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1 Features

The Ratnoze is a portable sampling system specialized for measuring solid fuel combustion emissions. It is
appropriate for emission measurements of brick kilns, and other large and small scale industrial combustion
sources with and without exhaust stacks. It is also appropriate for emission measurements of cookstoves
with and without chimneys.

The Ratnoze is a dilution sampler, which is different from other conventional emission measurement
equipment, because it conditions the exhaust sample with dilution air for representative measurement of
condensible particulate matter and other semi-volatile species. It is intended to be used for determining
emission factors by the carbon balance method, but can also be used to determine undiluted exhaust con-
centrations and exhaust flow rate for many other emission metrics.

The Ratnoze is a complete kit that includes a sensor box, probe, carrying case, and all required accessories
to conduct emission sampling. The sample train contains a PM2.5 size selective inlet and two parallel 47 mm
filter holders that can be used for collecting filter samples for laboratory analysis. The following parameters
in Table 1 are logged to an on-board SD card at a 1 second time base. The data can be viewed and plotted
in real-time using the provided computer and software. The on-board lithium ion battery provides power
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for 14 hours of run time.

Table 1: Parameters measured and recorded by the Ratnoze1 sensor box

Parameter Range Measurement Method
CO 0-5000 ppm electrochemical
CO background 0-5000 ppm electrochemical
CO2 0 - 50000 ppm NDIR
CO2 background 0 - 50000 ppm NDIR
SO2 0-2000 ppm electrochemical
SO2 background 0-2000 ppm electrochemical
PM light scattering 0 - 500000 Mm−1 optical 635 nm
PM light absorption 0 - 500000 Mm−1 MicroAeth
MicroAeth filter attenuation 0 - 150 ATN MicroAeth
MicroAeth flow 0 - 250 sccm MicroAeth
Isokinetic bypass flow 0 - 4000 sccm mass flow sensor
Filter 1 flow 0 - 4000 sccm mass flow sensor
Filter 2 flow 0 - 4000 sccm mass flow sensor
Gas sensor flow 0 - 4000 sccm mass flow sensor
Dilution flow 0 - 4000 sccm mass flow sensor
Sample relative humidity 5 - 95 % capacitive
Sample temperature 0 - 150 oC LM35
Probe nozzle temperature 0 - 1000 oC Type K thermocouple
Auxiliary temperature 0 - 1000 oC Type K thermocouple
Pitot tube differential pressure -250 - 250 Pa solid state transducer
Auxiliary differential pressure -250 - 250 Pa solid state transducer
Battery voltage 0 - 30 V ADC
Stack velocity 0 - 20 m/s calculated
Nozzle velocity 0 - 20 m/s calculated
Dilution Ratio 0 - 20 calculated
PM mass on filter 0 - 1000000 ug calculated

2 Components

The Ratnoze sampling kit consists of the sensor box, probe, accessories, and cases.
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2.1 Sensor Box

Figure 1: Front panel of sensor box

Figure 2: Side panel of sensor box
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Figure 3: Other side panel of sensor box
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Figure 4: Rear end of sensor box

Figure 5: Top of sensor box
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Figure 6: Sensor box flow schematic

2.2 Accessories

Figure 7: Accessories

Ratnoze1 User Guide – Version 8 8



Table 2: Accessories. Items marked with * are not supplied in the kit.

Number in Figure Item Purpose/Note
1 bubble meter (AP Buck flow calibrator) for setting and checking flows
2 bubble meter tubes for setting and checking flows
3 hand pump vacuum gauge for leak testing
4 safety masks (x3) for safety
5 pressure zeroing tube for zeroing pressure sensor
6 caps and plugs for sealing filter holders during transportation
7 SpongeBob insulated case for transporting filters
8 tweezers for handling filters
9 *acetone or similar solvent for cleaning filter holders and probe
10 Kimwipes or similar low lint tissues for cleaning filter holders and probe
11 *MicroAeth filters source: Aethlabs, USA
12 baking soda for cleaning probe
13 toothbrush for cleaning probe and you teeth
14 multi-tool (pliers, knife, screwdriver)
15 9/16” wrench for assembling probe
16 11/16” wrench for assembling probe
17 crescent wrench (x2) for assembling probe
18 desiccant chamber tools for replacing desiccant
19 battery charger (11.1 V Li-ion)
20 AC power supply DC converter
21 auxiliary battery cables for connecting to back-up battery
22 thermocouple extension cord (yellow)
23 USB data download cord
24 USB MicroAeth extension cord
25 USB firmware programming cord
26 RS232-USB serial data cord
27 serial-USB wireless transmitter pair
28 Kestrel weather meter for measuring ambient temp, pressure, and RH
29 *measuring tape
30 probe back-purge hose and valve for connecting to compressed air tank
31 gas sensor calibration tube
not pictured probe back-purge tank for storing compressed air
not pictured *rag for stuffing in port to seal around probe
not pictured *heat resistant gloves for handling hot probe
not pictured nitrile exam gloves
not pictured *47mm sample filters for gravimetric and/or BC analysis
not pictured HEPA filter for cyclone inlet during background measurement
not pictured light
not pictured *umbrella for protecting sensor box from sun and rain

also for the Mary Poppins stack dismount
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2.3 Probe

Figure 8: The probe can be mounted on the tripod for free-standing applications. The multi-point open-
plume sampling nozzle and two probe extension pieces are on the ground. The probe can be assembled to
lengths of 1.23, 2.12, or 3.0 m. See Section 8 for more details.

2.4 Cases

The entire kit is contained inside two durable cases for transportation and storage, one case for the sensor
box and accessories, and one case for the probe. The cases are suitable for airline travel.
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Figure 9: Sensor box case. Outside dimensions = 57 x 57 x 54 cm (L x W x H excluding wheels). The case
has wheels that allow you to effortlessly roll through Customs. The wheels can be easily removed (unclipped)
without hand tools. The wheels should be removed before airline travel. During sampling events, the case
doubles as a work bench.
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Figure 10: Probe case. Outside dimensions = 97 x 41 x 16 cm (L x W x H). The thermocouple and soft
sample tubes fit inside the sensor box case.

2.5 Weight

Table 3: Weight

Sensor box (with batteries) 15.2 kg
Accessories 6.0 kg
Case 11.6 kg
Case wheels 3.4 kg
Total 36.2 kg

Probe 7.6 kg
Probe case 7.7 kg
Total 15.3 kg
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3 Sampling Procedure

3.1 Preparation Before a Sampling Event

3.1.1 Charge batteries for:

sensor box
bubble meter
computer
camera

3.1.2 Change desiccant if necessary (see Section 9.4)

3.1.3 Load filters into filter holders (see Section 9.5)

3.2 Pre-sampling Setup

3.2.1 Assemble probe (see Section 8)

3.2.2 System leak check (see Section 9.1)

3.2.3 Connect the HEPA filter to the cyclone inlet to prevent background PM from accumu-
lating on the sample filters.

3.2.4 Connect serial data output to computer using USB cord or wireless transmitter and
run the Ratnoze software (see Section 4).

3.2.5 Power on the sensor box (the power switch is on the rear end of the sensor box).

3.2.6 Put in a new MicroAeth Filter, then open MicroAeth valve and power on the MicroAeth
(see Section 7).

3.2.7 Check that clocks are synced for Ratnoze, computer, and camera.

3.2.8 Let the sensor box run for 10 minutes to warm up.

3.2.9 Zero the pitot pressure sensor (Pres1) and all flow sensors if necessary.

3.2.10 Use the hand-held Kestrel meter to measure barometric pressure (in hPa).

3.2.11 Convert barometric pressure to units of Pascals (Pa) and enter this value as the
absolute stack pressure in the Ratnoze calibration parameters. (Send ”cal” command and
update parameter D for NozVel).

3.2.12 Enter the nozzle diameter in the Ratnoze calibration parameters. (Send ”cal” com-
mand and update parameter C for NozVel in units of mm).

3.2.13 Set flows (See Section 9.2 for guidance determining the appropriate flow settings):

AethFlow = on/off (as desired)
IsoFlow = 0 sccm
F1Flow = 200 sccm (or desired flow)
F2Flow = 200 sccm (or desired flow)
GasFlow = ? (use bubble meter on cyclone inlet and adjust GasFlow so cyclone flow = 1500 ccm)
DilFlow = ? (adjust DilFlow to achieve the desired dilution ratio)
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3.3 Sample Period

3.3.1 Take a pre-test background reading for at least 10 minutes.

3.3.2 Move the probe so the nozzle is in the center of the stack or plume and connect the
tubes to the sensor box (remove the HEPA filter on the cyclone inlet).

3.3.3 During the sampling period:

Adjust the IsoFlow so NozVel = StakVel for isokinetic sampling conditions
Watch the MicroAeth ATN value. Change the MicroAeth filter when ATN is greater than 60.
Watch the PMmass channel. End the sampling event if the filters get overloaded.
Back purge the probe at a regular frequency.

