[image: image1.jpg]


Manual, Operator Cloud Condensation Nuclei Counter
Droplet Measurement Technologies, Inc

[image: image14.jpg]LASER ASSEMBLY
ASSY-0098

KNIFE EDGE
MP-1003 2X
4-40 X 5/8 SHCS

2X :
1/16" O.D. TUBE
6-40 FLANGELESS NUT & FERRULE
PLUM-0197 & PLUM-0198 2X

O-RING
2-011

2-56 X 3/16 BUTTON HD
2X

LASER ISOLATOR
MP-1124

OPTICS BODY

LASER WINDOW
MP-0946

OP-0143

TEMP SENSOR

EL-0038
CARTRIDGE HEATER’>\
HTR-0084 4X

<]

4-40 X 5/16 SHCS

MIRROR MOUNT
MP-0947

4-40 X 5/16 SHCS
2X MIRROR
0oP-0137
OUTLET O-RING
MP-1111 2-024

/

4-40 X 5/16 SHCS
4X

=
3

O-RING
2-014

MP-1122
2-56 X 1/4 SHCS

S

2X
BEAM STOP BEAM DUMP
DETECTOR SPACER e OP-0142 MP-0959
MP-0943 2-020 et =
P

LENS
OP-0140

4-40 X 3/16 SHCS
4X

LENS MOUNT
MP-0944




Cloud Condensation Nuclei Counter 

Operator Manual

DOC-0086 Revision A

(Software Manual: DOC-0087)

[image: image56.jpg]



5710 Flatiron Parkway, Unit B

Boulder, CO 80301 USA

Copyright © 2004 Droplet Measurement Technologies, Inc.

5710 Flatiron Parkway, Suite B

Boulder, Colorado, USA 80301

Tel: +1 (303) 440-5576

Fax: +1 (303) 440-1965

www.dropletmeasurement.com
All rights reserved.  No part of this document shall be reproduced, stored in a retrieval system, or transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise, without written permission from Droplet Measurement Technologies, Inc.  Although every precaution has been taken in the preparation of this document, Droplet Measurement Technologies, Inc assumes no responsibility for errors or omissions.  Neither is any liability assumed for damages resulting from the use of the information contained herein.

Information in this document is subject to change without prior notice in order to improve accuracy, design, and function and does not represent a commitment on the part of the manufacturer. Information furnished in this manual is believed to be accurate and reliable. However, no responsibility is assumed for its use, nor any infringements of patents or other rights of third parties, which may result from its use.

Trademark Information

All Droplet Measurement Technologies, Inc. product names and the Droplet Measurement Technologies, Inc logo are trademarks of Droplet Measurement Technologies, Inc.

All other brands and product names are trademarks or registered trademarks of their respective owners.

Warranty

The seller warrants that the equipment supplied will be free from defects in material and workmanship for a period of one year from the confirmed date of purchase of the original buyer.

Consumable components, desiccants, filters, pump diaphragm and Nafion humidifier are not covered by this warranty.

CONTENTS

71.0
Product Description


71.1
Introduction


81.2
CCN Specifications:


81.3
Theory of Operation


101.4
Installation


111.5
CCN Start-Up


131.6
CCN Power and Signal Connections


141.7
CCN Maintenance


141.7.1
Every 4 days:


151.7.2
Every 16 days:


151.7.3
Monthly Maintenance Requirements:


151.7.4
Three Months Maintenance Requirements:


151.7.5
Yearly Maintenance Requirements:


161.7.6
Pump Diaphragm and Motor Maintenance Requirements:


161.8
CCN Flow Diagram


181.9
Calibration Procedures


181.9.1
Flow Calibrations


181.9.2
Flow Calibrations Procedure


201.9.3
Pressure Calibration


201.9.3.1
Pressure Calibration Procedure


211.9.4
OPC Calibration


211.9.4.1
OPC Calibration Procedure:


211.9.5
OPC Cleaning Procedure


322.0
CCN Spares and Consumable Supplies


322.1.1
Start Up Kit (p/n: KIT-0001):


332.1.2
Consumables Kit (p/n: KIT-0002):


332.1.3
Basic Field Repair Kit (KIT-0003)


342.1.4
Electronics Kit (p/n: KIT-0004)


353.0
CCN Unpacking and Packing Instructions:


353.1
To Unpack


353.2
To repack for shipping:


374.0
CCN Drying Procedure Prior to Shipping


374.1
To Drain All Liquid Water


384.2
To Restart the CCN:


395.0
Trouble Shooting


416.0
Gas Humidifier Theory of Operation


436.1
Gas Humidifier Assembly and Disassembly


446.2
Gas Humidifier Installation and Siphon Feed Method


456.3
Gas Humidifier Circulation Feed Method


46Appendix A:
LaserDriver/PhotoDetector Schematics (ABD-0174)


49Appendix B:
I/O Connector Schematics (ABD-0082)


51Appendix C:
Power Supply Module (ABD-0084)


54Appendix D:
CDPE Schematics (ABD-0072)


62Appendix E:
CDPE Power Supply Module Schematics (ABD-0073)


65Appendix F:
Controller/Power Distribution Schematics (ABD-0116)


75Appendix G:
Continuous-Flow Streamwise CCN Chamber (See attached Continuous-Flow Streamwise.pdf)


76Appendix H:
Instrument Calibration Reports





Figures

7Figure 1. CCN Counter with Front Mounted Touch Screen


9Figure 2.  Schematic of the CCN column showing how the supersaturation is generated.


13Figure 3. Location of power, communications, sample and exhaust connections


16Figure 4. Air and liquid flow schematic diagram.


19Figure 5. Inlet Manifold Unit


22Figure 7. OPC 1st Stage Monitor Voltage


23Figure 8. OPC Mounting Location on Column


24Figure 9. Air Drying OPC with Canned Air


25Figure 10. Bottom View of Mounted OPC on Column


26Figure 11. Removed OPC Assembly


26Figure 12. Laser Frame Registration Mark


27Figure 13. Removal of Mirror Mount


28Figure 14. OPC Assembly Exploded View


29Figure 15. OPC Dis-Assembled


30Figure 16. Cleaning Aspheric Lens (OP-0140)


30Figure 17. Cleaning Concave Sphere Lens (OP-0137)


31Figure 18. Cleaning Laser Window (OP-0138)


31Figure 19. Cleaning Beam Dump Optic (OP-0142)


36Figure 20. CCN with shipping hood on frame.


39Figure 21. CCN Fuse Listing


42Figure 22. Gas Humidifier Exploded View




[image: image15.jpg]


[image: image16.jpg]




1.0 Product Description

1.1 Introduction

· The Droplet Measurement Technologies (here in known as DMT) Cloud Condensation Nuclei Counter (here in known as CCN) is based on the design of Dr. Greg Roberts of Scripps Institute of Oceanography.    

· Dr. Athanasios Nenes of Georgia Institute of Technology did the theoretical parameterization of the unit.   

