Humidified Nephelometer measurements of aerosol scattering
The AOS humidified nephelometer measures the increase in the aerosol scattering coefficient with relative humidity (RH). Figure 1 shows a diagram of the humidifier setup. The instrument setup consists of two nephelometers in parallel. The “reference “ nephelometer measures the dry aerosol scattering coefficient at low RH. A humidifier is upstream of the second “wet” nephelometer inlet, which measures the aerosol scattering coefficient over a range of RH values. Typically the humidifier steps through RH values from about 40-85%. Actual RH values vary with the ambient dew point, sample residence time in the humidifier, water temperature and humidifier porosity.
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Figure 1. Simplified diagram of humidified nephelometer instrumentation




controlled by a PID feedback loop. The PID control box sends power to the humidifier heater until the RH set point at the exit of the nephelometer is reached. The RH stepping sequence is set in the CPD software configuration file cpd.conf. 

There are two RH and temperature sensors ((Vaiasla model HMP60)  at the inlet and outlet of the wet nephelometer. The control RH sensor is located at the exit of the humidified nephelometer. A heater on the outside of this tube regulates the water temperature and the relative humidity of the air stream. As the water heats the RH increases. The RH will depend on the rate of water flow, heater temperature, pore size of the PTFE tube, length of the PTFE tube,  and velocity of the airflow. The only variables you can regulate are the air and water flow and heater temperature. The RH at the exit of the nephelometer is

The RH in the humidifier scans from low to high RH and back to low RH on an hourly basis. Figure 4 shows the hourly RH and temperature signals from the sensors in the system.  Note that the RH and temperature at the outlet of the humidifier is the most variable and least stable signal. Mush of the heat from the humidifier has dissipated by the time the air reaches the internal wet nephelometer cavity. The temperature gradient between the wet nephelometer inlet and outlet sensors will depend on the humidifier temperature, lamp power, sample flow rate and insulation.
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Figure 4. RH and temperature data from 3 hours of humidifier scans. Lines show data from the humidifier outlet (yellow), wet neph inlet (light green), inside the wet neph (pink) and at the wet neph outlet (bark green).

The corresponding time series of the ratio of the wet/dry scattering coefficients for NaCl particles is shown in Figure 5 along with the scattering growth curve of this ratio as a function of RH.  The relative humidity is calculated from the dew point measurement, Dp(RH,T), from the Vaisala sensor at the wet nephelometer exit and the temperature inside the wet nephelometer. The Vaisala RH/T sensor at the wet nephelometer exit is a higher quality sensor with lower uncertainty than the sensor inside the nephelometer cavity and is thus used to calculate the RH inside the nephelometer. 
[image: ] 
[image: ]
Figure 5. 3 hour times series of the wet:dry ratio of the scattering coefficients at 550nm (top) and same 3 hours of data versus the relative humidity (lower).

A common way to quantify aerosol scattering hygroscopic growth is the aerosol hygroscopic growth factor, fRH, which is the ratio of the aerosol scattering coefficient at 85%RH to that at 40% RH.

fRH = sp(85%)/sp(40%)

A common algorithm to fit the data is a 2-parameter fit .
sp(wet)/sp(dry) = a(1-RHw/100)-

The model assumes equilibrium (metastable) growth of the aerosol scattering with RH such that humidograph profile doesn’t display a deliquescent growth profile. For aerosol in a humid environment this behavior will hold true. Most aerosols are a mixture of metastable and deliquescent particles and will exhibit some deliquescent behavior if dried below the aerosol effluorescence RH. 



Instrument and Software Operations

System Components
Humidifier heater

Figure 2 shows a photo of the humidifier assembly. The humidifier consists of two concentric tubes with water circulating in the outer tube and the sample air traveling down the center PTFE (polytetrafluoroethylene) tube. The pores of the PTFE tube are small enough to allow water molecules to pass between the outer water jacket and the inner sample air, but are not large enough for water droplets. Distilled water from a reservoir circulates between the outer stainless steel tube and an inner porous PTFE tube.
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Figure 2. Sections of aerosol humidifier

The humidifier heater consists of a 1.0 inch OD, thin-walled stainless steel tube.  The outside heater is a flexible film heater (OmegaLux, PN KH-112/10) that is wrapped around the outer tube with additional layers of metal tape and rubber insulating tape. A solid-state thermal cutoff switch (Selco PN UP72-80C ) on the heater opens the AC circuit when the heater temperature exceeds 80 C. 

All tubing connectors use Swagelock fittings with either Teflon or nylon ferrules. Care should be taken not to over tighten the fittings as the ferrules can crack and cause leaks. When assembling the heater, tighten fittings using finger-tight tension and then further tighten the nuts as water leaks occur. 

The inner porous PTFE tube is a custom extrusion. The tube is attached to 0.75 inch OD stainless tube with high-temperature electrical shrink tubing. The PTFE tubing has either an inner stainless steel mesh support or a tube with holes for air passage. PTFE tube is approximately 12-13 inches long.   



