lower left corner of the front panel. If
over lled, water WILL drain from this tting. The water bath is normally warmed to a temperature

3%0 above the measured enclosure temperature to enhance water transfer across the membrane.
This temperature di erence is a user-settable parameter and care should be taken not to set the
di erence to too large a value or signi cant water condensation within the ow tubing will occur.

If the temperature di erence is set too low, it will be di cult to reach the highest RHs. An over-
temperature switch will prevent the bath from heating above 70%.. If the switch is activated, the
water bath must cool to < 50%. to allow the switch to reset.

To ensure proper high RH operation, the water bath must be Iled to the Il line so the Na orf is
completely submerged.

Over long periods, the tubing may develop residue buildups, this can reduce the water transfer

e ciency of the Naon ® . The tubing can be visually inspected for buildups, as they will appear
as a discoloration of the tubing. To inspect the Na on® tubing:

1. Power down the instrument computer and disconnect the power supply.



16 3 : HTMDA Subsystems

Drain the water bath using the water drain bottle connected to the drain tting on the front
panel.

Remove the top cover of the instrument enclosure. Slowly lift the cover away from the frame
as the ventilation fans will still be connected to internal electronics. Take care that wires do
not become entangled as the cover is removed.

Disconnect the enclosure ventilation fans before pulling the wires tight.

The water bath is in the upper left corner closest to the front panel. Remove the #6-32 nuts
on the lid and remove the lid.

Latex or Nitrile gloves should be worn when handling the Na on ® tubing as skin
oils will contaminate the tubing and reduce its water transfer e ciency.

. Inspect the coils of Na on® tubing for discoloration, kinks, and holes. Uncontaminated tubing

will be clear and colorless. Pay special attention to the ends where the na on enters the
compression ttings.

If the Na on ® is found to be discolored, or if it is suspected that the Na or® has become contami-
nated, as evidenced by poor high RH operation, cleaning procedures are detailed in the Appendix.
If the na on is kinked or has a hole, contact BMI.

3.6

Dry Compressed Air Supply and Vacuum Pumping Systems

To generate dry air ows, the HTDMA is supplied with a compressed air system which uses auto-
matically self-regenerating silica gel drying canisters. Reference Figure 3.2 and Figure 3.3 for the
key components of the system:

1.
2.
3.

10.
11.
12.

© © N o g &

compressor (either 110 or 220 volt AC)
ex hose for vibration isolation

pressure pulse dampener volume
copper cooling coil

cooling air fan for copper coll
automatically draining water trap
regenerating desiccant cartridge system
1 micron patrticle lter/trap

0.1 micron particle Iter/trap
overpressure vent valve set to 60 psig
6 liter ballast tank to isolate pressure uctuations from switching desiccant cartridges

outlet pressure regulator set to 15 psig

There are two AC power plug ins for the dry air system. One supplies power to the compressor
(3 amps at 220 volts, 6 amps at 110 volts) and the second supplies the switching valve for the
dry air canisters and the cooling fan (1 amp at 220 volts, 2 amps at 110 volts). Rubber shock
absorbing feet (provided) should be installed in the aluminum base plate. The overall weight of the
system is 61.5 Ibs (28 kg). Upon applying power to the system, the compressor will pressurize the
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Figure 3.2: The dry-air supply system for the HTDMA. The various key components are numbered ac-
cording to the text.

ballast tank to the pressure set point of the outlet regulator. The air ow through the regenerating
desiccant cartridges will automatically cycle from one cartridge to the other every 60 seconds, with
some of the dry exit ow from the cartridge in use being recirculated back through the cartridge
being regenerated in order to dry out the used cartridge. Extremely low dew point temperatures
(-40%o0) are reached with the system. The switching of ow between the cartridges causes a brief
pressure drop in the system as the new cartridge pressurizes. The outlet pressure regulator must be
set to the lowest acceptable operating pressure (15 psig) to prevent pressure oscillations from the
canister switching from propagating into the HTDMA ow control system. The second pressure
regulator (set to 10 psig) at the HTDMA also helps to isolate the HTDMA from the pressure
uctuations. If the pressure upstream of the overpressure vent valve exceeds 60 psig, or if the
ow system becomes clogged for some reason, the vent valve will begin venting air to prevent the
compressor from damaging itself by overheating. A water drain tube should be attached to the
automatically draining water trap to direct any trapped water to an acceptable location. The trap
releases water when the pressure in the system drops as the drying canisters are switched and a
spring loaded valve temporarily opens at the bottom of the trap. Roughly 1 ml of water can be
trapped in a given 60 second cycle, the exact amount will depend on the dew point of the air
ingested by the compressor.

Periodically inspect each of the particle traps and clean the lter elements and bowls as needed.
Inspect the cooling fan for accumulation of dust and dirt and clean as needed after removing power
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Figure 3.3: The dry-air supply system for the HTDMA. The various key components are numbered ac-
cording to the text.

from the fan. The desiccant drying system should require no routine maintenance, if a problem
arises with the drying components contact BMI. Verify that the small LED on the dual-cartridge
desiccant system lights up during operation, signifying that the switching valve is receiving power.

Before rst use be sure to remove the two locking bolts under the compressor used
to prevent damage to the compressor rubber feet during shipping.

A dual-head diaphragm vacuum pump with vibration isolating feet is supplied with each HT-
DMA. The pump has just su cient capacity to supply the necessary vacuum and ow for the
HTDMA and should not be used to draw ow through additional instruments. Fittings to adapt to
metric tubing should be supplied when needed. The customer must supply the interconnect tubing
(either 3/8" or 12 mm outside diameter) to connect the vacuum pump to the HTDMA. A tubing
harness to allow the vacuum to be connected to both the HSEMS and SEMS should be supplied
with the HTDMA along with a metric adapter tting when required. Be sure to properly vent
the exhaust of the pump as the exhaust will contain butanol vapor that should not be
inhaled.
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3.7 DMA Column

The heart of any DMA-based sizing system is the DMA column assembly. The column is a
concentric-cylinder aerosol sizing spectrometer. By carefully controlling the electric eld and air
ow between the cylinders, particles over a narrow range of electrical mobilities may be selected
and passed to the monodisperse outlet port.

The column assembly is a high-precision item and should only be cleaned,
disassembled, or otherwise handled by properly trained personnel. BMI highly
recommends returning the DMA to BMI annually for cleaning and re-calibration.

If required, a loaner DMA can be sent to minimize instrument down time. Im-
proper re-assembly of the DMA can lead to poor component alignment and
degraded sizing performance.

The DMA column assembly is comprised of (from top to bottom):
1. atop plate assembly with particle sample and sheath ow inlets,
2. an outer can (outer cylinder) housing the center rod assembly,
3. a sheath ow di user to laminarize the sheath ow,
4

. an upper ceramic insulator disk to electrically isolate the center rod assembly from the outer
cylinder,

5. an electrical feed-through to allow high voltage to pass through the ceramic insulator to the
center rod,

6. the center rod assembly,
7. a metal spacer disk to create the monodisperse sampling slit at the bottom of the center rod,

8. a lower ceramic insulator disk to electrically isolate the center rod assembly from the bottom
mounting plate,

9. a perforated plate to serve as a ba e for the excess air ow,
10. the bottom mounting plate with the mono disperse sample and excess air outlets,

The polydisperse air ow enters the top of the DMA column through two small holes in the top
plate assembly and is directed around a bell-shaped cylinder with carefully machined lip that allows
the aerosol ow to merge with the Itered sheath ow without mixing with the sheath ow. By
introducing the aerosol in a highly constrained region, their initial position is controlled so that
the instrument size resolution is optimized. The DMA center rod voltage is controlled to a known
value so particles with one or more charges are drawn toward it at a velocity that depends on the
balance of the electric eld force and the viscous drag force associated with their radial velocity
toward the center rod.

Only particles with a certain range of electrical mobilities will have trajectories across the sheath
ow that end at the entrance to the monodisperse exit ow slit in the bottom of the column. By
varying the electric eld in the DMA, particles of varying electrical mobility pass through the slit.

In this manner, the number size distribution of particles may be determined when a detector is
installed to count particles in the monodisperse outlet ow.

The key dimensions of the DMA column are summarized in Table 10.1. The machining of the
DMA column components are performed at BMI and involve careful control of dimensions and
surface nishes to maximize the quality of the electric eld.
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Do not allow the DMA to electrically discharge between the outer and inner
cylinders. Do not allow any scratching of the center rod outer diameter surface
or the outer cylinder inside diameter surfaces. Damage to the surfaces will likely
induce electric eld perturbations that could in uence the sizing performance.
The DMA can be safely operated without arcing under non-condensing condi-
tions at relative humidities up to 95% because the high voltage is limited to a
maximum of 5,500 volts.

3.7.1 Removing the DMA Column

To remove the DMA column follow these procedures:

1. Remove all power and disconnect all cables
2. Remove the enclosure side panels

3. On the top of the column, disconnect the polydisperse inlet union tting, high voltage cable,
and sheath ow input tting

4. Disconnect the monodisperse outlet and excess air outlet ow tubing at the bottom of the
column

5. Loosen and remove the two 10-32 allen-head cap screws holding the U-clamp around the outer
can near the bottom of the column assembly

6. Do not remove the portion of the column U clamping brackets attached to the enclosure frame

7. Loosen and remove the two nuts holding the top plate to the aluminum bracket attached to
the enclosure frame. Do not loosen the nuts attached to the three long threaded rods.

8. The DMA may be heavy enough that two people may be required to lift it from the enclosure.

9. Place the enclosure on the ground so the DMA top plate can be held and the DMA lifted
straight up out of the enclosure.