3.3.4 At the end of the sampling period:

Disconnect sensor box from probe and remove probe from the stack or plume.
Connect the HEPA filter to the cyclone inlet.
Let the sensor box run for at least 20 minutes to take a post-test background.

3.3.5 Power off the Ratnoze and MicroAeth.

3.4 Post-sampling Tasks

3.4.1 Remove filters from filter holders (see Section 9.5).

3.4.2 Download data from SD card (see Section 6) and inspect it using LiveGraph (see Section
4.2.2).

3.4.3 Delete MicroAeth Data (see Section 7).

3.4.4 Empty Water Trap

3.4.5 Clean probe,cyclone, and sensor box (see Section 9.3).

3.4.6 Charge batteries for:

sensor box
bubble meter
computer
camera
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3.5 Sampling Procedure Checklist

Ratnoze Checklist
Date/Test Info: 
Pre-Test

Check/Change Desiccant
Load Filters
Assemble Probe
Cyclone (F1Flow, F2Flow, GasFlow) Leak Check
DilFlow Leak Check
IsoFlow Leak Check
Probe Leak Check
Computer Power On
Ratnoze Power On
MicroAeth Power On
Clocks Synced
Ambient Pressure Updated (parameter D, channel 21. Nozvel)
Nozzle Diameter Updated (parameter C, channel 21. Nozvel)
Zero Pitot (Press1)
Set/Check Flows (Order: F1Flow, F2Flow, Gasflow, DilFlow)
Pre-Background

Test
Adjust IsoFlow so StakVel = Nozvel
Change MicroAeth filter when AethATN > 60
Monitor Fuel Consumption
Collect Fuel Samples
Take Photos

Post-Test
Post-Background
Flow Checks
Ratnoze Power Off
MicroAeth Power Off
Remove Filters
Clean Filter Holders
Download Ratnoze Data
Inspect Ratnoze Data
Erase MicroAeth Data
Empty Water Trap
Clean Cyclone
Clean Probe
Ratnoze Battery Charge
Computer Battery Charge
Bubble Meter Battery Charge
Camara Battery Charge
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4 Software

4.1 Ratnoze Plotter Software

The Ratnoze1 sensor box outputs UART serial data that can be read by serial port terminal software with
the following settings:

baud: 9600
bits: 8
parity: none
stopbits: 1

Specialized Ratnoze plotter software exists that provides a user-friendly GUI for plotting real-time data,
configuring parameters, and calibrating. The software is written in Python using the pyqt library. The most
current version of the software can be downloaded from www.mtnaireng.com. This documentation is for
software version: plotter 5.1.

4.1.1 Launching the Software

To start the plotter software, double click the ratnoze icon on the desktop of the Ratnoze computer and
then select execute.

Figure 11: To launch the software, double click the ratnoze icon and select execute.

Once the software opens, select the serial port. The Ratnoze must first be connected to the computer
with the USB wireless transmitter or the USB/RS-232 adapter. The serial port is usually /dev/ttyUSB0, but
the port number will increment if the USB adapter is plugged into the computer multiple times during one
session. Try /dev/ttyUSB0 first, and if that doesn’t work then try USB1, 2, 3, etc. You can also manually
write a port name in the box instead of using the drop down menu. To determine the correct port number,

plug in the USB device, then open a terminal by pressing <ctrl><alt>t and enter dmesg at the command

line. This command shows driver messages for the operating system. The port name is printed in the last
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line of the dmesg output:

[ 1619.392136] usb 1-2: FTDI USB Serial Device converter now attached to ttyUSB0.

4.1.2 Plot Mode

Once a serial port connection is established the plot screen will open. If there is no connection with the
Ratnoze, or if the Ratnoze is powered off, then the plot screen will open like the following:

Figure 12: Default plot screen when no serial data connection is established.

If the above screen is displayed, turn on the Ratnoze and connect the serial data cord to the computer.
If the Ratnoze is already on, the plot screen will populate with the data stream.
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Figure 13: Plot screen. X axis is seconds elapsed since the Ratnoze was powered on or reset.

Incoming data channels are displayed on the left. The channels are listed as follows:
CO: sample carbon monoxide [ppm]
CObkg: background carbon monoxide measured in the dilution train [ppm]
CO2: sample carbon dioxide [ppm]
CO2bkg: background carbon dioxide measured in the dilution train [ppm]
SO2: sample sulfur dioxide [ppm]
SO2bkg: background carbon dioxide measured in the dilution train [ppm]
PM: particulate matter optical scattering coefficient [Mm−1]
IsoFlow: Isokinetic bypass flow rate [sccm]
F1Flow: Filter 1 flow rate [sccm]
F2 Flow: Filter 2 flow rate [sccm]
GasFlow: gas sensor flow rate [sccm]
DilFlow: dilution flow rate [sccm]
Pres1: pitot tube differential pressure [Pa]
Pres2: auxiliary differential pressure [Pa]
RH: relative humidity [%]
Tsamp: sample temperature measured at gas sensors [C]
Tbkg: background temperature measured at the background gas sensors [C]
TCnoz: nozzle temperature [C]
TC2: auxiliary thermocouple [C]
Batt: battery voltage [V]
StakVel: stack velocity [m/s]
NozVel: nozzle inlet velocity [m/s]
PMmass: integrated PM mass on F1 filter [ug]
DilRat: dilution ratio (dilution flow/nozzle flow) [-]
AethRef: MicroAeth reference signal [-]
AethSen1: MicroAeth sensor 1 signal [-]
AethSen2: MicroAeth sensor 2 signal [-]
AethFlow: MicroAeth flow rate [sccm]
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AethStat: MicroAeth status code [-]
AethATN: MicroAeth attenuation [-]
AethAbs: PM optical absorption coefficient [Mm−1]
USB stat: USB host status code [-]

The Capture column displays the channel names. The Value column displays the channel values. Click
a channel name in the Capture column to capture a reading. The value box will turn yellow and display
the captured reading, which is a 10 second average. Click the channel name again to release the captured
reading. The value box will turn back to white and resume displaying current values. The Scale column
allows you to apply a scaling parameter to the plotted data channel. The Plot column has check boxes to
select which channels are plotted.

The logarithmic Y check box will convert the Y axis to a logarithmic scale.

The Tail Data check box will set the X axis to plot the most recent points. Enter the tail data length
in the adjacent box.

The X range and Y range check boxes in the bottom right set the X and Y axis to the minimum and
maximum values defined in the adjacent two boxes.

The large box near the bottom of the screen shows the current raw data stream. If the USB connec-
tion is lost, the box will display ”port in use”. If this happens, unplug the USB device, plug it in again, and
restart the Ratnoze plotter software.

4.1.3 Terminal Mode

Terminal Mode replaces the plot window with a terminal that shows the raw data stream, which is used to
send commands to the Ratnoze to update operating parameters.To enter Terminal Mode, select the View
tab and check the Terminal Mode box. Place the cursor in the bottom box to send commands. Three line
ending options are listed to the right of the box. LF only will add a line feed character to every command
that is sent. This is the default option which is required to communicate with the Ratnoze. RTN only will
add a carriage return character to the end of commands. This option is required to communicate directly
with the CO2 sensors. RTN and LF adds a carriage return and line feed. This option is not needed. To
exit out of Terminal Mode and return to Plot Mode, select the View tab and uncheck the Terminal Mode
box.
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Figure 14: Terminal mode.

4.1.4 Calibration Mode

Calibration Mode provides an interface for calibrating sensors. To enter Calibration Mode, select the View
tab and toggle Cal Mode.

Figure 15: Calibration mode.
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Calibration Mode adds three columns to the left of the plot window. The Reference column has boxes
to enter reference values for performing calibrations of desired channels. The Zero column has check boxes
to select a zero offset calibration for desired channels. The Span column has check boxes to select a span
calibration for desired channels. The Calibrate button performs calibrations for each channel that has a
zero or span box checked.

To ”zero” a sensor, expose the sensor to a zero reference reading, capture a reading by clicking the
channel name, select the Zero check box, and then press the Calibrate button. Once the calibration button
is pressed, the program will switch to terminal mode and send a series of commands to update the zero offset
(B parameter).

The sensor can be zeroed using a non-zero reference reading. For example, the CO2 sensor can be zeroed
in ambient air at 400 ppm. To zero a sensor using a non-zero reference, just enter the reference reading in
the Reference box.

To set the span of a sensor, expose the sensor to a span reference reading, enter the reference value in
the Reference box, capture a reading by clicking the channel name, select the Span check box, and then
press the Calibrate button. Once the calibration button is pressed, the program will switch to terminal
mode and send a series of commands to update the span (A) parameter for the selected channels.

Multiple channels can be calibrated during one calibration.

It is not necessary to capture a reading to perform a calibration. If a reading is not captured before
pressing the Calibrate button, then the most current reading from the sensor will be used to perform the
calibration. Capturing a reading provides a more accurate calibration by using an average sensor reading to
filter out signal noise.

