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Warranty  

The seller warrants that the equipment supplied will be free from defects in material and 
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Consumable components, such as tubing, filters, pump diaphragms, and Nafion humidifiers and 

dehumidifiers are not covered by this warranty.  

 

 

Software Licensing Agreement  
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limited to, the implied warranties of merchantability and fitness for a particular purpose are 

disclaimed. Under no circumstances and under no legal theory, whether in tort, contract, or 

otherwise, shall DMT or its developers be liable for any direct, indirect, incidental, special, 

exemplary, or consequential damages (including damages for work stoppage; computer failure or 

malfunction; loss of goodwill; loss of use, data or profits; or for any and all other damages and 

losses).   

Some states do not allow the limitation or exclusion of implied warranties and you may be entitled to 

additional rights in those states. 
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PART I:  THE CCN INSTRUMENT  

1.0  Product Description  

1.1 Introduction 

The Droplet Measurement Technologies (DMT) Cloud Condensation Nuclei Counter (CCN) 

is based on the design of Dr. Greg Roberts of Scripps Institute of Oceanography and Dr. 

Athanasios Nenes of Georgia Institute of Technology. The technology is patent pending  

and licensed for manufacturing by Droplet Measurement Technologies, Inc.  

 

The CCN measures aerosol particles called cloud condensation nuclei that can form into 

cloud droplets. The instrument operat es by supersaturating sample air to the point the 

where the CCN become detectable particles, which are then sized using an optical 

particle counter and distributed into 20 bins . The DMT CCN counter can be operated on 

the ground or on aircraft. A photo of the in strument appears in Figure 1. 

 

The CCN control program, Single CCN.exe, offers a graphical user interface at the host 

computer. This software provides control of CCN instrument parameters while 

simultaneously displaying real -time particle size distributions. Data interfacing is  done via 

line drivers meeting the RS-232 electrical specifications . Single CCN.exe and other CCN 

software programs are described in Part II of this manual.  
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1.2 CCN Specifications and Features 

 

Technique: Supersaturating aerosol particles in a 50-cm-high 

column with continuously wetted walls and a 

longitudinal thermal gradient; sizing subsequently 

activated particles using an optical particle counter 

Measured Particle  

Size Range: 

0.75 ï 10 µm 

Supersaturation Range: 0.07 ï 2.0% 

Time Required for  

Supersaturation Change: 

~30 seconds for 0.2% change
 

 

 

Figure 1: CCN Counter with Front-Mounted Touch Screen 
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Flow Range: Å  Total flow: 200 ï 1000 volume cc/min (factory 

calibrated at 500 Vccm)  

Å  Sample flow: 20 ï 100 Vccm 

Å  Sheath flow: 180 ï 900 Vccm 

Optical Particle Counter Laser:  660 nm, 35 mW  

Number of Particle Size Bins: 20 

Sampling Frequency: 

 

1 Hz / 1 second  

Data System Interface: RS-232, 9.6 Kb/sec Baud Rate  

Data System Features: 

 

Å  Onboard computer for control and data logging 

Å  Touch screen control and display 

Å  Serial data output for external computer 

Calibration: Comparison of CCN output that of reference 

instruments (Differential Mobility Analyzer (DMA) and 

a CN Counter) 

 

 

1.3 Electrical Specifications 

Power Requirements: 28 VDC 

Current: 

 

15 A at startup, nominal 7 A during regular operation 

 

 

1.4 Physical Specifications 

Size:   For lab use (with frame):  

o 35.0ò H x 19.3ò W x 15.6ò D /  

o 88.9 cm H x 48.9 cm W x 39.7 cm D 

 For aircraft use (without frame):  

o 32.0ò H x 18.4ò W x 6.5ò D /   

o 81.3 cm H x 46.7 cm W x 16.4 cm D 

Weight:  For lab use (with frame):  35.2 kg / 77.5 lb 

 For aircraft use (without frame): 29.0 kg / 64.0 lb 
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Features: 

 

 Rack-mount compatible  

 Center of gravity located 15.5ò from bottom of 

back base plate 

 Instrument plumbing system sealed for 

operation on pressurized aircraft 

 

 

1.5 Operating Limits 

The CCN 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 diffe rentials of 20º C or more 

are required. Therefore the instrument will perform best if its environmental 

temperature is kept as low as possible.  

