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1. BECOMING FAMILIAR WITH THE INSTRUMENT
1.1. What the Instrument Does

The HCS-501 Air Conditioning System (the Instrumgmbvides conditioned, controlled
air flow for laboratory testing where it is desirddirect air of known flow, temperature,
and humidity toward a test object. The most comggplication of the HCS-501 is the
challenge testing of gas masks and filters in whiclat a known flow rate, temperature,
and humidity is laden with toxic chemical vaporsl gassed through a gas mask (air
purifying respirator) or filter to measure its cajpato trap or resist toxic materials.

The Instrument needs to be continuously providet wisource of clean, dry,
compressed air and with a source of purified wateler a slight pressure. When these
inputs are available, the Instrument is able tojoi® output air at a controlled flow rate,
temperature, and humidity selected by the Operaibe flow rate, temperature, and
humidity initially selected are monitored via thiseparate displays (Flow, Temp, RH)
and may be modified within specific, allowed ranfggsadjusting three separate control
knobs (Flow, Temp, RH).

1.2. How the Instrument Works
The control system functions in the following mann

Air Flow Rate Control

Air received by the Instrument initially passesotigh a Mass Flow Controller (MFC)
that controls air flow in response to the set-pestablished by the Operator. The MFC
controls air flow referenced to standard conditi(®& C, 1 atm) regardless of
temperature and pressure variations in the system.

Humidity Control

Following the MFC, air flow passes across the sgriaf a water reservoir that is heated
in response to RH Sensor signals interpreted biding@dity controller. The water heater
runs continuously if the humidity is below the peint established by the Operator (and
intermittently as the set-point is approached)doieve the desired water vapor pressure,
and, consequently, the desired absolute humiditigerflowing air stream.

Temperature Control

After humidification, just prior to exiting the Ilrement, the air stream passes over a
cartridge heater that brings the output air totémeperature set-point established by the
Operator.
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Figure 1.2
How the Instrument Works
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Temperature and Humidity Display

As the air stream leaves the Instrument, two sens@unted in the Sensor Probe
measure the temperature and humidity. In addtbgoroviding feedback signals for
temperature and RH control, the readings from émsars are displayed on the
Instrument’s Front Panel providing a real-time thypof temperature and RH.

Flow Rate Display
A signal from the main Mass Flow Controller is desped on the Front Panel as a real-
time display of flow rate.

Flow, Temperature, and Humidity Analog Outputs
Jacks providing recorder outputs for flow, tempem@atand RH are included on the back
of the Instrument.
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1.3 Performance and Limitations
1.3.1 Flow Rates that are available with the HCS-30Instrument

The Miller-Nelson HCS-501 Instrument is availabighe following standard “sizes”
which are designated by the maximum flow rate olatalie with the Instrument.

50 L/min 100 L/min 200 L/min

Instruments having other max flow rate ratingsau@lable on a custom quote basis.
The HCS-501, utilizing a digital mass flow contesllis most accurate and precise when
operated within the range of 20-100% of its topvfl@ting. Thus, the 50 L/min model is
designed to perform most accurately within 10-5@ikb/ the 100 L/min within 20-100
L/min, and the 200 L/min within 40-200 L/min. (&also Sections 1 and 2, following.)

1.3.2 Steady-State Flow Rate Performance

The available range for flow rate control is asdats:

Lowest Flow Rate 10% of top Flow Rate
Highest Flow Rate 100% of top Flow Rate

MFC accuracy is typically specified as being withi@% of the specified flow rate at all
flow rates between 25-100% of its top flow ratingGee also Specifications, Section 2).

1.3.3 Steady-State Temperature Performance

Since the HCS-501 controls temperature by heahiagrput air, the controlledutput
temperature must always be higher than the ambient or input air temperature. Sub-

ambient temperatures may be attained by instatiatiadhe Cooling Option, a heat-
exchange device that cools the output air justrpaadhe final temperature control.

The available range for temperature control iso#lews:

Lowest Controlled Temperature 2°C above Temp of input air or coolant (b)
Highest Controlled Temperature | 32°C (c)

(b) if Cooling Option is installed
(c) The instrument can attain temperatures grélage 32C, but without humidity control

The steady-state accuracy of temperature contwitien + 0.5°C. (See also
Specifications, Section 2.1.2)
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1.3.4 Steady-State Humidity Performance

The available range for humidity control is asdulk:

Lowest Humidity 20% above RH of supplied air
Highest Humidity 90% RH at 25°C
65% RH at 30°C
50% RH at 32°C

Since the Instrument controls humidity by addingstwe, output RH will always be
higher than input RH. Accordingly, input air mib& significantly dryer than the desired
output humidity. For best results, input air shibloé as dry as possible.

The steady-state accuracy of humidity control ismadly within +3.0 %RH.

1.3.5 Response Time of Instrument in Attaining Stedy-State Operations

The Miller-Nelson HCS-501 has been designed tooperexperiments at a steady-state.
That is, the flow rate, temperature, and humidigyraeant to be held constant during an
experiment. Consequently, a certain amount of tswequired to attain the desired
values of flow rate, temperature, and humidity whtamting the Instrument or changing
from one set of conditions to another.

Typical response times for changes in parametguaats are as follows:

Flow Rate — up to 1 minute from a cold start; up to 1 minute when transitioning from a
high value to a low value.

Temperature — up to 2 minutes from a cold start; up to 5 minutes when transitioning from
a high value to a low value.

Humidity — up to 10 minutes to attain high humidity from a cold start; up to 25 minutes
when transitioning from a high value to a low value.

NOTE: The time required to attain a new tempegaturhumidity set-point will be
dependent on the flow rate set-point. Attainmdnhe new temperature or humidity will
always be more rapid at higher flow rates comp&vddwer flow rates. Accordingly,
humidity change attainment can be acceleratedropaearily adjusting the flow rate set-
point to a high value until desired temperature lamohidity are attained. This is also
useful in the shut down procedure (see Sectio2id which the humidity display value
must attain $0% RH before shutdown.
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2. PERFORMANCE SPECIFICATIONS
2.1 Operating Ranges and Accuracy at Steady-State

The Miller-Nelson HCS-501 has been designed tooperexperiments at a steady-state,
holding the flow rate, temperature, and humiditpstant during an experiment.

2.1.1 Steady-State Air Flow Rate Performance

The HCS-501 is available in different sizes, eath @& distinct maximum flow rate.

The basic accuracy specification for flow ratehigttthe Instrument will control within +
2% from 25-100% maximum flow rate for that InstrurheFor example, for HCS-501-
100 and HCS-501-200, having top flow rates of 10€@ih and 200 L/min, respectively:

HCS-501-100
(Top Flow = 100 L/min)

HCS-501-200
(Top Flow =200 L/min)

Flow Set- Point | Accuracy [% Accuracy  Klow Set- Point Accuracy | % Accuracy
(L/min) (L/min) (%) (L/min) (L/min) (%)
200 +4 +2% 100 +2 +2%
150 +3 +2% 75 +1.5 +2%
100 +2 +2% 50 +1 +2%
50 +1 +2.0% 25 +0.5 +2.0%
20 +2 +10 % 10 +2 +20 %

2.1.2 Steady-State Temperature Performance

Since the Instrument controls temperature by hgdhia input airthe controlled output
temperature must always be higher than input air temperature.