To manually adjust the zero or span calibration for a sensor without actually taking a sensor reading,
capture a reading, then manually enter a value in the Value box and Reference box.

4.1.5 Utilities

Select the Utilities menu item to see available utilities. There are currently no utilities in operation.

4.2 Other Software Tools

The Ratnoze computer contains other useful software in addition to the Ratnoze plotter.

4.2.1 Stack Sampling Calculator

The Stack Sampling Calculator.xls spreadsheet is located on the desktop of the Ratnoze computer. The
spreadsheet has three tabs, one tab for pitot tube calculations (Figure 16) , one tab for determining the
appropriate nozzle diameter (Figure 17), and one tab for converting flow measurements between actual
and standard conditions (Figure 18). The active cells in each sheet are color coded. Green cells are input
variables that should be updated for each calculation. Yellow cells are constants and intermediate variables
that should not be modified. Orange cells are output variables.
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Figure 16: The pitot tube tab calculates the stack velocity using the theoretical pitot tube calculation.

Figure 17: The nozzle diameter tab is used to determine the appropriate nozzle size. It calculates the
minimum acceptable nozzle diameter for isokinetic sampling conditions and provides the nozzle size chart to
choose the appropriate nozzle.
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Figure 18: The flow conversion tab converts volumetric flow rates back and forth between actual conditions
(ccm) and standard conditions (sccm) using ideal gas law temperature and pressure corrections.

Figure 19: The filter loading tab provides a calculation to estimate the ideal filter flow rate for your particular
sampling application.
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Figure 20: The velocity traverse tab provides a table of EPA traverse points as a percentage of the diameter.

4.2.2 LiveGraph

LiveGraph is Java based, open source, data graphing software that is very useful for quickly graphing and
exploring data files. To open LiveGraph, double click the desktop icon and select Execute.
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Figure 21: To launch LiveGraph, double click the livegraph desktop icon and select execute.

Figure 22: LiveGraph software.

LiveGraph has four windows:

Window 1: Data file settings
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Click the Open... button to browse to a data file
Select Show all data as opposed to Show tail data

Window 2: Graph settings
Set the X and Y axis ranges
Add horizontal and vertical gridlines
The X axis Type should be Dataset numbers

Window 3: Data series settings
Check and uncheck channels to show or hide in the plot window
The Colour boxes allow you to choose pretty colors for your favorite channels.
The Transformation boxes are drop-down menus with different transformation options. To view channels
of different magnitude on the same axis, scale desired channels by changing the Transformation from Ac-
tual value to Scale by specified value. Then change the transform parameter from 1 to the desired value.

Window 4: Plot
Move the cursor over the plot and read the cursor coordinates in the bottom left corner.

5 Data Output

5.1 Data Stream

When the Ratnoze sensor box is powered on or reset, it performs a series of initialization procedures and
outputs diagnostic information. Then it prints a header of calibration parameters before starting its regular
sampling loop of all sensors. The output looks like the following (with line numbers added):

1: #version:kilnbox 31 dbg
2: #reading eemem............................................done
3: #potenstat errors: 0
4: #usb host init errors: 0
5: #Time: 10:50:40 3/2/2016
6: #unix time 1456915840
7: #10:50:40 3/2/2016
8: #testing sensor coms
9: #channels tested OK: 31
10: # num inputs: 32
11: # this line intentionally left blank
12: #headers:
13: #A:,nan,2,0.1107300,0.1087900,1.0000000,1.0000000,0.0432000,0.0433600,25.3782997,0.1103100,0.1148200,0.1137000,0.1068400,0.1073500,0.0048800,0.0048300,1.0000000,0.0602200,0.0609900,0.0075800,0.1236900,0.0061300,1.0000000,1.0000000,1.0000000,1.0000000,1.0000000,1.0000000,1.0000000,0.4444600,1.0000000,1.0000000,1.0000000
14: #B:,nan,2,-9014.9,-9040.3,0.0,0.0,-26259.0,-26280.0,-243.0,-13494.0,-12887.0,-13740.0,-13661.0,-13620.0,-
272.1,-454.2,0.0,0.1,0.1,-542.0,-29.3,-132.3,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0
15: #C:,nan,2,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,28.000,3.200,3.000,nan,nan,nan,nan,nan,nan,nan,nan
16: #D:,nan,2,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,nan,101325.000,101325.000,nan,nan,nan,nan,nan,nan,nan,nan,nan
17: #units:,s,2,ppm,ppm,ppm,ppm,ppm,ppm,Mm−1,sccm,sccm,sccm,sccm,sccm,Pa,Pa,%,degC,degC,degC,degC,V,m/s,m/s,ug,-
,raw,raw,raw,sccm,-,-,Mm−1

18: time,seconds,headID,CO,CObkg,CO2,CO2bkg,SO2,SO2bkg,PM,IsoFlow,F1Flow,F2Flow,GasFlow,DilFlow,Pres1,Pres2,RH,Tsamp,Tbkg,TCnoz,TC2,Batt,StakVel,NozVel,PMmass,DilRat,AethRef,AethSen1,AethSen2,AethFlow,AethStat,AethATN,AethAbs,USB stat
19: 2016 3 2 10:50:42,2,2,0,-9,825,1740,-4,13,-76,-3,4,3,868,1245,0.20,0.10,45,24.0,24.9,24.1,4095.0,12.2,0.50,-
0.84,-0,-3.37,915989,850471,663756,22,0,7.4,1021,144
20: 2016 3 2 10:50:43,3,2,0,-9,826,1729,-4,12,-76,-3,4,3,869,1244,0.19,0.08,44,27.2,27.7,24.1,4095.0,12.6,0.48,-
0.84,-0,-3.38,915986,850440,663761,22,0,7.4,648,144
21: 2016 3 2 10:50:44,4,2,0,-8,826,1729,-3,12,-51,-4,4,3,866,1244,0.15,0.08,43,27.2,27.6,24.1,4095.0,12.7,0.42,-
0.84,-0,-3.35,916012,850537,663765,22,0,7.4,579,144
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Lines 1 - 11 are diagnostic information for startup and initialization
Line 1: firmware version
Line 2: indicates that calibration parameters were read from memory
Line 3: result of the potenstat chip initialization for CO and SO2 sensors
Line 4: result of the USB host test
Line 5-7: Date and time
Line 8-9: Result of communication test with all sensors
Line 10: Result of input count
Line 11: [remove this line]
Line 12: Indicates that data file headers will follow
Line 13: A parameters stored for each channel
Line 14: B parameters stored for each channel
Line 15: C parameters stored for each channel
Line 16: D parameters stored for each channel
Line 17: Physical units of each channel output
Line 18: Channel names
Line 19: First line of data in the logging loop
Line 20: Second line of data in the logging loop
Line 21: Third line of data in the logging loop.

The logging loop will continue once per second until the Ratnoze is powered off or the cal command is
sent. The data columns in the logging loop are as follows:

1. time: date and time [yyyy mm dd hh:mm:ss]
2. seconds: seconds elapsed since logging loop started [sec]
3. headID: header ID code [-] for software to identify the data stream without seeing the header
4. CO: sample carbon monoxide [ppm]
5. CObkg: background carbon monoxide measured in the dilution train [ppm]
6. CO2: sample carbon dioxide [ppm]
7. CO2bkg: background carbon dioxide measured in the dilution train [ppm]
8.SO2: sample sulfur dioxide [ppm]
9. SO2bkg: background carbon dioxide measured in the dilution train [ppm]
10. PM: particulate matter optical scattering coefficient [Mm−1]
11. IsoFlow: Isokinetic bypass flow rate [sccm]
12. F1Flow: Filter 1 flow rate [sccm]
13. F2 Flow: Filter 2 flow rate [sccm]
14. GasFlow: gas sensor flow rate [sccm]
15. DilFlow: dilution flow rate [sccm]
16. Pres1: pitot tube differential pressure [Pa]
17. Pres2: auxiliary differential pressure [Pa]
17. RH: relative humidity [%]
18. Tsamp: sample temperature measured at gas sensors [C]
19. Tbkg: background temperature measured at the background gas sensors [C]
20. TCnoz: nozzle temperature [C]
21. TC2: auxiliary thermocouple [C]
22. Batt: battery voltage [V]
23. StakVel: stack velocity [m/s]
24. NozVel: nozzle inlet velocity [m/s]
25. PMmass: integrated PM mass on F1 filter [ug]
26. DilRat: dilution ratio (dilution flow/nozzle flow) [-]
27. AethRef: MicroAeth reference signal [-]
28. AethSen1: MicroAeth sensor 1 signal [-]
29. AethSen2: MicroAeth sensor 2 signal [-]
30. AethFlow: MicroAeth flow rate [sccm]
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31. AethStat: MicroAeth status code [-]
32. AethATN: MicroAeth attenuation [-]
33. AethAbs: PM optical absorption coefficient [Mm−1]
34. USB stat: USB host status code [-]

5.2 Setup Mode ( cal Command)

At any time during the sampling loop, the user can send the cal command to the sensor box to pause
sampling and print the setup menu. All serial communication sent to the Ratnoze must have LF (line feed)
endings.

entering calmode
1: A
2: B
3: C
4: D
5: Time
6: CO2 com
7: CO2bkg com
8: .Digits
9: Header ID
10: Save
11: Reset
enter>

The setup menu gives 11 options. Enter a menu item number to continue.