· The technology is patent pending and licensed for manufacturing by Droplet Measurement Technologies Inc.  
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Figure 1. CCN Counter with Front Mounted Touch Screen

1.2 CCN Specifications:

· Continuous flow, single supersaturation

· Cylindrical geometry, 50 cm column

· Longitudinal thermal gradient

· Continuous wetting

· Supersaturation range 0.1-2%

· 30 second supersaturation change

· Total flow 200-900 volume cc/min

· Sample flow 20-90 volume cc/min

· Onboard computer for control and data logging

· Touch screen control and display

· Serial data output for external computer

· Multiple bin optical particle counting

· Sealed for operation on pressurized aircraft

· 28 VDC power, 15 A at startup, nominal 7 A run current

· Rack mounting, 32 in. H, 19 in W, 11 in D

· Weight 27 Kg

1.3 Theory of Operation

· The CCN counter takes advantage of the property that thermal diffusivity is slower than the molecular diffusivity of water vapor (a technical paper on the theory of the CCN will be published spring of 2005 in Aerosol Science and Technology). The column is mounted vertically with the ambient aerosol entering at the top, and the increase in supersaturation takes place down the column. The aerosol sample is directed down the center of the column, and filtered humidified sheath air surrounds the sample.   The flow ratio is 1 part of sample to 10 parts of sheath air.  The vertical mounting, cylindrical geometry and a porous alumina bisque liner (which provides the wetted surface down the column wall) minimize the undesired effects from particle size and buoyancy.   With laminar flow, heat and water vapor are transported to the centerline of the column from the walls only by diffusion. 

· Since molecular diffusivity is greater than thermal diffusivity, the distance downstream that a water molecule travels before reaching the centerline is less than the distance the temperature travels downstream before reaching the centerline. If you pick a point at the centerline, the heat originates from a greater distance upstream than the water vapor. 
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Figure 2.  Schematic of the CCN column showing how the supersaturation is generated.  

· There are four facts that are necessary to explain how supersaturation is generated within the CCN (see Figure 2):

· Assuming that the inner surface of the column is saturated with water vapor at all points, since the temperature is greater 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.

· However, since the temperature at point C is the same as at point A, the equilibrium water vapor pressure at point C is equal to the water vapor partial pressure at point A. 

· The saturation ratio is the ratio between the actual partial pressure of water vapor and the equilibrium vapor pressure. This is equivalent to the partial pressure at point B divided by the partial pressure at point A, which is always greater than one. Thus supersaturation is generated.

The unit operates at a single supersaturation.  The supersaturation depends on the temperature difference between the top and bottom of the column as well as the flow rate in the column. A unique feature of the instrument is that in the column has three temperature control zones, for rapid shifting between supersaturations, the temperature increases from top to bottom to give supersaturation. Approximately 30 seconds is required for a shift from one supersaturation to another.  Along the temperature gradient, the transfer of moisture is faster than the transfer of heat. Along the zone of increasing temperature, the water vapor content will increase and thus supersaturation.  The supersaturation can be varied between 0.1% and 2%.   

· The total variable airflow rate through the column is from 200 to 900 volume cubic centimeters per minute (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. A recommended sheath to sample ratio is 10:1.

· Activated droplet counting is done with an Optical Particle Counter  (here in known as OPC).   The OPC has been specially designed for the CCN and utilizes side scattering technology for the particle sizing. A diode laser is used as the light source with a wavelength of 660 nm.  The particle sizing range is from 0.75 to 10 microns in 20 bins. The bin sizing is as follows, (measured at the top of the bin): 

· 0.75, 1.0, 1.5, 2.0, 2.5.… up to 10 microns.  

· Particle sizing data is updated at 1-second intervals, at a sample flow rate of 60 vccm, 6000 particles per cubic centimeter can be counted with a maximum of a 10% coincidence.  The wide sizing range and multiple binning of the OPC provides additional information on the operation of the instrument, and details on the growth of the particles.

1.4 Installation

· The CCN is designed for ground based or airborne applications. The entire sampling system is sealed on the CCN so that it can be used on a pressurized aircraft as long as the sample air inlet and outlet are at ambient pressure.

· The CCN is designed to operate on 28 VDC power.   For ground-based applications, a line voltage, either a linear or switching supply, to 28 VDC supply will be needed.  The capacity of the supply should be at least 15A. The CCN may draw this current load for up to a few minutes at startup, and then will typically draw 6-10 A in normal operation.  

· A recommended power supply is a Power-One (model PFC500-1028-F). This unit has a wide range input unit that has been successfully used with the CCN.

· The quality of 28 VDC on aircraft varies considerably. If there are high frequency spikes on the 28 when the 400 Hz power is converted to 28 VDC this could cause problems with the CCN. If problems occur when operating the CCN in an aircraft environment, check the line voltage to 28 VDC supply.

· The CCN must always be mounted in an upright configuration. The back panel is the structural component of the CCN and is a 1/8-inch, 6061-T6 aluminum plate.  All of the major internal components mount with stainless steel fasteners to this aluminum plate and critical mounting screws have helicoil inserts for strength.  

· 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 differentials of 20º C or more are required. Therefore the best performance of the instrument will be obtained if the environmental temperature of the CCN instrument is kept as low as possible.

· It is not recommended that the CCN 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 is at temperatures below 0º C, the instrument should be drained and dried as detailed in Section 4, and  the nafion humidifier removed from the instrument.

1.5 CCN Start-Up

· For safe removal of the CCN from the shipping case, see Section 3.0. 

· Check the CCN instrument for signs of shipping damage.

· Setup the power connector for CCN unit.   The connector is supplied in the startup kit, and the user will need to provide the necessary wiring.  Use 14 awg wire for the connections and the pin out details are given in Section 1.4 of the manual.  Check the polarity of the power before connecting to the instrument.  

· THE CCN COUNTER IS NOT REVERSE POLARITY PROTECTED AND WILL BE SIGNIFICANTLY DAMAGED BY INCORRECT WIRING.

· Remove the front cover from the instrument; there will be 12 screws around the perimeter of the instrument, and three on the left side into the connection panel.

· The supply bottle, drain bottle, bottle hold down clamp and clamp screw are packed separately from the main 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.

· Install the drain bottle in the bottle holder.  The best location for the drain bottle is in the rear of the bottle tray.

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

· Make sure the bottle caps are tight on the bottles; otherwise there will be a leak of air into the inlet system.

· For airborne applications install the bottle hold down clamp.

· The touch screen can either be used free standing or mount to the front of the CCN case.  

· To mount the touch screen to the case, 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.  

· In the startup kit there will be four 4.7 mm screws with lock washers to mount the screen to the case.  

· Connect the cables to the screen before mounting the screen to case. Save the parts that were removed from the screen and the case.

· Connect the touch screen video and serial cables to the side panel and provide power to the touch screen either from the external power supply or from the side panel using the cable provided.    

· The cover can be set back on the guides at the top of the CCN chassis, but the cover screws should not be secured yet as flow adjustments need to be made.

· The Sheath Flow Adjust valve is closed, open this approximately 1.5 turns (see Figure 5 for valve location).

· Start the CCN, the breaker on the side panel also serves as the power switch.

· The computer will load the CCN Control Program and start automatically.

· On the main CCN window: go to the Flows tab.   

· The flow ratio between the sheath and sample flow is displayed directly in the center window.   Adjust the sheath flow valve until this ratio reads 10.0 +/- 0.3.

· Check the position of the OPC drying system time switch.   If the CCN is going to be used primarily in airborne applications, this switch should be set to 2 seconds.  If the unit is operated continuously in a laboratory or field environment, the switch should be set to 20 seconds.  For more details on the OP drying system see section  1.8.

· For the column to wet and particles to grow properly, it will take approximately 4 hours or more.

· Re-Install the cover on the CCN.