10. Lift the column assembly straight upward to clear the two threaded bolts in the top plate
and tilt the bottom of the column away from the enclosure frame to clear the bottom clamp
assembly bolted to the frame. TAKE GREAT CARE NOT TO STRIKE THE COMPUTER
CPU OR OTHER ELECTRONICS.

11. Once the DMA is free from the enclosure, either ship to BMI for maintenance using specially
designed packaging obtained from BMI or place in a clean workspace if the work will be done
on site.

3.7.2 Cleaning the DMA Column

The DMA column is comprised of two main parts, the outer can and the inner column. Over time

a layer of ne particles will buildup on the inner column. If this buildup becomes too thick, arcing

of the high voltage can occur. Arcing will damage the ne surface nish of the inner column and
the inside of the outer can and therefore should be avoided. In normal operation the ne particle
buildup happens very slowly and cleaning interval can be years. However, if the column is exposed
to very high concentrations of aerosols, such as atomized ammonium sulfate, the cleaning interval
should be reduced. A yearly inspection of the inner column is recommended. The user may elect
to return the DMA column to BMI for annual maintenance, which includes cleaning the column
as well as re-certifying the sizing performance using calibration particles. Contact BMI for current
pricing on DMA maintenance.



3 : HTMDA Subsystems

21




22

3 : HTMDA Subsystems




3 : HTMDA Subsystems 23

3.8 Mixing Condensation Particle Counter

Observations of the number size distribution require some type of particle detector to determine
particle concentrations within each size bin of the distribution. Because broad ranges of both
particle size and RH are often explored with the HTDMA, rapid scanning of the second DMA is
desirable to minimize the amount of time required to sample several di erent selected dry sizes and
RHs.

BMI has developed a mixing-based condensation particle counter (MCPC, Patent #6,567,157)
with a response time fast enough to allow rapid, 15 second scans of the second DMA in the HTDMA
system. Like other CPCs, the MCPC grows sampled particles into optically detectable particles
using butanol vapor. However, unlike other CPCs, the MCPC uses turbulent mixing to rapidly
establish the supersaturation eld and grow particles. This turbulent mixing allows the MCPC to
achieve rapid response times and the 50% detection size for the unit is 5.5 nm.

The BMI-HTDMA system is shipped with a MCPC installed inside the HSEMS in the com-
partment behind the front panel door. This internal MCPC is self-contained within the HSEMS
requiring no additional external connections. The inlet of the MCPC is connected to the sample
out of the DMA column and will draw 0.36 Ipm of sample ow. The HSEMS includes a butanol
supply bottle also mounted in the MCPC compartment. Butanol is not actively drained from the
MCPC. The unit should be run dry overnight with the butanol supply bottle empty to dry the
unit prior to shipping. The butanol supply bottle inside the HSEMS can be lled via the tting
on the front panel. An external Il bottle is supplied with the HSEMS for this purpose. Exhaust
from the MCPC is vented into the HSEMS vacuum system. The internal MCPC has both patrticle
pulse data and operating parameter data collected by the HSEMS data system.

Follow the detailed instructions that came with your MCPC to ensure proper operation. Be
sure to verify that your MCPC reads zero detected counts when a total particle Iter is installed on
its inlet. If the MCPC is installed downstream of a DMA, remember that setting the DMA voltage
to zero is not su cient to ensure no particles exit the monodisperse outlet port. The high voltage
connector must be removed and a short conductor used to short-circuit the center pin to the DMA
column. Alternatively, simply install a total particle Iter on the DMA inlet ow. It is important
to ensure that a fresh supply of butanol is always available in the MCPC supply bottle mounted at
the rear of the unit so that new butanol is available when the liquid level indicator determines that
liquid should be added. For more detailed information on the MCPC, see the BMI-MCPC manual.

An optional second MCPC can be integrated with the HTDMA to record concentrations in the
SEMS mono disperse sample ow. The HSEMS software is pre-con gured to acquire and report
data from a second MCPC. Pulse output from the second MCPC can be recorded via the BNC
connector in the front panel of the HSEMS. An external serial port in the HSEMS front panel can
be used to record housekeeping data from the second MCPC. Do not use the serial port required
for the HSEMS-to-SEMS communication for the second MCPC.

Refer to the more detailed MCPC manual shipped with your HTDMA for more information.

3.9 Data System

The HSEMS data system is a compact Window3 personal computer located in the upper front
center of the instrument. The computer requires a 110-230 VAC power hookup on the front of the
instrument. The HSEMS computer is turned on using the button labeled "Power' on the front right
side of the instrument front panel. If the computer freezes during operation, the button can be held
down for 10 seconds and power will be removed from the computer. Ethernet and USB connections
in the front panel may be used to transfer data les from the HSEMS to other computers.

For operation of the full HTDMA system, the HSEMS and upstream SEMS MUST be con-
nected using a null-modem (cross-over) RS-232 serial cable to the external serial ports. Data from
the internal BMI-MCPC is collected via an internal RS-232 serial connection. Data from an ex-
ternal BMI-MCPC can be collected via the second external RS-232 connection on the HSEMS.
An external BNC connection on the HSEMS can be used to collect CPC patrticle pulse data as
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discussed in Section 3.8.

The data system is susceptible to failure due to overheating under operating temperatures
that exceed 5060. BMI has successfully tested the HSEMS under ambient temperature conditions
between 186 and 48%., operation outside of this ambient temperature range is not recommended.
The data system has no user-serviceable parts. If problems with the computer occur, contact BMI.

Another key component of the data system is the sensor printed circuit board. The board is
mounted on the interior divider inside the front compartment and holds the di erential and total
pressure sensors, analog input hookups for the RH and T sensors, and supporting circuitry for the
high voltage and ow control systems.

The analog-to-digital converter card is mounted just above the hard drive of the data system.
Take care when opening the enclosure not to touch the card or stress the hard drive. The laptop
drive has a high resistance to shock experienced during shipping, but the unit should not be
mechanically stressed during operation.

Table 3.1: Analog voltage ranges for various HSEMS sensors.

Sensor Description Voltage Range
Humidi er Dry Sheath LFE Flow Rate (Ipm) 0-10
Humidi er Total Sheath LFE Flow Rate (Ipm) 0-10
Humidi er Excess LFE Flow Rate (Ipm) 0-10
DMA Sample In LFE Flow Rate (Ipm) 0-10
DMA Dry Sheath LFE Flow Rate (Ipm) 0-10
DMA Total Sheath LFE Flow Rate (Ipm) 0-10
DMA Excess LFE Flow Rate (Ipm) 0-10
Sample Excess LFE Flow Rate (Ipm) 0-10
Impactor Di erential Pressure (mb) 0-10
Total Pressure (mb) 0-10
Humidi er Dew Point Mirror Status 0-5
Humidi er Dew Point Lock Status 0-5
DMA Dew Point Mirror Status 0-5
DMA Dew Point Lock Status 0-5
Humidi er Dew Point RH (%RH) 0-5
Humidi er Excess Temperature (%o) 0-5
DMA Dew Point RH (%RH) 0-5
DMA Sheath Temperature (%o) 0-5
Humidi er Sheath Flow Temperature ( %o) 0-5
DMA Excess Flow Temperature (%o) 0-5
Na on® Water Bath Temperature ( %o) 0-5
Analog Board Temperature (%o) 0-5
DMA Column Top Temperature ( %o) 0-5
DMA Column Middle Temperature ( %o) 0-5
Enclosure Temperature (o) 0-5

Unused 0-5
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Table 3.2: Digital input and output channel designations for HSEMS tasks.

Task Description Digital Control
CPC A Read CNTR IN
CPC B Read CNTR IN
High Voltage Monitor Input
Water Heater Relay Control Output
Waste Pump Control Output
Humidi er Wet Sheath Valve Close Output
Humidi er Wet Sheath Valve Open Output
Humidi er Dry Sheath Valve Close Output
Humidi er Dry Sheath Valve Open Output
DMA Wet Sheath Valve Close Output
DMA Wet Sheath Valve Open Output
DMA Dry Sheath Valve Close Output
DMA Dry Sheath Valve Open Output
Humidi er Excess Valve Close Output
Humidi er Excess Valve Open Output
Sample Excess Valve Close Output
Sample Excess Valve Open Output
DMA Excess Valve Close Output
DMA Excess Valve Open Output

Auto Calibration Power Output
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3.10 Automatic Atomizer

Available as an option to the HTDMA is an atomizer system designed to be controlled automatically
by the HSEMS. This allows the HTDMA to perform self checks of dry-to-dry sizing and known
chemistry growth factors during unattended operation. This system includes the atomizer chamber,
a particle drying column, a three-way valve, and supporting electronics. The automatic atomizer
system contains solenoid valving on the air supply, sample liquid supply, and a three-way valve
allowing the HTDMA to sample from either the atomizer system or another sample source.

The atomizer can be controlled manually from the HSEMS front panel or automatically in an
Auto Scan Con guration le. This allows the atomizer to be activated for a desired set of scans
at regular intervals. The atomizer liquid ow rate can be adjusted with valves mounted in the
atomizer enclosure. Atomizer nozzle supply pressure can also be adjusted. Typical liquid ow rates
are 1-2 mL/hr.

If the liquid supply is allowed to empty completely, care must be taken to prime the atomizer
nozzle. Air in the liquid supply tubing can lead to erratic operation.

Additional information on the atomizer can be found in the Aerosol Generation System manual
shipped with your system if this option was purchased. Contact BMI if you would like to add this
option to your HTDMA system.