5.2.1 A Parameters

Menu item 1 returns a list of A parameters for each channel. See Appendix B to see how the parameters are
used in the output calculations.

A Entry

0: CO 0.1107300
1: CObkg 0.1087900
2: CO2 1.0000000
3: CO2bkg 1.0000000
4: SO2 0.0432000
5: SO2bkg 0.0433600
6: PM 25.3782997
7: IsoFlow 0.1103100
8: F1Flow 0.1148200
9: F2Flow 0.1137000
10: GasFlow 0.1068400
11: DilFlow 0.1073500
12: Pres1 0.0048800
13: Pres2 0.0048300
14: RH 1.0000000
15: Tsamp 0.0602200
16: Tbkg 0.0609900
17: TCnoz 0.0075800
18: TC2 0.1236900
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19: Batt 0.0061300
20: StakVel 1.0000000
21: NozVel 1.0000000
22: PMmass 1.0000000
23: DilRat 1.0000000
24: AethRef 1.0000000
25: AethSen1 1.0000000
26: AethSen2 1.0000000
27: AethFlow 0.4369800
28: AethStat 1.0000000
29: AethATN 1.0000000
30: AethAbs 1.0000000
100: back to main menu
enter>

Enter a channel number to change the parameter value. Then enter the new value when prompted. Enter

100 or <RTN> to return to the main menu. If any parameter values are changed, the changes will be
temporary until they are saved to EEMEM. To do this, you must select 10. Save from the main setup menu
before exiting setup mode.

5.2.2 B Parameters

Menu item 2 returns a list of B parameters for each channel. Use the same procedure as for the A parameters
to view and change parameter values.

5.2.3 C Parameters

Menu item 3 returns a list of C parameters for each channel. Use the same procedure as for the A parameters
to view and change parameter values.

5.2.4 D Parameters

Menu item 4 returns a list of D parameters for each channel. Use the same procedure as for the A parameters
to view and change parameter values.

5.2.5 Time

Menu item 5 is used to set the clock time of the Ratnoze real-time clock. The current time is printed. Enter
y to change the time or n to return to the main setup menu.

Time set
6:19:18 3/27/16 Day of week: Sunday
Change? (y/n)>

It is not possible to set the seconds counter. Time can only be set to the nearest minute. Therefore,
to set the time exactly, you must enter the time as the next minute that will occur, and then wait until the
clock ticks to that minute before sending the final command of the procedure.

To change the time, you are first prompted to enter the minutes:

minutes>

Then the hour:

hour>
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Then the day of the week (Sunday is day 1):

Day of week (1-7)>

Then the day of the month:

Day of month>

Then the month:

Month>

Then the year:

Year (2 digit) >

Finally, you are asked to confirm that you want to set the time. This is where you wait until the clock
ticks to the next even minute before entering y .

Read back:

Mins: 21
Hour: 6
Day of week: 3
Day of month: 21
Month: 3
Year: 16
Set? (y/n)>

5.2.6 CO2 com

Menu item 6 establishes a direct serial communication channel with the CO2 sensor. The CO2 sensor has
its own internal microcontroller, and its own set of commands for calibration and temperature and pressure
corrections. See documentation for the Vaisala GM111 for more information. The CO2 sensor communication
requires <RTN>(carriage return) line endings. Sending ˆ will stop CO2 sensor communication and return
to the main setup menu.

5.2.7 CO2bkg com

Menu item 7 establishes a direct serial communication channel with the CO2bkg sensor. See menu item 6
above for more information.

5.2.8 .Digits

Menu item 8 returns a list of digit parameters for each channel. The digit parameter defines the number
of digits to the right of the decimal when a channel output is printed in the data logging loop. It is used
to set the resolution of each channel. Use the same procedure as for the A parameters to view and change
parameter values.

5.2.9 Header ID

Menu item 9 is used to define the Header ID, which is a unique ID number for the header format. This ID
allows the Ratnoze software to identify which machine it is connected to, and the channel names, without
actually receiving the data stream header. Do not change this parameter.
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5.2.10 Save

Menu item 10 saves the current parameter values to EEMEM. This action must be performed if any param-
eters were changed, otherwise the changes will be lost. It takes about 30 seconds for the action to complete
before printing ”done” and returning to the main setup menu.

5.2.11 Reset

Menu item 11 resets the data acquisition system to begin a new sampling session.

6 On-board Data Logger

An ob-board SD card logger records all data that is output from the Ratnoze sensor box. The SD card is
not accessible from the outside of the sensor box. The data files can be accessed and downloaded from a
mass storage device USB port (square type B) on the front panel (see Figure 1). The logger has two modes:
data logging mode and mass storage device mode. When the logger is in logging mode, the data files cannot
be accessed for viewing and downloading. When the logger is in mass storage device mode, the logger will
not log data.

6.1 Data Logging Mode

The logger is normally in data logging mode as long as the USB cord is disconnected. A new data file is created
every time the Ratnoze is powered on. The name of the file is a time stamp: ”yyyy mm dd hh mm ss.csv”.

6.2 Mass Storage Device Mode

The logger switches to mass storage device mode when the Ratnoze is off and the USB cord is connected to
a computer. The computer will detect the logger as a mass storage device, and the data files can be accessed
and downloaded through the computers file system browser. The USB cord must be disconnected before the
Ratnoze is powered on. If the USB cord is connected, the logger will remain in mass storage device mode,
and it will not be able to log data. In this case, the Ratnoze will output the following error:

#logger SD initilize error. Disconnect the logger USB cord from the computer and pow-
ercycle the Ratnoze

Conversely, if the USB cord is connected when the Ratnoze is powered on, the logger will already be in
data logging mode and will not switch to mass storage mode. Always copy data files to the computer before
opening them. Data files on the SD card can get corrupted if the USB cord is disconnected while the files are
open in a computer browser. If it appears that files are corrupted or missing, try connecting to the logger
with a Linux computer as opposed to a Windows computer. Large files may take a minute to open.

6.3 SD Card

The logger supports FAT16 1-2 GB SD micro SD cards. The SD card is located inside the sensor box behind
the logger USB port. The SD card can be accessed by removing the side panel of the Ratnoze. Unlatch the
card by sliding the metal holder, then hinging open.

7 MicroAeth

The MicroAeth is a stand-alone instrument manufactured by AethLabs for measuring real-time black carbon
by filter based light absorption method. The MicroAeth manual is located on the Ratnoze computer in the
Ratnoze folder. The MicroAeth sample inlet is connected to the Ratnoze sample train. The MicroAeth
outputs raw data through a USB port. The Ratnoze has a USB host to read the MicroAeth data stream.
The Ratnoze firmware interprets the raw data stream and uses the Beer-Lambert law to calculate the optical
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absorption coefficient.

Since it is a stand-alone instrument, the MicroAeth must be powered on and off separately from the Ratnoze.
The MicroAeth filter strips must be changed periodically during sampling. See the MicroAeth manual for
instructions on using the MicroAeth and changing the filter strips. The following instructions explain how
to use the MicroAeth when it is connected to the Ratnoze.

The MicroAeth is sensitive to ambient light. For this reason, the Ratnoze hood should be kept closed
to shield the MicroAeth from ambient light.

7.1 Shutoff Valve

The Ratnoze has a shutoff valve that blocks the flow to the MicroAeth (Figure 23). When the MicroAeth is
off, the MicroAeth valve should be in the closed position to prevent dilution air from being drawn through
the MicroAeth into the Ratnoze. Before the MicroAeth is turned on, the MicroAeth valve must be opened.

Figure 23: MicroAeth shutoff valve in the open position.
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7.2 Powering On

The MicroAeth can be powered on before, during, or after the Ratnoze is powered on. Before turning on
the MicroAeth, the MicroAeth valve must be opened (Figure 23). To turn on the MicroAeth, press and hold
the MicroAeth power button until it beeps. Once the MicroAeth is powered on, it will remain idle up for up
to one minute before it starts sending data.

7.3 Powering Off

To turn off the MicroAeth, hold the power button for a few seconds until the MicroAeth beeps. Once the
MicroAeth is off, close the MicroAeth valve 23.

7.4 Data Stream

The MicroAeth data is columns 28-33 of the Ratnoze data stream (see 5.1 Data Stream). If the MicroAeth is
off, the Ratnoze data stream will print ”0”s for the MicroAeth raw data ”nan” for the absorption coefficient.
During sampling, the MicroAeth data stream should be monitored periodically.

The AethStat channel prints the MicroAeth error codes. This channel should be 0 to indicate there are
no errors. If there is an error, then the error code should be looked up in the MicroAeth manual and re-
solved. Error code 2 may indicate that the MicroAeth valve was left closed. Error code 4 may indicate that
the filter strip needs to be changed, or that the filter strip was installed upside down.