1.6 CCN Power and Signal Connections
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Figure 3. Location of power, communications, sample and exhaust connections

· Power is applied to the CCN through a military style circular connector: 

· Model PT06A-12-4S (SR). The power on this connector is split into two 28 VDC legs of which all four pins must be used:

· Pins A and C: +28 VDC
· Pins B and D: Power Return.

· 14 awg wire must be used between the power source and the power connector. 

· The white wire is positive, and the black wire negative on all DMT supplied cables.

· The MAIN POWER switch is a 20 Amp circuit breaker for protection of the CCN instrument.  

· The pilot light indicates instrument power ON.

· The data communication connectors are as follows:

· Video: Connection for video monitor, either the touch screen supplied with the instrument or any standard video monitor.  Resolution for an external monitor needs to be set at 600 x 800.

· Screen Power: 12 VDC power output for the touch screen (the cable is supplied with the CCN).

· Touch Screen: The serial port connection for the touch screen cursor operation.

· Data Out: The serial data output is RS-232, 9600 baud, 8-N-1 as discussed in the Software Manual (Serial Output Stream, section 1.1.1.7).  N ull modem must be used in connecting to the serial port on external computers for correct communication.

· Keyboard: Standard keyboard connection (this can be used with the touch screen or with a standard monitor).

·  Mouse: Mouse connection (this is active with the touch screen or a standard monitor).

· USB: USB 1.1 port for auxiliary USB devices.

· ETHERNET: Standard network connection.

· The SAMPLE and EXHAUST connections are  ¼ inch Swagelok connections. 

· If the CCN is being operated in a pressurized aircraft it is necessary to connect the EXHAUST port to an overboard dump.  

1.7 CCN Maintenance

· Droplet Measurement recommends the following service and maintenance schedule for the CCN.  The maintenance schedule is based on the continuous operation of the instrument and may need to be modified for other operating conditions. 

1.7.1 Every 4 days:


· Refill supply water bottle with clean deionized or distilled water.   

· This water can be procured at a grocery store:

Important that the water not be artesian water or any water with added minerals.  

· The water consumption rate is about 4 ml per hour.  

· If the unit is used in an aircraft application it is recommended that the supply bottle be refilled prior to the flight and the water bottles be emptied after each flight.

· When installing the supply and drain bottles, make sure the caps on are securely tightened. If caps are not tightened securely the air stream can become contaminated.

1. Empty Drain Bottle:  

· The water in this bottle is not hazardous since it has only been exposed to ambient air, the water can be disposed of in any drain.

· Check for Leakage

2. Check OPC water trap for any liquid removed from the OPC.  If liquid is present empty bottle and replace.

3. Check bottom of case for any water leakage, as this would indicate leakage of the liquid flow system, check all fitting for tightness to eliminate any water leakage.

1.7.2 Every 16 days:

1. Check dessicant tube for the OPC dryer, replace if necessary, replace filter and dryer unit at the same time.

2. Check gaskets under the caps on the supply and drain bottle, replace gaskets if torn or wrinkled.

1.7.3 Monthly Maintenance Requirements:

1. Check filters on air inlets at the right hand side of the case.   If filters are dirty, wash filters and replace.

2. Check  calibration on sheath and sample air flows.

1.7.4 Three Months Maintenance Requirements:

1. Replace filter in sheath airflow channel

1.7.5 Yearly Maintenance Requirements:

1. Replace the Nafion humidifier assembly.

2. Calibrate the Absolute Pressure Transducer.

1.7.6 Pump Diaphragm and Motor Maintenance Requirements:

Pump failure will not cause any damage in the CCN. Replacement of the pump diaphragm and motor at the estimated lifetime or wait for failure is at the users discretion.

1. The pump diaphragm lifetime is approximately 4000 hours.

2. The pump motor lifetime is approximately 8000 hours.    

1.8 CCN Flow Diagram
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Figure 4. Air and liquid flow schematic diagram.   

· The inlet manifold serves as the connection point for the sample flow, sheath air flow, bottle vents, and the absolute pressure transducer for the sample pressure measurement.   

· Sample flow is measured by pressure drop across the capillary with a differential pressure transducer.   The sample air proceeds directly into the top of the growth column.  The sheath airflow is split off of the sample manifold, through a metering valve, filter, and then a frit element with a differential pressure transducer for the flow measurement.   The sheath air is then passed through the outside of the nafion (Perma-Pure) unit to humidify the air. The nafion is maintained close to the temperature of the top of the column, this way there is minimal change needed to reach the dew point at the top of the column.  

· The metering valve on the sheath flow channel adjusts the split between the sample and sheath air. 

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

· Only the total airflow in the CCN is regulated. Adjusting the sheath resistance through the metering valve regulates the split between the sample and sheath airflow.

· The air in the column passes through the Optical Particle Counter (OPC) through a cold trap to drop the dew point of the air so that water will not condense in the proportional valve or sample pump.  The proportional valve regulates the total airflow through the CCN. The computer measures the total airflow and the data is fed back to the proportional valve.

· A diaphragm pump is used to provide system vacuum and then vents the air out the exhaust port on the side panel.   A proportional valve ahead of the diaphragm pump does flow regulation.  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 reservoir and the drain reservoirs are connected to the inlet manifold to provide pressure equalization for the supply and drain. The water supply is fed with a solenoid pump through the center of the nafion and then to the top of the column to supply humidification water.   Solenoid pumps are also used to remove excess water from the bottom of the column and the cold trap.  Each of these pumps has a flow capacity of 20 (l per cycle. 

· A closed loop air-drying system is used for the OPC.  If water droplets should enter the OPC, these will be removed out the drain fitting on the bottom of the OPC and collected in the water trap.   The air then cycles through a drying column and a filter before being put back into the OPC.   This insures that the OPC will not fog especially if operated on an aircraft.  The displacement of this pump is 60 (l per cycle and is controlled independently of the computer.  This pump in the CCN counter operates when the power is turned on.  

·  The toggle switch for this pump is located on the Controller Printed Circuit Board (ABD-0116) On serial numbers 1, 11 and 13 the toggle switch is located on the PCB mounted on the lower right rear of unit.   The solenoid pump can cycle every 2 seconds or every 20 seconds.  In an airborne application where altitude changes can cause migration of saturated water vapor into the OPC it is recommended that the switch be set to the 2 second position.   For ground based continuous CCN measurements, the switch can be set in the 20 second position.    If the OPC has fogged, switch to the 2 second position will speed the removal of water vapor.  

1.9 Calibration Procedures

· For optimum CCN performance periodic calibration of the CCN flow sensors, pressure transducers and the optical particle counter should be executed.

1.9.1 Flow Calibrations

Recommended calibration equipment:   

1. Volume displacement flow meter (the range should be from 10-1000 volume cc/min.): 

2. A manual soap bubble unit or 

3. An automated system (such as a Sensidyne Gilibrator).

1.9.2 Flow Calibrations Procedure

1. Start the program PressCal.exe and change both the sheath and sample flows values for the slope and intercept to 1 and 0, respectively. If the pressure transducer is to be calibrated, change the slope and intercept to 1 and 0.

2. Remove the cover from the CCN instrument.  Disconnect the sheath flow line (see Figure 5) from the inlet manifold, and plug the port in the manifold with the plug P/N: ASSY-0122 (provided in the startup kit). 
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Figure 5. Inlet Manifold Unit

3. Connect the volume displacement flow meter to the inlet port on the side of the CCN instrument. 

· Start the CCN Sample program. 

