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1.0 Introduction

DMTO6s Fog M@Opis acloud-parti€Eldvbpectrometer designed for use during ground -
based or tower-based studies. This robust and weather -resistant instrument has been designed
with a solid -state laser diode and compact surface -mount electronic technology. The Signal
Processing Package for the Fog Monitor (SPHM) is a flexible set of electronics for the
forward -scattering optical system designed specifically for this instrumen t. The Fog Monitor
offers flexibility in how it can be used in specific applications.

Figure 1 depicts the Fog Monitor.

'hk' i
e
3
o A
0 =W v
?%je'.‘.\o':‘;.'.:...}-.,, R IKINVGI PP

Figure 1: Fog Monitor with Pump

The FM100 allows for computation and real -time display of particle concentration,
median volume diameter ( MVD), equivalent diameter (ED), and liquid water content
(LWC).

In addition, the FM -100 monitors multiple housekeeping variables: the number of DOF
rejected particles, baseline voltages, static pressure, differential pressure (to determine
True Air Speed (TAS) rate in the sample tube), ambient temperature, laser diode current,
and laser diode monitor.
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2.0  Specifications

The FM-100 specifications are listed below.

Light-scattering probe with 10, 20, 30 or
Technique: | 40 size bins (DMT exclusively supports
20-bin configuration)

Measured Particle
Size Range: | 2-50 um droplet diameters

Typical Sample Area: | 0.24 mm?

Sample Flow Rate: | 15 m/s

Sampling Frequency: | Selectable, 0.04 to 25 Hz

Refractive Index: | non-absorbing, 1.33"

Light Collection Angles: | 4 -12

Data System Interface: | RS-232 or RS-422 serial interface;
38,400 baud rate.

Calibration: | Precision glass beads

Table 1: Fog Monitor Specifications

2.1 Electrical Specifications

1 115VAC or 230VA(Qdetermined at manufacture)
1 50-60Hz
1 200W (instrument), 400W (pump)

! A refractive index of 1.33 for water is the industry standard. Contact DMT for support for
measuring particles with other refractive indexes.

DOC-0088 Rev J 7
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2.2 Physical Specifications

Weight: 13kg (instrument), 5kg (pump)
Dimensions: 23 cm high, 28 cm wide, 37 cm long

Figure 2: Fog Monitor Control Panel

3.0 Getting Started

3.1 Instrument Setup

Figure 3 depicts t he Fog Manitor (FM-100) components.

DOC-0088 Rev J
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1  Particle sensor

2 Inlet hom

3 Pump hose

4 Pump

5 Computer

6  Computer power supply

7  Serial data cable (FM-100 signal
to RS-232, RS232 to USB)

8 Probe power supply

9 PADS USB stick

Calibration equipment:

10 Glass beads dispenser,

DMT ASSY-0164
11 Glass beads, DMT OP-0591-0030
12 Calibration fixture, DMT ASSY-0453

Figure 3: FM-100 Components

The particle sensor is shipped and stored in a reusable prefabricated shipping case with
the inlet horn detached. The computer, pump and associated hardware are shipped in
separate containers.

DOC-0088 Rev J 9
©2012 DROPLET MEASUREMENT TECHNOLOGIES, INC.



Fog Monitor (FM-100) i Operator Manual

3.2 Connecting the FM-100 Components

Please carefully open the instrument shipping boxes, take out the components and place
them on a sturdy surface. Then follow the steps below to set up the system:

1. Insert the inlet horn (2) into the ou ter block of the particle sensor (1a) as far in as
it will go. Note: Make sure that the horn is seated tightly. It can be pushed
approximately 4 ¢cm (1.56) into the block. Th
the horn and blo ck when you look down the horn. Once the horn is properly
seated, screw in the set screws to secure it to the block.

End of inlet horn
must be seated over
this inner pipe for a
secure fit.

Figure 4: Inserting the Inlet Horn. Push inlet horn in as far as it will go.

DOC-0088 Rev J 10
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2. Connect the pump hose (3) to the pump (4) (Figure 5).

Figure 5: Connecting the Pump to the Pump Hose

3. Connect the FM-100 power cable (8) to the AC POWER INPUTon the particle
sensor (1b) (Figure 6).

4. Connect the data cable (7) to the SERIAL DATAeceptacle (1b) (Figure 6).

5. Connect the pump power cable (4) to the AC POWER TO PUMPeceptacle (1b)
(Figure 6).

1b

FOG MONITOR
MODEL FM-100

REMOTE
CONTROL
L]

SYSTEM SERIAL
FUSE DATA

AC POWER
INPUT

0‘;—\\0‘
¥ -3

8, -b—lé

Figure 6: Connecting the Serial Data Cable, Power Cable, and Pump Power Cable to the Particle Sensor

DOC-0088 Rev J 11
© 2012 DROPLET MEASUREMENT TECHNOLOGIES, INC.