The AethATN channel is the light attenuation through the MicroAeth filter. If AethATN is larger than
60, then the filter should be changed (see 7.5 below).

The MicroAeth has LED indicator lights that are also an indicator of operation status (Figure 23). Under
normal operation, the green indicator light should blink. If the red indicator light blinks, then there is an
error (Note: The red indicator light will also blink during startup. This is normal). If the MicroAeth is
on, but it is not outputting data, and the red indicator light is blinking, then the MicroAeth flash memory
might be full, and it must be cleared (see 7.6 below).

7.5 Changing Filter Strips

If AethATN is greater than 60, then the MicroAeth filter strip should be changed. To do this:

7.5.1 Open the Ratnoze hood

7.5.2 Turn off the MicroAeth

7.5.3 Close the MicroAeth valve

7.5.4 Remove the used filter (see MicroAeth Operating Manual)

7.5.5 Insert new filter (see MicroAeth Operating Manual)

7.5.6 Open the MicroAeth valve

7.5.7 Turn on MicroAeth

7.5.8 Close the Ratnoze hood

7.6 Clearing Flash Memory

The MicroAeth stops sending data when its internal memory is full. To avoid this from happening during
sampling, the MicroAeth memory should be cleared daily. To clear the MicroAeth memory, connect to the
MicroAeth using AethLabs proprietary software. To do this:
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7.6.1 Disconnect the MicroAeth USB cord from the Ratnoze USB host and use the USB
extension cord to connect the MicroAeth to the Ratnoze computer.

7.6.2 On the computer go to Start Menu - System Tools - Oracle VM VirtualBox. Then
select ”Start” to run Windows. Windows will take a minute to load.

7.6.3 In the XP window, go to Devices and check MicroAeth AE51 to share the USB port
with VirtualBox.

7.6.4 Then open the MicroAeth software from the Desktop of the XP window and turn on
the MicroAeth.

7.6.5 To clear the MicroAeth memory, click Erase all data button in the MicroAeth software
window. The software will indicate when it finished. Then turn off the MicroAeth and turn
it back on again. Look at the data stream to make sure the MicroAeth is working properly.

7.6.6 Then close the XP window by clicking the close box in the upper right corner and then
select ”Send shutdown command”.

7.7 Flow Calibration

The MicroAeth has its own internal pump and feedback controller to maintain a constant flow. To adjust
the flow rate of the MicroAeth, use the MicroAeth flow calibration software.

To calibrate the flow rate (meaning to calibrate the flow reading, not change the flow rate), follow the
procedure described in Section 10.2 to set the span of AethFlow. Do not try to zero AethFlow, because the
zero offset not enabled for AethFlow.

8 Probe

8.1 Probe Components

Figure 24: Probe flow schematic.

8.2 Probe Assembly

An assembled probe consists of the dilution mixing tube, one to three probe sections, nozzle, pitot tube,
and soft tubing to connect the probe to the sensor box. The shortest probe configuration (with 1 section)
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Table 4: Probe kit parts.

Number Item Purpose/Note
1 probe nozzle set ID=3/32”,1/8”,5/32”,3/16”,1/4”
2 multi-point array nozzle for open-plume sampling
3 probe connector tube
4 Type S pitot tube with connectors
5 dilution mixing tube section labeled as section 1-2
6 1st probe section labeled as section 2-3
7 2nd probe section labeled as section 3-4
8 3rd probe section labeled as section 4-5
9 soft tubing for pitot + and - lines
10 soft tubing for sample black, conductive
11 soft tubing for Isokinetic bypass black, conductive
12 soft tubing for dilution blue
13 tripod
14 thermocouple probe
15 9/16” wrench for assembling probe
16 11/16” wrench for assembling probe
17 crescent wrench x 2 for assembling probe
18 thin brass cleaning rod for 1/4” OD tubing
19 thick brass cleaning rod for 3/8” OD tubing
20 box of cleaning rod tips brushes, mops, and plugs
21 package of pipe cleaners for cleaning nozzle

is 1.23 m. Two sections is 2.12 m long and three sections is 3.0 m long. The probe is made of stainless
steel tubing and the sections are assembled together with Swagelok compression fittings. The main parts
are shown below:
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Figure 25: Parts for the main probe body.

The probe sections must be assembled in a particular order. All parts are labeled to encourage correct
assembly. The sections are joined together by spacer plates. The plates (joints) are numbered 1 to 5 starting
from the back outlet of the dilution mixing tube, counting forward towards the nozzle. The dilution mixing
tube has two plates (labeled 1 and 2), one on each end. All other sections have one plate on the front (nozzle
side) of the section.

The first assembly step is to connect the dilution mixing tube (section 1-2) to section 2-3 at joint 2. The
plate is marked with 2, and the tubes on each side of the plate are marked wit 2 also. The sample tube
is centered on the bottom and is marked with 2. The pitot pressure lines are side by side on the top and
marked 2+ for positive pressure and 2- for negative pressure.
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Figure 26: Probe joint 2.

Before the Swagelok nuts are tightened, the probe must be aligned to ensure the nozzle and pitot tube
will be oriented correctly inside the stack. To align the probe, turn it upside down on a flat surface so the
top edges of each joint plate lie in the same plane.

Figure 27: Turn the probe over on a flat surface to align the joints before tightening the Swagelok nuts.

To tighen the nuts, put the crescent wrench on the bulkhead fitting against the plate, and put the 11/16”
wrench on the nut.
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Figure 28: To tighten the nuts, put the cresent wrench against the plate and the 11/16” wrench on the nut.

Next, the nozzle can be attached to plate 3, or section 3-4 and 4-5 can be added to make the probe
longer. Each section should be added following the same instructions as for section 2-3. The nozzle can be
attached to plate 3, 4, or 5 depending on how long you want the probe to be.

Figure 29: Adding section 3-4 to the probe. The probe is upside down to align the joint plates.

To attach the probe and pitot tube, prop the probe end up off the flat surface. Orient the pitot tube and
screw on the nuts, + to + and - to -. Then add the nozzle connector tube.
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Figure 30: Pitot tube orientation. Positive (+) port opens downward into the flow and negative (-) opens
upward towards the sky. Match the + and - marks at the joint.

The #4 (1/8”) nozzle is appropriate for most stack sampling applications. To attach the nozzle, hold the
nozzle to the correct orientation (pointing downward into the flow and parallel with the pitot tubes) with
the crescent wrench, and tighten the compression nut.

Figure 31: Hold the probe nozzle at the correct orientation while tightening the Swagelok nut.

To attach the multi-point array nozzle for open plume sampling, first connect the four arms to the cross.
Point the holes towards the flat side of the cross (away from the elbow). Then attach the elbow to the nozzle
connector tube.
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Figure 32: When assembling the multi-point array nozzle, point the holes towards the flat side of the cross
(away from the elbow).
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Figure 33: Multi-point array nozzle attached.

If the tripod will be used, then set it up and attach the probe.
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Figure 34: The probe has a mounting bracket that threads onto the tripod.

Attach the pitot and sample soft tubes to plate 1. The pitot soft tubes and the plate are marked with +
and -. The sample tube is marked with yellow tape.
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Figure 35: Pitot and sample soft tube connections to plate 1.

Attach the dilution soft tube to the dilution T (blue) and IsoFlow soft tube to the IsoFlow T (red tape).
Feed the IsoFlow tube up through the red clamp handle of the tripod.
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Figure 36: Dilution and isokinetic bypass soft tube connections

Finally, feed the thermocouple through the holes in each joint plate between the pitot lines.
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Figure 37: Feed the thermocouple.

8.3 Disassembling the Probe

Disassemble the probe in the reverse order that it was assembled.

9 Routine Procedures

9.1 Leak Check

Leak checks should be performed every sampling event as a quality control measure. Leaks in the sample
train can cause erroneous emission measurements by diluting the measured concentrations and causing in-
correct flow rates. To leak test the system, a vacuum gauge is used to apply a vacuum pressure (a pressure
lower than atmospheric) to the sample train to see if the pressure holds. If the pressure remains constant,
then there are no leaks, and the system passes the vacuum test. If the pressure drifts towards atmospheric
pressure, then a leak exists, and it must be located and sealed.

In the Ratnoze sensor box, the sample train, dilution train, and isokinetic bypass train can be leak-tested
separately. The pumps have a backflow prevention valve and are located at the downstream end of each
flow train. Therefore the vacuum gauge can be connected to the inlet of each sample train to test for leaks.
Perform the leak test with the Ratnoze off.

To leak test the sample train, connect the hand-pump vacuum gauge to the sample inlet (cyclone inlet). The
MicroAeth does not have a backflow preventer, so the MicroAeth shutoff valve must be closed for the sample
train to seal. Pump a vacuum pressure of at least 5 in. Hg. If the needle of the dial gauge remains steady,
and does not drop back towards 0, the leak test passes. If the needle of the dial gauge does not remain
steady then separate portions of the sample train should be isolated and tested until the leak is identified
and fixed.
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Figure 38: Leak testing the sample train.

