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Warning

Use extreme care in preventing water from entering the inletto  the DUAL
COLUMN CCN counter.

Water entering the inlet will wet the temperature sensor, causing erratic
readings and throw the entire temperature control system off.

In addition, liquid water will plug the sheath air filter and shut off flow.

If liquid water does enter the inlet:

IMMEDIATELY SHUT OFF THE INSTRUMENT

If a small amount of water (fewer that cc or less) has entered, disconnect
the pressure transducer and sample inlet fittings from the inlet manifold
and dry the manifold using warm air and replace the filter on the sheath
air.

If additional water has ent  ered the system contact
Droplet Measurement Technologies immediately.

Warning

The DUAL COLUMN CCN Counter must be prepared for shipping by drying
the column and draining the OPC (see Section 4.0).

DOC-0128 Rev D-1
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Laser Safety

The following warning label appears at the base of the CCN-200 back panel, near the
OPCs:

VISIBLE AND/OR INVISIBLE
LASER RADIATION. AVOID
DIRECT EXPOSURE TO BEAM

CLASS 3b LASER

CAUTION: Use of control or adjustments or performance of procedures other than
specified in this manual may result in hazardous radiation exposure.
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1.0 Setting up the Dual -Column CCN (CCN -200)

Several steps are required for initial CCN -200 set-up:

e Unpacking and mounting the instrument

e Connecting CCN components such as the power cables, supply and drain bottles,
and touch screen monitor

e Setting the flow and humidifying the instrument (humidification can take up to 12
hours and must be performed every time the CCN is dry when started)

e Checking that the CCN is functioning properly

The following sections describe t hese steps in detail.
Any time the CCN is shipped, it must be dried out and properly repacked prior to

shipment. Failing to follow proper procedure will result in damage to the  instrument. See
sections 11.0 for details on drying out and packing the instrument .

1.1 Unpacking

To minimize the potential for damage in shipping, the Dual Column CCN ar ri ves on a 3
X 3606 pallet with a fitted caseFguesl. dheiffamde f r a me
can be substituted as a bench stand for the unit.
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Figure 1: Dual CCN with Shipping Hood, Pallet and Fitted Case

6.

Cut straps securing case to pallet and save pallet .

Lift the Dual CCN unit out of the case, using the back bar on the stand as a
handle.

Remove two bolts on the underside of the hood. These bolts go through an angled
aluminum bracket into the upright side of the frame, and there will be one bolt on
either side.

Hold the shipping hood and pull up the two head bolts that go through the
aluminum strap into the frame. The bolts are essentially pins that can be pulled
straight up.

Inspect the CCN for shipping damage.

If the CCN is to be mounted in a different rack, remove the CCN from frame.
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7. Save parts for return shipping

8. Next, connect t he instrument components as described below.

1.2 Connecting the Instrument Components

1. Connect the power cable to the instrument. The power cable (ASSY -272) supplied
in the startup kit is already installed and pretested on the bench top AC/DC power
supply, whi ch is also in the kit. The white wire
VDC and the black wire (labeled ORETURNO) c
supply. If a longer cable is being used, refer to Appendix C. Check the polarity of
the power before co nnecting the instrument.

WARNING

THE DUAL COLUMN CCN COUNTER 1S NOT REVERSE POLARITY PROTECTED AND WIL
SIGNIFICANTLY DAMAGED BY INCORRECT WIRING

Warning
Make sure the CCN Main Poweris OFF prior to connecting or disconnecting any external
power or I/O Cable

2. Unpack the supply bottle, drain bottle, bottle -hold down clamp and clamp screw.
These are packed separately from the main Dual Column CCN instrument. The
supply and drain bottle caps have been packaged in a plastic bag and tied to the
frame. Remove the tie and bag.

3. Install the drain bottle in the bottle holder. The best location for the drain bottle
is in the rear of the bottle tray. SeeFigure 2.

4. Fill the supply bottle with distilled or deionized water and set it in the front of
the bottle tray.

5. For airborne applications, install the bottle hold -down clamp. Figure 2 shows the
hold-down clamp on a CCN 100 instrument; the clamp is identical on the CCN -200.

DOC-0128 Rev D-1 12
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Figure 2: Bottle Hold-Down Clamp

6. If desired, mount the touch screen to the front of the CCN case:

a.

f.

g.

Remove the instrumentd s  f aowem There will be 12 screws around the
perimeter of the instrument, and three on the left side into the connection
panel. Once these screws are removed, the instrument cover can be lifted
off.

Remove the two Phillips -head screws that hold the tripod leg to the back
of the screen. This will expose the back of the screen and the location of
the four mounting holes.