Chapter 4

Software

Each HSEMS is shipped with 3 standard programs:
1. BMI-HSEMS.exe

2. HSEMS-Default-Con g.exe

3. Calc_TDMA.ipf

The lenames will typically also show the latest software version level. Features and the use of
each program is discussed in the following sections.

41 BMI-HSEMS.exe

The BMI-HTDMA and HSEMS are operated from the BMI-HSEMS.exe program. This program,
depending on the con gurations entered inHSEMS-Default-Con g.exe, provides controls for oper-
ating the upstream SEMS, the HSEMS humidi cation system and DMA, and communicates with
up to two BMI-MCPCs and a thermal denuder. The control front panel is arranged into ve

sub-displays, each appearing on a separate tab in the main window.

System Overview { The system overview tab contains information and controls for the HSEMS
and HTDMA systems as a whole, including dry and humidi ed diameter selection and hu-
midity setpoint controls.

System Details { The system details tab contains the ow, RH and temperature displays from
all the sensors in the system.

Scanning { The scanning tab contains controls for setting up both manual scans and automated
scans.

Results { The results tab contains histograms showing the size scanning results from the current
and previous scans. Additionally, the average of all scans in a given run is displayed.

MCPCS Denuder Cals { The 'MCPCS Denuder Cals' tab contains information on up to 2
MCPCs connected to the HSEMS, the RH of the pre-humidi er option, if installed, the
temperatures of the thermal denuder as well as its setpoint, if installed, the option to run
the HSEMS as a standard SEMS if a neutralizer is installed in the sample line, and the
auto-calibration options, discussed in more depth in HSEMS Sensor Calibration Procedures.
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The front panel with the "System Overview' tab displayed is shown in Figure 4.1. The tab
control bar can be seen at the top, this appears on all the panel tabs and allows the user to switch
between the "System Overview,' 'System Details,' "Scanning,’ "Results,' and "MCPCS Denuder Cals'
tabs. Along the left hand side, a bar containing a user message box, system shutdown button, and
other system control buttons can be seen. This side bar is visible in all tab displays. The user
message box displays information to the user as instrument operating states change. Several system
errors are also displayed in this box. The scanning state box below displays information on any
currently running scans. Also shown is the time remaining in the current scan, and the total number
of scans. The “Finish Scan' button will terminate scanning after the current scan has completed.
The "Save Mono Conc' button allows for concentration data to be recorded from the CPCs when
the instrument is not in a scanning mode. The "Create New Data Files' button will start a new
set of data and log les. This can be useful to make data from particular scans easy to nd in a
set of data les. The bottom row of buttons controls what hardware systems are running. "Flow
Control' stops the auto-valve operation, when the instrument is operated as an HTDMA, this will
also stop ow control in the SEMS. "Waste Pump' controls operation of the peristaltic pump which
clears any water accumulation from water traps throughout the HSEMS. It is important that the
waste pump is on when operating the instrument at high RHs. “Water Heater' controls the heating
of the Na on® water bath. Warming this water bath slightly above the ambient temperature aids
in generating high RH ows.

The instrument must only be shutdown using the "Shutdown' button. This ensures
that all hardware controls are shutdown properly.

Key value indicators on the "System Overview' tab are separated into boxes, with arrows showing
the various ow paths. The left hand box contains ow rates and particle diameter displays and
controls for the upstream SEMS, if connected. The particle diameter can be selected by entering a
value in the "Dry Dia' box. The sheath ow can be controlled by entering a value in the “Setpoint’
box. The central box controls the humidi er system. The slider sets the humidity setpoint. The
blue indicator to its left shows the current sample humidity, and the red indicator shows the current
sample temperature. Sheath ow in the humidi er column is xed. The right hand box controls the
HSEMS DMA. It has identical controls to the upstream SEMS controls. Additionally, the sample
setpoint box controls the TOTAL sample ow through the system. This includes the internal MCPC
sample ow and any additional ow through the sample excess valve. The two boxes toward the
bottom of the tab show concentration and count information from the internal MCPC. The upper
count and concentration boxes show data collected via the MCPC pulse in BNC connectors. The
lower indicators display the values obtained from BMI-MCPCs connected via RS-232.

4.2 HSEMS-Default-Con g.exe

The HSEMS-Defaults-Con g.exe program is used to set the operating parameters of the instrument.
An example of the display of HSEMS-Default-Con g.exe is shown in Figure 4.6. The user can set
the desired log and data le paths (e.g. ChHSEMSnLogs) using the program. Each time the
HSEMS is run, a directory named with the day, month and year of the run is created and the data
and log les are written to this directory. If the directory already exists, the data and log les are
written to the pre-existing directory. The data and log le nhaming conventions ensure uniqueness
and are described in more detail in Section 6. If the HTDMA will be deployed in a remote location
and allowed to operate autonomously, FTP protocols ( le transfer protocol) over the internet may
be used to transfer data les from the instrument by the user. The specied FTP directory can
have special access settings to allow retrieval of les while restricting incoming access.

Pay special attention to the instrument con guration buttons at the top of the
software front panel to the left of the "Save Settings' button. These buttons MUST
be set to the current con guration of your HTDMA. Normally Upstream SEMS?' and
"Downstream MCPC?' would always be set to “Yes', however, if a second MCPC is
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Figure 4.1: Example front panel display of BMI-HSEMS.exe with the System Overview tab displayed.

Figure 4.2: Example front panel display of BMI-HSEMS.exe with the System Details tab displayed.

Figure 4.3: Example front panel display of BMI-HSEMS.exe with the Scanning tab displayed.
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Figure 4.4: Example front panel display of BMI-HSEMS.exe with the Results tab displayed.

Figure 4.5: Example front panel display of BMI-HSEMS.exe with the 'MCPCS Denuder Cals' tab dis-
played.

added to your system, then “Upstream MCPC?' should also be set to “Yes'. Similarly,
if a denuder or pre-humidi er stage have been added, these should be set to yes.
You should also make sure that the con guration of the system serial ports correctly
re ects the physical connections. The default values re ect the physical labels on the
back panel.

There are many instrument parameters that can be changed by the user vidlSEMS-Default-
Con g.exe. Pay special attention to the units shown next to each parameter and be sure that any
new values entered conform to the required units. Items that may be changed are shown in white
boxes while any item shown in gray may not be changed as it is calculated by the program.

For the Upstream SEMS Settings (left hand of software front panel) the default upstream
particle diameter and default sheath ow rate may be set to values between 2.5 and 10 Ipm using
the con guration software. The excess ow rate is always controlled to be equal to the sheath ow
rate. These ow rates, together with the desired monodisperse particle diameter, automatically set
the DMA high voltage, which is calculated by the program once the operating temperature and
pressure are known at the beginning of a run cycle. The Upstream Impactor Warn Pressure is the
value at which the software will report a red indicator light to the software front panel to warn the
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Figure 4.6: Example of front panel display of HSEMS-Default-Con g.exe.

user of impending impactor clogging. BMI recommends leaving the value at the factory set value.

The user can also set the default scan settings using the software. Again, all of the settings may
be changed on the front panel oBMI-HSEMS.exe, but if the same settings are desired every time
the software is operated, then it is convenient to reset the default values to those desired since you
will not need to re-enter them every time you run the software.

In the Default Manual Scan Settings on the right side of the software front panel, set the
minimum and maximum scan diameters (nm) and the number of desired scan bins using the
software. The bin time (sec) may also be changed. The total scan time is calculated based on
the input number of scan bins and the bin time. BMI recommends that total scan times be kept
between 15 seconds and 10 hours; these are roughly the time limits set by the software. The default
scan type (Up & Down, Up Only, Down Only) may also be selected.

The Downstream CPC settings near the bottom of the software front panel in the middle
designate the settings corresponding to the MCPC used to obtain scanning size distributions with
the HSEMS and there are several important parameters that must be set by the user. The CPC
ow type allows the user to select between operating conditions where the total DMA sample air
ow passes through the optical detection block and other operating conditions where only a portion
of the DMA sample ow passes through the optical detection block. The distinction is important
since the MCPC ow rate is used to convert detected particle pulses over a known period of time
to a concentration. If all of the DMA sample ow will be used by the MCPC to detect particles,
then the DMA Sample Flow option may be chosen.If the sample excess ow in the HSEMS
is set to a non-zero value then DMA Sample Flow cannot be used for the CPC ow
rate. The Fixed Detector Flow option is usually the best choice for the MCPC, enter the correct
sample ow rate (0.36 Ipm) in the CPC sample ow box.

The MCPC plumbing time (sec) is another important parameter that is used to account for
the particle transit time in the DMA and in the length of tubing between the output of the DMA
column and inlet of the CPC. The plumbing time should be measured using the CPC Timing
Tool software described below. The plumbing time (seconds) is used by the software to adjust the
time-relationship between voltages set on the DMA column and detected particles. The residence
time of the particles in the tubing between the outlet of the DMA column and the optical detection
block of the CPC represents a time-o set that must be accounted for when performing scanning size
distribution measurements. BMI provides the CPC Timing software tool to help the user measure
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the plumbing time.