The available ranges for temperature control asd@ated accuracy are as follows:

Ambient or Input Air Temp | Available Temp Range Accuracy
18 °C 20-32 °C +0.5 °C
20 °C 22-32°C +0.5 °C
22°C 24-32 °C +0.5 °C
24 °C 26-32 °C +0.5 °C

If the Cooling Option (see also Section 1.3.3&alled, the available ranges for
temperature control and associated accuracy dml@ss:

Coolant Temp Available Temp Range Accuracy
0°C 2-32°C +0.5°C
5°C 7-32°C +0.5 °C
10 °C 12-32°C +0.5 °C
15°C 17-32°C +0.5°C
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2.1.3 Steady-State Humidity Performance

Since the Instrument controls humidity by addingstwe, output relative humidity will
always be higher than input RH.

The available range for humidity control is asdulk:

Input Air Humidity (%RH) Available %RH Range Accuracy
0% 15-90 %RH +3.0% RH
5% 20-90 %RH + 3.0% RH
10% 25-90 %RH + 3.0% RH
15% 30-90 %RH + 3.0% RH

3. INSTALLATION

3.1 Electric Power Input
The Instrument requires a standard USA-style gredraibcket providing 1155 VAC
input at current up to 10 amps.

3.2 Air Input
The Instrument requires a source of clean, dry,pressed, filtered air delivered at a
constant pressure of @55 psi delivered to a port at the rear panel ofinlserument via
3/8" tubing. Very high flow Instruments (500 L/miare supplied with %" air delivery
tubing. The compressor must have the capacitptirmuously generate the maximum
flow rate of the Instrument. If the compressor btger users, their usage must be
considered in assessing capacity.

Input air should be 20% lower than the level oatigk humidity desired for most
experiments. While a compressor will normally thg air to some degree, an additional
drying unit may need to be installed between themessor and the Instrument to ensure
operation at the desired humidity.

3.3 Water Input
The Instrument requires a source of purified wpterided at a constant pressure of 20
+10 psi delivered via ¥4” tubing to a port at therneanel of the instrument. Purified
water should be ASTM Type | having resistivity gegahan 18 MOhm-cm (conductivity
less than 0.06 pS/cm), and very low organics (<pigJ0). The Instrument creates
humidity by the evaporation of this water. Thusy anpurities dissolved in the input
water will remain in the instrument until the WaReservoir is purged with clean water.
If less pure water is used, the Instrument's WREservoir should be purged (see Section
3.5.5) more often to remove residue.
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AIR and WATER Inputs Required
for Instrument Installation

AIR WATER
Air Water Purification
Compressor
* (De-Ionization,

Reverse Osmosis, | ™\
Organic Removal)
Oil, Water, & | AIR Pressure
[ Particle FiIter] > Regulator
Pressure
Pressure Vessel with »
Regulator

Purified Water

Miller-Nelson HCS-401
Air Conditioning Instrument

v

AIR at Controlled Flow Rate,
Temperature ,and Humidity
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3.4 Installation Procedure

3.4.1 Unpack the Instrument and identify thedwaing components:
3.4.1.1 Miller-Nelson Instrument
3.4.1.2 Sensor Probe containing Temperature &SRhsors
3.4.1.3 Pressure Regulator
3.4.1.4 Polypropylene Tubing, for air andevaupply

3.4.2 Retain packing box and foam inserts togmtdinstrument in the event that it
may need to be transported to another site ormetuio the factory.

3.4.3 Place the Instrument on a flat, horizostaface within a few feet of the
required sources of electric power, compresseaad pressurized water. (See Above)
Do not place the Instrument inside a fume hoocdh@my location where concentrations
of chemicals, solvents, acids, alkalis, oils, arasives are likely to accumulate.

3.4.4 The Sensor Probe is a gray, tubular assef@pprox. 1” x 6”) mounted into
a T-shaped assembly containing an adapter forhatige¢o the Instrument. Note the
presence of tiny, fragile temperature and humisigsors inside the Sensor Probe.

3.4.5 Taking care to protect the fragile senfan® shock or abrasion, install the
Sensor Probe into the Instrument by inserting #r@sSr Probe adapter into the
corresponding adapter on the Instrument rear pagel the port labeled “AIR OUT".

3.4.6 Attach the Sensor Probe’s electrical cabtbe rear panel of the instrument
by screwing the Sensor Probe’s threaded electatak assembly into the receptacle on
the Rear Panel of the Instrument labeled “TEMP FANSOR”.

3.4.7Always use PTFE tape or other sealant on all pipe threads to prevent
gas leaks. NEVER USE PTFE tape or sealant on tube fittings. (Tube fittings
have ferrules and pipe threads do not. Refentov.swagelok.comfor examples.)

3.4.8 Install a shut-off valve and the pressegutator between the compressed air
source and the Instrument. Connect the reguldter/butput to the rear panel of the
Instrument using the polypropylene tubing (3/8¥8rOD) at the port labeled “AIR IN”.
With the Instrument OFF (with no air flow) adjuletair pressure to 50 psi at the
pressure regulator. Open the shut-off valve amdklfor air leaks. If there are leaks,
tighten threaded tube fittings and/or redo pipnfis with PTFE tape or other sealant.

3.4.9 Install a shut-off valve in the pressurineter line, then connect the water
line output to the to the Rear Panel of the Imatrnt at the port labeled “WATER IN”
using polypropylene tubing ( ¥2” OD) provided wittetinstrument. Open the shut-off
valve and check for water leaks. Use only purifiader. (See Section 3.3)

10
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3.4.10 Install a length of polypropylene tubifg’ (OD) at the rear panel of the
Instrument at the port labeled “DRAIN” which camdiaconduct waste water to a sink or
bucket for disposal.

3.4.11 Plug the instrument Power Cord into tleugded 115 VAC receptacle. If
only 220 or 240 VAC is available, a voltage congednd plug adapter may be used to
reduce the power input to 115 VAC.

3.4.12 Start up the Instrument as directed uBeetion 4 (Operating Instructions)
to verify the success of the installation procedure

3.5 Warnings and Precautions

3.5.1 DO NOT OPERATE INSTRUMENT without SENSOR PROBE INSTALLED
The Instrument uses its power to heat air and watattain the temperature and
humidity set-points. If the Instrument is turnedwhile the Sensor Probe is not installed
in the Instrument, the Instrument will keep heatogtinuously, trying to attain the set-
points, since the Sensor Probe is not availabtegort attainment of the set-points. This
could cause damage to the Instrument.

An exception is noted in Section 5.3.2 where thenkdlity Sensor is calibrated with
Sensor Probe outside the Instrument, but only thightemperature and humidity dials set
at 000.

3.5.2 General Instrument Care
Insofar as possible, the Instrument should be &efside of fume hoods and away from
chemicals, solvents, acids, alkali, oils, or canes. When gases or chemicals are added
into flowing systems, they should always be addaargtream from the Instrument in
such a way that backflow and exposure of the Insdnt to chemicals is unlikely.

Take care to avoid dropping or jarring when mowimg Instrument from place to place.
After installing or moving the Instrument, remove top and inspect internal
components to ensure that no damage has beenenqgesti

3.5.3 Care of Temperature and Humidity Sensors
The Temperature and Humidity Sensors installetiénTiemp/RH Probe are among the
most delicate and critical components in the Imarot. They are vulnerable to shock
and abrasion, and can be damaged by exposurenuagis, solvents, acids, alkali, oils,
corrosives, or liquid water. Sensors exposed temshould be dried, then re-calibrated.

Care should be taken to protect exposed sensarnssihock and abrasion whenever the
probe is being installed or removed from the Insteat. When the Instrument is in use,
any gases or chemicals other than air or nitrogenld be added to the system
downstream from the Temp/RH Probe.

11
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3.5.4 Water Reservoir Clogging Due to Poor Qualitof Water Used
Pressurized water used in the Instrument shoulcebepure with respect to resistivity
and total organics (see Section 3.3). Since veatded to the Instrument is vaporized to
generate humidity, any salts or other dissolvettisgresent in supplied water will be
left behind in the Water Reservoir as residue, madly leading to clogging of the water
level indicator and the valve that permits entryre§h water into the Water Reservoir.