Fog Monitor (FM-100) i Operator Manual

6. Remove the clamp and pump hose connection cover from the particle sensor (1 b).
Keep the black O-ring and metal centering ring on the unit.

7. Attach the pump hose (3) to the particle sensor (1b).

Figure 7: Attaching Pump Hose to Particle Sensor

8. Connect the FM-100 power cable and pump power cable to power sources.

9. Turn on FM-100 power. (Flip the power switch up, so the light turns on.)

DOC-0088 Rev J 12
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10. Insert the green FM-100 PADS software USB key9, | abel ed0O® FRMADSOG) i ntc
USB 2.0 port on the computer (5) (Figure 8).

11. Connect the serial data / RS -232 cable (7) to into a USB 2.0 port on the computer
(5) (Figure 8).

12. Connect the laptop power supply (6) to the computer (5) (Figure 8).

Figure 8: Connecting Computer Components

13. Connect the laptop power supply to the power source.

14. Turn on the computer.

3.3 Basic Health Check
PADS users candllow the steps below to perform a basic health check of the system:

1. After the computer boots into Windows XP, double -cl i ck on the OPADSO
the computer desktop to open the PADS program.

A display will appear similar to that shown in  Figure 32.

DOC-0088 Rev J 13
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2. Click on the Sample button in the upper left of the window . The button is
originally gray. Upon clicking, it will turn green, and the label changes to

Sampling.
3. The pump is automatically turned on when s:
Control 6 button | ocated towards the upper | e

used to turn off the pump if desired.
4. Check the FM_100 Data housekeeping data in the leftmost panel of the interface .
5. Check the Laser Current . If the laser is operating correctly , the value should be
in the 50-100 mA range. If the value is significantly below 50mA, the instrument

will not work properly and it needs to be serviced.

6. Check temperatures. |[nitially after turn on, these should be close to ambient
temp.

7. Check Static and Dynamic Pressure. The Static Pressure will reflect the local
ambient pressure. The Dynamic Pressure should read a few millibars, or zero i f

the pump is turned off.

The response of the instrument to particles can be verified by sampling the output of a
fog generator or by passing calibration spheres through the instrument.

3.4 Instrument Shutdown

Follow these steps to shutdown the FM-100 system:
1. Stop data recording by pushingthe gr een ORecordingd button.

2. Turn off the sample pump by pushing the gr ece
upper left of the FM -100 interface.

3. Exit the FM-100 Software Interface via the Program/Exit selection from the menu.
4. Turn off the power switch on the FM-100 front panel.
5. Transfer data files from the laptop as necessary.

6. Turn off the laptop via the Windows XP Start/Shutdown command.

DOC-0088 Rev J 14
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4.0 Cleaning and Routine Maintenance

There are three tasks the user can perform to maintain the FM -100: conducting a basic
health check, cleaning the instrument windows, and cleaning the Pitot tube. Table 1
gives the recommended frequency for these tasks. This frequency will increase under
severe conditions, such as when the instrument is operating in the following types o f
locations:

- Within five miles of the ocean
- Sandy areas
- Areas with high concentrations of industrial soot

Normal Conditions Severe Conditions

Basic Health Check
(described in section 4.3 of Weekly Daily
main manual)

Windows Cleaning

(described in section 1.1) Monthly 1 - 3times a week
Pitot Tube Cleaning N/Afithe yearly calibration and Twice a week to monthl
(described in section 1.2) cleaning at DMT should suffice y

Table 2: Frequency of Routine Cleaning and Maintenance Procedures

A good indication that the Pitot tube requires cleaning is if the air speed (the  Calculated
TAS channel in PADS software) differs by more than 5% from its recorded post -calibration
value.

4.1 Cleaning the FM-100 Windows

Looking in at an angle towards the ends of the sample tube inlet, you should see two
windows. When the instrument is on and the windows are clean, only a faint red spot will
be visible where the laser beam passes through the center of the window. Dirt on the
window will scatter lase r light, causing the spot to be much brighter. This scattered light
will be collected by the detectors, increasing the noise on the signals. If severe enough,
it will cause false counts. Dirt on the windows will also block some of the light scattered
by particles, causing them to be undersized.