· Set the SuperSaturation Table to MANUAL.

4. Go to the Flow tab on the CCN control window and set the valve control to MANUAL. 

· Adjust the valve voltage from 4.00 volts to 2.5 volts in 0.25 volt increments. 

· Read the actual flow from the flow calibrator.   The display window will give the signal of the sample flow reading in volts. Record both of these values.

5. Connect flow calibrator to the sheath flow line (that was disconnected from the inlet manifold in step 2).

6. Repeat step 4 making seven flow measurements.

7. Run a linear regression on the flow calibration data and insert the new coefficients in the program PressCal.exe.   Use the flow data as the Y value and the voltage measurement as the X value.
8. Remove the plug  (ASSY-0122) from the sample manifold and reconnect the sheath airflow line.
9. If Pressure Calibration will not be done, put the cover back on the CCN.  

1.9.3 Pressure Calibration

Recommended calibration equipment:   

1. Pressure transfer standard with a range from 100-1000 mb.  

2. Vacuum pump for applying test vacuum to system.

1.9.3.1 Pressure Calibration Procedure

1. Following flow calibration, disconnect the pressure transducer line from the inlet manifold.   Depending on the connection to the vacuum system, adapt or remove the fitting from the end of the pressure transducer line and connect to the vacuum source.

2. Start the CCN counter, and calibrate the pressure transducer at 5 or more points over the range, 100-1000 mb.

3. Reconnect the pressure transducer line to the inlet manifold.

4. Run a linear regression on the calibration and insert the coefficients into the PressCal.exe program.   The pressure data will be the Y values and the voltages the X values.

5. Replace the cover on the CCN instrument.

1.9.4 OPC Calibration

Recommended calibration equipment: 

1. Aerosol generator system for nebulizing polystyrene latex (PSL) particles, such as the DMT aerosol generator.  

2. PSL calibration particles, 2.0 micron.

1.9.4.1 OPC Calibration Procedure:

2. Start the CCN counter, and turn off the liquid supply pump.   Set conditions for a low supersaturation of 0.1%, and start the airflow rate.

3. To speed the drying process use a drying tube (such as a Drierite tube), connect this to the inlet or if a drying tube is not available, use air and run the CCN for about 15 minutes to reduce the humidity in the tube.

4. Connect the aerosol generator to the sample inlet and start the aerosol generator.

5. Note the bin where the calibration particles are measured.   A good calibration exists if the particles are in the proper bin or slightly high.

· If the particles are in a lower size bin, the OPC could be dirty and will need cleaning and recalibration (contact: Droplet Measurement Technologies Inc.).

6. Restart CCN for normal operation.

1.9.5 OPC Cleaning Procedure

1. If after running the OPC dry air recirculation pump on high for 12 hours, the 1st stage monitor voltage is still at or near 5.0V, there may be water droplets on the window between the laser and OPC. 
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 Figure 7. OPC 1st Stage Monitor Voltage

2. Contact DMT before attempting this procedure.

3. [image: image20.jpg]


The best way to check and correct this problem is, while the unit is on and the airflow pump is off; monitor the voltage of the 1st Stage Monitor. 

Remove the two 2-56 screws holding the Beam Dump to the OPC block. Note its orientation (wedge points down towards inside of OPC) and make sure its o-ring (2-011/OR011) is accounted for.
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Figure 8. OPC Mounting Location on Column

4. Insert the tube from the end of an inert dusting gas (such as Tech-Spray, Envi-ro-tech 1671 Duster) about half way into the Beam Bump opening. Give a couple of short burst of clean dry air, if there is excessive water in the OPC, you will notice some mist of water coming back out of the hole as you spray into it. You should also notice the 1st stage monitor voltage decrease. Keep applying short bursts until no water mist comes back out and the 1st Stage Monitor voltage has returned to a normal value (.2-.4V). 
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Figure 9. Air Drying OPC with Canned Air 
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Reinstall the Beam Dump, ensuring that the o-ring is in place and the orientation is correct.

6. If the 1st Stage Monitor voltage is still unacceptable or the OPC has been flooded, the OPC will need to be removed from the unit, disassembled, cleaned and re-assembled. 

7. Verify power is off to the unit. 

8. Use a grounding strap and work at an anti-static station.

9. Disconnect the wire going to the OPC heaters with in-line connector located on right side of OPC. Disconnect bottom connector going to PCB on left side of OPC. 
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10. Disconnect 1/4 tubing from bottom of OPC. 

11. Disconnect 1/8 tubing going to bottom right side of OPC. 

12. Disconnect 1/8 tubing going to “T” on the middle, bottom back of the OPC. 

13. Ensure all of these connections are disconnected before unbolting OPC from bottom of column. 

14. [image: image32.jpg]V2 NN <
. ASSEMBLY. 44—180605-86~
CCN COUNTER'S IN/0OUT CONNECTIONS PCB: s==topeus=ar P&
ADUANCED DIGITAL-LOGIC MSMPSSEN/SEU, P-5 266MHz SCHEMATIC: 46-100005-085 -
CCN-102.SCH, RELEASE-2, MARCH 2004 |
DB15F~HD
J37 OF PROCESSOR BRD RJ-45 J25 OF PROCESSOR BOARD UIDEO
4x. 1 ETHERNET 2%5x. 1 UGA
Tx+  J2@E D FCREB)3 GROUND  Je@siE - l L CRIESD)J9
Tx-  J2@E D% > /I3 RED Js@=lE D2 (OIS J9
Rx+ J2@EL 3 ——(CRDJ3 Je@ETe X (B J9
Rx- 2@ O4— ¥ CEDI3 GREEN J8@cie D ¥ (IS J9
7 X EI3 JBEETE_ DX —— (IS J9
e Cw®3 BLUE Js@mE DS ! RS9
¥~ w3 J8@E1E O+X — CORIES D) J9
Y5 EEDI3 H-SYNCH J8@EiE Df—— G—5(REED I3
J3 U-SYNCH J8G@E D— Hg (RIS J9
- I8 DHEX 1o J9
J13 OF PROCESSOR BRD RS-232 J8 TS .J9
5x2x. 1 COM-1 v [FEROE, Sl
RLSD J4G=TE A (IS ,.": j:
DSR J4GEIE D2— Js m—émk e (D
RxD J4EEE DA S5 OERAELL, SRR
RIS HEBTO——— | (——CDJ5 IR J9
TxD Je@EE D* - —s IS
CTS J4(ec-ie £ s BDJS o
DTR J4G=E DF 78IS J24 OF PROCESSOR BOARD KEYBOARD
Rl @ Dt LIS 2x5% 0] MINI DIN-6
GND J4J5 J1e e X (D J11
N/C  Ja@EiE DX J5 GROUND J10@ETED2— DI
J4 JIBEETE 3K ( SC DD J11
Ucc J1e@ie & L pJ11
KB DATA J10GEE DS Ju
J12 OF PROCESSOR BRD RS5=232 KB CLOCK J1e@EE_ D= ¥ CBED 11
2xoka coM-2 GROUND Jio@Eie O2—9
ALSD JEGEE D N a—> Y14 J10EET AKX MOUSE
DSR  JEEETE D2 —CDI7 MOUSE CLK J18@EED- MINI DIN-6
RX JS(EL—_}-"—-——————I ——y CBDJ7 MOUSE DATA J18GEIE -2 D12
RIS Je@EE O+— | (W7 J10 *C D12
TX Je@m DS s DJ? S CBEDI12
CTS Je@EiE DO+ —sCBBDJI?7 — oD J12
DTR Je(oc-18 08D J?7 L (D J12
RI Je@Ee Ot L J7 ¥ DINDJ12
GND JSJ? - J12
G EED . J62 OF PROCESSOR BOARD
4x%. 1 USB-A
" e Ucc m@_:—«:J: —CwED 1
P4 + PO- JI3EET D m‘lﬂ
J15 N2 LCIDQUSDCCRETEON el =i i)
+12UDC J1s @O — D16 GROUND 913G R
RETURN J15@ET_D2 —CHEDJ16 13
IS @ET? 2 SRR, s LED IS CHICAGO MINIATURE 53@2HS-5V,