To leak test the dilution train connect the hand-pump vacuum gauge to the dilution inlet and repeat the
above procedure. Remember to remove the dilution inlet plug before starting, and replace it again when
done.
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Figure 39: Leak testing the dilution train.
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To leak test the isokinetic bypass train connect the hand-pump gauge to the isokinetic bypass inlet and
repeat the above procedure.

Figure 40: Leak testing the isokinetic bypass train.

The sample probe and connection tubes should also be leak tested every sampling event. To do this, fully
assemble the probe, connect the dilution tube to the isokinetic bypass tube, cap the quick connect fitting
of the sample tube (using the orange quick-connect cap), and connect the hand-pump vacuum gauge to the
probe nozzle inlet using one of the white bubble meter tubes.
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Figure 41: Leak testing the sample probe.

To leak test the pitot tube pressure lines on the probe, start with the positive pressure line and connect
the hand-pump vacuum gauge to the pitot tube inlet using one of the white bubble meter tubes. Cap the
other end of the line with an orange quick connect cap. Repeat the procedure for the negative pressure line.
Do not leak test the pitot line when it is connected to the Ratnoze sensor box because the high vacuum
pressure may damage the pressure transducer.

Figure 42: Leak testing the pitot tube lines.

There is a fast and simple way to vacuum test the entire system including the sample train, dilution train,
isokinetic bypass train, and sample probe all at once. To do this, connect the probe to the sensor box as
you normally would to begin sampling (Figure 8). Then connect the hand-pump vacuum gauge to the probe
nozzle inlet using the white bubble meter tube. Turn on the sensor box momentarily to draw a vacuum on
the system, then turn off the sensor box and check the needle on the dial gauge of the hand pump. It is also
possible to use the hand pump to draw a vacuum pressure on the entire system but it may take a while.

9.2 Setting Flows

The Ratnoze kit has three types of flow measurement devices: rotameters, mass flow sensors, and bubble
meter.

9.2.1 Rotameters

The rotameters on the front panel of the sensor box are not very accurate. They provide a visual quality
control check that flows are approximately correct. The rotameters have sliding pointer flags that can be
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used as reference marks for flow settings.

9.2.2 Mass Flow Sensors

The mass flow sensors inside the sensor box provide a real-time measurement of volumetric flow at standard
conditions (20 C, 101325 Pa).

9.2.3 Bubble Meter

The bubble meter is a primary flow calibrator that measures the volumetric flow rate at actual conditions
by measuring the time it takes for a soap bubble film to move up through the column. The bubble meter is
manufactured by AP Buck, and is supplied with a charger and extra soap. The bubble meter is sensitive to
sunlight, and it will usually malfunction in direct sunlight or around other high temperature heat sources.

Figure 43: The bubble meter is not working!

To use the bubble meter:

1. Remove the bubble meter port caps and put them somewhere safe where you wont lose them.

2. Connect the white bubble meter tubes to the bubble meter ports. The flow should go up through the
bubble meter column, so the tube with male quick connect fitting should go on the top port, and the
tube with the female quick connect should go on the bottom port.
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3. Connect the bubble meter tubes to the flow source to create a flow through the bubble meter.

4. The bubble meter won’t work correctly until the column walls are wet with a soap film. Depress the
dipper repeatedly to create bubbles until the bubbles travel to the top of the column without breaking.

5. Once the column is wet, press the ON button to turn on the bubble meter. Depress the dipper to
take a measurement. A bubble will travel up the column and the bubble meter will display the flow
reading.

6. If multiple measurements are taken in series, the bubble meter will display a running average of all
measurements. Press the ON button to clear the running average in order to take one reading at a
time.

7. When done, turn off the bubble meter.

8. When putting the bubble meter away, replace the port caps to prevent soap water from leaking out
and evaporating and to prevent dirt and debris from getting inside the column.

Troubleshooting the bubble meter: The bubble meter must contain just the right amount of soap to make
a thin pool about 1 mm thick in the bottom of the reservoir. If there is too little soap, bubbles will not form
when the dipper is pressed. If there is too much soap, many bubbles will form when the dipper is pressed.
This is a problem because excess soap bubbles will get drawn into the Ratnoze sensor box. If the bubble
meter seems to be giving inconsistent or incorrect readings, or no readings at all, watch the bubble travel
up the column. If no bubbles are forming, the meter may be low on soap, and more should be added. If a
uniform bubble forms and travels up the column but does not trip the photosensors, or if the photosensors
trip without a bubble passing, then the battery may be low, or there may be interfering sources of infrared
radiation nearby. If the bubbles are foamy and numerous then there is probably too much soap, and some
soap should be poured out.

9.2.4 Flow Basics

A simplified flow diagram is shown below in Figure 44.

Figure 44: Simplified flow diagram.
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CycloneF low = F1Flow + F2Flow + GasF low + AethF low (1)

NozzleF low = CycloneF low + IsoF low −DilF low (2)

DilutionRatio = DilF low/(CycloneF low −DilF low) (3)

The cyclone flow must be 1500 ccm at actual conditions for a PM2.5 cutpoint. If the cyclone flow differs
from 1500 ccm, the cutpoint will change according to the following relationship:

Figure 45: Cyclone cutpoint vs. flow rate. Data points are taken from BGI Triplex cyclone documentation.

Note that the dilution flow (DilFlow) and isokinetic bypass flow (IsoFlow) have no effect on the cyclone
flow rate.

9.2.5 Procedure to Set Flows

With the exception of the MicroAeth, all flows are set by adjusting the metering valves (see Figure 1). Set
the flows in the following order:

1. MicroAeth Flow (AethFlow): This flow does not need to be set before a sampling event. The MicroAeth
automatically maintains a constant flow rate at a pre-programmed set point. If the MicroAeth is going
to be used during sampling, then it must be turned on to set the other system flows, otherwise it should
remain off with the shutoff valve closed.

2. Filter Flows: The filter flows F1Flow and F2Flow should be set to collect an appropriate amount of
PM on the filter for the specific type of filter sample analysis that will be performed. The ideal filter
flow rate is a function of the desired PM mass on the filter, the expected average PM concentration,
and the sample time. To determine the ideal filter flow rate, use the filter loading calculator on the
filter loading tab of the Stack Sampling Calculator spreadsheet. The sum of F1Flow and F2Flow must
be less than 1000 sccm.

3. Gas Sensor Flow (GasFlow): The GasFlow must be set between 500 and 1500 sccm. To set the
GasFlow, connect the bubble meter to the cyclone inlet and adjust the GasFlow until the cyclone flow
= 1500 ccm. If it is not possible to use the bubble meter, then convert the target cyclone flow of 1500
ccm from actual conditions (actual temp and pressure) to standard conditions (20 C, 101325 Pa) using
the Stack Sampling Calculutor spreadsheet (Figure 18). Then use equation 1 above to determine the
target GasFlow (in sccm) and adjust the GasFlow metering valve accordingly.
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4. Dilution Flow (DilFlow): Decide on an appropriate dilution ratio(dilution/sample) between 1 and 20.
A value between 10 and 15 is appropriate for most solid fuel combustion sources. Watch the dilution
ratio (DilRat channel) and adjust DilFlow until DilRat matches the desired value. If you don’t know
what the dilution ratio should be, choose a dilution flow that satisfies the following criteria:

PMscat < 10000Mm−1

SO2 < 50ppm
CO < 500ppm
RH < 50%
CO2 > 2000ppm

5. Isokinetic Bypass Flow (IsoFlow): This flow only controls the probe nozzle flow rate and has no effect
on the cyclone flow or the dilution ratio. Start the sampling event with IsoFlow off (0 ccm). Once
the pitot tube is in place in the stack and the nozzle thermocouple is connected to get a stack velocity
measurement, increase IsoFlow until the probe nozzle velocity (NozVel) = stack velocity (StakVel).

9.3 Cleaning

The following components should be cleaned after every sampling event. The Ratnoze kit includes several
cleaning supplies such as Kimwipes, organic solvent, baking soda, toothbrush, pipe cleaners, and gun cleaning
kit (push rod with brushes).There are two sets of push rods in the probe case. One is a small diameter for
1/4” OD tubing, and one is a large diameter for 3/8” OD tubing. A variety of brushes and cleaning tips are
in a small white box inside the probe case.

9.3.1 Probe Cleaning

Protective gloves should worn when handling the dirty probe to protect your skin from toxic and hazardous
compounds such as sulfuric acid. First wipe the outside of the probe down with a rag whetted with a baking
soda solution or organic solvent. If the probe was exposed to emissions of high sulfur fuels, a baking soda
solution works much better than an organic solvent. Then take the probe apart into sections (See Section
8). Use a toothbrush and baking soda solution to get those hard-to-reach crevices.
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Figure 46: Cleaning the outside of the probe. You can use a tea cup from your hotel to mix the baking soda.
The toothbrush will get nasty, so borrow your friend’s instead of using your own.