Water circulation

Figure 3 below shows the water circulation system for the humidifier. The direction of water flow is from a water reservoir through a solenoids pump (BioChem Valve PN 150SP12250-4EE) , through the outer jacket of the humidifier, out to a float valve, through a water filter and back into the reservoir. The reservoir box is maintained at ambient pressure. A particle filter at the top of the box prevents bacteria, dirt and mold from entering the water reservoir. 
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Figure 2. Water circulation for humidified nephelometer measurements




Most fittings in the system are 0.25 inch or 0.1875 inch OD quick-connect tube fittings. Tubes can be released from the fitting by pushing backward on the ring at the fitting orifice and pulling on the tubing. The solenoid pump has a variable flow rate from about 2 to 24 ml/min. The solenoid pump operates at a maximum pulse frequency of 1.6 Hz with a drop volume of 250 ul/drop. A set screw (located on the center front of the pump controller) on the 12 VDC power controller for the pump adjusts the pump flow rate.  To stop the water flow, simply unplug the DC power supply plug from the solenoid power controller. To quickly drain the water from the humidifier, detach the tubing between the solenoid pump and the humidifier inlet. Be prepared to allow the water to drain into a container. 

Safety features

There are a number of safety features in the humidifier system to prevent overheating of the humidifier or water accumulation in the wet neph. The float valve at the output of the humidifier is connected to a switch inside the PID box. If water flow through the humidifier isn’t sufficiently high enough to raise the float then power to the heater will be switched off. Another safety switch already mentioned is the thermal cut-off switch on the humidifier heater. Above 80 C, this switch will open and prevent current from passing through the heater. At the inlet of the wet neph is an overflow bottle that will trap water that leaks from the humidifier and prevent it from entering the nephelometer. The software has a safety that will shut down the humidifier RH scanning and power to the heater should the sample air flow rate drop below 10 lpm or the air is switched into “bypass” mode. The particle filter, after the float valve, traps bacteria and other particles that can clog the PTFE tubing and reduce the humidification efficiency of the membrane. Another recommended means to reduce bacteria is to add a few drops of a 5% sodium azide solution to the each gallon (4 liters) of the distilled water supply for the humidifier. 

PID configuration
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There are 4 PID controllers in the PID electronics box. From left to right they control the following devices: 
1.  Sample inlet RH  
2. Humidifier RH  
3. Humidifier outlet RH 
4. Mass flow controller flow rate. 
The lower green LED value is the PID set point and the upper red LED number is the value read from either the Vaisala RH sensor at the control point or for the mass flow PID#4. Device inputs (Vaisala sensors) and outputs (heater AC power) are located on the back panel.  The PID process control devices are Series 32A from Love Controls, a division of Dwyer Instruments, www.love-controls.com . There are two power breakers to the far left side of the box. The UPS switch controls power to the PID units and DC output power. The RAW switch controls AC power to the heaters. The red LED lights to the right of each PID controller indicate that power is being sent to the heater. A flashing light indicates that power is slowly pulsed to the heater and a steady, continuous light indicates that power is continuously applied. Breakers to the right of each PID will turn on/off power to the individual heater associated with the PID controller.  

The PID configuration for the humidifier and preheater are listed below. There are 3 menus. To access the primary menu press the “index” to advance through the menu selection. Press the up or down keys to select a menu option and select the “return” button to save the choice. 

The selections for the Primary Menu are 
Auto = on

To access the Secondary Menu press the UP ARROW and ENTER. The selections are:
ALLo = 0.1
ALHi = 100
Out1 = 1tp
tun = nor
ArUp = OFF
ArtE = OFF
Fint = 1
Pct0 = OFF
Prog = OFF
PSEt = OFF
InPC = 0
FILt = 2
LPbr = OFF
LOrE =re

To access the Secure Menu press the UP ARROW and ENTER for 5 seconds. The selections are:



1

	Secr =4

	InP = diff

	OSUP = OFF

	Unit = nonE

	dPt = 0.0

	InPt = OFF

	InPb = FAIL

	APCt = Adj

	SEnC = OFF

	SCAL = -100

	SCAH = 100

	SPL = 0.0

	SPH = 100.0

	SP10 = OutA

	S1St = rE (humidifier) or dir (inlet heater)

	S10L = 0

	S1LP = 0 on

	AL = HiLo

	Alt = Abs

	ALrE = OnOF

	ALPi = OFF

	ALiH = OFF

	ALSt = OPEn

	ALLP = 0oFF

	ALLb = OFF

	Addr = 32(humidifier) or 33(preheater)

	baud = 9600

	nAt = OFF

	Store = no




The Campbell Data Acquisition Box
This box contains an analog to digital converter (DAC), which collects signals from the temperature, RH and pressure sensors as well as sends signals to the valves to turn on/off and regulates many tasks. 
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Check that the Tx and Rx lights are blinking. These lights indicate that the umac is talking to the computer. If these lights are not blinking then press the large red “reset” button. If there is still no communication then reboot the computer and turn the umac box on/of by pulling the breaker switch on the right side.