woyy , LED
i @ 3 l
i 150
4

J15 @IE-4

DIGI-KEY L20025-ND



[image: image33.jpg]106 1P5 L

© © o] © __ = ©
© NJ&M Ol o | e [ w2
m m @ Hdﬂg er b | &0
= S : : ezL80]| [=o] | (o] | [oo]
U - k=i ok )
- ) D)ICE NS © ﬁ%@
@@ = o Q.= i
+ C €L ZT el
Om ﬁ &
o3 = ¥ ©
R O O
o o O %
@)
0 o o) X
mzh& o o XN M WA )
O . Q- O
&) o)
mﬂa % O %Dﬁ. RS . By i
v
o > g == BEIEIE 3t
10d
= b o LSIQ YMd NBZ+
¢ &
+ @ o) O n
© © o
=N =
- ¥




Using a 3-32 Allen wrench completely loosen all four 4-40 x 9/16 screws which secure the OPC to the column. The OPC should now be able to move freely and can be removed from the bottom of the unit. NOTE: there are two o-rings (2-06/2-028) that usually stay seated in the bottom of the column spacer when OPC is removed.
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Figure 10. Bottom View of Mounted OPC on Column
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Figure 11. Removed OPC Assembly

15. The Laser Frame should be marked with registration mark so it will go back on the same way it came of. If you cannot see it make a new one with a “Sharpie” type marker.
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Figure 12. Laser Frame Registration Mark
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Remove four 4-40 screws holding the Mirror Mount and “T” to the OPC body. Insert two screws back into the hole but don’t thread them in. Use them to twist the part until it comes out.

[image: image49.jpg]| 3

Mona 3a-0a

€ | i |4 ] =
¥ o T BUS $00C "80 AJBUBT ABPSITUT 818 g
0'¢ aug 98473400 A
Aoy JoUIBLO Jequnp juewnoeq azg
UIMOd NG+, - 8Sd 3dAD
oL
: UOIBWIO)U| S961-0v (€0€) :xBd 9285-0¥v (€0€) :8u0yd
|BlUSPRUOD LING L0€08 OO “iepinog
V 8}ing 'eAy [BAjueD 00V
*auj ‘se|Bojouyoe | jusweinseapy }ajdoiq
.
8 oy
9 | B
2 o y2ISQSINT St
m  4n ook i
z 90 ¥~ N LA 4 1397782
s < 2 (]
anea  LE Y B
" |I.—.| NIA- T =
m
o S
= 7 ane ASE L~ = m VIS
=) NzeH m Loh. 4
© o2 - s S E
0b ¢ ?
m A0l S g R g o'} @sny
2 2 4N 00} L. NIA+ L) -
2 SOT ¥ EREN
g 24
015 <8 N3dO
sy vy iNOA+  d4OINO [
_ A8T
x_w i
+

JHMOd ulAStu





Figure 13. Removal of Mirror Mount

17. Remove the two screws holding the Laser assembly onto the OPC body. Remove the laser and the Delrin isolator. The Laser Window (OP-0143) should come out with the spacer.

[image: image50.jpg]CCN CONTROL AND POWER DISTRIBUTION MODULE

CCN~CTLA.5CH, RELESSE— 1-2005, 2 0OF 8
J21a@eE Hl—— +5U-A =
w 2J> 49.9K
= R62
aEE : -IN-
- :8> J21 AGND i . W U-IN-81
= 1
® SAMPLE_PRESSURE ]
e et L o1 036
z>5
95
wn L u17z
i § JZISHEHTH _PRESSURE B - 19,96 SRR
=E (ED——————L___. i A
w .1
5%  ABSOLUTE_PRESSURE P
o = = oesos!! C37
« & J21a@EE =3
{¥1)
=
& & J21aEEDO— AGND 1 U17 49.9K
= 1 R84 v-1n-00
o 1 2
W J21@=%—— AGND 2 Ln3e? . s
LR |
SHIELD &—‘o"__—""’““ |———c38
L7367
L LT1367
{3
CHILLER CONTROL CIRCUIT S 4GU-D =)
A +5U-D
+su sl 2n R93 >l
DIGIKEY P.N. 2 T o«
KCOB3T-ND J38@'TE:J-G 1 +5U-D g
10K THERMISTOR LMC7225 j& v
& [- =k
2{':’ a2 U3
1 o= e
/ o 2 RS = > U-IN-12
CHILLER o ROE Y s
THERMISTER 49.9K CHILLER
2 fos. 20K Rot ) CONTROL
DGND mnss o TN UOLTAGE
DGND
MELCOR CP@.8-127-00L +12U e
70 CHILLER JB@Es >>*—d 5 £
TEC £ 2
J3e@ESs__ ® T
10 CHILLER  J3B@EE DS jo =
HEATSINK GND
FAN JBG@:)L———_L GND
=3
+2U ——Cm=DI22 INDICATOR
b 6ND —CmEDJ22 | LAMP
<y 2
? WATCHDOG-LED
2 W“ ! {C’.‘@Jn HATCHDOG
R74 Y (o1
J22

N
g- NFET2
be0ul=¢ 88 \psrea2nct
LATCHDOG
SQUARENAUE & DGND





Figure 14. OPC Assembly Exploded View
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Figure 15. OPC Dis-Assembled

18. Inspect the inside of the OPC for any water. Blow out and dry with clean dry air.

19. Inspect visible side of Aspheric Lens (OP-0140) from inside of OPC. Note: its removal is not needed to inspect or clean. Shine a flashlight and look for water spots. Minor spots on this optic are not critical. If major spots or water residue is observed they should be cleaned off using clean isopropyl alcohol and finishing the cleaning with spectro photo grade acetone. 

· Wet a q-tip with the solvent and swipe across the optic where it is dirty.

· Use NO pressure or LIGHT pressure

· Repeat until optic is clean. 

· Be careful to inspect for fibers and remove any that are found. 

· NOTE: if optics are extremely dirty and won’t come clean with alcohol and acetone, distilled white vinegar (available at most grocery stores in US) can be used to aid in the cleaning process. 
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Acetone should always be used as the final cleaning agent, as it dries the fastest and cleanest.
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Figure 16. Cleaning Aspheric Lens (OP-0140)

20. Inspect and clean if needed the Concave Sphere Mirror (OP-0137) using the same technique. Minor water spots are not critical on this optic.
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Figure 17. Cleaning Concave Sphere Lens (OP-0137)

21. The Laser Window (OP-0138) should be sitting in Delrin spacer (MP-1123). Inspect optics for water spots and residue. Clean them off using the same technique as in step 19. Only the side of the optic facing the OPC was exposed to sample air but if the other side of the optic looks dirty, flip over and clean that side too. 
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Figure 18. Cleaning Laser Window (OP-0138)

22. The laser beam shines directly through the middle of this optic. Any contamination on it will cause the beam to be scattered and thus the 1st stage monitor voltage will not be low. It is critical that this optic is clean to have a good 1st Stage Monitor voltage.