3.5.5 Sticky Valves Due to Residue Build-Up in Wer Reservoir
Some residue build-up is inevitable. When solgldees build up in the Water
Reservoir, they can cause the water shut-off vim\aick leading to over-filling or
under-filling of the Water Reservoir. Residue Guilp can be ameliorated by
periodically purging the Water Reservoir as ingieddn Section 6.3 (Purging Water
Reservoir to Minimize Residue Build-Up)

3.5.6 Condensation of Water at “cold spots” in th System
The Dew Point, defined as the temperature at wtictdensation (water liquefaction)
occurs in a mixture of water in air, is a functimirthe water content of the air as follows.
This is equivalent to saying that condensation @adbur whenever 100% RH is reached.

H,O Conc'n Dew Point | RHat25C | RHat22C | RH at 20°C
16.3 mg/L 18C 71% 84% 94%
17.3 mg/L 20C 75% 83% 100%
19.4 mg/L 22C 84% 100% >100%
20.5 mg/L 28C 89% > 100% > 100%
21.7 mg/L 24C 94% > 100% > 100%

From the Table above, it can be seen that an atmosgenerated by the Instrument to
be 75% RH at Z& will condense at any time or location whereétmperature reaches
2(°C. Similarly, an atmosphere generated to be 84%f5C will condense at any
time or location where its temperature reach€€22

Thus, independent temperature control must be mairgined in the flow path
downstream from the Instrument to prevent condensaon.

3.5.7 Condensation of Water Inside the Instrument
Condensation of water inside the Instrument can permanently damage the Temperature
and RH Sensors contained in the Sensor Probe! Condensation can occur within the
Instrument if high humidity is being generated witthe Instrument and any part of the
Instrument is then cooled.

3.5.7.1 Condensation can occur if the Instruneenirned off in a 22C room after

generating high humidity at 25. Preventative Measur&urn humidity dial to < 50%
RH, then allow Instrument to attain 50% RH on the RH Display before turning off.

12
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3.5.7.2 Condensation can occur if the tempesatat-point is abruptly changed to a
lower temperature after generating high humidRyeventative Measurd&urn humidity
dial to < 50% RH, then allow Instrument to attain 50% RH on the RH Display before
lowering the temperature set-point.

3.5.7.3 Condensation can readily occur indigelmstrument whenever a high
humidity atmosphere is generated at a temperateatay than 2. Preventative
MeasureWhen generating high humidity at any temperature above 25°C, increase the
humidity set-point gradually. After operation at high humidity at any temperature above
25°C, first lower the humidity set-point below 50% RH, then lower the temperature set-
point only after50% RH has been obtained on the RH display.

3.5.8 Air and Gas Leaks
Leaks are always a risk when a gas under presspigssed through tubing and fittings.
Whenever problems are observed with flow, it isisalvle to check for leaks using soap
solutions, leak detectors, or other testing methods

It is often the case that gas leaks in the tesesyslownstream from the Instrument can
result in a reduction in flow such that the Tesdgtually being carried out at a flow rate
lower than the target flow rate. Clearly, testaig reduced flow rate is likely to yield
erroneous results. As an overall leak detectiothotk it is advisable to measure the
flow rate as far downstream as possible using depgaendent flow meter to verify that
the flow rate at the end of the test system istimae as the flow rate emerging from the
Instrument. Any difference in flow rate can beihtited to leaks.

3.5.8.1Always use PTFE tape or other sealant on all pipe threads to
prevent gas leaks. NEVER USE PTFE tape or sealant on tube fittings. (Tube
fittings have ferrules and pipe threads do notfeRi® www.swagelok.comfor
examples.)

13



OPERATOR’S MANUAL

Miller-Nelson HCS-501
Air Conditioning System (Flow, Temperature, Humidity) For Gas Mask and Filter Testing

4. OPERATING INSTRUCTIONS
4.1 Turning on All Functions

4.1.1 Make sure all air and water connectiongight. Plug in the Instrument to
115VAC, open all air and water shut-off valvesj\ate the POWER switch on the Front
Panel of the Instrument.

4.1.2 Adjust the flow dial to read 500 (50% ofximaum flow rate). Adjust the
temperature dial to 250 (25), and the humidity dial to 250 (25%RH).

4.1.3 Observe the Front Panel lights and displ#@ykfive Front Panel lights
should be lit or blinking.

4.2 Checking-Out Front Panel Light Indicators
4.2.1 STATUS LIGHTS (on left side of Front Panel)

4.2.1.1 Air Flow — Light ON indicates there idfgtient air pressure to feed the
Mass Flow Controller. Light OFF indicates thexénsufficient air pressure or flow.

4.2.1.2 Water Level — Light ON indicates thexsufficient water in the
Instrument’s Water Reservoir to drive the humidiontroller. Light OFF indicates the
Water Reservoir is not yet full.

4.2.1.3 Water Pressure — Light ON indicatesahesufficient water pressure to
fill the Water Reservoir. Light OFF indicates thés not sufficient water pressure from
the water source to fill the Water Reservoir.

4.2.2 CONTROL LIGHTS (on right side of Front PBne

4.2.2.1 Temperature - Light ON indicates thehamter is ON in response to the
temperature sensor calling for more heat. LighE@féicates the air heater is OFF in
response to the temperature sensor being satisfidkten steady-state control is
established, the temperature light should blink & OFF regularly.

4.2.2.2 Humidity - Light ON indicates the wakeyater is ON in response to the
humidity sensor calling for more humidity. LighE® indicates the water heater is OFF
in response to the humidity sensor being satisfi&then steady-state control is
established, the humidity light should blink ON a&DBF regularly.

14
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4.2.3 If any of the STATUS or CONTROL LIGHTS aret lighted, investigate the
cause as suggested by the descriptions aboveodninstances, the STATUS LIGHTS
not being lighted indicates that either the aiwater supply to the Instrument is not
adequate due to a blockage or inadequate pres€@@BITROL LIGHTS will not light
until all STATUS LIGHTS are lighted.

4.3 Checking-Out Front Panel Displays

4.3.1 The Flow Display Meter indicates the flaater of air being provided by the
Mass Flow Controller. The displayed flow rate diddee near to the value obtained by
multiplying the flow dial setting (taken as a pargeby the maximum flow rate rating of
the Instrument.

4.3.2 The Temperature Display Meter indicatesaittaal temperature of air as it
exits the Instrument and should be near to (buheoessarily identical to) the setting of
the temperature dial.

4.3.3 The Humidity Display Meter indicates théuat relative humidity of air
being provided by the Instrument and should be teeéyut not necessarily identical to)
the setting of the humidity dial.

NOTE: Once air exits the Instrument, the absolute humidity (mg H,O/L of air) has been fixed.
However, the relative humidity of air exiting the Instrument and entering the test system
downstream from the Instrument will change if the temperature of the test system downstream
from the Instrument is different from the air provided by the Instrument. At constant absolute
humidity, as temperature decreases %RH will increase. Similarly, as temperature increases,
%RH will decrease.

4.4 Adjusting Set-Points to Attain Desired Flow, €mperature and Humidity

4.4.1 Adjust the flow, temperature, and humidiigis until the respective displays
read desired values for flow, temperature, and Hitynivhile the STATUS LIGHTS all
remain ON, and CONTROL LIGHTS are blinking regwa@N and OFF.

4.4.2 It may be necessary to wait a few minutestfe Instrument to attain steady-
state values on the displays, especially for humidiSee Section 1.3.5)

4.4.3 A final adjustment may be necessary tofltive, temperature, and humidity
dials until the exact desired values of flow, tenapare, and humidity are shown on the
displays on the Front Panel.