Dilution Dryer
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Figure 6. Dilution system



CPD2 software control

Access to the humidifier submenu in the cpd2 data acquisition software is via pressing the ESC key and selecting “Humidograph”
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The top portion of the humidograph window displays the %RH, T (temperature), Td (dew point) and RHavg (1 minute average of %RH) and TDavg (1 minute average of the dew point) of the various RH and temperature sensors of the entire sampling system. 

The middle portion of the humidograph window displays the scattering coefficients of the ref and wet nephs and the ratio of the wet/ref scattering coefficient, f(RH).

The lower portion of the humidograph window displays the current set point (CurrSP) and next set point (NextSP) time and preheater set point (A) and humidifier set point (B).  Parameters C and D are no longer used. 
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The preheater and humidifier set points can be set in the software by pressing ”m” to access the Humidograph submenu and selecting “change parameter setpoint”. 
Note that the humidograph scanning can be stopped at any time by selecting “disable set point scanning” from the submenu or by simply pulling the humidifier breaker next to PID controller #2 on the PID electronics box. The humidograph scanning needs to be disabled during nephelometer calibrations and span checks as well as during impactor cleaning.

Troubleshooting

Problem: pump stops working.

Sometimes the reeds may become stuck shut. Blow pressurized air into the pump inlet or outlet. If this doesn’t work then replace the pump.

Problem: The humidifier heater can’t reach the upper set point.

Adjust the water flow rate up or down,
Lower the upper set point or make smaller steps between set points
Clean the humidifier PTFE tube
Remove insulation downstream of the humidifier
Remove the wet neph front cover



Problem: The humidifier can’t reach the lower set point

Insulate all the sample lines and nephelometers down stream of the impactor box
Lower the preheater %RH set point
Add a dilution drier to the sample air flow
Increase the sample air flow.
Fill the water reservoir to half full or greater

Problem: The PID has trouble regulating and consistently overshoots the set point by more than 5%.

Retune the PID controller. See PID manual to do this.

Problem: The float valve is empty and the heater is still on

Make sure the float valve is connected to the lower “Float-SW” connection on the back of the PID box.

Open the float valve and turn the float upside down and reassemble the float valve.

Problem: The float valve is full and the heater won’t come on

Make sure the humidifier scanning is enabled in the software

Make sure the RAW breaker on the PID box and the breaker next to PID#2 are pushed in.

Check that 110 VAC is coming out of the back of the PID box and that the humidifier heater is connected to the output for PID#2 on the back of the PID control box.

Test the resistance across the humidifier heater to see that the circuit isn’t open and that none of the connections in the heater are broken.

Rotate the float in the float valve.

Check that the sample air flow in PID #4 is above 10 lpm.


Configuration file settings
Below is an excerpt from the cpd2 configuration file, cpd2.conf, which has the humidifier operating parameters.
# Humidograph schedule
Control;Humidograph;Type,Humidograph
Control;Humidograph;Chan;A,HumidoOutlet	# Analog out for channel 
Control;Humidograph;Chan;B,HumidoControl	# For channel B
Control;Humidograph;Scanning,TRUE		# Enable
Control;Humidograph;StartupTime,20		# 20 seconds
Control;Humidograph;Chan;Flow,Q_Q11
Control;Humidograph;MinimumFlow,10.0
Control;Humidograph;Setpoint;Idle,100.0;0;0;	# Idle
Control;Humidograph;Setpoint;Init,40.0;30.00;
Control;Humidograph;Setpoint;03:00,40.0;40.0;
Control;Humidograph;Setpoint;05:00,40.0;43.0;
Control;Humidograph;Setpoint;07:00,40.0;45.0;
Control;Humidograph;Setpoint;08:00,40.0;47.0;
Control;Humidograph;Setpoint;09:00,40.0;49.0;
Control;Humidograph;Setpoint;10:00,40.0;51.0;
Control;Humidograph;Setpoint;11:00,40.0;53.0;
Control;Humidograph;Setpoint;12:00,40.0;55.0;
Control;Humidograph;Setpoint;13:00,40.0;57.0;
Control;Humidograph;Setpoint;14:00,40.0;59.0;
Control;Humidograph;Setpoint;15:00,40.0;61.0;
Control;Humidograph;Setpoint;16:00,40.0;63.0;
Control;Humidograph;Setpoint;17:00,40.0;65.0;
Control;Humidograph;Setpoint;18:00,40.0;67.0;
Control;Humidograph;Setpoint;19:00,40.0;69.0;
Control;Humidograph;Setpoint;20:00,40.0;71.0;
Control;Humidograph;Setpoint;21:00,40.0;72.0;
Control;Humidograph;Setpoint;22:00,40.0;73.0;
Control;Humidograph;Setpoint;23:00,40.0;74.0;
Control;Humidograph;Setpoint;24:00,40.0;75.0;
Control;Humidograph;Setpoint;25:00,40.0;76.0;
Control;Humidograph;Setpoint;26:00,40.0;77.0;
Control;Humidograph;Setpoint;27:00,40.0;78.0;
Control;Humidograph;Setpoint;28:00,40.0;79.0;
Control;Humidograph;Setpoint;29:00,40.0;80.0;
Control;Humidograph;Setpoint;30:00,40.0;79.0;
Control;Humidograph;Setpoint;31:00,40.0;78.0;
Control;Humidograph;Setpoint;32:00,40.0;77.0;
Control;Humidograph;Setpoint;33:00,40.0;76.0;
Control;Humidograph;Setpoint;34:00,40.0;75.0;
Control;Humidograph;Setpoint;35:00,40.0;74.0;
Control;Humidograph;Setpoint;36:00,40.0;73.0;
Control;Humidograph;Setpoint;37:00,40.0;72.0;
Control;Humidograph;Setpoint;38:00,40.0;70.0;
Control;Humidograph;Setpoint;39:00,40.0;68.0;
Control;Humidograph;Setpoint;40:00,40.0;66.0;
Control;Humidograph;Setpoint;41:00,40.0;64.0;
Control;Humidograph;Setpoint;42:00,40.0;62.0;
Control;Humidograph;Setpoint;43:00,40.0;60.0;
Control;Humidograph;Setpoint;44:00,40.0;57.0;
Control;Humidograph;Setpoint;45:00,40.0;54.0;
Control;Humidograph;Setpoint;46:00,40.0;51.0;
Control;Humidograph;Setpoint;47:00,40.0;48.0;
Control;Humidograph;Setpoint;48:00,40.0;45.0;
Control;Humidograph;Setpoint;49:00,40.0;43.0;
Control;Humidograph;Setpoint;50:00,40.0;40.0;
Control;Humidograph;Setpoint;51:00,40.0;39.0;
Control;Humidograph;Setpoint;52:00,40.0;35.0;
Control;Humidograph;Setpoint;54:00,40.0;35.0;
Control;Humidograph;Setpoint;57:00,40.0;00.1; # start neph zero check