The MCPC Tau setting (seconds) represents the characteristic time for the MCPC to detect
68% of the full-value of a step function change in concentration at its inlet. Typically, the tau
values vary between 0.5 and 3 seconds for most commercial CPC's. Tau values for the same model
CPC can vary and it is recommended that the user measure tau for their particular CPC. If the
ow settings of the CPC are changed, the new tau of the CPC must be determined. BMI provides
software with each scanning sizing system to measure tau. The measurement of tau for a CPC
proceeds by operating the CPC on the monodisperse outlet of the DMA with the DMA set to
zero volts so the CPC detects no counts. The DMA voltage is stepped to a xed value and the
software to measure tau begins acquiring counts from the CPC. If a polydisperse inlet particle size
distribution is sampled that contains particles smaller than 20 nm diameter, then the time period
where no counts are detected is equal to the CPC plumbing time. If monodisperse particles are
supplied to the polydisperse inlet of the DMA, then the period of no counts is equal to the sum of
the residence time in the DMA and the CPC plumbing time. An increase in detected counts will
be observed as the CPC responds to the step function change in DMA voltage. The CPC does not
exhibit a step-function response because of internal mixing within the CPC and tubing. Within a
few seconds of the initial concentration change, the observed concentrations will plateau, indicating
that the CPC has detected the full concentration change. At this point the measurement of is
complete and the user should obtain the data le of saved CPC counts so an exponential curve

(N = et*) can be t to the response curve. The value of is determined by the curve that best
ts the observations. Values of tau for the MCPC lie between 0.15 and 0.2 seconds. In general, a
value of 0.2 seconds is appropriate.

BMI provides the option to record CPC counts from a second external CPC (Upstream CPC)
that may be used, for example, to measure total number concentrations upstream of the HSEMS,
between the SEMS and HSEMS. The xed ow rate (Ipm) should be entered next to \Upstream
CPC Flow". If an upstream CPC is not used in your system, leave the setting to the factory default
value.

The CPC Small Particle Performance parameters at the bottom left hand side of the software
front panel describe the parameters to be used in the CPC detection e ciency curve described
below as part of the data inversion process.

Once the user has input the desired values for the various operating parameters, select "Save"
to store the new settings in the HSEMS con guration le that will be used by BMI-HSEMS.exe to
operate the instrument.

Note that a copy of the current con guration le is written to the top of each log le at the
onset of each HSEMS run cycle. After changing system settings usingSEMS-Default-Con g.exe
open the log le for the rst HSEMS run cycle you perform and verify that the new settings are in
use.
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4.3

Calc TDMA _4.0.1.ipf

4.3.1 Basic Operation

1.

10.

11.

You must have Igor 7 or greater installed on your computer. You must have the CTlicense.dat
le saved in the same directory as the calcTDMA _4.0.1.ipf le in order for the software to
execute. Contact BMI if you do not have a license le.

Double click or load the calcTDMA _4.0.1.ipf le.

Compile the calcTDMA _4.0.1.ipf le when it appears in Igor. Depending on your Igor system
it may compile automatically. If the rst three menus below have already appeared you may
skip this step.

A Postprocess Data, Load Data, and Graph Data menu will appear in the menu bar in Igor.
Two new menu items will also be added to the Graph Marguee menu.

The menu options are as shown in Figure 4.7, Figure 4.8, Figure 4.9, Figure 4.10.
Select the \Postprocess Data" menu and select \Append-File Saved"

It will prompt you for the HSEMS.con g le, the RAW les you want to load, and any
comments you want to add to the postprocessed data le.

. Once it nishes, graphs will populate the screen. These graphs show the t parameters and

kappa as a function of time. fOs are the transfer e ciencies. gs are the growth factors. sigs
are the spread in the transfer not accounted for by the DMA transfer functions. There are 2
sets of these graphs. One for data where the atomizer was on, and one for when it was o .

. If any of the data along the timelines looks incorrect, you can go to the \Graph"™ menu and

\show info", and then use the cursor to determine the exact date and time. Using this, you
can go to \Graph Data" \Graph One HSEMS Scan and t" to see if there's something wrong
in the t, or if it accurately re ects the data.

If the t looks incorrect you can select the incorrect looking data points from the original
graph, right click the resulting box, and \remove data in marquee for reprocessing”, then
adjust the t parameters using \Postprocess Data">\Multiple Peak Search Adjustment",
and then use \Postprocess Data>\Reprocess Rejected Data".

You will be asked if you want to save over the old data le or save to a new one and add a
new comment.

4.3.2 Wave, Menu, Command, and File Information

1.

Postprocess Data Menu

" Multiple Peak Search Adjustment:

This option should be largely unnecessary in the current version of software.

In the circumstance that the peaks are not t correctly, it allows advanced users to
change the sensitivity of the tting algorithm to the presence of multiple peaks within
one scan and/or place a hard limit on the number of peaks the algorithm is allowed
to t. When the user selects this option they are given brief instructions and allowed
to set the values of the search sensitivity parameter between 0 and 1 and maximum
number of peaks between 1 and a nite integer. The defaults are 0.9 and 20 respectively.
The tting function handles multiple peaks by rst tting to a single peak and then
progressively adding more peaks to the tting until one of two conditions is reached.
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Figure 4.7:

Postprocess Data Menu

Figure 4.8: Load Data Menu

Figure 4.9:

Graph Data Menu
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Figure 4.10: Graph Marquee Menu

The rst condition is that it reaches the maximum number of peaks speci ed in option

2; the second condition is that (current chi squared)> (peak parameter)*(previous chi
squared). Chi squared is a measure of the goodness of the t, so if the peak parameter
is set to the default value of 0.9, then the speci cation is that the new t (which has
one more peak the old t) must be at least a 10% better t to be considered viable.
Otherwise the old tis used. The quality of the t results can be highly sensitive to the
peak parameter value. Normally a value of 0.9 works for most situations.

Append-File Saved:

This option allows you to choose an HSEMS.cong le and several raw scan
(SCAN_RAW _Date_Time.dat) les. After these selections are made the program au-
tomatically processes the data to recover the parameters of the growth functions experi-
enced by the particles as described in Stolzenburg and McMurry 2008. The t function
used is a multi-mode lognormal peak. This menu command appends the data to the
arrays of data stored in the experiment and to any already existent data and log les.
If no les or arrays exist, they are created. A summary of the results is printed in the
command window at the end of the scan. The data in Igor is sorted into 2 folders:
\atomizer _on" and \atomizer 0 ".

Overwrite-File Saved:

This option allows you to choose an HSEMS.con g le and several raw scan (.dat) les.
After these selections are made the program automatically processes the data to recover
the parameters of the growth functions experienced by the particles as described in
Stolzenburg and McMurry 2008. The t function used is a multi-mode lognormal peak.
This menu command overwrites any existent data arrays in the experiment and creates
new data and log les. A summary of the results is printed in the command window
at the end of the scan. The data in Igor is sorted into 2 folders: \atomizeron" and
\atomizer o ".

Append-File saved [humidi er out of ow circuit]:

This option is the same as append le except it removes the compensation for dilution
from the humidi er ow.

Overwrite-File saved [humidi er out of ow circuit]:

This option is the same as append le except it removes the compensation for dilution
from the humidi er ow.
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" Reprocess Rejected Data: This command will reprocess rejected data from the selected

data folder using the current tting options and place the data back in the Igor arrays.
It will also give you the option to overwrite the old data le or save to a new one. ALL
data is saved to le, not just the reprocessed data.

2. Load Data Menu

~

Load and Scale Volts File [append] This option prompts the user to load the HSEMS-
Cals.con g le and one or more Volts_date_time.dat les. It then scales the raw voltages
into system temperatures, RHs, and HD ows and appends the data to the appropriate
waves.

Load and Scale Volts File [clear] This option prompts the user to load the HSEMS-
Cals.con g le and one or more Volts_date_time.dat les. It then scales the raw voltages
into system temperatures, RHs, and HD ows, clears all existant volts le data, and
then (re-)creates the appropriate waves.

Append-SEMS Conc Files This loads SEMS Conc les from the SEMS part of the system
and appends to the appropriate waves.

Overwrite-SEMS Conc Files This loads SEMS Conc les from the SEMS part of the
system and overwrites the appropriate waves.

3. Graph Data Menu (All menu items will present the user with a choice of folders.)

~

Graph One:

This option allows you to graph the raw data from one scan with the t overlayed. When
chosen, the user is presented with a panel which presents them with a drop down menu
for the folder used: \atomizer_on" or \atomizer _o ", a scrollable, selectable list with the
scans sorted by date and time, and a button to turn on and o cursors that show the
tted peak(s).

Display ts avgd at a given upstream size vs upstream size

This option calculates the average and standard deviation of the t parameters at each
selected upstream size (for a given term in the multimode t) and then displays it

graphically as a function of particle diameter. It is mostly useful to see if the TDMA is

working correctly.

When this menu item is selected a dialog box will open asking which term of the ts to
graph (0 is the rst term). It then asks for a semicolon separated list of the diameters
that will be averaged. A list of available diameters is given in the prompt.

Display ts avgd at a given upstream size and RH vs RH

This option calculates the average and standard deviation of the t parameters at each
selected upstream diameter and RH (for a given term in the multimode t) and then

displays it graphically as a function of RH.

When this menu item is selected a dialog box will open asking which term of the ts to
graph (0 is the rst term). It then asks for a semicolon separated list of the diameters
that will be averaged. It nally asks for a semicolon separated list of the RHs that will

be averaged. Lists of available RHs and upstream diameters are given in the prompt.

Average Raw Scans and Process Result

This option brings up a box with a list of all loaded scans. You can select any number
of scans, and then press the button on bottom to average them. Before averaging, the
program will check that the number of bins match between all scans selected, and that
the diameters all match. If they don't, no averaging will be done and an error message
will be printed to the history in Igor. If they do match, the scans will have their count
and ow data averaged and inverted. A weighted average is performed on the count
data. All other data will have a standard average performed on it. The results of the
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average will be interpreted as a scan with a time and date code from the time of the
averaging. All of this information pertaining to the average is stored in the log le in
the form:

\Average calculated from scans: [Insert date and time of scans used here.] Date/Time
stamped as [] in OLP.SCAN."

and the inverted results are printed to the Igor history and the scan le.