4.4.4 Analog outputs to allow continuous recogdaf flow, temperature, and

humidity can be obtained by plugging analog recopiiegs into the jacks on the Rear
Panel of the Instrument labeled FLOW (0-5 V.), TER@F2.5 V.), and RH (0-5 V.).

15
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4.5 Shut-Down Procedure
4.5.1 Adjust the temperature set-point to 256¢2%nd humidity set-point to 000
(0% RH) and run at a high flow rate until the huityidiisplay value is $0% RH.

4.5.2 When the RH display is less than 50%, iims&ent may be turned OFF.

5. CALIBRATION

5.1 General
The Instrument is designed to provide conditionedoa standard testing at a specified
flow rate, temperature, and humidity. The repoxtallies of parameters during a test
cannot be more accurate than the most recent atiibrvalues of the Instrument.
Different types of Calibration Programs may be appiate for different users who may
use the Instrument frequently for official purposesnfrequently for unofficial purposes.

5.2 Flow Rate Calibration
The flow rate of conditioned air from the Instrurhencontrolled by a single Mass Flow
Controller (MFC) which has been factory-calibrateu referenced to 26 and 1.00
atmosphere of pressure (760 mm Hg, 1.01 bar, 16fpdscal, 14.7 psi).

Flow rate calibration generally holds constantléorg periods of time (years) provided
the MFC is not damaged or subject to aerosols wosive chemicals. For critical
applications, check flow rate bi-annually usingNi8 T-traceable flow meter. Flow rate
calibration and adjustment may be performed bynatg your Instrument to the factory.
(See Section 7.4)

5.3 Temperature Calibration

The Temperature Sensor is a resistance thermothatdnas been calibrated at the
factory. Resistance thermometers are subjectfip especially if wet or damaged, and
should be calibrated at least annually. For @itapplications, calibrate the temperature
sensor weekly or prior to each use as follows.

With the Sensor Probe installed in a working Instrument, place an NIST-traceable thermometer
inside the Sensor Probe and within 5 mm of the Temperature Sensor. Set the flow dial at 50% of
the maximum flow rate. Set the humidity dial at 250 (25% RH). Set the temperature dial at 250
(25.0°C) (or at the temperature at which testing will be performed). After the Instrument has
achieved steady-state (as indicated by the temperature and humidity lights blinking ON and OFF
regularly), compare the temperature display to the reading of the NIST-traceable thermometer. If
the readings differ by more than 0.2°C, adjust Sensor Probe setting as follows:

(1) Unscrew plastic plug on the side of Sensor Probe exposing four adjustment pots.

(2) Adjust pot “TL” until the temperature display reading agrees with the NIST-traceable
thermometer within 0.2°C.
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Fig. 5.2

Sensor
Probe —
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Exposed when _|
Plug is removed

Sensors

Close-Up of Calibration Pots

5.4 Humidity Calibration
The Humidity Sensor is an electronic sensor thatdeen calibrated at the factory. This
device is subject to drift, especially if wet omakeged, and should be calibrated at least
quarterly. For critical applications, calibrate thumidity sensor weekly or prior to each
use as follows.

5.4.1 Independent Sensor Calibration (Method A)
With the Sensor Probe installed in a working Instrument, install an NIST-traceable humidity
monitor inside the Sensor Probe and as close as possible to the Humidity Sensor. If that is not
possible, install the NIST-traceable humidity monitor inside tubing coming directly from the
Sensor Probe as closely as possible to the Sensor Probe. Make certain that both Humidity
Sensors are at the same temperature. Set the flow dial at 50% of the maximum flow rate. Set
the humidity dial at the humidity at which testing is to be performed, e.g. 800 (80% RH) or 250
(25.0%) . Set the temperature dial at 250 (25.0°C). After the Instrument has achieved steady-
state (as indicated by the temperature and humidity lights blinking ON and OFF regularly),
compare the humidity display to the reading of the NIST-traceable humidity monitor. If the
readings differ by more than 3%, adjust Sensor Probe setting as follows:

(1) Unscrew the plastic plug on the side of the Sensor Probe exposing four adjustment pots.
(2) For calibration in the range 20-50% RH, adjust pot “HL” until the humidity display reading
agrees with the NIST-traceable humidity sensor within 1% RH.
(3) For calibration in the range 50-85% RH, adjust pot “HH” until the humidity display reading
agrees with the NIST-traceable humidity sensor within 1% RH.

5.4.2 Absolute Calibration Using Humidity Chambigiethod B)
Remove the Sensor Probe from the Instrument. Set the flow dial at 00% of the maximum flow
rate. Set the humidity dial at 000 (0% RH). Set the temperature dial at 000 (0.0°C). With the
electrical signal cable still connected to the Instrument, suspend the Sensor Probe in the head
space of a humidity chamber (a sealed jar containing a head space above a humidity calibration
solution). Close the chamber and agitate the air above the saturated solution for 10-15 minutes
to attain equilibrium between the calibration solution and the vapor in the head space of the
chamber as indicated by a constant humidity reading on the Front Panel humidity display.

When the chamber has achieved steady-state (as indicated by constant humidity readings on the
Front Panel display), compare the humidity display to the standard relative humidity for the
particular humidity solution being used. If the readings differ by more than 1%, adjust Sensor
Probe setting as follows:

17



OPERATOR’'S MANUAL
Miller-Nelson HCS-501
Air Conditioning System (Flow, Temperature, Humidity) For Gas Mask and Filter Testing

(1) Unscrew the plastic plug on the side of Sensor Probe exposing four adjustment pots.

(2) For calibration in the range 20-50% RH, adjust pot “HL” until the humidity display reading
agrees with the NIST-traceable humidity monitor within 1% RH.

(3) For calibration in the range 50-85% RH, adjust pot “HH” until the humidity display reading
agrees with the NIST-traceable humidity monitor within 1% RH.

Locate correct adjustment pot using Figure 5.2dorperature calibration. A recipe for
several humidity calibration solutions is showrhe following Table.

RELATIVE HUMIDITY CALIBRATION

to Instrument

Sensor
Probe

© ©
© © ~~~---
~--_-‘

b

Sensors

o'e

Air Stirrer

Saturated Salt Solution

>
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5.4 Humidity Calibration (continued)

SATURATED SALT HUMIDITY CALIBRATION SOLUTIONS

PERCENT RELATIVE HUMIDITY AT

Saturated Solution of 20°C 25°C 30°C
Lithium Chloride 11.3% 11.3% 11.3%
Potassium Acetate 23.1% 22.5% 21.6%
Magnesium Nitrate 54.4% 52.9% 51.4%
Potassium Chloride 85.1% 84.3% 83.6%

Omega Instruments, Stamford, CT
http: // www.omega.com/temperature/Z/pdf/z103.pdf

5.4.3 Outsource Calibration (Method C)
Return the Sensor Probe to Assay Technology, emcidmidity calibration.
(See Section 7.4)

Complete calibration of air flow, temperature, dnanidity along with complete repair

of any HCS-501 Instrument can be accomplishediaed price (excluding the cost of
any replacement parts) by returning the Instrunt@the factory. (See Section 7.4)
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6. PREVENTATIVE MAINTENANCE
The Instrument has been shown to operate reliabliphg periods of time provided
certain maintenance activities are regularly pentxt.

6.1 Instrument Care
Insofar as possible, keep the Instrument outsidaroé hoods and away from chemicals,
solvents, acids, alkali, oils, or corrosives. Wigasses or chemicals are added into
flowing systems, they should always be added dawast from the Instrument in such a
way that backflow and exposure of the Instrumerdhemicals is unlikely.