There are 3 values for each line of code. The parameters are as follows: 1- minutes and seconds after the start of the hour, 2- set point of RH at the humidifier outlet  and 3 –humidifier RH set point at the outlet of the wet neph.

For this particular setting the preheater RH set point is 40% and the humidifier set point scales from 30 to 80% RH and back down to 0.1 %RH or as low of an RH as the system will allow with no heating of the humidifier. The RH at the humidifier outlet is not regulated. The value of 40% is only a place holder. 

Parts

Float Valve or Level switch
Manufacturer: Gems
Part#: 46999
Distributor: gemssensors.com

Pump
Manufacturer: BioChem Valve
Part#: 150SP12250-4EE
Distributor: www.biochemfluidics.com

Kapton Heater
Manufacturer: OmegaLux
Part#: KH-112/10
Distributor www.omega.com/pptst/KHR_KHLV_KH.html

Water Filter
Any 10 inch (~25 cm) 5 um particle water filter
See example below
purenex.com/proddetail.php?prod=PP-10-5MIC

PID controllers
Manufacturer: Dwyer Instruments
Part#: Series 32DZ
Distributor www.dwyer-inst.com/Product/Temperature/Temperature-ProcessControllers/Series32DZ

Appendix A  CPD Configuration file, cpd.conf
 This file can be accessed by clicking the CPD Config icon at the bottom of the computer screen.
######### cpd2.conf CMA station Beijing, China ############
Global;!!fil;Beijing, China

Global;SpinupTime,90

# Log file info
Disk;!StationID,PEK
Disk;LogDir,/aer/pek/log

################################ Instruments #################################

Instruments;X1;Startup,cpd2.cr1000
Instruments;X1;Port,/dev/ttyUSB2:115200N81
Instruments;X1;DisplayName,Aerosol Rack CR1000
Instruments;X1;IdentifierChar,U
Instruments;X1;!fil;name,X1
Instruments;X1;InitDO,0000
Instruments;X1;InitAO,0;3.0
Instruments;X1;CountAIChannels,24
# Variables
#Instruments;X1;!var;T_V01;chan,22
#Instruments;X1;!var;T_V01;cal,999.99;0#-40;100
#Instruments;X1;!var;T_V01;FieldDesc,Stack temperature(C)
#Instruments;X1;!var;U_V01;chan,23
#Instruments;X1;!var;U_V01;cal,999.99;0#0;100
#Instruments;X1;!var;U_V01;FieldDesc,Stack relative humidity
Instruments;X1;!var;T_V11;chan,0
Instruments;X1;!var;T_V11;cal,-40.0;100#
Instruments;X1;!var;T_V11;FieldDesc,Impactor box inlet temperature (C)
Instruments;X1;!var;T_V13;chan,1
Instruments;X1;!var;T_V13;cal,-40.0;100#  
Instruments;X1;!var;T_V13;FieldDesc,Temperature Wet Neph Outlet (C)
Instruments;X1;!var;T_V12;chan,2
Instruments;X1;!var;T_V12;cal,-39.2;100#aj 20161024
Instruments;X1;!var;T_V12;FieldDesc,Temperature humidifier outlet (C)
#Instruments;X1;!var;Pd_P01;chan,11
#Instruments;X1;!var;Pd_P01;cal,-0.855;17.149 # 
#Instruments;X1;!var;Pd_P01;FieldDesc,Stack pitot tube dP (hPa)
Instruments;X1;!var;Pd_P11;chan,12
Instruments;X1;!var;Pd_P11;cal,-219.0;352.11##aj/2016oct27
Instruments;X1;!var;Pd_P11;FieldDesc,Neph impactor dP (hPa)
#Instruments;X1;!var;Pd_P12;chan,21
#Instruments;X1;!var;Pd_P12;cal,450;39.7#
#Instruments;X1;!var;Pd_P12;FieldDesc,Pump vacuum (hPa)
# Digital outputs
Instruments;X1;!DIO;AnalyzerImpactor;Chan,1
Instruments;X1;!DIO;AnalyzerBypass;Chan,0
#Instruments;X1;!DIO;HumidoPumpR;Chan,4
# Analog outputs
#Instruments;X1;!AOT;HumidoPump;Chan,0