Remove the four hole plugs from the front of CCN case.

Connect the cables to the screen.

Mount the screen to the case, using the four 4.7 mm screws with lock
washers that are provided in the startup kit.

Save the parts that were removed from the screen and the case.

Put the cover back on the ins trument.

7. Connect the touch -screen video and serial cables to the side panel. Turn on power
to the touch screen either from the external power supply or from the side panel,
using the cable provided.

DOC-0128 Rev D-1
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8. Remove plugs from inlet and outlet fitting on the sid e of the unit.

9. Proceed to the following section.

1.3 USB Memory Stick

A USB memory stick islocated inside the CCN-200 frame (Figure 3). This memory stick
should be kept in this location, as it contains important information about the
instrument:

e White papers describing the theory behind the CCN design
e A copy of the CCN-200 manual

e Detailed spreadsheets for use in instrument calibration

e LabVIEW software programs used to operate the CCN200

Figure 3: USB Memory Stick

DOC-0128 Rev D-1 14
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1.4 Setting the Flow and Humidifying the CCN-200

1. If you have not already done so, install the drain and supply bottles on the CCN.
The supply bottle should be filled with distilled or deionized water.

2. Start the CCN-200. The breaker on the side panel also serves as the power switch.
The computer will load the Dual CCN.exe control program and start
automatically.

3. During the first 20 seconds after the program starts, click the Dry Start Up button
shown in Figure 4. (Note: by default, the Dry Start Up and Dry Shut Down buttons
disappear after 20 seconds, but the user can configure this time setting using the
SS settings Config Editor program. See section 14.0.) Selecting Dry Start Up will
set the liquid supply pump to high and disable the CCN concentration alarm.

Figure 4: SS Tab with Dry Start Up and Dry Shut Down Buttons Active

4. On the main CCN window, go to the Flows tab.

5. The flow ratio between the sheath and sample flow is displayed directly in the
center window. Adjust the green knob s on the sheath flow metering valve s (see
CCN components diagram on inside coverof the manual) until these ratios read
10.0 +/- 0.3.
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6. Check the position of the OPC drying system time switch. This switch controls the
solenoid pump in the drying system. The switch is labeled SW1 and is located in
the middle of the Controller Printed Circuit Board , as shown in Figure 5. The
solenoid pump can cycle every 2 seconds or every 16 seconds. Set this switch to
the 16-second position.*
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Figure 5: Drying System Time Switch (in Center, Circled)

7. After the column is fully wetted, the OPC should be counting. Note that it may
take 4 to 12 hours for the CCN-200 to become properly humidified and count
particles. At this time, the status lig ht in the upper center of the window should
be green (Figure 6). A green status light indicates the Dual CCN Instrument is
functioning properly. You can now begin to collect data.

! In general, the switch should be set to the 16-second position, because when the pump
operates every 2 seconds water may infiltrate the CCN without generating an alarm. However,
the 2-second position is recommended in certain circumstances. It is useful in airborne
applications where altitude changes can cause migration of saturated water vapor into the OPC.
In addition, if the OPC has fogged, switching to the 2-second position will speed the removal of
water vapor. (The switch should be returned to the 16-second position after the fog has
dissipated.) For more details on the OPC drying system, see section 2.2.1.
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Figure 6: Green Status Light

If the status light is yellow or red, copy the latest data file from CA\CCN DATA
Shut off power to the CCN instrument and send the data file to DMT at CCN
INFO@dropletmeasurement.com

1.5 Checking out the CCN-200

Before performing the tests below, ensure the instrument is properly set up and
humidified. See previous sections for instructions. At this po int, the OPGs should be
counting and the status light should be green .

1.5.1 Zero-Count Test

Locate the filter with part number FLTRO0022, which included in start -up kit. For each
column, perform the zero -count test as follows:

1. Install the filter on the inlet while the instrument is running.

DOC-0128 Rev D-1 17
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2. Wait 15 minutes for system to clean out. Counts should now be less than five per
second.

1.5.2 Counting Test

For each column, perform the counting test as follows:

1. Connect a volume displacement flow meter (Gilian, Buck, or laboratory
constructed) to the inlet of the CCN -200.

2. Note the total flow on the Flows tab.
3. Measure the flow with the displacement flow meter.

4. Repeat step 4 five times. The average measured flow should be £10% of the stated
flow on the Flows tab.

5. Renove the filter from the inlet of the CCN and set the following  supersaturation
gradient scans:

Supersaturation Setting Duration of Scan
0.2% 10 minutes
0.4% 5 minutes
0.6% 5 minutes
0.8% 5 minutes
1.0% 5 minutes

Run two complete supersaturation cycles. As the supersaturation increases, verify
that the number concentration of particles measured remains stable or increases.