Downstream Flow Graph

This graph shows the ows from CPC A, CPC B, HD sample, downstream DMA sample,
downstream DMA sample excess, downstream DMA sheath, upstream DMA sheath,
upstream DMA sample, upstream DMA excess, downstream DMA excess plotted versus
date and time.

Beta E ective Measured:Theory vs Time

DMA and HD RH vs Time (avg from scans)

Upst and Dwnst Pressure vs Time (avg from scans)
Growth Factor vs RH (multipeak)

Upst Temp and RH vs Time

Display system temps vs time from loaded volts le
Display RHs vs time from loaded volts le

Display HD ows from loaded volts le

4. Graph Marquee Menu

" Remove Data in Marquee for Reprocessing

A group of initial graphs are created after appending or overwriting data from the
postprocess data menu. If you select a group of data points on one of those graphs,
and then right-click the selection you will see this option. It literally removes the data
selected from all waves in the experiment. You can then adjust the "multiple peak search
adjustment” in the postprocess data menu and "reprocess rejected data".

Remove Data outside Marquee for Reprocessing
See above. It removes all data OUTSIDE of the selection instead.

5. Log and data les:

Log and processed data les are saved in the folder where the rst raw data les processed
with option 1 or 3 were found. The log le is named OLP_LOG _yymmdd_hrmnsc.dat (OLP
stands for 'O -line-processing'). The data le is named OLP _SCAN_yymmdd_hrmnsc.dat.
Note that the date and time in the OLP lename is NOT the values corresponding to when
the original data were acquired but the values corresponding to when the post-processing
software was run. Thus, if the program were run on April, 17, 2014 at 13:45:12 the les
generated would be:

OLP_LOG_140417134512.dat
OLP _SCAN_140417134512.dat
The log le has a header of:
\File Path Scans Loaded"

The log then has the full le path and the number of scans loaded from that le in tab
separated columns. This provides a record of all of the raw data les that were processed and
the total number of scans processed.

The data le has a header of:



38 4 : Software

\Fit Error codes: 0-No error, 1-Generic Error, 3-Singular Matrix, 5-Out of Memory, 9-Fn
returned NaN or Inf, 17-Fn Requested Stop, 33-Other instance of curve t started

Fit Stop codes: 0-No stop, 1-lteration limit reached, 2-User stopped t, 3-Limit of passes
without decreasing chi-square reached

Reduced Chi Square should be 1 for a perfect t.

Date Time Dry _Dia Dry _RH HD_RH DMA _RH CoefSet# RedChiSq FitErrors FitStops
NumBins CPCBConc f0s f0ssd GOconds GOcondsd SigmaOconds SigmaOcondsd . . .fNs
fNs_sd GNconds GNcondssd SigmaNconds SigmaNcondsd Dial . . .DiaN Fitl . . .FitN"

The rst 2 lines of the header explain the error codes. The third line explains what the
optimal reduced chi squared (goodness of t parameter) is. The fth line gives the headers
for the processed data in tab-separated columns:

~

Date

Time

Dry dia is the upstream diameter (nm).

Dry RH is the RH in the upstream DMA column averaged over the scan (%).

HD _RH is the RH in the humidi er column averaged over the scan (%).

DMA _RH is the RH in the downstream DMA column averaged over the scan (%).

CoefSet# describes the number of peaks in the model t. Each peak is characterized by
3 parameters in the lognormal t.

RedChSq is the reduced chi squared. This is the goodness of t parameter. Ideally it
should be 1.

FitErrors are errors encountered by the tting algorithm. The occurrence of an error is
not necessarily fatal to the tting process. This is included for troubleshooting purposes.

FitStops records stops to the t function other than normal convergence criteria. The
occurrence of a stop is not necessarily fatal to the tting process. This is included for
troubleshooting purposes.

NumBins is the number of bins in a given scan.
" CPCBConc

fns are the parameters of the lognormal t that describe the portion of the original
(upstream) population present in a given peak. (is this e ciency?)

fns_sd are the standard deviations of fns.

Gns are the parameters of the lognormal t that describe the ratio of the positions of
the center of the peak from upstream to downstream

Gns_sd are the standard deviation of the Gns

Sigmans are the parameters of the lognormal t that describes the broadening between
the initial, upstream peak and the processed, downstream peak

Sigmanssd are the standard deviation of the sigmans
DiaN is the downstream diameter at bin n.
FitN is the modeled point at DiaN.

A~

This information (except for DiaN and FitN) is also printed in the command window at the
successful completion of a run when the data is written to le.

6. Igor Arrays Fit information stored in the les is also available in waves stored in Igor.

" con gparams holds the parameters that the program uses from the cong le for the
analysis.
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dates

times

secs is an alternate to time that is not synced to an absolute time.

upst_dia holds the upstream diameters

upst_pres holds the upstream SEMS pressures.

upst_temp holds the upstream SEMS temperatures.

scantime holds the times (in seconds) allocated for a given scan.

numbins holds the numbers of bins in each scan allocated to each scan.

bindia holds the bin diameters of the data.

conc holds the raw numbers of particles/cc in a given bin.

upst_rh holds the average RHs at the upstream DMA.

upst_xs holds the average excess ows in the upstream SEMS.

upst_sheath holds the average sheath ows in the upstream SEMS.

sheath holds the average sheath ows in the HSEMS.

sheath.sd holds the standard deviations for the average sheath ows in the HSEMS.
xs holds the average excess ows in the HSEMS.

xs_sd holds the standard deviations for the average excess ows in the HSEMS.

sample holds the average sample ows in the HSEMS as determined by the downstream
CPC ow type. It will either be the hd _sample ow or the downstream CPC xed ow.

hd_sample holds the average sample ows in the HSEMS as determined by an LFE into
the HSEMS column.

samplexs holds the average sample excess ows (ows that are exhausted, not counted).
cpca ow holds the average ows through the downstream HSEMS CPC.

cpcb ow holds the average ows through the upstream HSEMS CPC.

upst_sample holds the average ows through the upstream SEMS.

dma_rh holds the RHs at the downstream DMA column.

hd_rh holds the RHs at the humidi er column.

pres holds the average pressure in the HSEMS.

temp holds the average temperatures in the HSEMS.

cpcbconc holds the average particle concentrations recorded in the upstream CPC.
cpcbconcsd holds the standard deviations for cpcbconc.

Insigz holds reasonable approximations for efeciive - See the derivation in Stolzenburg
and McMurry, 2008[13].

datetimes holds the combined date and times for the scans.
rawcounts holds the rawcounts recorded by HSEMS CPC A.
ts holds the model ts at a given bin diameter.

eratio_sd holds the standard deviations of eratio.

eratio holds the ratios of raw counts between CPC A and CPC B. This is the data t
to the model.

concsd holds the standard deviations of conc.
sigssd holds the standard deviations of sigs.
gs.sd holds the standard deviations of gs.
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fOs_sd holds the standard deviations of fOs.

sigs holds the parameters of the lognormal t that describes the broadening between the
initial, upstream peak and the processed, downstream peak.

gs holds the parameters of the lognormal t that describe the ratio of the positions of
the center of the peak from upstream to downstream.

fOs holds the parameters of the lognormal t that describe the portion of the original
(upstream) population present in a given peak.

tstops holds stops to the t function other than normal convergence criteria. The
occurrence of a stop is not necessarily fatal to the tting process.

terrors holds errors encountered by the tting algorithm. The occurrence of an error is
not necessarily fatal to the tting process.

redchisq holds the reduced chi squares, the goodness of t parameter. If perfect, they
equals 1.

oldsigmas holds uncertainties calculated from the last iteration in the tting process.
Only of interest for troubleshooting.

old tcoefs holds t coe cients from the last iteration in the tting process. Only of
interest for troubleshooting.

w_sigma holds uncertainties calculated from the current iteration in the tting process.
Only of interest for troubleshooting.

Note that any of the above waves may be plotted versus scan number to identify suspect results. For
example, plotting the reduced chi square values will indicate which scans may need to be t again
with multiple log normal modes. In the case of low concentration, for example ambient, TDMA
data, examining the timelines of the various parameters is important to validate good performance
of the inversion routine.



Chapter 5

Corrections Applied During Inversion
of Scanning Number Concentration
Data

There are many important corrections that must be applied to produce nal scanning number
size distribution data. BMI has integrated the on-line data inversion into the acquisition and
control software so each scan is processed to produce nal data immediately after each scan is
completed. An important feature included in the BMI scanning control algorithm is the use of actual
temperature and pressure measurements in the DMA column during each scan to re-calculate the
response matrices applied during the data inversion process. The response matrices are re-calculated
after each scan before the data are processedt is the user's responsibility to correct for

any inlet losses, for example due to di usion or inertial deposition, in the inlet system

upstream of the impactor installed on the Upstream DMA polydisperse air ow inlet.

The following corrections are applied in the inversion routine:
DMA Transfer Function
Detector (CPC) Size-Dependent Counting E ciency

Cunningham Slip Correction

Number Count Desmearing

a r D E

Plumbing Delay Time Count O set

It is important to note that currently HTDMA data are inverted accounting only for

the downstream DMA transfer function and NOT both the upstream and downstream

DMA transfer functions. A new inversion procedure accounting for both transfer

functions as well as the humidi er growth will be released in 2014. Each of the above
corrections are discussed in turn below.

5.1 DMA Transfer Function

The DMA transfer function describes the probability that a particle entering the annular volume
of the size-selection region with a given electrical mobility will pass into the monodisperse particle
selection slit within the center rod assembly and eventually pass into the monodisperse outlet ow
of the DMA. BMI incorporates the non-di using form of the DMA transfer function after the work
of Stolzenburg [12].