Instruments;X2;Startup,cpd2.lovepid
Instruments;X2;Port,/dev/ttyUSB3:9600N81
Instruments;X2;DisplayName,Aerosol Rack LovePID
Instruments;X2;IdentifierChar,P
Instruments;X2;!fil;name,X2
# Parameters
Instruments;X2;Controls,31;32;33;34
Instruments;X2;34;SPInit,27.5
Instruments;X2;34;ManualOutput,TRUE
# Variables
Instruments;X2;!var;U_V11;chan,31
Instruments;X2;!var;U_V11;cal,1.0;0.958# 
Instruments;X2;!var;U_V11;FieldDesc,Impactor inlet RH (percent)
Instruments;X2;!var;U_V13;chan,32
Instruments;X2;!var;U_V13;cal,0;1#new sensor 160419# 
Instruments;X2;!var;U_V13;FieldDesc,humidifier control RH (percent)
Instruments;X2;!var;U_V12;chan,33
Instruments;X2;!var;U_V12;cal,0;1.0#
Instruments;X2;!var;U_V12;FieldDesc,humidifier outlet RH (percent)
Instruments;X2;!var;Q_Q11;chan,34
Instruments;X2;!var;Q_Q11;cal,0.956;0.8323# 20161027/aj
Instruments;X2;!var;Q_Q11;FieldDesc,Analyzer flow (lpm)
# Setpoint outputs
Instruments;X2;!SPVar;HumidoOutlet;chan,33
Instruments;X2;!SPVar;HumidoControl;chan,32

Instruments;Q12;Startup,cpd2.tsitmf
Instruments;Q12;Port,/dev/ttyUSB4:38400N81
Instruments;Q12;DisplayName,Flow Meter
Instruments;Q12;IdentifierChar,E
Instruments;Q12;!fil;name,Q12
Instruments;Q12;!var;Q_Q12;Cal,0.01;0.998 #20161027/aj
Instruments;Q12;!var;Q_Q12;chan,Q
Instruments;Q12;!var;Q_Q12;FieldDesc,dilution flow (lpm)


Instruments;S11;Startup,cpd2.neph
Instruments;S11;Port,/dev/ttyUSB0:9600E71
Instruments;S11;DisplayName,TSI Neph 1047

Instruments;S11;!inst;SerialNum,1047
Instruments;S11;IdentifierChar,N
Instruments;S11;!fil;name,S11
Instruments;S11;Tags,ref;neph
Instruments;S11;Config;SP,70
Instruments;S11;Config;SPExit,70
Instruments;S11;Config;STB,61
Instruments;S11;Config;SMZ,4
Instruments;S11;Config;L,1
Instruments;S11;Config;B,0
Instruments;S11;ZeroAt;56:58,1
Instruments;S11;!var;U_S11;chan,U
Instruments;S11;!var;T_S11;chan,T
Instruments;S11;!var;Uu_S11;chan,Uu
Instruments;S11;!var;Tu_S11;chan,Tu

Instruments;S12;Startup,cpd2.neph
Instruments;S12;Port,/dev/ttyUSB1:9600E71
Instruments;S12;DisplayName,TSI Neph 1046

Instruments;S12;!inst;SerialNum,1046
Instruments;S12;IdentifierChar,O
Instruments;S12;!fil;name,S12
Instruments;S12;Tags,wet;neph
Instruments;S12;Config;SP,70
Instruments;S12;Config;SPExit,70
Instruments;S12;Config;STB,61
Instruments;S12;Config;SMZ,4
Instruments;S12;Config;L,1
Instruments;S12;Config;B,0
Instruments;S12;ZeroAt;56:58,1
Instruments;S12;!var;U_S12;chan,U
Instruments;S12;!var;T_S12;chan,T
Instruments;S12;!var;Uu_S12;chan,Uu
Instruments;S12;!var;Tu_S12;chan,Tu

Data collection for a TSI CPC model 3010 not in system
#Instruments;N61;Startup,cpd2.cpc_3010
#Instruments;N61;Port,/dev/ttyUSB8:9600E71
# Serial number unknown
Instruments;N61;DisplayName,CPC TSI3010
#Instruments;N61;!inst;SerialNum,581
Instruments;N61;IdentifierChar,C
Instruments;N61;!fil;name,N61
Instruments;N61;Tags,cncc
Instruments;N61;!Q_cnc_cc_s,16.0#