6. Repeat the above procedure for both columns. The concentrations for the two
columns should not differ by more than 15% for the same supersaturation setting
and sample source.

1.5.3 Leak Test (for Dual CCNs Installed in Pressurized Aircraft)

If CCN-200 unit will be installed in pressurized aircraft, perfo  rm the following leak test in
addition to the zero -count.
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1. Install a loop of tubing between inlet A and inlet B (Figure 7).

Figure 7: Connecting Inlet A to Inlet B with Tubing

2. Install a valve or plug on the inlet A while the instrument is running. (Note: Only
Column A has a sample pressure sensor, so do not install the plug on Column B.)

3. All ow the unitds i nt er measystena iThis mpyuakeseveral e v a c U ¢
minutes. Monitor the progress on the Flows t a bSample Pressure field .

4. When the unit has pumped down below approximately 400 mb, go into the Flows
tab and turn off the Air Pump. This will turn off power to the pump, which  will
also act as a seal.

5. If unit does not pump down below 400 mb, there is a leak that needs to be fixed
prior to retesting.

6. Wait 60 seconds to allow pressure to stabilize, and then monitor how fast the
sample pressure rises. Typically 5 mb or less per second is good.

7. If unit leaks at an unacceptable rate, try isolating and fixing leak then retest using
above method.

8. To shut down the CCN-200, always start by shutting down Dual CCN.exe. Go to the
Prog Control tab and press the Shutdown button. You can then simply turn off the
main power switch on the side of the unit. You can also close Windows first by turning
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off the computer and then turning off the power switch on the side of the unit when
the screen goes blank.

If a leak or other p roblem is suspected, copy the latest data file from CA\CCN
DATA Shut off power to the CCN instrument and send the data file to DMT at
CCNINFO@dropletmeasurement.com

Warning

Use extreme care in preventing water from entering the inlet to the CCN
counter. Liquid water will plug the sheath air filter and shut off flow. If
liquid water does enter the inlet, IMMEDIATELY SHUT OFF THE
INSTRUMENT If more than a few ccs of water has entered the column,
contact DMT.

Warning

The CCN200 Counter must be prepared for shipping by drying the column
and draining the OPC (see Section 4.0).

2.0 Installation

The CCN200 is designed for ground-based or airborne applications. The entire sampling

system is sealed on the CCN200 so that it can be used on a pressurized aircraft as long as
the sample air inlet and outlet are at ambient pressure.  For aircraft operation, the ven ts
must be reconnected to the bottle caps (Figure 8).
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Figure 8: Vents Connected to Bottle Caps (for Aircraft Operation)

2.1 Mounting Considerations

Refer to Appendix D for mounting hole locations. The CCN-200 must always be mounted
in an upright configuration. The back panel is the structural component of the CCN -200
and is a 1/8-inch, 6061-T6 aluminum plate. All of the major internal c omponents mount
with stainless steel fasteners to this aluminum plate , and critical mounting screws have
helicoll inserts for strength.

For best performance, the environmental temperature of the CCN -200 should be kept as
low as possible without freezing . For more details, see section 3.3.

2.2 Power Supply Considerations

The CCN200 is designed to operate on 28 VDC power. Ground-based applications require
a line volt age to 28 VDC supply, which can be either a linear or switching supply. The
capacity of the supply should be at least 25 A. The CCN200 may draw this current load
for up to a few minutes at startup, and then will typically draw 20 A in normal operation.
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If there are high frequency spikes when the 400 Hz power is converted to 28 VDC, this
can cause problems with the CCN-200. If problems occur when operating the CCN -200 in
an aircraft environment, check the line voltage to 28 VDC supply. A 28 VDC aircraft cable
with a filter is included and should be used for aircraft operation.

For more information on power and signal connections, see section 5.0.

3.0 Product Descriptio n

3.1 Introduction

The CCN200 is based on the design of Dr. Greg Roberts of Scripps Institute of
Oceanography. Dr. Athanasios Nenes of Georgia Institute of Technology did the CCN2 0 0 6 s
theoretical parameterization. The technology is patented, and Droplet Measurement
Technologies possesses the exclusive license to manufacture the instrument.

coiumn
am Cloud
.- Condensation
= Nuclei
Counter
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m‘ Y= MEASUREMENT
r 'HNOLOGIES
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Figure 9: CCN-200 with Front-Mounted Touch Screen
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3.2 CCN-200 Specifications