5 : Corrections Applied During Inversion of Scanning Number
42 Concentration Data

5.2 Detector (MCPC) Size-Dependent Counting E ciency

The BMI HTDMA has been designed to be integrated with the BMI Model 1710 MCPC, which has a
50% detection e ciency diameter of 5.5 nm. In general, the DMA design is not optimal for selecting
sub-10 nm diameter particles, so accounting for the size-dependent detection e ciency of the MCPC
is not required. In applications where accounting for MCPC detection e ciency is required, the
user must verify that the appropriate coe cients are entered in the HSEMS con guration software.
The correct coe cients should have been entered at the factory. The general equation describing
the detector size-dependent response takes the form:

C
=1:0 . (5.1)
1:0 + exp[=, 7]

where, for most condensation particle counters,Cq typically varies between 1.1 and 1.2,C;
typically varies between 3 and 15 nm and re ects the 50% detection e ciency size of the detector
in question, and Cs typically varies between 2.0 and 2.1. See either the SEMS or MCPC manual
for more detailed information on the MCPC.

5.3 Cunningham Slip Correction

The scanning DMA is fully capable of sizing particle with diameters similar to and smaller than the
mean free path in air (typically about 70 nm at standard conditions). When patrticle sizes are near
to or smaller than the mean free path, the gas molecules no longer interact with particle surfaces in
a continuous fashion. The sizing in the DMA is controlled by a force balance between the electric
eld force exerted on the charged particle and the viscous friction force that tends to resist the
motion induced by the electric eld. When air molecules are no longer able to exert the friction
force on the particle as described under the continuum assumption, then the particles may be said
to slip between the air molecules. Under these circumstances, the Cunningham slip correction
factor must be used in the calculation that relates particle size to particle electrical mobility. The
correction uses the measured temperature for a given scan to calculate the mean free path and
viscosity of air.

5.4 Number Count Desmearing

When DMA voltages are changed quickly over a short scan time, the particle size and associated
concentration can vary over timescales shorter than the response time of the particle detector. This
is particularly a problem for detectors with response times on the order of one-second or longer.
Dead volumes and mixing within the detectors results in behavior similar to a stirred reactor. The
response of such a system to a step-function change in concentration at its inlet is well described
by an exponential function which decays in time depending on the response time of the detector.
The general form of the decay function used in the data inversion process is:

N = Np exp(—t) (5.2)
where Ng is the uncorrected number concentration observed in a given size bin which may
contain detected particles from adjacent size binst is time, and is the characteristic response
time for the particle detector, typically between 0.15 and 0.25 seconds for the BMI MCPC.
5.5 Plumbing Delay Time Count O set

The voltage applied to the DMA column center rod can be varied over short time periods and a
nite time is required for particles to exit the DMA column, ow through the tubing connecting the
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DMA monodisperse outlet port to the inlet port of the MCPC, and ow through the MCPC to the
optical sensing volume. We call this nite ow time the "plumbing delay time'. In order to properly
associate a speci c detected particle with the corresponding DMA voltage setting, and therefore
particle size, the plumbing delay time must be known. Be sure to re-measure the plumbing time
each time you change the sample ow rate or sheath ow rate in the downstream DMA.
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Chapter 6

Description of Output Data and Log
Files

Up to seven les are created during each HSEMS run cycle:
1. A data le containing recorded analog input voltages from all system sensors. (Section 6.1)

2. A log le containing a descriptive history of the actions taken by the instrument during a
given run cycle. (Section 6.2)

3. Alog le for each MCPC connected to the HSEMS via RS-232 (up to two MCPCs). This le
contains a record of operating parameters of the MCPC. (Section 6.3)

4. A le containing raw particle count and size data (for monodisperse particle generator systems
when \Save Mono Conc" Start button on the main front panel is selected)(Section 6.6)

5. A data le containing a record of operating parameters for the SEMS, when used as a HT-
DMA. (Section 6.4)

6. A log le containing operating information from the upstream SEMS system, when used as
a HTDMA. (Section 6.5)

7. A le containing the raw counts and particle diameter data for each scan performed by
scanning system. (Section 6.7)

8. A le containing inverted concentration size distribution data from the downstream scanning
DMA. (Section 6.8)

The rst three les are created when the instrument is started and record data continuously during
operation. Data is only recorded from the upstream SEMS during HTDMA operation. Raw
concentration and processed size distribution data are only recorded during scanning operation.
Each voltage in the analog voltage le can be converted to its corresponding engineering units
using the calibration t values found in the LOG le. The form of the calibration equation is a line

y = nx?+ mx + b, wherey is the value in engineering units,n is the quadratic coe cient, m is the
linear coe cient, bis the o set, and x is the voltage.

6.1 Sensor Analog Voltage File

The naming convention for the analog voltage le is: VOLTS-YYMMDD-HHMMSS.dat , where
\YY" represents the year, \MM" represents the month, \DD" represents the day, \HH" represents
the 24-hour representation of the hour, \MM" represents the minute, and \SS" represents the
second of the start time of the run cycle. The same date and time convention is used for all of the



46 6 : Description of Output Data and Log Files

output les, with each le having di erent descriptive text. This naming convention ensures that
a unique set of data les is generated for each run cycle.
An example of the rst few lines from a typical analog voltage data le is provided in Table 6.1.

Table 6.1: Example of lines (truncated) from a typical HSEMS analog voltage data le.

08/14/08 18:23:03 0 2.014489751.729592901.876828000.556616214.265029912.036035160.02268066. . .
08/14/08 18:23:04 1 1.567211911.726907351.876998900.556521614.266229252.035083010.02271729. . .
08/14/08 18:23:05 2 1.570901491.727294921.875042720.556515504.266629032.032666020.02280884. . .

The date, time and number of seconds since the start of the run cycle are included in rst,
second and third columns, respectively, of the data le. The next columns represent the 26 analog
voltages read by the data system and correspond to the various sensors in the HSEMS as described
in Table 3.1.

6.2 HSEMS Log File

The HSEMS log le records the instrument con guration and changes to its operating state. The
log le will begin with a record of all calibration coe cients currently used. Also included are the
current default con guration settings. During instrument operation, changes to the instrument
state will be recorded. Events written to the log will include a time stamp and a description of
the event. Logged events include (but are not limited to): atomizer system state (for systems that
include the auto-calibration option), dew point hygrometer mirror status, scanning status and a
record of any auto scan con guration les as they are used.

6.3 MCPC Data File

One Data le for each connected BMI-MCPC is created. This le contains the operating conditions
reported by the MCPC to the HSEMS computer while in operation. Data is recorded at 1 Hz. The
following parameters are recorded:

Date

Time

Seconds since start of run
Concentration

Counts

Sample Flow

Saturator Flow

Optics Temp

© © N o 00 k~ W0 D PE

Condenser Temp

=
©

Saturator Top Temp

[EEN
=

. Saturator Bottom Temp
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12. Optics PWM

13. Condenser PWM

14. Saturator Top PWM

15. Saturator Bottom PWM

16. Exit Pump PWM (currently not used)
17. Saturator Pump PWM

18. Butanol Trap Temp (currently not used)
19. Butanol Trap PWM (currently not used)
20. Inlet Temperature

21. Serial Error Count

Each line in the le represents one second and begins with a time stamp for identi cation. The
second column of the time stamp indicates the number of seconds since the start of the current run
cycle. Values within a single line are tab-delimited.

6.4 SEMS Data File

A data le with the upstream SEMS operating parameters is kept when the HSEMS is operated
as part of an HTDMA with a SEMS attached. Recorded in this le are ow rates, pressures and
temperatures reported from the SEMS to the HSEMS at one second intervals. Values are recorded in
engineering units: [L/min], [%o], and [mbar]. A complete record of analog sensor voltages is recorded
by the SEMS data system and is stored on the SEMS computer. The following parameters are
recorded:

Sheath Flow

Excess Flow

Sample Inlet Flow

Fine Adjust Value

Relative Humidity (in excess ow at DMA)
Temperature (in excess ow at DMA)
DMA Absolute Pressure

DMA Diameter

© ® N o g k~ W N PRE

DMA Voltage

Each line in the le represents one second and begins with a time stamp for identi cation. The
second column of the time stamp indicates the number of seconds since the start of the current run
cycle. Values within a single line are tab-delimited.
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6.5 SEMS Log File

A log le describing the operating properties of the SEMS is kept when the HSEMS is operated
as part of an HTDMA with a SEMS attached. Data recorded in this le includes any changes to
operating parameters sent by the HSEMS. These include:

1. Diameter (nm)

2. Sheath Setpoint (Ipm)

3. Fine Adjust value (0.96 to 1.04, typically 1.0)
4. Flow Control (ON or OFF)

Each line represents a change in operating parameters. This information is accompanied by a time
stamp at the beginning of the line. The second column of the time stamp indicates the number of
seconds since the start of the current run cycle. Values within a single line are tab-delimited.

6.6 Monodisperse Concentration Output File

The naming convention of the monodisperse generator concentration le iSMONO-CONC-
YYMMDD-HHMMSS.dat , where the date and time values are the same as those described above.
There are four columns in the le: column 1 includes the time, column 2 includes the numbers of
seconds since the start of the current DMA run cycle or experiment, column 3 includes the MCPC
measured number concentration, and column 4 includes the Upstream MCPC measured number
concentration if a second CPC has been connected to the system. Data are saved at 1 Hz. The
date of the experiment must be obtained from the lename.

6.7 Raw Scanning Distribution Concentration Output File

The raw concentration data from scanning size distribution operation are saved primarily to archive
the original data in case future reprocessing is desired. The le also serves as a redundant record
of the instrument con guration and is a convenient source of ow rates and other engineering
parameters that have already been converted from their respective sensor voltages.