Run cleaning rods through the probe tube sections that transport the particle-laden sample. The push
rod tip should have a brush soaked in solvent or a low lint rag wad soaked in solvent. After using the push
rod, blow the tubes out with compressed air to purge any residual fibers. The pitot tube lines should not
need to be cleaned with the cleaning rods. Blow the pitot tube out with compressed air. Blow all soft tubing
out with compressed air.

To clean the probe nozzle, first blow it out with compressed air. Then feed a pipe cleaner soaked in
solvent through the nozzle from the inlet all the way through to the other side. Use a high grade low-lint
pipe cleaner from your favorite pipe shop. Then blow the nozzle out with air again.
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Figure 47: Feed a pipe cleaner through the nozzle.

9.3.2 Sample Train Cleaning

After removing the sample filters from the filter holders, wipe the inside of the filter holders with a Kimwipe
and acetone. Do not get acetone on the o-ring. Once the filter holders are removed, slide apart the cyclone.
Do not use organic solvent on the cyclone, only water.
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Figure 48: Slide the cyclone body apart from the inlet cap.

Wipe the inside of cyclone inlet cap with a damp Kimwipe (Figure 49). Unscrew the cyclone pot and
clean it out with a damp Q-tip or twisted Kimwipe. Unscrew the next piece and wipe all surfaces with
Kimwipe where particles have accumulated. Use a very soft brush or pipe cleaner to clean the inlet hole.
Then reassemble the cylone.
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Figure 49: Unscrew the pot, then that other piece, and wipe everything down.

After heavy use the cyclone outlet cap can be removed and blown out with compressed air (Figure 50).
The MicroAeth tube can be disconnected from the MicroAeth and also blown out with compressed air. Do
not blow compressed air into the GasFlow tube unless it is disconnected from inside the sensor box.

Figure 50: The cycone outlet cap can be removed from the cyclone. Be aware of the alignment and tube
connections when putting it back together.
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9.3.3 Isokinetic Bypass Train Cleaning

Pull the water trap out of the holder clips, unscrew the lid, and dump the water. Wipe out the water trap
with a Kimwipe. After heavy use, disconnect the black tube that connects to the HEPA filter and blow the
tube out with compressed air.
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Figure 51: Dump the water trap.
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9.4 Changing Desiccant

The desiccant material is color-changing silica gel. It is orange when dry, and blueish green when saturated.
When a desiccant chamber is fully saturated, remove the chamber from the holder clips and disconnect the
quick-connect fittings.

Figure 52: Removing the desiccant chamber.

Open the desiccant chamber lid. There are special tools for this in the accessory kit if the lid is too tight
to remove with your bare hands. Remove the spring and plate. Dump out the old desiccant and refill the
chamber to the same height with new desiccant. Then replace the spring and plate. Regenerate the old
desiccant in an oven at 100 C.
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Figure 53: Removing the desiccant.

9.5 Loading Filters

Follow your own desired protocol for handling filters. The kit includes tweezers.

10 Calibration

All Ratnoze sensors have a linear output which can be calibrated with a 2 point (zero and span) calibration.

10.1 Gas Sensor Calibration

The gas sensors should be calibrated before and after a set of emission measurements, or weekly during heavy
use. The CO2 sensors are NDIR and have an internal reference detector correction. They are expected to
exhibit relatively low drift. The CO and SO2 sensors are electrochemical cells that are known to fade over
time as a function of ppm-hours of exposure to the target gas as well as other interfering gases. They must
be recalibrated on a regular basis to correct for this drift.

Specialty gases of the following composition are recommended:

Zero gas: 0 ppm CO, 0 ppm SO2, 0 ppm CO2, balance air
Span gas: 500 ppm CO, 100 ppm SO2, 10000 ppm CO2, balance air
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The entire calibration should consume 30 - 50 liters (at standard conditions) of each specialty gas. These
concentrations of CO and SO2 are very hazardous to health. The calibration must be performed with the
sensor box placed in a fume hood that safely vents all exhaust gases out of the working area to a harmless
location.

Higher span gas concentrations can also be used to check the linearity of the sensors over the full oper-
ating range, but higher concentrations are exceedingly dangerous, and safety should not be compromised.

The CO and SO2 electrochemical sensors require the presence of oxygen (O2) to complete their electro-
chemical sensing reaction. The sensors will drift if O2 is absent. Therefore, the balance gas in each gas
mixture should be air (N2 and O2) as opposed to pure N2.

10.1.1 Calibration Preparation:

1. Place the Ratnoze sensor box in a well ventilated fume hood.

2. Perform a leak test on the sample train and dilution train.

3. Power on the sensor box, connect to the computer, and warm up for at least 15 minutes.

4. Set the following flows:

GasFlow: 1000 ccm
DilFlow: 1000 ccm
The other flows dont matter.

5. Connect the Ratnoze gas calibrate tube:
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Figure 54: Gas calibration tube.
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Figure 55: Disconnect the GasFlow tube from the cyclone. Remove the dilution desiccator and disconnect
the outlet. One tube has a T open to the atmosphere. Connect this tube to the pitot + port.

10.1.2 Zero Point Calibration

1. Connect the Ratnoze gas calibration tube to the calibration gas when the calibration gas flow is 0 (off).
The sensor box will be drawing 2000 ccm in from the T that is open to ambient. The pressure gauge
will read slightly negative.

2. Turn the zero gas flow on to about 3000 ccm. The GasFlow will be drawing 1000 ccm,the Dilflow will
be drawing 1000 ccm, and about 1000 ccm excess cal gas will exhaust out the T open to atmosphere.
Make sure the pressure gauge is slightly positive to ensure that no ambient air is drawn in the T.

3. Sample zero gas for 5 - 10 minutes or until the sensor concentrations are stable

4. Perform a zero point calibration for the CO, CObkg, SO2, SO2bkg, CO2, and CO2bkg sensors using
the Ratnoze plotter software (See Section 4.1). Capture a reading, select the six channels to zero, then
click calibrate.

5. When the parameters have been updated, turn off the cal gas.

10.1.3 Span Point Calibration

Repeat the above procedure with span gas instead of zero gas and perform the span calibration using the
Ratnoze plotter software. Capture a reading, select the six channels to calibrate, enter the reference values
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in the appropriate boxes, and then click calibrate. When the parameters have been updated, turn off the cal
gas. Let the sensor run for a few minutes to clear the sample train of calibration gas before powering off.

10.2 Flow Sensor Calibration

The flow sensor calibration should be performed before and after a set of emission measurements. The
calibration is done using the bubble meter with Stack Sampling Calculator spreadsheet.

10.2.1 Zero Calibration:

1. Do the calibration in a clean indoor environment.

2. Perform a leak test on the sample train and dilution train.

3. Power on the sensor box, connect to the computer, and warm up for at least 15 minutes.

4. Use the Kestrel weather meter to measure the ambient barometric pressure and record the value.

5. Set all flows to 0 sccm by closing the metering valve for each flow (IsoFlow, F1Flow,F2Flow,GasFlow,DilFlow).

6. Perform a zero point calibration for these five flow sensors using the Ratnoze plotter software (See
Section 4.1). Capture a reading, select the five channels to zero, then click calibrate.

10.2.2 Span Calibration:

1. Adjust the metering valves to set the flows to the following approximate flow rates:

Isoflow: 500 sccm
F1Flow:500 sccm
F2Flow:500 sccm
GasFlow:1000 sccm
DilFlow:1000 sccm

2. Start with IsoFlow: Connect the bubble meter to the IsoFlow inlet (water trap). Read the flow with
the bubble meter. Take an average of a few readings.

3. Capture an IsoFlow reading with the plotter software to lock a reading. The Value box will turn yellow.

4. The bubble meter measures volumetric flow at actual conditions. This reading must be converted to
volumetric flow at standard conditions using the Stack Sampling Calculator. Use the flow conversion
tab and use the column titled ”actual to standard conditions”. Enter the bubble meter reading
in the Flow cell. Enter the barometric pressure in the Pact cell (remember to enter it in units of Pa
and not hPa). Enter the sample temperature in the Tact cell. Make sure Pstd is 101325 and Tstd is
20. The corrected flow is in the orange cell called Flow TPcorr (Cell G12).
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Figure 56: Convert the bubble meter reading (ccm) to standard conditions (sccm).

5. Go back to the Ratnoze plotter software and enter the corrected flow value (in sccm) into the IsoFlow
Reference reading box. Check the span calibration but do not click calibrate yet. Wait until the values
are set for all flow sensors before clicking the calibrate button.

6. Repeat steps 2-4 for the other flow sensors. For F1Flow and F2Flow, the bubble meter should be
connected inline to the flow train on the filter outlets. For GasFlow, the bubble meter should be
connected at the cyclone outlet. For Dilflow the bubble meter should be connected to the dilution inlet
(remove the inlet cap).