Take care to avoid dropping or jarring when mowimg Instrument from place to place.
After moving the Instrument, remove the top angb@ts internal components for damage
and/or loose connections.

6.2 Air Cleaners and Filters
The Instrument requires a source of clean, dry,pressed, filtered air delivered at a
constant pressure of @55 psi via 3/8” or %2” tubing to the instrument reanel.

Input air should be as dry as possible, preferabldew point of Z or lower. Certain
compressor systems incorporating refrigerated drgan achieve this dew point, while
desiccant drying units can achieve dew points asa®-40C.

Air supplied to the Instrument should be clean fiad of aerosols, chemicals, solvents,
acids, alkalis, oils, and corrosives. To ensuig fheriodically(a) remove and replace
filters or other air cleaning devices installedvietn the air supply and the Instrument.

We recommend using a combination air regulatceffithounted near to the Instrument
(e.g., Stacked Air Filter/Regulator, McMaster-Cléem# 9891K43, or 9891K22)
including a relief valve, a pressure gauge, antiea fvith transparent bowl. Having a
local filter allows test lab personnel to contritielr maintenance. The transparent bowl
allows you to see what is being collected fromahesupply, which is a guide to
frequency of filter replacement.

6.3 Water Source and Purging Water Reservoir to Miimize Residue Build-Up
The instrument requires a source of purified wpterided at a constant pressure of 20
+10 psi delivered via %" tubing to the instrumerdrrpanel.

Purified water should be ASTM Type | having resigyi > 18 MOhm-cm (that is, having
conductivity< 0.06 puS/cm), and very low organiesX00 pg/L). Humidity is created in
the Instrument by the evaporation of input watény impurities present in the input

water remain in the instrument unless/until removed by purging. As water continuously
evaporates in the water reservoir during normal usgimpurities accumulate as solid
residues, dramatically increasing the probability & fouling the water level indicator
and water entry valve. Binding or clogging of thes water reservoir components can
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lead to over-filling (flooding) or under-filling (and overheating) of the water
reservoir.

Regardless of water purity, residue build-up caareliorated by periodically(a)
purging the Water Reservoir, as follows:

While the Instrument is in operation (with Power “ON” and clean water supplied to the rear panel
at the port labeled “WATER IN"), open the valve labeled “DRAIN" located on the Rear Panel of
the Instrument and allow water to flow out of the instrument into a waste jar. Continue to purge
until > 1 L of water is collected or until the latest water collected is clear. Some residue build-up
is inevitable, even with ultrapure water. The highest purity of input water permits less frequent
purging of the water reservaoir.

(a) Periodically means: according to a regular schedule whickasanable based on the
intensity with which the instrument is used. (Saggestions in section 6.8).

6.4 Air Flow Calibration
Perform at least bi-annually using a NIST-Tracealgleice. (See Section 5.
CALIBRATION)

6.5 Temperature Sensor Calibration
Perform at least annually using a NIST-Traceablecde
(See Section 5. CALIBRATION)

6.6 Humidity Sensor Calibration
Perform at least quarterly using a NIST-Traceakelab.
(See Section 5. CALIBRATION)

6.7 Temp/RH Sensor Care
The temperature and humidity sensors installetienfemp/RH probe are among the
most delicate and critical components in the imagnt. They are vulnerable to shock
and abrasion, and can be damaged by exposurenuadig, solvents, acids, alkali, oils,
corrosives, or liquid water. Sensors exposed temshould be rinsed with pure water,
dried, then re-calibrated.

Care should be taken to protect exposed sensarnssihock and abrasion when the probe
is installed or removed from the instrument. Wheimg the instrument, any gases or
chemicals other than air or nitrogen should be ddde¢he system downstream from the
Temp/RH probe.

6.8 Preventive Maintenance
The Miller-Nelson Atmosphere Generator has beemwalto operate reliably for long
periods of time, provided instrument care and negiahce are implemented. The
frequency of maintenance activities is dependernthenntensity of use to which the
instrument is subjected.
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Periodically Perform Preventative Maintenance
(reasonably based on the intensity of your paiéuse)

Preventative Maintenance Suggested Maintenance Freq uency
(Based on Usage as Indicated Below)
Description Intensive Use Frequent Use Occasional
Use
Calibrate Temp/RH Probe? Weekly Monthly Annually
Clean & Dry® Temp/RH Probe As Needed As Needed Annually
Inspect Air Filters Monthly Quarterly Annually
Replace Air Filters As Needed As Needed Annually
‘4 /C
Check Input Water Quality Weekly Monthly Annually
- d
Purge Water Reservoir Monthly Quarterly Annually
; e
Check Air Flow As Needed Quarterly Annually

Calibrate Air Flow As Needed As Needed As Needed

(a) See Section 5 of Operating Manual

(b) Rinse with pure water, then air dry

(c) Measure water conductivity 0.06 pS/cm)
(d) See Preventative Maintenance Section 6.3
(e) Compare to traceable reference flow meter

6.9 Periodic Factory Reconditioning
A complete reconditioning (See Section 7.4) of BIGS-501 (including calibration of air
flow, temperature, and humidity) plus complete repaany HCS-501 Instrument can be
accomplished at a price guaranteed in advaoree f{xe) (excluding the cost of major
replacement parts, if required) by returning the Instrument to the factory alovith an
RMA (See Section 9).
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7. DEVELOPING A DIAGNOSIS AND REPAIR STRATEGY

7.1 Multi-Functional Nature of Instrument
The Instrument has been designed to perform rglif@blan indefinite period of time,
and many have been placed in continuous use fecad& or more. This is remarkable
when one considers that its performance includédsawic and pneumatic systems as
well as electrical and mechanical aspects. Whem fime-to-time, as a result of normal
wear-and-tear or specific causes, an Instrumersesg® function as desired, the repair
can be challenging due to its multi-functional matu

7.2 Strategy 1 - Typical End User

7.2.1 It is recommended that typical end uselsb&nefit from understanding the
ideas contained in the manual in Section 8, INSTHIJN FIRST-AID AND
TROUBLE-SHOOTING, in diagnosing Instrument problems

7.2.2 In some cases, it is hoped this guidanodezal to immediate, on-site
corrections by the end user in either the Instruroem the way it is being used.

7.2.2 In other cases, a problem may be diagntbegds beyond the end user's
expertise to correct, or the problem may remainagrbsed.

7.2.3 After one or more calls to the Customewi8erHot Line (1-800-833-1258,
ext 4), the end user will be able to determine Wwaean on-site repair can be made, or
whether the Instrument will need to be returneth&factory for repair.

7.2.4 In the event of a return to the factorgaske refer to Section 9, RETURNING
AN INSTRUMENT TO THE FACTORY FOR SERVICE.

7.2.5 Please refer also to Section 7.4 RECONDNHEHO INSTRUMENT
PROGRAM.
7.3 Strategy 2 - End User with Access to Speciakgertise
7.3.1 Even end users with access to special es@avill benefit from
understanding the ideas contained in the manuaéation 8, INSTRUMENT FIRST
AID AND TROUBLE-SHOOTING, in diagnosing Instrumeptoblems.

7.3.2 In many cases, this guidance can lead ftoeidmate, on-site corrections by the
end user in either the Instrument or in the way ieing used.

7.3.2 In other cases, the problem may remainagmdised. In that case, we refer
the reader to Section 12, DOCUMENTATION. A revieiMnstrument drawings and
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other pertinent sections of this Manual may leagtsifaving high technical expertise to
a diagnosis of an Instrument problem leading torasite repair.

7.3.3 To assist in diagnosis of problems, endsuséh access to special expertise
are invited to call the Customer Service Hot LiheB00-833-1258, ext 4) or our
Engineering Department directly at 1-831-417-0622.