 

It is not recommended, however, that the CCN be subjected to temperatures  below 5 °C. 

The Nafion humidifier needs to be kept wet  but not freezing. E ven if the rest of the 

instrument is drained, there is the potential of damage to the Nafion. If the CCN is at 

temperatures below freezing, the instrument should be drained and dried as detailed in  

section 3.5, and the Nafion humidifier removed from the instrument.  

 

2.0  Theory of Operation  

2.1 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 column, a 

thermodynamically unstable, supersaturated 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 2 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 greater at point B than at point A, the water vapor partial pressure is also 

greater at p oint 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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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.  

 

2.2 Details of CCN Design 

The CCN column is mounted vertically with the ambient aerosol entering at the top. The 

wall temperature along the column gradually increases to create a well -controlled and 

quasi-uniform centerline supersa turation.  The aerosol sample thus becomes progressively 

supersaturated with water vapor as it traverses down the column.  

 

 

Figure 2: Supersaturation Being Generated in the CCN Column 
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The sample is placed at the center of the column where supersaturation is highest, and 

filtered humidified sheath air surrounds the s ample. 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 CCNõs vertical mounting, cylindrical geometry, 

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, t he CCN unit opera tes at a single supersaturation. This is  

because the temperature and water vapor gr adient 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 pr essure in the column.  

 

A unique feature of the instrument is that the column has three temperature control 

zones, with the temperature increasing from the top 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 the column is from 200 to 1000 volume cubic 

centimeters per minute ( Vccm), with the recommended total flow being 500 Vccm. 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 an Optical Particle Counter (OPC). The OPC has 

been specially designed for the CCN and uses side-scattering 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 0.75 to 10 µm, and particles are distributed in 20 size 

bins. The first bin stores detectable particles u p to .75 µm , while the second stores .75 ð 

1.0 µm particles. After that, the bin widths are.5 µm (1.0 - 1.5 µm, 1.5 ð 2.0 ĳm é 9.5 ð 

10.0 µm). The wide sizing range and multiple binning of the OPC provide additional 

details on the growth of particles as we ll as information about how well the instrument is 

functioning. Particle sizing data is updated at 1 -second intervals.  

 

For information on how the supersaturation rate affects the  maximum particle 

concentration, see Appendix B.  

 

2.2.1 Flow of Air and Water through the CCN 

Figure 3 shows a flow chart of how air and water pass through the CCN.  For a photograph 

of individual instrument components on the ins trument, see Figure 4. 
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The inlet manifold serves as the connection point for the sample flow, sheath flow, 

bottle vents, and the absolute pressure transducer for the sample pressure measurement.    

 

Sample flow is measured by pressure drop across the capillary (4) with a differe ntial 

pressure transducer. The sample air proceeds directly into the top of the growth column  

(6).  

 

The sheath airflow is split off of the sample flow  (9). The sheath air passes through a 

metering valve, which applies resistance to regulate the ratio  between the sample and 

sheath air. The ideal flow ratio is 10 parts of sheath air to 1 part of sample air. Note that 

only the total airflow in the CCN is regulated; this is done through the proportional valve 

(24). Absolute flow to the sample and sheath flows is controlled by adjusting both the 

total air flow and the sample-sheath flow ratio .  

 

 

 

Figure 3: Air and Liquid Flow Schematic Diagram 
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After the sheath air travels through the metering valve , it passes through a filter  (12) and 

a frit element with a differential pressure transducer for the flow measure ment (13/14) . 

The sheath air is then passed through the ou tside of the Nafion Perma -Pure unit to 

humidify the air  (15). The Nafion is maintained close to the temperature of the top of the 

column. This ensures that minimal change is needed to reach the dew point at the top of 

the column.   