23. Inspect and clean Beam Dump Optic (OP-0142) if needed. Minor water spots are not critical on this optic.


Figure 19. Cleaning Beam Dump Optic (OP-0142)

24. Reassemble OPC. Make sure all O-rings are in place and accounted for.

25. Verify two o-rings are in place on the bottom of the column prior to installing OPC. Install OPC back onto unit using four 4-40 x 9/16 screws. Screws should be Loctited with service removable Loctite (Loctite #242). Reattach ¼ hose and two 1/8 hoses. Reattach cables going to PCB and to heater.

26. Turn unit on and check 1st Stage Monitor voltage and particle counting of OPC. If 1st Stage is still to high or particle counts unacceptable, contact DMT.

2.0 CCN Spares and Consumable Supplies

A series of spares and a consumable supplies kits are available for the CCN unit.   

· Startup Kit (KIT-0001):  

is provided with the initial instrument purchase

· Consumables Kit (KIT-0002):  
is a maintenance kit that will support the CCN for one year of continuous operation

· Field Repair Kit (KIT-0003): 
is a basic hardware and electronic component field service.

· Electronic Repair Kit:

is a circuit board and OPC head field service.

2.1.1 Start Up Kit (p/n: KIT-0001):

	Start Up Kit (p/n: KIT-0001) Contents

	QTY (Each)
	Part Number
	Description

	1
	ASSY-0122
	Plug Assembly

	1
	FUS-0030 *
	1.0 A PC board fuse

	2
	FUS-0006 *
	2.0 A PC board fuse

	2
	FUS-0012 *
	3.15 A PC board fuse

	2
	FUS-0002 *
	5.0 A PC board fuse

	1
	CON-0240
	Connector

	1
	ASSY-0119
	Touch Screen Cable

	1
	COMP-0015
	Touch Screen

	1
	CBL-0021
	Null Modem Serial Cable

	1
	PLUM-0167
	Syringe Adapter

	1
	PLUM-0162
	Syringe, 30cc

	4
	HW-0448
	M 4 x 8 mm screen mounting screws

	4
	HW-0462
	M4 spring lock washer

	1
	DOC-0087
	Software Manual

	1
	DOC-0086
	Hardware Manual

	1
	SOFT-0002
	CCN CD Software


* The fuses used in the CCN are printed circuit board mount fuses and are often not available at general electronics outlets.

2.1.2 Consumables Kit (p/n: KIT-0002): 

The Consumables Kit is designed to supply parts that will be consumed in one year of continuous operation.  

	Consumables Kit Contents (p/n: KIT-0002)

	QTY (Each)
	Part Number
	Description

	1
	CON-0240
	Female power connector

	4
	FLTR-0011
	Disposable sheath air filter

	8
	HW-0327
	Ferrule set for filter

	4
	NP-1080
	Bottle gaskets

	10
	PLUM-0124
	Flangeless nut for tubing

	10
	PLUM-0125
	Ferrule for 1/8 inch tubing

	2
	PLUM-0129
	Safety coated bottle

	1
	PLUM-0139
	10 ft length of 1/8 inch tubing

	1
	PLUM-0148
	Sample pump diaphragm kit

	1
	PLUM-0114
	Nafion humidifier

	1
	PLUM-0162
	Disposable Syringe

	1
	MISC-0109
	200cc Gas Humidifier

	1
	
	Syringe Filter


2.1.3 Basic Field Repair Kit (KIT-0003)

The Basic Field repair spares kit includes electronic components exclusive of the printed circuit boards.   

	Field Repair Kit Contents (p/n: KIT-0003)

	QTY (Each)
	Part Number 
	Description

	1
	CBL-0004
	50 pin cable

	1
	COMP-0013
	20 G hard drive with operating system and software



	8
	EL-0022
	Thermoelectric cooler

	1
	EL-0026
	Thermoelectric cooler driver

	2
	EL-0031
	Temperature sensing element

	1
	PLUM-0171
	Solenoid pump unit 20 ul



	1
	PLUM-0187
	Pump, Self-Priming, 12VDC, 60 microleters

	1
	PLUM-0149
	Air sample pump

	1
	PLUM-0142
	Proportional valve for flow control

	1
	SW-0010
	Power switch/circuit breaker

	1
	MISC-0094
	Wrist grounding strap

	1
	MISC-0103
	7/64 Hex Bit

	1
	MISC-0097
	Torque screwdriver

	1
	LUB-0004
	Heatsink compound


2.1.4 Electronics Kit (p/n: KIT-0004)

The electronics kit (KIT-0004) includes the printed circuit cards, computer cards and a complete optical particle counter head

	Electronics Kit Contents (p/n: KIT-0004)

	QTY (Each)
	Part Number 
	Description

	1
	ABD-0072
	Optical Particle Counter Processing (CDPE)

	1
	ABD-0073
	Optical Particle Counter Power Supply

	1
	ABD-0110
	CCN Controller/Power Supply 

	1
	ASSY-0064
	Optical Particle Counter Head

	1
	COMP-0016
	PC-104 two port serial card

	1
	COMP-0017
	PC-104 multi function card

	1
	COMP-0018
	PC-104 base card

	1
	COMP-0019
	PC-104 CPU Card w/ Processor and Memory

	1
	MISC-0094
	Wrist grounding strap


3.0 CCN Unpacking and Packing Instructions:

To minimize the potential for damage in shipping, the CCN arrives in a fitted case, special frame and protective hood (see Figure 5).    The frame can be substituted as a bench stand for the unit.

3.1 To Unpack

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

2. Remove the two bolts below the hood through the angle aluminum into the upright of the frame.

3. Hold the shipping hood and pull the two head bolts (the bolts are used as pins that can be pulled straight up) up that go through the aluminum strap into the frame. 

4. If the CCN is to be mounted in a different rack, remove the CCN from frame.

5. Save parts for return shipping.

3.2 To repack for shipping:

· Insure that the CCN is dried prior to shipping (see Section 4.0)

· Bolt the CCN to the frame, installing four bolts on each side, at the 1, 3, 4, and 5 positions as counted from the top of the frame.

· Install the shipping hood over the front of the case, and insert the bolts through the top straps into the frame.

· Insert the bolts into the number two position on each side of the frame through the angle brackets on the hood.

· Slide the CCN unit into the case (noting the orientation), the back of the CCN frame goes toward the side of the case with the extra foam block.

· Attach the top half of the case noting the orientation of the case halves


Figure 20. CCN with shipping hood on frame.

4.0 CCN Drying Procedure Prior to Shipping

· The CCN can collect liquid water in the reservoir around the optical particle counter and in the chiller that reduces the dew point of the exhaust gas flow.   This water is continually removed by the drain peristaltic pump and pumped into the drain bottle.   In normal operation small amounts of liquid water in these areas will not cause a problem, as it will not migrate into the OPC.  If the unit is shipped with liquid water in these areas, it can migrate into the OPC if the instrument is inverted or handled roughly in shipping.   