7.3.4 End users pursuing on-site repairs mayieequotations and place orders
for repair parts by calling either of the numbeésted above.

7.3.5 In the event of a return to the factorgaske refer to Section 9,
RETURNING AN INSTRUMENT TO THE FACTORY FOR SERVICE.

7.3.6 Please refer also to Section 7.4 RECONDNHO INSTRUMENT
PROGRAM.

7.4 Reconditioned Instrument Program

A complete reconditioning of any HCS-501 Instrumeart be accomplished at a price
guaranteed in advancerix fixe) (excluding the cost of major replacement parts, if
required) by returning the Instrument to the factory alonthvan RMA (See Section 9)
and a purchase order number. The Reconditiondédiinent Program includes the
following:

7.4.1 All labor and minor parts required to coetelinstrument repair and bring the
Instrument to current factory specifications inehgdcalibration of flow rate,
temperature, and humidity.

7.4.1.2 There will be a separate charge forraapr parts that may need to be
replaced to bring the Instrument to current factpgcifications.

7.4.2 Re-establishment of the Instrument’s Lichigarranty for 1 year (excluding
the Sensor Probe which has its own Limited Warrémty8 months).
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8. INSTRUMENT FIRST-AID & TROUBLE-SHOOTING
Below is a list of problems (symptoms) that mayobeerved with possible causes that
may point to procedural corrections, instrumentisoinents, or repairs.

Table 8.1 SYMPTOMS AND CAUSES (HCS-501)

SYMPTOM

Possible CAUSE

Check for Symptoms (A) - (J), in the order given, bfore doing anything else. Check Cause (1) befoBause (2), and so on.

A. No power to Instrument

B. Air Flow Status light OFF

C. Water Level Status light OFF

D. Water Pressure Status light OFF

E. Temperature control light
not blinking ON and OFF

F. Humidity control light
not blinking ON and OFF

G. NO air flow

1.
. No power to socket plug (check breaker)
3.

2

N -

A WNPE

1.

2

If power and all status lights are ON...
1.
2.

If power and all status lights are ON...
1.
2.

If power and all status lights are ON...
1.

. Insufficient pressure or flow from air supply (compressor)
. Flow switch malfunction (a) (b) (d)

. Insufficient pressure or flow from water supply
. Water level switch jammed due to clogging (b)
. Water flow control valve adjustment (c)

. Pressure switch malfunction (a)

. Water pressure switch malfunction (a)

Instrument rocker switch turned OFF (front panel)

Blown Fuse (rear panel)

Insufficient water pressure or flow from supply

Temperature sensor malfunction (a)
Heater malfunction (a)

Humidity sensor malfunction (a)
Water reservoir heater malfunction (a)

Mass Flow Controller malfunction (a)

H. Air flow not under control
(Displayed value differs from Set-Point)

I. Air flow not under control
(Measured value differs from display value)

J. Air flow not under control
(High flow but displayed value is 000)

1.

1
2.
3.

1. Mass Flow Controller malfunction (a)
2.

Mass Flow Controller malfunction (a)

Air leak in system downstream from Instrument
Air leak inside Instrument
Mass Flow Controller malfunction (a)

Bad connection between PCB and the display meter.

(a) Possible component malfunction. Call Customer
Service/Technical Support (800-833-1258) for replacement or

repair.

(b) Purge the Water Reservoir as directed in Section 3.5.5 - purge

until the water appears clear.

(c) Open water control valve (between the WATER IN port on the (0]
Rear Panel and the Water Reservoir) 1 or 2 turns to increase the

water flow.

(d) The flow switch is a clear plastic device containing a metal float
mounted in the path between the Mass Flow Controller and the
Water Reservoir. With air flow turned OFF, tap the flow switch
gently with a screw driver handle to see if the float is merely stuck. ° L4 °
If this doesn't solve the problem, the flow switch can be replaced.

Instrument Front Panel Indicators

Temperature

(0}
Humidity
Air Flow Water

Pressure

Water
Level
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SIGNAL AUDIBLE MEANING
POWER ON Single ‘beep’ of 2 second duration
SYSTEM ON 3-4 short ‘beeps’ followed by silence System has found parameters in control
and started up
ALARM Ongoing short ‘beeps’ every % second Parameter* out of control, no heating
while system waits for correction
FAULT Ongoing Long (2 sec) ‘beeps’ Parameter* not corrected, so system has
shut down; must re-start

* Parameters = Air Flow, Water Level, Water Pressure
8.2 ALARM and FAULT Signals Associated with Water Reservoir

To prevent overfilling (flooding) and/or overheagiof the water reservaoir,
microprocessor controls have been incorporatedamiater filling cycle as follows:

(2) If the system senses water level is too low whater level light will go OFF, and the
audible ALARM (ongoing short beeps) will sound véhihe system calls for more water.

(2) If a water filling cycle is not completed witha certain time period, the system will
go into a FAULT state (ongoing long beeps), anditisgument will be shut down.

(3) If the temperature sensed in the instrumeneéeas a pre-set value, the system will go
into a FAULT state (ongoing long beeps), and ttstrioment will be shut down.

Comments: In the event that a water level sensor were tatgek in a low position in
the reservoir (calling for water even after theavaeservoir is full), Step (2) prevents
flooding by limiting the time of the water fill arghutting down the instrument.

In the event that a water level sensor were taek in a high position in the reservoir
(failing to call for water even after the watereesoir is empty), Step (3) prevents over-
heating by limiting the temperature of the instrumn@nd shutting down.

8.3 Anomalous FAULT Signal When Starting a New or Mwly Repaired Instrument
When starting the instrument with the water resemmpty (new or newly repaired
instrument), it is possible for the system to go ia FAULT (ongoing long beeps) and
shut-down the instrument, because it is takingaetitne to fill an empty reservoir.

In the event of such a FAULT, turn the instrumeRFQthen back ON, then listen (or
observe through the clear top of the water resertmisee whether water fill is
continuing. It may be necessary to repeat thisuogon (turning OFF and ON) several
times to completely fill the water reservaoir.

If the FAULT was merely due to slow filling of ttveater reservoir, the FAULT signal
(ongoing long beep) will be replaced by a Systermsi@nal (3-4 short beeps, followed by
silence) when the Fill is complete. If the FAUL®ntinues indefinitely, something
(inadequate water pressure or component failunepegenting completion of water fill.
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9. RETURNING AN INSTRUMENT TO THE FACTORY for SERVI CE

9.1 Final Problem Review
Prior to returning an Instrument for repair, revigection 8, Trouble-Shooting and First-
Aid and try to determine if the problem can be hesd without returning the Instrument
to the factory. Feel free to access Customer Seiati 800-833-1258 ext 4 for assistance.

9.2 Obtaining a Return Material Authorization
A Return Materials Authorization (RMA) Number iqqtered, and can be obtained by
calling 800-833-1258 ext 4. When you request anARWb. from the Customer Service
Representative, you will immediately be asked twvpte the following information.

HCS Model Number and Flow Rate (e.g., HCS-501-200)

Serial Number of the Instrument

Serial Number of the Temperature/Humidity Probe

Reason for the return

Purchase Order No. for repair/calibration charges

Your company contact, ship to and bill to information

Your company UPS or FedEx Account No., for return shipment (optional)

This number (e.g., MN5088) should be included dpaberwork and written on the
outer packing box, when sending the Instrumenthédactory.

Upon receipt of your Instrument and inspection by engineer, a Customer Service
Representative will contact you with options antiestes for repair of your Instrument.