7. The MicroAeth flow (AethFlow) does not need to be calibrated on a regular basis, but it can be span
calibrated following this same procedure in steps 2-4. Connect the bubble meter inline at the AethFlow
check point next to the shutoff valve.

8. Once a reference value is entered in the Reference box and the span calibration box is checked for each
flow, click the calibrate button.

10.3 PM Sensor Calibration

The PM sensor should not need to be calibrated on a regular basis. If desired, the PM sensor can be zeroed
on-site before a sampling event. To zero the PM sensor, connect the HEPA filter to the sample inlet of the
sensor box and zero the sensor using the Ratnoze plotter software. The span calibration is performed by
sampling a constant concentration of smoke with the Ratnoze and a reference meter at the same time.

10.4 Thermocouple Calibration

The thermocouple does not need to be calibrated on a regular basis. A zero point calibration can be
performed by placing the thermocouple in an ice bath. A span point calibration can be performed by placing
the thermocouple in boiling water.
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10.5 Sample and Background Temperature Calibration

The sample and background temperature sensors do not need to be calibrated on a regular bases. They are
located inside the sensor box in the gas sensor chamber. Contact Mountain Air Engineering for instructions
for accessing and calibrating the temperature sensors.

10.6 Humidity Sensor Calibration

The humidity sensor should not need to be calibrated on a regular basis. The sensor is located in the PM
sensor chamber in the GasFlow sample train. The calibration can be checked by sampling dry desiccated
air and steam. Dry air should read about 10 %RH and steam should read at least 80 % RH. The sensor will
take few minutes for a full response.

10.7 Pressure Sensor Calibration

The pressure sensor should be zeroed on-site prior to every sampling event. The span calibration annually.

10.7.1 Zero Calibration

To zero the sensor, connect the special zeroing tube to the pressure ports to equalize the pressure. Then
perform the zero point calibration using the Ratnoze plotter software.
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Figure 57: Connect this tube to equalize the pressure ports before zeroing.

10.7.2 Span Calibration

Calibrate the span against a standard reference manometer of the same range (0 - 250 Pa = 0 - 1 inches
H2O).
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A Appendix: Example Data Sheet

Holder #

Sensor (sccm)

Bubble (ccm)

Sensor (sccm)

Fuel Bubble (ccm)

stop

Make dimensional drawing of stack cross-section and sample points on back side

Dilution Ratio

Stack Velocity (m/s)

Final Conditions

AethFlow IsoFlow F1Flow F2Flow GasFlow DilFlow Cyclone

Ratnoze Kiln Data Sheet

Site

Probe

NotesTime

start stop start stopstart

Time

Pre-background Sample Period Post-background

Date

Technician

Computer

Time

Ambient Temperature (C)

Ambient Pressure (hPa)

Event

Stage 1

Stage 2

Stage 1

Stage 2

CycloneAethFlow IsoFlow F1Flow F2Flow GasFlow DilFlow

Ambient RH (%)

Dilution Ratio Ambient Temperature (C) Ambient RH (%)

Stack Velocity (m/s)

Initial Conditions

Ambient Pressure (hPa)

Nozzle #

Nozzle Diam. (mm)

F1

F2

Filter ID
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B Appendix: Firmware Calculations

These calculations are for firmware version: kilnbox 35.ino. In the following calculations, the variable xraw
represents the raw sensor reading for channel x. The variables Ax, Bx, Cx, and Dx represent the A,B,C, and
D constant parameters for channel x which are stored in the EEMEM and printed in the file header.

Ax is the span calibration parameter for channel x.
Bx is the offset calibration parameter for channel x.
Cx and Dx are defined on specifically for each channel where they are used (StakVel, NozVel, and PMmass
channels).

1. time: date and time [yyyy mm dd hh:mm:ss]
2. seconds: seconds elapsed since logging loop started [sec]
3. headID: header ID code [-] for software to identify the data stream without seeing the header
4. CO: sample carbon monoxide [ppm]

CO = ACO ∗ (COraw + BCO) (4)

5. CObkg: background carbon monoxide measured in the dilution train [ppm]

CObkg = ACObkg ∗ (CObkgraw + BCObkg) (5)

6. CO2: sample carbon dioxide [ppm]

CO2 = ACO2 ∗ (CO2raw + BCO2) (6)

7. CO2bkg: background carbon dioxide measured in the dilution train [ppm]

SO2 = ASO2 ∗ (SO2raw + BSO2) (7)

8. SO2: sample sulfur dioxide [ppm]

SO2 = ASO2 ∗ (SO2raw + BSO2) (8)

9. SO2bkg: background carbon dioxide measured in the dilution train [ppm]

SO2bkg = ASO2bkg ∗ (SO2bkgraw + BSO2bkg) (9)

10. PM: particulate matter optical scattering coefficient [Mm−1]

PM = APM ∗ (PMraw + BPM ) (10)

11. IsoFlow: Isokinetic bypass flow rate [sccm]

IsoF low = AIsoF low ∗ (IsoF lowraw + BIsoF low) (11)

12. F1Flow: Filter 1 flow rate [sccm]

F1Flow = AF1Flow ∗ (F1Flowraw + BF1Flow) (12)

13. F2Flow: Filter 2 flow rate [sccm]

F2Flow = AF2Flow ∗ (F2Flowraw + BF2Flow) (13)

14. GasFlow: gas sensor flow rate [sccm]

GasF low = AGasFlow ∗ (GasF lowraw + BGasFlow) (14)

15. DilFlow: dilution flow rate [sccm]

DilF low = ADilF low ∗ (DilF lowraw + BDilF low) (15)

Ratnoze1 User Guide – Version 8 70



16. Pres1: pitot tube differential pressure [Pa]

Pres1 = APres1 ∗ (Pres1raw + BPres1) (16)

17. Pres2: auxiliary differential pressure [Pa]

Pres2 = APres2 ∗ (Pres2raw + BPres2) (17)

18. RH: relative humidity [%]
RH = ARH ∗ (RHraw + BRH) (18)

19. Tsamp: sample temperature measured at gas sensors [C]

Tsamp = ATsamp ∗ (Tsampraw + BTsamp) (19)

20. Tbkg: background temperature measured at the background gas sensors [C]

Tbkg = ATbkg ∗ (Tbkgraw + BTbkg) (20)

21. TCnoz: nozzle temperature [C]

TCnoz = ATCnoz ∗ (TCnozraw + BTCnoz) (21)

22. TC2: auxiliary thermocouple [C]

TC2 = ATC2 ∗ (TC2raw + BTC2) (22)

23. Batt: battery voltage [V]
Batt = ABatt ∗ (Battraw + BBatt) (23)

24. StakVel: stack velocity [m/s]

StakV el = DStakV el ∗Kp ∗
√

Pres1 ∗ TCnoz

DNozV el ∗ CStakV el
(24)

Kp = pitot constant =
√

2 ∗ 8.314 ∗ 1000 = 129[( m
3∗Pa∗g

mol∗K∗kg )
1
2 ]

CStakV el = stack gas molecular weight [ g
mol ]

DStakvel = pitot coefficient (Cp), default = 0.84 for type S [-]
DNozV el = absolute stack pressure [Pa]

25. NozVel: nozzle inlet velocity [m/s]

NozV el =
(F1Flow + F2Flow + GasF low + AethF low + IsoF low −DilF low) ∗ 101325

DNozvel
∗ TCnoz+273

293

60 ∗ π∗C
2
NozV el

4
(25)

CNozV el = nozzle diameter [mm]
DNozV el = absolute stack pressure [Pa]

26. PMmass: integrated PM mass on F1 filter [ug]

PMmass =
PM ∗ F1Flow

CPMmass ∗ 60000000
+ PMmassprevious (26)

CPMmass = mass scattering cross section [m
2

g ]

60000000 = conversion factor [ cm
3∗sec

m3∗min ]
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27. DilRat: dilution ratio [-]

DilRat =
DilF low

F1Flow + F2Flow + GasF low + AethF low −DilF low
(27)

28. AethRef: MicroAeth reference signal [-]
29. AethSen1: MicroAeth sensor 1 signal [-]
30. AethSen2: MicroAeth sensor 2 signal [-]
31. AethFlow: MicroAeth flow rate [sccm]

AethF low = AAethFlow ∗AethF lowraw (28)

AethF lowraw= MicroAeth flow signal [sccm]

32. AethStat: MicroAeth status code [-]
33. AethATN: MicroAeth attenuation [-]

AethATN = 100 ∗ ln
AethRef

AethSen1
(29)

34. AethAbs: PM optical absorption coefficient [Mm−1]

AethAbs = −ln(
AethSen1current ∗AethRefprevious
AethSen1previous ∗AethRefcurrent

) ∗ 424115008

AethF lowcurrent
(30)

424115008 = Aspot[m
2] ∗ 60[ secmin ] ∗ 106[ cm

3

m3 ] ∗ 106[ m
Mm ]

Aspot = spot size = π∗0.0032
4 = 7.06858 ∗ 10−6[m2]

35. USB stat: USB host status code [-]
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