4.1 To Drain All Liquid Water

· Prior to shipping the CCN, drain all liquid water from the OPC and chiller by the following the proceeding steps:

· Remove the water supply bottle from the CCN, empty the bottle and replace.

· Start the CCN instrument.

· Go to the Flows tab and click on the Supply Pump control button to shut off the supply pump.   The button will go from green to dark when the pump is shut off.

· Set the voltage in the Valve Set M window to about 2.3

· Click on Manual Override to turn off the flow control.

· Close the sheath flow regulator valve (see Figure 5 for location).

· Check the sample flow rate, and adjust the value in the Valve Set M widow until the flow reads between 60-80 ml/min.

· Connect a desicant tube such as a Drierite tube to the sample inlet port.

· Allow the CCN unit to run for at least 2 hours, preferably 4 hours.   This will dry the column and the OPC to insure that there is no liquid that can migrate into the OPC during shipping.

· Remove the supply, drain bottles, the bottle hold down clamp and screw.  

· Place the bottle caps in a plastic bag and secure them to the frame above the supply peristaltic pump with a cable tie wrap.

· The instrument can now be mounted on the frame for shipping.

4.2 To Restart the CCN:

· Install the drain bottle in the CCN

· Fill the supply bottle with distilled or deionized water and install in the CCN

· Start the CCN control program.

· Open the sheath flow valve while watching the flow ratio on the flow tab of the screen.  Set the ratio to 10.  

· It may take 4 to 12 hours or more for the CCN to become properly humidified and count particles.   

5.0 Trouble Shooting

1. Problem:  Major system failure, computer not booting, all system values reading significantly off, negative values for temperatures.

· Potential Cause:  Power supply problem.  

A. Solutions:  The power supply board and the CCN control board have LED units for each of the power supplies.  The supply voltage is identified on the silkscreen near the LED and if the LED is not lit, the problem is most likely in the fuse or power supply Figure 6 lists the fuses in the CCN, values and applications.   The fuses used are a printed circuit type of fuse and it is not possible to tell visually if the fuse has failed.  It is necessary to check with some type of continuity device.

	Fuse
	Value
	Application

	F1
	5 A
	12 DC-DC converter

	F2
	7A
	Top TEC controller

	F3
	7A
	MiddleTEC controller

	F4
	7A
	Bottom TEC controller

	F5
	
	28 VDC spare circuit

	F6
	3A
	OPC power

	F7
	2A
	Nafion heater



	F8
	2A
	Inlet heater

	F9
	2A
	OPC heater

	F10
	2A
	Touch screen power

	F11
	3A
	Computer power


Figure 21. CCN Fuse Listing

2. Problem:   Sample pump turns off briefly and back on

· Potential Cause:  Temperature of OPC is equal or lower than bottom of column temperature, T3.   

A. Solution:   This is normal operation, as the computer is programmed to shut off the pump if the OPC temperature is less than  T3.

3. Problem:  One of the temperature zones, T1, T2, or T3, on the column does not regulate

· Potential Causes:  Fuse blown for that circuit, temperature control module failed, thermoelectric cooler (TEC) element has failed on column.

A. Solutions:   

a. Check appropriate fuse.   

b. Substitute in a known good temperature controller from one of the other zones.   

c. To check for a failed TEC unit, measure the resistance across the units. There are four units wired in series at each level in the column, and the resistance for the four units can be measured across pins 1 or 2 and 3 or 4 of the DB15 connector on the Wavelength MPT-10000 controller.   The value of this resistance is VERY dependant on the temperature differential across the TEC units.   It is best to make this measurement when the temperature differential is close to zero, the column at equilibrium.  Under these conditions the resistance of the TEC units should be less than 100 ohms.  It is possible to get a negative resistance measurement as the TEC units can generate a voltage depending on the temperature differential.   If the resistance reading is above 100 ohms, please contact DMT for further assistance.

4. Problem:   System flow is zero with pump operational

· Potential causes:  Cooler for water removal in line frozen.   Pump diaphragm failed

A. Solutions:   Shut off CCN unit and wait 15 minutes.  Restart unit and if flow resumes cooler has most likely frozen.  Please contact DMT for instructions on adjustment of the temperature on this unit.   If the flow does not resume, remove lines from sample pump and check flow with CCN system disconnected.  If the pump does not have substantial vacuum, most likely the diaphragm has failed.  Replace diaphragm or pump.

5. Problem:   No particle counts appear under conditions where particles would be expected.

· Possible causes:  Column dried out.   OPC windows  fogged.

A. Solutions:   Check water supply, check the solenoid pump operation for column water feed.  If the column has dried out it may take several hours to wet the column.

B. There is the potential that the OPC window fogged due to a system upset.  Click on the OPC tab, and then look at the values displayed in the Baseline Mon and 1st Stage Mon windows.   Standard operating values for these parameters are provided in the setup sheets with the instrument.   The 1st Stage Mon is the best diagnostic if the OPC has fogged.  In normal operation this value will be .2-.3 V.   If the OPC has fogged, this value will be up to 5 V.   If the value drops from 5 
V when the OPC heater turns on the fogging is minor and will clear usually in 30 min or less.   If the OPC circulation pump is not at high speed, it should be set to high speed (2 seconds) as this will speed clearing the OPC.   If the OPC does not clear in 12 hours, contact DMT for additional instructions.

6.0 Gas Humidifier Theory of Operation

[image: image7.jpg]THEORY OF OPERATION

The Perma Pure MH ™-Series gas humidifi-
ers are shell and tube moisture exchangers
that allow the transfer of water vapor be-
tween a liquid water supply and a flowing
gas stream. The water is absorbed into the
walls of the Nafion® tube and then is
transfered to a dry gas stream. This transfer
is driven by the difference in the partial
pressures of the water vapor on opposing
sides.

Nafion has the ability to function as a cation
exchange resin when exposed to liquids. If
there are ionic compounds in the water
supply, the ions can patrticipate in ion
exchange within the Nafion tubing, convert-
ing it to another form that is much less water
absorptive. Therefore, for optimal perfor-
mance, deionized water should be used.

Since a gas will hold more water at elevated
temperatures, achieving a higher humidity
may require heating. There are three ways
to supply heat to the system.

1. Heating the water reservoir
2. Heating the humidifier shell
3. Preheating the gas
The performance graphs in Figure 2 will help

estimate the outlet humidity based upon the
inlet flow rate and temperature

WARNING!

Do not allow the Nafion tube to dry out.
Nafion elongates when wet, up to 125%

of it dry length. The saturated Nafion
element is assembled into the shell and
end fittings at their maximum length. If the
element shrinks it will pull out of the end
fittings. Should the element dry, soak it in
DI water for 5 minutes before re-assembly.
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Figure 22. Gas Humidifier Exploded View 

6.1 Gas Humidifier Assembly and Disassembly 
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WARNING!
The end fittings on the MH-Series humidi-
fier can be easily rotated on the shell tube.
This MUST be avoided to prevent twisting
the membrane tube. Twisting will destoy
the membrane.

TO ROTATE THE TEE FITTINGS:
(Refer to Figure 1)

1. Hold the tee fitting with a wrench.
With another wrench, loosen the
union connector fitting(6).

2. Remove the fititng. The end of the
element assembly(4) and its o-ring
seal (3) will now be visible.

3. With a pair of tweezers or fingertips,
check to be sure that the humidifier
element is free to spin inside the tee
fitting(5) by rotating it back and forth
about 10 degrees in either direction.