In the event that significant repairs are requieedeneral reconditioning and calibration
of the entire Instrument is available for a guagadtmaximum cost for labor and minor
parts. The cost of any major parts will be adaethis figure.

9.3 Preparing the Instrument for Shipment

The LIQUID RESERVOIR of the Instrument MUST BE DRMED COMPLETELY
prior to shipment. This is done by air purging Water Reservoir by applying air
pressure (approx. 25 psi) at the port on the Instnt's Rear Panel labeled “WATER
IN”, opening the toggle switch on the Rear Panie¢led “DRAIN VALVE”, and
directing the water emerging from the port lab€BRAIN” to waste until the last drop
of water emerges. Failure to drain all water fribv@ Instrument may cause
contamination of the flow controller or other daradg the Instrument.

Pack the Instrument in its original shipping boxhafioam inserts or add enough bubble
packing to ensure that the instrument is absoluieigobilized in the packing box.
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9.4 Shipping the Instrument
Ship by a traceable express service and purchasgeaimce for the Instrument.

9.4.1 Factory Address
Ship to:

Assay Technology
1382 Stealth Street
Livermore, CA 94551

9.5 Turn Around Time for Repair
Repair/maintenance will be completed in 4 — 8 wedkpending on the condition of the
Instrument upon receipt.

10. LIMITED WARRANTY

The Instrument (with the exception of the SensobEy is provided with a one-year
Limited Warranty. The Sensor Probe (Temperaturetidity Probe, Part No. SJP-200b-
2) is provided with a three months Limited WarranBactory Reconditioned
Instruments and Probes carry the same warrantynaw dnstrument or Probe.

Under the Limited Warranty, products are warraragdinst defects in materials and
workmanship. Defective products returned with &uReMaterial Authorization
(Section 9) within the warranty period will be r@ed or replaced at the manufacturer's
expense. Damage from physical abuse or from expdsisolvents, acids, alkali, oils,
corrosives, or water is not covered by this Limi#@drranty.
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11. GUIDANCE for CERTAIN APPLICATIONS

11.1 General
Applications below involve typical applications wha the Instrument provides a
controlled flow of conditioned air to which a clalge agent is added in order to test the
chemical capacity of air purifying respirators itefs.

11.2 Chemical Challenge Agent Capacity Testing

11.2.1 Air Conditioning Instrument - The Instrumighall be capable of providing
a flow of air substantially free of oil or orgardontaminants at the specified flow rate
(+1 L/min), temperature ( 2°C), and relative humidity ( 5 %RH). The Instrument
shall be calibrated periodically with respect thewaacy of air flows by a dry gas meter
or other absolute method. For systems driven loypzessed air, suitable drying,
filtration, and pressure regulation shall be appteethe input air.

11.2.2 Challenge Test Flow Path — Deliveryngbfittings, valves, chambers, and
components in the challenge Test Flow Path shalldseggned to minimize pressure drop
[< 20” H,O (0.05 bar)] and shall be constructed of matevlath is substantially inert to
the challenge agent (e.g. polyolefin, PTFE, glasstainless steel).

11.2.3 Temperature and Humidity Monitoring — Temgture and humidity
controllers within the Instrument shall be periadlig calibrated by a NIST-traceable
device. Additionally, temperature shall be moretbby a NIST-traceable device placed
near to the Test Article. (NOTES: Temperature lamehidity monitors should not be
continuously placed in the flow path downstreanmfitie point where challenge agent is
introduced due to corrosive effects of agents.)

11.2.4 Challenge Agent Generation (gas) — WhHeéAgent is a gas (ammonia,
cyanogen chloride, sulfur dioxide, hydrogen cyantdalrogen sulfide, nitrogen dioxide,
phosgene, phosphine), concentrations shall be gy adding a metered flow of
pure gaseous Agent (at a known purity) or a dildtech of gaseous Agent (analyzed gas
mixture) into the Test Flow Path upstream fromTest Article at a distance sufficient to
provide mixing with the pure air flow. Adding a tee=d flow of Agent into the Test
Flow Path may be achieved by dispensing Agentjlotedl Agent, from a pressurized,
regulated cylinder through a mass flow controlleratameter which has been
periodically cleaned and calibrated.

11.2.4.1 Challenge Agent Monitoring (gas) - WhAgent Generation has been
achieved by dilution of pure gas or analyzed gadure using calibrated mass flow
controller or rotameter, verification of the fi@hallenge Agent Concentration is
accomplished by checking for leaks in the systethraanitoring the mass flow
controller readout or rotameter readings (assuroaligprations, purities, and calculations
have been checked). Additional monitoring of Cévadje agent Concentration is
desirable but optional.
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11.2.5 Challenge Agent Generation (liquid) — Whitae Agent is a liquid (carbon
tetrachloride, cyclohexane), challenge concentnatghall be generated by adding a
metered flow of pure liquid into the Test Flow Pdtiwnstream from the air conditioning
system and upstream from the entry to the testi@rtiAddition of a metered flow of
liquid Agent may be achieved by delivery of puguid (or a solution) from a precision
gas-tight syringe mounted in a calibrated syringep (e.g., Hamilton Model 33
Infusion Pump) through inert tubing and a needletvipenetrates a gas-tight rubber
septum mounted in the Test Flow Path a sufficigstadce upstream from the test article
to provide mixing and dissipation of excess heatingooling arising from the
vaporization of liquid. A minimal amount of heatynbe directed at the point of liquid
addition by heating mantle, tape, or heat gun ovae the liquid and/or minimize
evaporative cooling.

11.2.5.1 Challenge Agent Monitoring (liquid¥here Agent generation has
been achieved by vaporization of liquid, the vedtfion of final challenge Agent
concentration shall be accomplished by monitoriregdctual Agent concentration
upstream from the test article using an in-linérumaent (e.g. calibrated infrared
spectrophotometer) or by a wet-chemical analysencdir sample performed prior to
beginning the test.

11.2.6 Test Article and Test Shunt — The TeastChk, or its active element
(cartridge, etc.), shall be installed in test foetin such a way that 100% of the flow of
Challenge Agent from the Test Flow Path may bectithrough the Test Article, or
alternately, through a safety cartridge capableotiecting the Challenge Agent for a
period of time. This may be accomplished by a Bstnt comprising a 3-way valve or
other switch installed in the Test Flow Path toameplish shunting the flow of Challenge
Agent from safety cartridge to the test fixture @nerification of all test parameters has
been achieved.

11.2.7 Downstream Monitoring for Breakthrough emitoring of the Test Flow
Path downstream from the test fixture shall be cotetl using a continuous monitoring
instrument which has been calibrated at or neabteakthrough concentration. The
downstream monitor shall be incorporated in thet Fesv Path only when flow has been
switched to the test fixture via the Test Shunt.

11.2.8 Performing the Test — Initially the Tekii Path shall be directed through
the safety cartridge. Once air flow from the ainditioning system has been established
at the desired flow rate, temperature, and humidigent Generation shall be
commenced with the Test Flow Path directed thrabgtsafety cartridge. When
verification of the Challenge Agent concentrati@s lbeen accomplished under Section
11.2.4.1 or 11.2.5.1, the Test Flow Path shallikected through the test fixture by
actuating the Test Shunt. The test begins ante#iieclock is actuated at the instant the
Challenge Agent is directed through the test fixturhe Test continues until the
breakthrough concentration is indicated by the dsiveam monitor.
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11.2.9 Timing and Recording Data — A stopwatcly imaused for measuring the
time between the beginning of the test and thairghat breakthrough concentration is
indicated by the downstream monitor. Alternatelgtrip-chart recorder or data-logging
system may plot the data and keep track of the.time
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12. DOCUMENTATION

12.1 Layout of Instrument

Layout of Components Inside Instrument
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CIRCUIT DIAGRAM
MAIN INSTRUMENT CONTROL BOARD
(Item M4506)

OPERATOR’S MANUAL

12.2 Schematic Drawings
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12.2 Schematic Drawings
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12.3 Instrument Wiring Diagram
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12.4 Accessories — Cooling Option

Schematic of Cooling Option

Instrument Rear Panel
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DESCRIPTION:

When the Cooling Option is not installed, the TEMP/RH PROBE is installed
directly onto the AIR OUT port. The Cooling Option consists of an assembly
with two concentric copper tubes interposed between the AIR OUT port and
the TEMP/RH SENSOR PROBE.