To clean the FM-100 windows, remove the access panel shown in Figure 9. Use a 0.

wrench to remove the screws.
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Figure 9: Foa Monitor Access Panel

Next, clean the windows by swabbing them with a Q -tip saturated wi th a commercial
glass cleaner such as Windex, then dry them with another Q -tip. Repeat this procedure
using isopropyl alcohol or acetone. The best solvent depends on the nature of the

contamination. The windows, being sapphire, can withstand almost any sol vent and
moderate scrubbing. When cleaning is complete, reinstall the access panel.

4.2 Cleaning the Pitot Tube

To clean the Pitot tube, first unplug the instrument. Then remove the entire instrument
cover. Next, unscrew the two sample tube set screws usinga 1/ 166 Al | eFgurevr enc h
10).
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Figure 10: Sample Tube Set Screws

Slide the sample tube out from the instrument ( Figure 11).

Figure 11: Sliding Sample Tube Out

Screws

S
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Figure 12: Unscrewing the RH Sensor Screws

Next, unscrew the two RH sensor screws (Figure 12) using a 3/nBRDhenAl | en
remove the sensor (Figure 13).

Figure 13: Removing the RH Sensor
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Unscrew and remove the large socket head caps (Figure 14).

e ol

Figure 14: Unscrewing the Socket Head Caps

Then carefully lift up the entire Pitot block (  Figure 15).

Figure 15: Lifting the Pitot Block
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CAREFULY remove the bottom plastic tube from the metal Pitot port (  Figure 16).
Removing the tube too violently may cause a sudden pressure shift, which in turn could

cause the pressure transducer to fail. With a sticky note or label, | abel the tube
0OBottomd6 so you remember which Pitot port

Figure 16: Removing the Bottom Pitot Tube
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Next, carefully remove the side Pitot tube ( Figure 17) and label it as well.

Figure 17: Removing the Side Pitot Tube
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The Pitot tube block can then be removed ( Figure 18) and set on a separate surface.

Figure 18: The Pitot block

Use a 3/ 326 Allen wrench to remove Figuel®i tot as

Figure 19: Removing the Pitot assembly (left) from the Pitot Block (right)
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Put the Pitot assembly in an ultrasonic bath . Use a 5% solution of EDTA in distilled water or
Substitute Johnsonds Baby Shampoo as the cleanin
80 8 90°F. After three to five minutes, remove the Pitot assembly. Blow air through it using

your mouth or low pressure compressed air. If the unit is clean, the f low should be small but

continuous. (The purpose of the bath is to clean the holes in  Figure 20; since these holes are

very small, the flow will also be small.) If the airflow sputters or the ports remain visibly

clogged, immerse the assembly again in the bath, in a different position, and repeat the

procedure.

Holes to be
cleaned

Figure 20: Holes to be Cleaned during Ultrasonic Bath

When the cleaning is complete, reassemble the unit by following the procedures listed above
in reverse. Test the cleaning by comparing the TAS to the post -calibration TAS level. These
figures should be within 5% of each other.
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5.0 Calibration

Precision glass beads can be used to verify the calibration on the FM -100. Glass beads of a
known size are injected into the sample area, and the instrument sizes them. The
resulting particle -size histogram should show a definite peak at a size slightly smaller
than the size of the glass beads (see next paragraph).

The FM100 is calibrated to measure water particles, and water and glass have different
refractive indexes. As a result, the particle sizes measured by the instrument will be
about 80% of the actual size of the glass beads. The conversion table in Appendix B
provides corresponding water droplet sizes for given glass bead sizes. The water -droplet
size indicates where the num ber of particles detected during calibration testing should
peak. For instance, if 17 -um glass beads are used for testing, the particles detected by
the instrument should peak at about 14 pm.

5.1 Required Equipment
To calibrate the FM -100 with glass beads, the following equipment is needed:

- Can of compressed gas (also called a oO0duste
calibration device. See Figure 21 for examples of dusters. These are generally
available at electronics supply stores or computer stores.
- Bottle of certified glass beads, as shown in Figure 22. These are available from
DMT.
- Glass bead dispenser, pictured in Figure 23.
- Calibration fixture for the instrument, designed to  keep the glass beads within the
appropriate depth of field. Figure 24 shows the calibration fixture for the Fog
Monitor.
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Figure21: Compressed Gas Cans

or

ADusterso

Figure 22: Bottle of Glass Beads, DMT OP-0591-0020
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Figure 23: Glass Bead Dispenser, DMT AD-0164

Figure 24: Fog Monitor Calibration Fixture, DMT ASSY-0453
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