The naming convention of the raw concentration le is SCAN-RAW-YYMMDD-HHMMSS.dat
where the date and time values are the same as those described above. Each scan in the le has
12 rows of associated data de ned as follows:

1. The rst row for each scan contains the start date and time of the current scan, the seconds
since start of the current data le, and the label \Scan Begin" to denote that the numeric
data correspond to the begin of a scan.

2. The second row for each scan contains record labels for the third row of data. This information
includes the complete scan settings for the run. Values recorded are:
(2) Dry Diameter
(b) Dry Voltage
(c) Dry Sheath Flow Rate
(d) Dry Pressure
(e) Dry Temp
(f) Dry RH
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(g) RH Setpoint

(h) Delay time

(i) Scan Min Diameter

() Scan Min Voltage

(k) Scan Max Diameter

(D Scan Max Voltage
(m) Humid DMA Sheath Flow Rate
(n) Humid DMA Sample Flow Rate
(0) Humid DMA Pressure

(p) Humid Sample Temperature
(q) Plumbing Delay time

(r) Scan Time

(s) Number of Bins

(t) Scan Type

(u) Atomizer Status (always OFF for systems not equipped with the auto-calibration option)

3. The third row for each scan contain the numeric data corresponding to the labels described
above.

4. The fourth row for each scan contains the label \Bin Diameters"
5. The fth row contains the central bin diameters for the scan.

6. The sixth row for each scan contains the label \Scan Delay - CPC Raw Counts" for the
numeric data in the next row.

7. The seventh row for each scan contains the unprocessed CPC counts recorded during the
delay time period prior to the begin of the scan. These data are not part of the scan data
set, however they are recorded to provide a record of performance.

8. The eighth row for each scan contains the label \Scan - CPC Raw Counts" for the numeric,
unprocessed, raw \Num Bins" number of bins of CPC counts corresponding to each size bin
of the scan. This is the count data that will be processed by the inversion routine to produce
the number size distribution.

9. The ninth row contains count data for each bin.

10. The tenth row contains labels for the last data row. This is statistical information on the
ows, pressure, and temperatures during the run. It includes average and standard deviations
for several important ows, pressure and temperature.

11. The eleventh row contains numeric data corresponding to the above labels.

12. The twelfth row for each scan contains the end time for the current scan, the seconds since
start of the current run cycle or experiment, and the label \Scan End" to denote the end of
the data record for the current scan.

The above 12 lines of data are repeated in the le for each scan until the data acquisition is stopped.
All values within a row are tab-delimited.
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6.8 Inverted Scanning Distribution Concentration Output File

The concentration data from scanning size distribution operation are saved for later analysis and
plotting by the user. The le also serves as a redundant record of the instrument con guration
and is a convenient source of ow rates and other engineering parameters that have already been
converted from their respective sensor voltages.

The naming convention of the concentration le is SCAN-CONC-YYMMDD-HHMMSS.dat
where the date and time values are the same as those described above. Each scan in the le has
12 rows of associated data de ned as follows:

1. The rst row for each scan contains the start time of the current scan, the seconds since start
of the current run cycle or experiment, and the label \Scan Begin" to denote that the numeric
data correspond to the begin of a scan.

2. The second row indicates the time the scan results were processed and includes the label
\Scan Results"

3. The third row contains labels for the following row. These rows provide information on the

settings for the current scan. Values recorded are:
(a) Dry Diameter

(b) Dry Voltage

(c) Dry Sheath Flow Rate

(d) Dry Pressure

(e) Dry Temp

(f) Dry RH

(g) RH Setpoint

(h) Delay time

(i) Scan Min Diameter

() Scan Min Voltage

(k) Scan Max Diameter

(D Scan Max Voltage

(m) Humid DMA Sheath

(n) Humid DMA Sample Flow

(0) Humid DMA Pressure

(p) Humid Sample Temperature

(q) Plumbing Delay time

() Scan Time

(s) Number of Bins

(t) Scan Type

(u) Atomizer Status (always OFF for systems not equipped with the auto-calibration option)

4. The fourth row contains numeric data corresponding to the above labels.
5. The fth row contains the label \Bin Diameter Limits"

6. The sixth row contains the diameter limits for each bin. There aren + 1 values in this row,
where n is the number of bins
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7.

10.
11.

12.

The seventh row for each scan contains the label \Bin Diameters" for the numeric diameter
data in the fth row.

The eighth row for each scan contains the midpoint bin diameters in hanometers correspond-
ing to each size bin of the scan. There will be \Num Bins" diameter values. It is worth
noting that since the particle size selected by the DMA depends on temperature and pres-
sure through the dependence of electrical mobility on viscosity and air density, the particle
diameter corresponding to a particular size bin may change over the course of several scans
if the temperature and pressure change within the DMA.

The ninth row for each scan contains the label \Bin Concentrations" for the seventh row
The tenth row contains the de-smeared and inverted concentration for each bin.

The eleventh row contains labels for the last row. This is statistical information on the ows,
pressure, and temperatures during the run. It includes average and standard deviations for
several important ows, pressure and temperature.

The twelfth row contains numeric data corresponding to the above labels.

The above 12 lines of data are repeated in the le for each scan until the data acquisition is stopped.
All values within a row are tab delimited.
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Chapter 7

HTDMA Growth Factor, Sizing and
DMA Transfer Function Validation

BMI has tested the sizing accuracy and precision of the DMA column assembly used in the HTDMA
by sampling laboratory-generated polystyrene latex (PSL) sphere particles over the 100 to 500 nm
diameter range with each shipped DMA column.

The results from a calibration test on a BMI DMA are shown in Figure 7.1. The blue line
denotes data from a DMA column under test while the red line denotes the theoretical transfer
function for the operating conditions of the DMA. The input PSLs had diameters of 100.2 nm with
a coe cient of variation of  1%. The voltage applied to the DMA column was stepped discretely
in time and a commercially available condensation particle counter used to measure particle counts
as a function of applied DMA voltage. The good agreement between the measured and theoretical
DMA transfer functions demonstrates proper operation of the DMA column for a known input PSL
diameter.

Figure 7.1: Results of stepping the BMI DMA column voltage over the range of values to select 100 nm
diameter PSL particles. Blue line designates experimental results while the red line denotes
the theoretical transfer function of the DMA for the operating conditions.

BMI validates the sizing performance of each SEMS and HSEMS that make up one HTDMA
system by challenging the individual units with known PSL particle diameters. Results of the PSL
scans on various systems are shown in Figure 7.2, Figure 7.3, Figure 7.4, and Figure 7.5 below.

BMI has also performed numerous studies on the measured growth factor of known composition
particles with its HTDMA system. Environmental chamber studies have been performed at tem-
peratures between 15 and 40 degrees Celsius to validate proper operation as a function of operating
temperature. Results from growth factor studies from various BMI HTDMA systems are shown
in the gures below using Ammonium sulfate aerosol. Measured growth factors are compared to
theoretically determined values using Kohler theory calculations for the known aerosol composition.
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Figure 7.2: Results of scans from HTDMA SNOO03 of 203 nm diameter PSL particles. Blue line designates
experimental results while the dashed line denotes the best t to the measurement data. The
t recovers a mode diameter of 206 nm, within 1.5% of the expected result. The peak shown
at 135 nm corresponds to doubly charged 203 nm particles.

Figure 7.3: Results of scans from HTDMA SNOO5 of 147 nm diameter PSL particles. Blue line designates
experimental results while the dashed line denotes the best t to the measurement data. The
t recovers a mode diameter of 148 nm, within 0.6% of the expected result.

Figure 7.4: Results of scans from HTDMA SNOO5 of 296 nm diameter PSL particles. Blue line designates
experimental results while the dashed line denotes the best t to the measurement data. The
t recovers a mode diameter of 298 nm, within 0.7% of the expected result.
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Figure 7.5: Results of scans from HTDMA SNOO5 of 453 nm diameter PSL particles. Blue line designates
experimental results while the dashed line denotes the best t to the measurement data. The
t recovers a mode diameter of 449 nm, within 0.9% of the expected result.

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 humidi cation 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%.

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.
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Figure 7.7: Results from HTDMA SNO002 growth factor studies on selected dry particles composed of
ammonium sulfate over a broad range of RHs. Experimental data shown as circles, Kohler
model with 3.5% uncertainty bars shown as dashed lines. Deliquescence of ammonium sulfate

at 80% RH is clearly evident.

Figure 7.8: Results from HTDMA SNO0O01 growth factor studies on selected 75 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.
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HSEMS Sensor Calibration
Procedures

Before every important campaign the calibrations of the various sensors should be validated. The
calibration of any sensor should also be checked whenever the proper operation of that sensor
is in doubt. Two software tools have been provided with the HSEMS for this task. The rst
is the BMI-HSEMS program, which has autocalibration available on the \Advanced" tab. This
should be used for all calibrations unless the user does not have a Drycal available for performing
the ow calibrations, in which case the user must manually perform ow calibrations with the
HSEMS-Calibration-Tool.

If using autocalibration, then select the appropriate sensor and press \START CAL". A message
will appear asking the user to consult the manual before continuing to insure the correct hardware
con guration. The speci ¢ hardware con guration for each sensor will follow in this section. Please
read this section completely before continuing. Press \Next" once this is done. The details of each
sensor are listed below. If the t is su ciently good, \ R?" value of the t better than 0.99, then a
graph will be displayed with a solid curve, the t, going through the data points. A user message
will also be briey displayed. If not, a user message will display that the t failed. If the t
succeeds, then it will be written to the log le, and all the t coe cients in the currently running
program will automatically update.