The outer concentric tube carries the Instrument's output air. Within the
Heat Exchange Region, the inner concentric tube, carrying coolant, contacts
the outer tube and cools the Instrument's output air as it approaches the
TEMP/RH SENSOR PROBE. Temperature control of the cooled air is achieved
though feedback provided by the SENSOR PROBE.

A re-circulating laboratory chiller with thermostatic control is recommended
as a source of coolant.
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APPENDIX A
Equipment and Supplies

A-1.Equipment and Supplies

The following equipment and supplies may be usedpplications wherein the
Instrument provides a controlled flow of conditidrer to which a challenge agent is
added in order to test the chemical capacity oparifying respirators or filters.

A-1.1 Supplies for Air

A-1.1.1 Tubing for Air Line

We recommend polyethylene, polypropylene or PTFEemna for tubing. With each
instrument we provide approximately 3 feet of aiel Tubing size varies with the
maximum flow rate of the Instrument, as follows:

500 LPM Max Flow tubing with a 1/2 * outer diameter
50 — 300 LPM Max Flow tubing with a 3/8 “ outer diater
20 LPM Max Flow tubing with a 1/4 * outer diameter

www.coleparmer.comitem no’s. EW-95876-06, EW-95876-05, or EW-95835-or
similar.

A-1.1.2 Air Dryer
PSA compressed air dryer, that produces air treahdew point below -78.
www.balstonfilters.commodel no. 75-A20NA, or similar.

A-1.1.3 Airline Filter
Easy-view, plastic element to remove particlesnaglisas 5 microns. Bowl is
polycarbonate with zinc bowl guandww.mcmaster.corritem no. 4274K22, or similar.

A-1.2 Supplies for Water

A-1.2.1 Tubing for Water Line

We recommend polyethylene, polypropylene or PTFEemn for tubing. With each
instrument we provide approximately 2-3 feet ofevdtibing. All instruments use the
same water line tubing, at %" outer diameter.

www.coleparmer.cormtem no. EW-95876-03, or similar.

A-1.2.2 Pure Water System

The Instrument requires a source of purified wptervided at a constant pressure of 20
+10 psi delivered via ¥4” tubing to a port at therneanel of the instrument. Purified
water should be ASTM Type | having resistivity gegahan 18 MOhm-cm (conductivity
less than 0.06 pS/cm), and very low organics (<pigJ0).
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Barnstead E-Pure Water System is a 4 housing systesigned to provide 3 liters per
minutes of Type 1 watewww.labwater.comitem no. D4641, or similar.

A-1.2.3 Water Line Filter
Brass tee-type particulate filter, ¥4” Swagelok tfitteng, 60 micron pore size.
www.swagelok.com item no. B-4TF-60, or similar.

A-1.2.4 Pressurized Stainless Steel Water Vessel

The top has ona/4' NPT female inlet connection; on®8' NPT outlet connection with
an internal dip tube for dispensing liquid undezgsure; and twa/4' NPT female
connections for gauges, safety valves, etc. Talskshave a molded-rubber foot ring.
Maximum operating temperature is 300°Wwww.mcmaster.comitem no. 41705K41, or
similar. Built out pressurized water vessel mayliered from Assay Technology at a
cost of $650.00.

A-1.3 Supplies for Challenge Gases

A-1.3.1 Flow Tube/Rotameter
Used when regulating the flow of phosgene. Flowemgystem, direct-reading flow tube
for air, 150 mm; 500 ml/minvww.coleparmer.comtem no. EW-32047-76, or similar.

A-1.3.2 Oven

Used for gases that must be heated to vaporizeplegsgene. 120v, 350 watfcabove
ambient - 14€c, +/- 1.%c, 0.9 cu. ft. www.affordableovens.conBarnstead/Thermolyne
item no. OV-19225, or similar.

A-1.4 Supplies for Liquid Challenge Agents
Used when generating challenge concentrationsrbboaetrachloride or cyclohexane.

A-1.4.1 Syringe Pump

Standard infusion only Harvard pump 11 plus syrjrogeerate continuously in Rate mode
or accurately dispense a specific amount of flni¥olume mode,
www.harvardapparatus.cqrtem no. 702208, or similar.

A-1.4.2 Luer Lock Syringe
Hamilton PTFE luer lock syringe, 1000 series, gas$laguid tight, 50 ml (TLL),
www.hamiltoncompany.com/home.phHpem no. 85020, model 1050.

A-1.4.3 Syringe Needles
Standard luer hub needles, 2” length, 304 SS, 20€u
www.hamiltoncompany.com/home.phpem no. N-720, or similar.
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A-1.4.4 Hamilton Septa
3 layer, 19.0 mm (0.750"yww.hamiltoncompany.com/home.phfem no. 76020, or
similar.

A-1.4.5 Valves, Valve Adapters and Tube Fittings

A-1.4.5.1 Hamilton Mini Inert Low Pressure Valveyalve, drawing C, HV (stand
alone),www.hamiltoncompany.com/home.phpem no. 86727.

A-1.4.5.2 3-Way Manual Ball Valve
1/2” diameter with female pipe threagiyww.ryanherco.com item no. 5083, or similar.

A-1.4.5.3 Valve Adapters
(2) Y2 - 28 male thread to male luer lock, CTREyw.discoverysciences.cofitem no.
350330, or similar.

A-1.4.5.4 Valve Adapters
(1) ¥ - 28 male thread to female luer logkyw.discoverysciences.comitem no.
350310, or similar.

A-1.4.5.5 Union Tee Tube Fittings
Jaco Vibra-Pruf Tube Fittings, union tee, PVDRyw.harringtonplastics.conitem no.
70-8-P-0, or similar.

A-1.4.6 Tubing
0.038 inch inner diameter (approximately 1mm) PTiing with integral CTFE locking
fitting, www.fishersci.comitem no. KH90669-0005, or similar.

A-1.5 Detectors, Monitors and Recording Devices

A-1.5.1 Wilks Infrared Monitor
Miran 1A, Portable infrafed spectrometer, Pionegeftific, 302-655-9291, item no.
M1A-AA1, or similar.

A-1.5.2 Compact Portable Gas Analyzers
Available for many of the routine challenge gagesamples follow:

A-1.5.2.1 Compact Portable CO analyzer, range@ar800ppm,
www.gasdetection.conitem no. 4142, or equivalent.

A-1.5.2.2 MDA TLD-1, ChemKey and ChemCassettdesys various analytes,
http://www.honeywellanalytics.com
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A-1.5.3 Strip Chart Recorder
Two-channel chart recorder, adjustable chart sp2eéns.
www.americaninstrument.cqripp & Zonen BD41 04/05 Chart Recorder, or simila

A-1.5.4 Recorder pens
Short, redwww.crowngraphic.comitem no. BBC-64-01-0102-03, or similar.
Short, bluewww.crowngraphic.comitem no. BBC-64-01-0203-03, or similar.

A-1.5.5 Recorder paper
Chart recorder roll paper, Kipp & Zonemyww.crowngraphic.comitem no. BBC-195-
5970-E00, or similar.
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