Data collection for a Radiance PSAP not in system
#Instruments;A11;Startup,cpd2.psap3
#Instruments;A11;Port,/dev/ttyUSB4:9600N81
Instruments;A11;DisplayName,PSAP-3W 0109
Instruments;A11;!inst;SerialNum,0071
Instruments;A11;IdentifierChar,L
Instruments;A11;!fil;name,A11
Instruments;A11;Tags,psap
Instruments;A11;Autodetect,STOP
Instruments;A11;!Area_m2,1.874e-5#aj130724 from lab cal in psap_filter_spot.xls 1.834E-5 # 060908/eja
Instruments;A11;!Cal;Q,0;1.0 #
Instruments;A11;!inst;config1,A=0.814;B=1.237;Area=17.81#20100401@JAO@GMD
Instruments;A11;!inst;config2,0.0Lpm=1000;0.3Lpm=1240;2.0Lpm=2600#20100401@JAO@GMD

Data collection for a NOAA CLAP not in system
#Instruments;A12;Startup,cpd2.clap3w
#Instruments;A12;Port,/dev/ttyUSB6:57600N81
Instruments;A12;DisplayName,CLAP
Instruments;A12;IdentifierChar,W
Instruments;A12;!fil;name,A12
Instruments;A12;!inst;SerialNum,10.005
Instruments;A12;!Area_m2;1,1.86E-5
Instruments;A12;!Area_m2;2,1.862E-5
Instruments;A12;!Area_m2;3,1.892E-5
Instruments;A12;!Area_m2;4,1.857E-5
Instruments;A12;!Area_m2;5,1.842E-5
Instruments;A12;!Area_m2;6,1.928E-5
Instruments;A12;!Area_m2;7,1.897E-5
Instruments;A12;!Area_m2;8,1.898E-5
Instruments;A12;!Cal;Q,0.9785
Instruments;A12;!Cal;QHardware,-1.4372;1.5579;-0.5044;0.0771#151024/aj 
Instruments;A12;Autodetect,BOTH
Instruments;A12;SpotAdvanceTR,0.05
Instruments;A12;SpotAdvanceTR;G,0.7
Instruments;A12;Smoothing;Normalize;RSD,0
Instruments;A12;Smoothing,Normalize;Min,1
Instruments;A12;Autodetect;Start;RSD,0.01


##############################################################################
############################### Internal Params ##############################
##############################################################################

Global;RepeaterFS,/var/run/cpd      # Repeater filesytem goes here
Global;StateFile,etc/cpdstate       # State file, relative to $CPD2

Disk;BufferSize,0       # Disabled
Disk;MaxFileSize,0      # Disabled
Disk;MonitorFile,X

# Network info
Global;IP;Authorize;127.0.0.1,255.255.255.255       # Loopback
Global;IP;ListenAddress;127.0.0.1,DEFAULT           # Loopback


##############################################################################
################################# Control ####################################
##############################################################################

# Logging
Control;Logging;Type,Logging
Control;Logging;RotateInterval,24:00:00 # 24 hours
Control;Logging;AvgInterval,0:30 #1:00        # 1 minute
Control;Logging;MonitorInterval,15:00   # 15 minutes

# Contamination control
Control;Contamination;Type,Contamination
Control;Contamination;SpinupTime,1:30               # 1:30 to spinup
Control;Contamination;FlushTime,35                  # 61 seconds after contam
Control;Contamination;Bypass,AnalyzerBypass         # Digital channel for bypass
Control;Contamination;dP_NephImpactor;Chan,Pd_P11   # channel name
Control;Contamination;dP_NephImpactor;Max,100       # Contam if > this

# Cutpoint schedule
Control;Cutpoints;Type,Cutpoints
Control;Cutpoints;Chan;Impactor,AnalyzerImpactor # Digital channel
Control;Cutpoints;FlushTime,31
Control;Cutpoints;Scanning,FALSE             # Enable
Control;Cutpoints;Cutpoint;Idle,COARSE        # Default cut
Control;!Cutpoints;Cutpoint;00:00,COARSE     # Time after the hour
Control;!Cutpoints;Cutpoint;30:00,FINE