8.1 Absolute Pressure Sensor AutoCal Con guration

1. Remove the small Swageldk nut and 1/8" diameter Tygon ® tubing connected to the tee
tting on the excess ow outlet port at the bottom of the column.

2. Connect the tting to a reference pressure sensor.

3. Expose the sensor to 5 di erent pressures spanning the 200 to 1000 mb range (or a range
optimized for your application). Open the BMI-HSEMS software. Go to the\Advanced" tab.
Select \Absolute Pressure Sensor.” Click \START CAL" and then \Next." The measured
voltage from the sensor will be displayed, and the user will need to input the pressure the
sensor has been exposed to, and then press enter.

8.2 High Voltage Power Supply AutoCal Con guration

THE HIGH VOLTAGE SUPPLY CAN EXPOSE YOU TO VOLTAGES UP TO 6,000
VOLTS AND SHOULD ONLY BE CHECKED OR RE-CALIBRATED BY QUAL-
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IFIED PERSONNEL. DO NOT DISCONNECT THE HIGH VOLTAGE CONNEC-
TOR FROM THE DMA COLUMN IF YOU ARE NOT FAMILIAR WITH THE
CORRECT PROCEDURES FOR HANDLING HIGH VOLTAGES.

1. Shutdown the HSEMS computer.
2. Obtain a high precision voltmeter with a maximum voltage capability of at least 800 volts

3. Disconnect the BNC high voltage connector at the top of the column and connect the red,
positive lead from the voltmeter to the high voltage pin inside the connector. Take care not
to push the pin into the connector. You may hold the lead to the pin manually during each
voltage measurement. Tape the BNC connector to the instrument frame to hold it in place
while measuring the high voltage.

4. Connect the black, negative lead from the voltmeter rigidly to the top plate of the DMA. This
is the ground connection and must be rmly attached to an appropriately grounded location.

5. Turn on the HSEMS computer. Double-click the BMI-HSEMS.exe icon on the desktop to
open it. Go to the \Advanced" tab, choose \High Voltage", press \START CAL", and then
\Next" at the warning screen.

6. The software will generate a control voltage, and the user must measure the resultant high
voltage, input it, and then press enter.

7. When done, after 11 measurements, the user message will detail if the t was a success. If
so, then it will display a graph of the data and t.

8. Turn o the HSEMS and reconnect the high voltage cable.

8.3 Laminar Flow Elements AutoCal Con guration

For best results, the temperature of the instrument should be constant for all LFE calibrations and
should not uctuate by more than 0.5%. over the duration of each individual calibration.

Be sure to disconnect the compressed air supplies at the HSEMS and SEMS before
performing the ow calibrations, or you may ood the MCPC optics!

1. Remove the side, top, and rear panels to allow access to the valves and necessary connection
points.

2. Connect your Drycal ow meter to an available serial port. Make note of the serial port
number.

3. Be sure your Drycal ow meter is kept level during ow measurements.

4. Follow the guidelines below for placement of the reference volume ow meter and setup notes
for each LFE.

Humidi er Sheath and Excess {Manually close the SEMS Excess valve and the HSEMS
DMA Excess valve prior to performing the HD Sheath and Excess ow calibration. A
steel tube carrying the excess ow connects to a steel tee at the side of the column.
Disconnect both the steel and polyethylene tubing from this tee tting. The ow meter
input should be connected to the steel tee, and the output should be connected to
the polyethylene tube. Plug the sample inlet and outlet on the humidi er column.
Disconnect the polethylene tube from the humidi er water trap and cap it. Disconnect
the humidi er dry air Iter where it connects to the HD dry sheath valve. (This will
probably require removing the bracket holding the top of the Iter in place. It is held
with two screws.) Leave the input to the dry air Iter open to room air. Introduce a
vacuum to the system via the HSEMS bulkhead tting.
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DMA Sheath and Excess {Manually close the SEMS Excess valve and the HD Excess
valve prior to performing the DMA Sheath and Excess ow calibration. Disconnect
the polyethylene tubing from the excess ow tee tting at the lower end of the DMA
column. The ow meter input should be connected to the steel tee, and the output
should be connected to the polyethylene tube. Plug the sample inlet and outlet on the
DMA column. Disconnect the polethylene tube from the DMA water trap and cap it.
Disconnect the DMA dry air Iter where it connects to the DMA dry sheath valve. (This
will probably require removing the bracket holding the top of the lter in place. It is
held with two screws.) Leave the input to the dry air Iter open to room air. Introduce
a vacuum to the system via the HSEMS bulkhead tting.

Humidi er Sample/Sample Excess {Place the ow meter on the upstream (bottom) end
of the sample LFE on the DMA sample inlet. Ensure the DMA sheath is capped (See
Figure 8.1b and Figure 8.1c), the DMA excess is capped (see Figure 8.1a, and the sample
tubing to the CPC is capped.

5. Start the BMI-HSEMS software. Go to the \Advanced" tab. Select the relevant ow calibra-
tion and press \START CAL". Click \Next" at the warning screen. You will then be asked
for the com number of the serial port that the Drycal is connected to. Please select it now.

6. The ow cals will now proceed automatically.

7. When testing with the software is completed, close the software, remove all caps, and re-install
all tubing and covers as required for normal operation.

8.4 Laminar Flow Elements Manual Con guration

Be sure to record and enter the temperature at which the new LFE calibrations were performed.
This value must be entered intoHSEMS-Parameters.exealong with the new calibration coe cients.
For best results, the temperature of the instrument should be constant for all LFE calibrations and
should not uctuate by more than 0.5%. over the duration of each individual calibration.

Be sure to disconnect the compressed air supplies at the HSEMS and SEMS before
performing the ow calibrations, or you may ood the MCPC optics!

1. Remove the side, top, and rear panels to allow access to the valves and necessary connection
points.

2. Be sure your ow meter is kept level during ow measurements.

3. Follow the guidelines below for placement of the reference volume ow meter and setup notes
for each LFE.

Humidi er Sheath and Excess {Manually close the SEMS Excess valve and the HSEMS
DMA Excess valve prior to performing the HD Sheath and Excess ow calibration. A
steel tube carrying the excess ow connects to a steel tee at the side of the column.
Disconnect both the steel and polyethylene tubing from this tee tting. The ow meter
input should be connected to the steel tee, and the output should be connected to
the polyethylene tube. Plug the sample inlet and outlet on the humidier column.
Disconnect the polethylene tube from the humidi er water trap and cap it. Disconnect
the humidi er dry air Iter where it connects to the HD dry sheath valve. (This will
probably require removing the bracket holding the top of the Iter in place. It is held
with two screws.) Leave the input to the dry air Iter open to room air. Introduce
a vacuum to the system via the HSEMS bulkhead tting. Adjust the ow using the
excess valve only. (See Figure 8.2 for locations of valves) Humidi er total sheath, dry
sheath, and excess LFEs may be calibrated simultaneously. Select all three LFEs in the
calibration tool.
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DMA Sheath and Excess {Manually close the SEMS Excess valve and the HD Excess
valve prior to performing the DMA Sheath and Excess ow calibration. Disconnect
the polyethylene tubing from the excess ow tee tting at the lower end of the DMA
column. The ow meter input should be connected to the steel tee, and the output
should be connected to the polyethylene tube. Plug the sample inlet and outlet on the
DMA column. Disconnect the polethylene tube from the DMA water trap and cap it.
Disconnect the DMA dry air Iter where it connects to the DMA dry sheath valve. (This
will probably require removing the bracket holding the top of the lter in place. It is
held with two screws.) Leave the input to the dry air Iter open to room air. Introduce a
vacuum to the system via the HSEMS bulkhead tting. Adjust the ow using the excess
valve only. (See Figure 8.2 for locations of valves) DMA total sheath, dry sheath, and
excess LFEs may be calibrated simultaneously. Select all three LFEs in the calibration
tool.

Humidi er Sample/Sample Excess {Place the ow meter on the upstream (bottom) end
of the sample LFE on the DMA sample inlet. Ensure the DMA sheath is capped (See
Figure 8.1b and Figure 8.1c), the DMA excess is capped (see Figure 8.1a, and the sample
tubing to the CPC is capped. Both Sample and Sample Excess LFEs may be calibrated
simultaneously. Select both LFEs in the calibration tool. Adjust the ow using the
Sample Excess Valve (see Figure 8.2).

. Open HSEMS-Calibration-Tool.exe
. Select the channels corresponding to the LFE(s) being calibrated.

. Adjust the ow rate by manually turning the valve corresponding to the LFE being calibrated.
(See Figure 8.2) The calibrated range for sheath and excess LFEs should be 2.5{10 Ipm. The
calibrated range for sample LFEs should be 0.1{2 Ipm. Record the average voltage and
measured ow rate for each of 10{12 ow values.

. The LFE response is quadratic. A curve should be t to the data with ow as a function of
voltage. The calculated quadratic (Ipm/V 2), linear (Ipm/V), and constant (Ipm) term can
then be entered inHSEMS-Parameters.exe

. When testing with the software is completed, close the software, remove all caps, and re-install
all tubing and covers as required for normal operation.
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Figure 8.1:

(a) Connect ow meter to the DMA sample inlet LFE. The
excess tee tting and sample tubing must also be capped.

(c) If the location in Figure 8.1b
is inaccessible, use this alter-
nate location to cap the sheath
ow.

(b) The DMA sheath inlet must be plugged for proper
calibration.

The proper location for calibrating the sample excess ow can be seen in this gure. The ow
meter is connected to the input of the sample excess LFE. The output remains connected to

its respective valve and the vacuum supply.