Technique

Activation of CCN particles at constant supersaturation
maintained in two simultaneously operating, 50-cm-high
columns with continuously wetted walls and longitudinal
thermal gradients;’ sizing of the activated droplets using
two optical particle counters

Aerosol Medium

Air,5-40°C (417 104 °F)

Number Concentration Range

Depends on supersaturation:

e 6,000 particles/sec at supersaturations below 0.2%
e 20,000 particles/sec at supersaturations above 0.3%

Measured Particle Size Range
(from OPC, after supersaturation)

0.7571 10 pm

Supersaturation Range

0.0771 2.0%

Time Required for
Supersaturation Change

~30 seconds for 0.2% change

Maximum number of automatically scanned 250
supersaturation settings
Optical Particle Counter Laser 660 nm, 35 mW

Flow Range

e Total flow: 200 i 1000 volume cc/min (factory
calibrated at 500 Vcem)

e Sample flow: 207 100 Vcecm

e Sheath flow: 1801 900 Vcem

Flow Control

e Total flow is adjustable from within CCN Counter
software

e Sample/Sheath flow ratio is adjustable using manual
metering valve

Pump

Solenoid pumps for water; diaphragm pump for air

Routine Maintenance

Every Four Days/Before Every Flight

e Empty and refill water bottles

e Check OPC water trap and bottom of case for water
leakage

Monthly:

e Check air inlet filters on cover

e Check flow calibration

e Check desiccant tube

Every Three Months:

e Replace sheath flow filter

Recommended Service

Annual cleaning and calibration at DMT service facility

Front Panel Display

Computer monitor

? Within each column, the supersaturation is constant. However, the two columns can maintain

different supersaturation rates.
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Side Panel Connections

System power switch

LED for overall system power
Watchdog light

Air vents

Inlet and exhaust valves

+28 VDC pin connector
Ethernet connection

USB connection

Mouse and keyboard connections
Touchscreen connection
Video connection

Serial data port

LED power connection

Computer System

On-board Intel® Celeron® 1 GHz processor

512 MB RAM

80 GB hard drive for data storage

User interface via standard keyboard and monitor
(included)

Software

e CCN Counter Software
e Optional Particle Analysis and Display System (PADS)
(Requires an external computer, not included)

Data System Interface

RS-232, 9.6 Kb/sec Baud Rate (single CCN Counter) or
57.6 Kb/sec (Dual CCN Counter)

Data System Features

e Onboard computer for control and data logging
e Touch screen control and display
e Serial data output for external computer

Calibration

Comparison of CCN Counter output to reference
instruments (Differential Mobility Analyzer (DMA) and a
CN Counter)

Features for Easy Aircraft Mounting

e Rack-mount compatible

e Center of gravity | ocated
base plate

e Instrument plumbing system sealed for operation on
pressurized aircraft

Power Requirements

28 VDC

Current

25 A at startup, nominal 20 A current during operation

Shipping Container

Durable Atlas Case Corporation ATA Transit Case that
conforms to the Air Transp
300 Category 1 standards

Size For lab use (with frame):
e 35. 00 H x 19.30 W x 15.
e 889cmHx489cmW x39.7cm D
For aircraft use (without frame):
e 32.00H x 15.250 W x 10.
e 813cmHx38.7cmW x27cmD
Center of Gravity is 15.5.0
Weight e Forlab use (with frame): 50 kg / 110 Ib

e For aircraft use (without frame): 43.8 kg/ 96.5 Ib
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Environmental Operating Conditions:
Temp 57 40°C (4171 104 °F)
RH 07 100% RH non-condensing

The Dual CCN Counter is aClass1 Laser Product.

3.3 Operating Limits

The CCN200 operates by maintaining a positive temperature differential between the
top of the column and the bottom. The top of the column always starts at ambient
temperature or slightly above. For high supersaturations, temperature differentials of 20°
C or more are required.

It is not recommended, however, that the CCN -200 be subjected to freezing
temperatures. The Nafion humidifier needs to be kept wet, and even if the rest of the
instrument is drained, there is the potential of damage to the Nafion. If the CCN  -200 s at
temperatures below 0 °C, the instrument should be drained and dried as detailed in
section 11.1, and the Nafion humidifier removed from the instrument.