# Humidograph schedule
Control;Humidograph;Type,Humidograph
Control;Humidograph;Chan;A,HumidoOutlet	# Analog out for channel 
Control;Humidograph;Chan;B,HumidoControl	# For channel B
Control;Humidograph;Scanning,TRUE		# Enable
Control;Humidograph;StartupTime,20		# 20 seconds
Control;Humidograph;Chan;Flow,Q_Q11
Control;Humidograph;MinimumFlow,10.0
Control;Humidograph;Setpoint;Idle,100.0;0;0;	# Idle
Control;Humidograph;Setpoint;Init,40.0;30.00;
Control;Humidograph;Setpoint;03:00,40.0;40.0;
Control;Humidograph;Setpoint;05:00,40.0;43.0;
Control;Humidograph;Setpoint;07:00,40.0;45.0;
Control;Humidograph;Setpoint;08:00,40.0;47.0;
Control;Humidograph;Setpoint;09:00,40.0;49.0;
Control;Humidograph;Setpoint;10:00,40.0;51.0;
Control;Humidograph;Setpoint;11:00,40.0;53.0;
Control;Humidograph;Setpoint;12:00,40.0;55.0;
Control;Humidograph;Setpoint;13:00,40.0;57.0;
Control;Humidograph;Setpoint;14:00,40.0;59.0;
Control;Humidograph;Setpoint;15:00,40.0;61.0;
Control;Humidograph;Setpoint;16:00,40.0;63.0;
Control;Humidograph;Setpoint;17:00,40.0;65.0;
Control;Humidograph;Setpoint;18:00,40.0;67.0;
Control;Humidograph;Setpoint;19:00,40.0;69.0;
Control;Humidograph;Setpoint;20:00,40.0;71.0;
Control;Humidograph;Setpoint;21:00,40.0;72.0;
Control;Humidograph;Setpoint;22:00,40.0;73.0;
Control;Humidograph;Setpoint;23:00,40.0;74.0;
Control;Humidograph;Setpoint;24:00,40.0;75.0;
Control;Humidograph;Setpoint;25:00,40.0;76.0;
Control;Humidograph;Setpoint;26:00,40.0;77.0;
Control;Humidograph;Setpoint;27:00,40.0;78.0;
Control;Humidograph;Setpoint;28:00,40.0;79.0;
Control;Humidograph;Setpoint;29:00,40.0;80.0;
Control;Humidograph;Setpoint;30:00,40.0;79.0;
Control;Humidograph;Setpoint;31:00,40.0;78.0;
Control;Humidograph;Setpoint;32:00,40.0;77.0;
Control;Humidograph;Setpoint;33:00,40.0;76.0;
Control;Humidograph;Setpoint;34:00,40.0;75.0;
Control;Humidograph;Setpoint;35:00,40.0;74.0;
Control;Humidograph;Setpoint;36:00,40.0;73.0;
Control;Humidograph;Setpoint;37:00,40.0;72.0;
Control;Humidograph;Setpoint;38:00,40.0;70.0;
Control;Humidograph;Setpoint;39:00,40.0;68.0;
Control;Humidograph;Setpoint;40:00,40.0;66.0;
Control;Humidograph;Setpoint;41:00,40.0;64.0;
Control;Humidograph;Setpoint;42:00,40.0;62.0;
Control;Humidograph;Setpoint;43:00,40.0;60.0;
Control;Humidograph;Setpoint;44:00,40.0;57.0;
Control;Humidograph;Setpoint;45:00,40.0;54.0;
Control;Humidograph;Setpoint;46:00,40.0;51.0;
Control;Humidograph;Setpoint;47:00,40.0;48.0;
Control;Humidograph;Setpoint;48:00,40.0;45.0;
Control;Humidograph;Setpoint;49:00,40.0;43.0;
Control;Humidograph;Setpoint;50:00,40.0;40.0;
Control;Humidograph;Setpoint;51:00,40.0;39.0;
Control;Humidograph;Setpoint;52:00,40.0;35.0;
Control;Humidograph;Setpoint;54:00,40.0;35.0;
Control;Humidograph;Setpoint;57:00,40.0;00.1; # start neph zero check
# Display aggregator
Control;DA;Type,DisplayAggregator


##############################################################################
Contacts,In case of problems, please contact one of the following
Contacts,     Name               Work            Home             Email
Contacts,                                                         (@noaa.gov)
Contacts,PRI  Anne Jefferson     +1(303)497-6493 +1(303)579-9013  Anne.Jefferson
Contacts,BAK  Pat Sheridan       +1(303)497-6672 +1(303)888-6602  Patrick.Sheridan



Appendix B Cleaning the Impactor Plates
Cleaning the Impactors

This procedure should be done every week, depending on the amount of pollution. If you notice that the impactor plates have large deposits of particles or are very dirty then clean the impactors more often. 
Pull the “raw” breaker on the PID box to turn off the heaters 
In the computer software type <enter>, select <Bypass Status >
In the menu type <m> <Bypass > <enter>
Remove the cover from the Impactor box.

Next remove the impactors from the box. Remove the black tubing from points 1and 2 and unscrew the fitting at point 3.
[image: 0406 imbox f]1
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Place the impactors on a clean paper towel. Clean one impactor at a time. Loosen the black knobs and remove the plates in order. Clean each plate with a Kimwipe and alcohol. Place a small amount of grease in the top plate of the sub 10 um impactor. Either spray the 3rd plate with a silcone spray or apply a thin film of grease to the plate. Reassemble the plates in the order in the picture below.



Apply grease to these plates

[image: img_0003]



After cleaning, place the impactors back in the impactor box. Reattach the black tubing and reconnect the fitting.

In the software press <m> <Unbypass > <enter>
The software will ask you “have you opened the manual valve?” Answer YES even though you never closed this valve.

If the ball valve is not open then a vacuum will develop in the instruments. Once the pressure goes above 100 hPa then the valves will automatically switch open or close and bypass the main flow through the instruments. 