 

The air in the column passes through the Optical Particle Counter (OPC)  (22). A closed 

loop air -drying system is used for the OPC. If water droplets should enter the OPC, these 

are removed out the drain on the bottom of the OPC and collected in the water trap (29). 

The air then cycles through the OPC pump, drying column, and filter (19 -21) before being 

put back into the OPC. This ensures that the OPC will not fog if operated on an ai rcraft. 

The displacement of the OPC pump is 60 µl per cycle, and the pump is controlled 

independently of the computer. However, this pump in the CCN counter operates only 

when the TEC relay power is turned on.   

 

After the air in the column passes through the OPC, it enters  a cold trap  (18). This drops 

the dew point of the air so that water will not condense in the proportional valve (24) or 

sample pump (25). As stated above, t he proportional valve regulates the total airflow 

through the CCN. The computer measures the total airflow and this data is fed back to 

the proportional valve.  

 

A diaphragm pump (25) is used to provide system vacuum and then vents the air out the 

exhaust port on the side panel  (26). The entire system is sealed so that the unit can 

operate in a pressurized environment. When operating at reduced pressures, it is 

necessary to vent the exhaust port at a pressure close to the inlet pressure.  

 

The water supply and drain bottles  are connected to the inlet manifold to equalize 

pressure for the supply and drain (27, 28). The water supply is fed with a solenoid pump 

(16) through the center of the Nafion and then to the top of the column (11) to supply 

humidification water. Solenoid pumps (23, 28) are also used to remove excess water from 

the botto m of the column and the cold trap. Each of these pumps has a flow capacity of 

60 µl per cycle.  

 

 
 

Table 1 shows locations along the air and water flow paths where water and water 

condensation are to be expected . 

WARNING 
Do not allow unit to run when supply water bottle is 

empty, or unit may not function properly when water is 

added.  
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2.2.2 CCN Components 

Figure 4 shows the important components of the CCN. Figure 5 and Figure 12 show 

solenoid pumps and the desiccant tube, respectively; these components are hidden in 

Figure 4. 

 

Location No.  
 I  Air Flow Path: No water should ever be present here.  

2  Pressure Measurement Port: No water should ever be present here.  
3  Pressure Measurement Port: No water should ever be present here.  
4  Sample Air Flow Path: No water should ever be present here.  
5  Pressure Measurement Port: No water should ever be present here.  
6  Sample Air  Flow Path: No water should ever be present here. 
7  Bottle Vent: No water should ever be present here. 
8  Bottle Vent: No water should ever be present here. 
9  Sheath Air Flow Path: No water should ever be present here.  
10  Sheath Air Flow Path: Condensation Present. 
11  Water Supply: Water should always be present here. 
12  Sheath Air Flow Path: No water should ever be present here. 

13  Pressure Measurement Ports: No water should ever be present here. 

14  Pressure Measurement Ports: No water should ever be present here. 
15  Sheath Air Flow Path: No water should ever be present here. 
16  Water Supply: Water should always be present here.  
17  Water Drain: Water should be intermittent here.  
18  Air Flow Path: Condensation Present.  
19  OPC Dry Purge Air: No water should ever be present here. 
20  OPC Dry Purge Air: May have condensation.  
21  OPC Dry Purge Air: May have condensation. 
22  OPC Dry Purge Air: May have condensation. 
23  Water Drain: Water should be intermittent here.  
24  Air Flow Path: No water should ever be present here. 
25  Air Flow Path: No water should ever be present here. 
26  Air Flow Path: No water should ever be present here. 
27  Water Supply: Water should always be present here.  
28  Water Drain: Water should be intermittent here.  
29  OPC Water Trap Bottle: May have condensation and 1 or 2 drops of water. 
30  Nafion block drain: No water should ever be present here. 

Table 1: Locations where Water Accumulation and Condensation is Permissible in CCN 


































































































































































