4. With the two wrenches, loosen the
nut connecting the tee fitting fo the
shell tube. The tee fitting may now
be rotated to the desired location
and tightened in place.

5. Install the union(6) into the tee
fitting(5) while making sure that the
element(4) is not pushed back out
of the o-ring seal(3).

6. Tighten the union fitting(6) by hand
and then tighten only 1/4 turn with a
wrench.

TO DISASSEMBLE THE
HUMIDIFIER:

1. Repeat the previous procedure

for the other end.

2. Once both unions have been

removed, put on a pair of
lightweight gloves to protect the
memebrane tubing from skin oils
that can contaminate the surface
and reduce drying efficiency.

3. Gently push one end of the

element out of the o-ring seal
while pulling the other end out of
the tee fitting.

4. Gently pull the element out of the

housing from the opposite end.

5. When re-assembling the humidi-

fier, reverse the procedure. The
element ends should extend
equally from each end of the
shell housing before installing
the union fittings.

WARNING!

When connecting the sample line
tubing , hold the union fitting with a
wrench before tightening the com-
pression nut. Failure to do so may
over-tighten the union connector
fitting, twist the membrane , and
damage the humidifier.






6.2 Gas Humidifier Installation and Siphon Feed Method
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To humidify a gas stream, first determine the
temperature at which you require the air to be
fully saturated. This is the “dew point”. To
increase the humidifier's performance, or water
content, either increase the temperature or
decrease the flow rate. Increasing the tempera-
ture of the system may be done by either
heating and insulating the shell, preheating the
gas or by heating the water as in the circulation
method (see Figure 4).

Note that the air entering the humidifier at room
temperature will come out of the humidifier at
approximately the shell maintenance tempera-
ture. Cool the air to the dew poaint and you will
have a fully saturated sample. Caution, if the
dew point and temperature are equal, liquid
water will form.

MH-070 Humidifier Performance
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Figure 2 - Performance Graph

The flow path of the gas stream is dependent
upon the inlet pressure. For gas streams at or
above atmospheric pressure, the gas flow is on
the tube side and the water is on the shell, see
Figure 3. If the gas stream is under vacuum and
allowed to flow within the Nafion tubes, they will
collapse, therefore, the gas must flow on the
shell side and the water within the tubes. Note
that the performance of the humidifier, mea-
sured by the dew point, is reduced by 30%.

SIPHON FEED METHOD

1 Install a reservoir at the water inlet
port.

2 Fill the shell, or tube if gas is under
a vacuum, with de-ionized water
by pulling the water through, then
cap off the outlet.

3 As the water is evaporated into the
sample gas it will be replenished
from the reservoir.

D.Il. WATER

/- RESERVOIR

D.J. WATER INSIDE PL
SHELL SURROUNDING
INTERNAL TUBES

SAMPLE INLET HEATED >
HUMIDIFIER SHELL

GAS FLOW
THROUGH
INTERNAL TUBING

Figure 3 - SIPHON Feed Setup

Figure 3 shows the following variety of
setup choices. This was done for illustra-
tion purposes only. Siphon feed does not
dictate a specific heating method or
pressure.

1 Direct heating of the humidifier shell

2 Gas under positive pressure, there-
fore flowing through the inner tube

3 Siphon fed water supply.

Note that the inner tubing is primarily com-
prised of Teflon®. Certain small molecules
such as hydrogen and helium will permeate
over time. Since the siphon feed does not
recirculate the water, air bubbles may form,
reducing the humidifying capacity of the unit.






6.3 Gas Humidifier Circulation Feed Method
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This method requires a heated reser-
voir and a pump to continuously
circulate the water supply. The gas
may be routed either inside the tubing
or outside the shell depending on the
pressure. Continuously monitor the
water temperature and flow rate to
maintain the desired dew point.

—
\ UNHEATED
HUMIDIFIER SHELL

D4, WATER FLOW
THROUGH
INTERNAL TUBING

Figure 4 - CIRCULATION Feed Setup

Figure 4 shows the following variety of
setup choices. This was done for
illustration purposes only. Circulation
feed does not dictate a specific heating
method or pressure.

1 Indirect heating by heating the water
2 Gas stream under vacuum, thére-
fore the gas flows within the shell

and the water flows through the
Nafion tubing

3 Circulation feed of the water supply




Appendix A: LaserDriver/PhotoDetector Schematics (ABD-0174)



Appendix B: I/O Connector Schematics (ABD-0082)


Appendix C: Power Supply Module (ABD-0084)



Appendix D: CDPE Schematics (ABD-0072)








Appendix E: CDPE Power Supply Module Schematics (ABD-0073)



Appendix F: Controller/Power Distribution Schematics (ABD-0116)










Appendix G: Continuous-Flow Streamwise CCN Chamber (See attached Continuous-Flow Streamwise.pdf)

Appendix H: Instrument Calibration Reports
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	Qty
	Part Number
	Description
	Shipped
	Initial
	Date

	1
	ASSY-0068
	Cloud Condensation Nuclei
	
	
	

	1
	CAS-0016
	CCN Case
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Start Up Kit (p/n: KIT-0001) Contents
	
	
	

	QTY 
	Part Number
	Description

	1
	ASSY-0122
	Plug Assembly

	1
	FUS-0030 
	1.0 A PC board fuse

	2
	FUS-0006 
	2.0 A PC board fuse

	2
	FUS-0012 
	3.15 A PC board fuse

	2
	FUS-0002 
	5.0 A PC board fuse

	1
	CON-0240
	Connector, power

	1
	ASSY-0119
	Touch Screen Cable

	1
	COMP-0015
	Touch Screen

	1
	DOC-0019
	Software Manual

	1
	PLUM-0167
	Syringe Adapter

	1
	PLUM-0162
	Syringe, 30cc

	4
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	1
	DOC-0020
	Hardware Manual

	1
	SOFT-0002
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NOTE: Minor spots on Collecting Optics (OP-0137, and OP-0140) are not critical and will not degrade the performance of the unit. If these optics are cleaned EXTREME CAUTION should be take not to scratch their surfaces. OP-0137 is gold coated and can be scratched VERY easily.
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PCB Connector
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1/4 tubing
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OPC Mounting Screws








#14 


OPC mounting screws








#14 


OPC Mounting Screws





#12 


1/8 inch tubing





#11 1/8 inch tubing





#3


2-56 Screws for Beam Dump
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2-56 Screws for Beam Dump





Beam Dump
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Sheath Flow Regulator Valve
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NOTE: DO NOT TOUCH ANY INTERNAL PARTS OR OPTICS WITH BARE FINGERS.


Gloves or finger cots should be worn.





CAUTION:


DO NOT DISCONNECT 3-PIN CONNECTOR GOING TO LASER AT ANYTIIME.


 STATIC DAMAGE TO LASER COULD HAPPEN





Warning


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





Warning


Use extreme care in preventing water from entering the inlet to the 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 entered the system contact:


Droplet Measurement Technologies immedialtely.





ASSY-0122





NOTE: when Beam Dump is removed the laser beam will come out of the OPC through this opening. 


DO NOT LOOK DIRECTLY INTO THE OPENING OF THE LASER BEAM.
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