Appendix C Check Sheets

Aerosol Rack Daily Checklist

PID Controller Box
1) Are all PID controllers showing measured values close to their set points?
PID #1 –inlet RH reads <40% RH
PID#2  Wet Neph outlet RH value is near set point
PID#3 Humidifier outlet RH is working
PID#4 flow should be close to 30 lpm

Campbell 1000 Electronics Box
1) Is the green power indicator light on?
2) Are the yellow Tx and Rx lights blinking, indicating communication with the laptop?

Impactor Box
1) Check that one of the two indicator lights is lit on the yellow motorized ball valve, indicating that the valve is either in the open or closed position.

AOS Humidifier Daily Operations

1. ***Check the water level in the reservoir. Fill to within a few centimeters of the top if leaving it for the weekend or half full if leaving it overnight.

2. Is the water dripping at a rate of 1-2 drops per second? If the water is not dripping check the float valve to see that it has water. If there is no flow the line could be clogged, the water pump broken or a communication problem with the software.  Make a note in the computer log of any flow irregularities.

3. Open the Humidograph menu <ESC>, <humidograph> . Check to see that the set point at the bottom of the menu is close to the set point on PID#2 and that there are readings from the RH and temperature sensors in the system.

4. Check to see there is water in the drain bottle upstream of the wet nephelometer. If there's water in the drain bottle, make a note in the computer log and disable set point scanning in the humidograph submenu on the computer and unplug the solenoid pump.

2) Check to see there is water in the drain bottle upstream of the nephelometer. If there's water in the reservoir, make a note in the computer log and disable set point scanning in the humidograph window on the computer. Empty the bottle and look for a leak.



Laptop
1) Does the laptop appear to be communicating with the instruments (i.e., it is not “locked up”)? If not, restart CPD software and make an entry in the message log. If computer is locked up then reboot computer and make an entry in message log.
2) Report error messages (usually in red boxes) visible on the laptop screen if they persist for several minutes.

Dilution Flow and exhaust lines
1. Check water traps in exhaust lines and empty water from traps
2. Check flow on compressor roatmeter and adjust 
3. Check flow on digital readout and adjust valve 
4. Empty water in compressor water bin

 
Weekly Checklist

Impactor Box 
Clean the 1-micron and 10-micron impactors. 
Enter message in log: press F12 or hit 'enter' twice type "cleaning impactors"
Pull the “raw” breaker on the PID box
Bypass Flow press <enter> and scroll down to "Bypass Status"  
In Bypass menu “m” “set bypass”, Tab to “Bypass” <enter>)
Remove impactors and clean. Inspect tubing and holes for dirt.
Grease inlet plate on 10 um impactor and lightly grease impactor plates
Reassemble plates in order on diagram 
Replace impactors in box
Unbypass analyzers (<enter>, “Bypass Status” then “m” “set bypass”, select “Unbypass” <enter>, select “manual ball valve is open” <enter>, m, “close window”
Push in the “raw” breaker on the PID box


Annual Maintenance


Replace the humidifier water filter every year with a standard 12” length, 5 um particle water filter.

Remove and disassemble the humidifier. Clean the PFTE membrane with a mild abrasive. Toothpaste and a tooth brush work well. Do not use any organic solvents on the membrane, only water. Replace the membrane if it has holes, burn spots or becomes clogged. If the electrical shrink tubing that adheres the membrane to the 0.75” stainless tube comes loose this can be carefully removed and new shrink tubing put in its place.

Replace tubing in the system if it becomes discolored. 

Disassemble and clean the inlet to the float valve. Replace the float valve if too corroded. 

Replace the solenoid pump as needed. 
Clean the wet neph light trap and inside velvet cloth

Calibrate the Vaisala sensors. Note that the Vaisala sensors have a faster response to RH without the cap lining. Calibrate the sensor RH and T against a known RH and T standards or in a calibrated environmental chamber over a range of RH from 30 to 90 percent. Perform a linear regression on the data (true RH vs sensor RH) and enter the regression values (offset;slope) in the cpd.conf file  in the line: Instruments;X2;!var;U_V13;cal, “offset”;”slope” #YYMMDD/xx where YYMMDD is the date and xx are the initials of the person inputting the data.

Calibrate the Brooks mass flow controller (MFC) in the impactor box with a flow calibrator.
Perform a linear regression on the data (true flow in slpm vs MFC flow in lpm) and enter the regression values (offset;slope) in the cpd.conf file  in the line: Instruments;X2;!var;Q_Q11;cal, “offset”;”slope” #YYMMDD/xx
where YYMMDD is the date and xx are the initials of the person inputting the data.

Calibrate the dilution flow, TSI mass flow meter (MFM) with a flow calibrator.
Perform a linear regression on the data (true flow in slpm vs MFC flow in lpm) and enter the regression values (offset;slope) in the cpd.conf file  in the line: Instruments;Q12;!var;Q_Q12;cal, “offset”;”slope” #YYMMDD/xx
where YYMMDD is the date and xx are the initials of the person inputting the data.


[bookmark: _GoBack]
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