4.0 Theory of Operation

4.1 How the CCN Generates Supersaturation

The CCN counter operates on the principle that diffusion of heat in air is slower than
diffusion of water vapor (Roberts and Nenes, 2005). Inside the columns, a
thermodynamically unstable, supersatu rated water vapor condition is created as follows.
Water vapor diffuses from the warm, wet column walls toward the centerline at a faster
rate than the heat . Figure 10 shows point C along the centerline where the diffusing heat
originated higher on the column (red -line, point A) than the diffusing mass (blue line,
point B). Assuming the water vapor is saturated at the column wall at all points and the
temperature is gre ater at point B than at point A, the water vapor partial pressure is also
greater at point B than at point A. The actual partial pressure of water vapor at point C is
equal to the partial pressure of water vapor at point B. The temperature at point C is
lower than at point B, however, which means that there is more water vapor
(corresponding to the saturation vapor pressure at point B) than thermodynamically
allowed.
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Figure 10: Supersaturation Being Generated in the CCN Column

Seeking equilibrium, the supersaturated water vapor condenses on the cloud
condensation nuclei in the sample air to form droplets, just as cloud drops form in the
atmosphere. An Optical Particle Counter (OPC) using side-scattering technology counts
and sizes the activated droplets.

4.2 Details of CCN Design

Both CCN columrs are mounted vertically with the ambient aerosol entering at the top.
The wall temperature along each column gradually increases to create a well -controlled
and quasi-uniform center line supersaturation. In each column, the aerosol sample thus
becomes progressively supersaturated with water vapor as it traverses down the column.

DOC-0128 Rev D-1 26
© 2012 DROPLET MEASUREMENT TECHNOLOGIES, INC.



Operator Manual, Dual-Column Cloud Condensation Nuclei Counter (CCN-200)

The sample is placed at the center of the column where supersaturation is highest, and
filtered humidifie d sheath air surrounds the sample. The recommended flow ratio is 1
part of sample air to 10 parts of sheath air. This ratio ensures that the aerosol is exposed
to a uniform supersaturation profile. The
and a porous alumina bisque liner (which provides the wetted surface down the column
wall) minimize buoyancy effects and help droplets grow to detectable size.

At any given point in time, each of the columns in the CCN unit operates at a single
supersaturation. (Supersaturations between columns can differ.) This is because the
temperature and water vapor gradient along the wetted walls are approximately constant
along the wall. As shown by Roberts and Nenes (2005), the centerline supersaturation
depends on the temperature difference between the top and bottom of the column, the
flow rate, and the absolute pressure in the column.

A unique feature of the instrument is that each column has three temperature control
zones, with the temperature increasing from the t op zone to the bottom zone. This
allows supersaturation to occur and also allows for rapid shifting between
supersaturations. Software controls allow the user to change from one supersaturation to
another, and the supersaturation can be varied between 0.07 % and 2% Approximately 30
seconds is required for a supersaturation shift.

The total variable airflow rate through each column is from 200 to 1000 volume cubic
centimeters per minute (Vcecm), with the recommended total flow being 500 Vcem. The
column operates in laminar flow. The sheath flow is generated in the instrument by
taking a portion of the sample air, filtering it, and humidifying it before it is used as
sheath in the column.

Activated droplet counting is done with two Optical Particle Counter s (OP&), one for
each column. The OPC has been specially designed for the CCN and uses sidescattering
technology for the particle sizing. A diode laser with a wavelength of 660 nm is used as
the light source. The sizing range for activated particles is 0.7 5 to 10 um, and particles
are distributed in 20 size bins. The first bin stores detectable particles up to .75 um,
while the second stores .75 81.0 um particles. After that, the bin widths are 0.5 um (1.0
-15um, 1502 . 0 ij m&¥).0QAm).5The wide sizing range and multiple binning of the
OPC provide additional details on the growth of particles as well as information about
how well the instrument is functioning. Particle sizing data is updated at 1 -second
intervals.

For information on how the supe rsaturation rate affects the maximum particle
concentration, see Appendix B.
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4.3 Instrument Components

The picture on the inside of the manual s front
200 with important components labeled.

Figure 11 shows a side view of the CCN with important components labeled.

Desiccant tubes (indicator
areas at top should be blue)

Figure 11: Side View of CCN with Important Components Labeled
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Figure 12 through Figure 15 show close-ups of some of these components that are not
easily visible in the main picture.

Column A OPC water trap

Column B OPC water trap

Column A supply solenoid pump
Column B supply solenoid pump
Column A column solenoid pump
Column B column solenoid pump
Column B chiller pump

(Column A’s chiller pump is hidden
in this picture; it is located behind
the Column A water trap)

Pt S B R o

Figure 12: Traps and Pumps
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Figure 13: TEC Current Controllers
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H

Figure 14: Sheath Flow Filters and Frits
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Proportional
Valves

Figure 15: Proportional Valves

4.4 Air and Water Flows

Diagrams of the air and water flows for the two CNN -200 columns appear below.
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Figure 16: Air and Water Flow for Column A
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