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Duct Application Notes

Preface

System Sensor has designed an air sampling smoke detection system specifically for use in ventilation ducts. The information contained in this
document will assist you when designing System Sensor systems for this type of application.

Note: This system is not suitable for use in flexible ducts.

Related Products

Two System Sensor LaserCOMPACT detectors have been specially adapted for installation in ducts. Their model numbers are as follows:

e  LaserCOMPACT™ VLC-500D
e LaserCOMPACT™ VLC-505D

) Note: This document is intended only as a guide to the application of fire detection systems.
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Reference must be made to relevant national and local standards.
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System Sensor System Design

Sampling Pipe Configuration In Small Ducts

Small ducts are defined as those of width less than 1 m (3.28 ft). The figure below (Figure 1) shows a side view of a duct section with the insertion
positions for the System Sensor smoke detector inlet and exhaust pipes.

The detector inlet pipe should be installed in the middle of the duct at height H, where H is half of the duct diameter. The detector exhaust pipe
should be inserted approximately 0.5 m (1.64 ft) downstream of the inlet pipe, at a quarter of the height of the duct.

Inlet Pipe

O

Duct Flow

Exhaust
Pipe

H/2

N
O

0.5m (1.64ft)

Figure 1 - Side view of the inlet and exhaust pipe positions for a small
ventilation duct.

Atop view of the above installation is shown below (Figure 2). The number of inlet pipe sampling holes, their required size and spacing are listed in
Table 1. Both sampling pipe and exhaust pipe holes have the same orientation with respect to the direction of the duct airflow.
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Figure 2 - Top view of the inlet and exhaust pipe positions, including sampling
hole location, for a small duct.

Note: This document intended only as a guide to the application of fire detection systems. 3
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Duct Application Notes

The sampling hole sizes, for the inlet pipe, are shown in the Table below. The exhaust pipe must have 4 x @10 mm (21/32 inch) holes, regardless of
the width of the duct. These holes should be located in the middle of the duct width at least 50 mm (2 inches) from the side walls.

Table 1 - Sampling hole requirements for a System Sensor detector with 5 m (16.4 ft) inlet pipe and 2 m (6.56 ft) exhaust pipe in small ducts.

Duct width (m) {ft} Number of Holes Hole @ (mm) {in} Nominal Pipe{F}ow}l Rate (L/min)
cfm
0.3 {1.0} 2 6 39.0 {1.4}
1%
0.5 {1.7} 3 5 40.7 {1.4}
%)
0.7{2.3} 4 4 35.6 {1.26}
4)
0.9 {3.0} 5 4 42.8{1.51}
2

Note: Nominal sampling hole spacing is 0.2 m (0.66 ft).

Sampling Pipe Configuration In Large Ducts

Large ducts are defined as those with widths of 1 to 2 m (3.28 To 6.56 ft). For these ventilation ducts, it is recommended that the inlet pipe of the
smoke detector be in two branches. The figure below (Figure 3) shows a side view of a duct section with the relative insertion points for the inlet and
exhaust pipes. The two inlet branches are located at a quarter of the height (H) of the duct with the exhaust pipe inserted mid-height approximately
0.5 m (1.64 ft) downstream of the inlet pipes.
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Figure 3 - Side view of the inlet and exhaust pipe positions for a large duct.

The following figure (Figure 4) shows a cross-section view of the same duct with the positions of the inlet branches and exhaust pipe indicated. The
number of inlet pipe sampling holes, recommended hole size and spacing are presented in Table 2.

Note: This document is intended only as a guide to the application of fire detection systems.
page 4

Reference must be made to relevant national and local standards.




Duct Application Notes

A-A
Section View
Inlet
‘ Pipe s
Detector = = = — J
! :
O @) [0} O 13
Exhaust I
Pipe
@ @ @ D 1|

| Width ‘

Figure 4 - Cross-section view of the inlet pipe sampling hole setup and exhaust
pipe in large ducts.

Table 2 - Sampling hole requirements for a System Sensor detector with 5 m (16.4 ft) inlet pipes and 2 m (6.56 ft) exhaust pipe in a large duct.

Duct Width (m) {ft} Number of Holes Hole @ (mm) {in} Nominal Pipe Flow Rate
(L/min) {cfm}
1.0{3.3} 6 35 Yea) 42.2 {1.49}
1.5 {5.0} 8 10 e 414 {1.46}
2.0{6.5} 10 3.0 % } 50.0 {1.76}

Note: Nominal sampling hole spacing is 0.4 m (1.3 ft).

The exhaust pipe must have 4 x @10 mm (21/32 inch) sampling holes, regardless of the width of the duct. These holes should be located in the

middle of the duct width at least 50 mm (2 inches) from the side walls.

Note: calculations, performed with the ASPIRE2 pipe design software tool and shown in Tables 1 and 2, apply to a 5 m (16.4 ft) inlet pipe and
a2 m (6.56 ft) exhaust pipe. These calculations are suitable for an inlet pipe length of 1 to 10 m (3.28 to 32.8 ft) and an exhaust pipe

length of < 2 m (6.56 ft), provided that corresponding pipe flow rate adjustments are made. Always refer to local codes and standards
for hole size and spacing requirements.

Key Design Considerations

The following should be considered when designing a System Sensor system inside a duct:

e Theinlet pipe of the System Sensor smoke detector must be inserted at a distance of six to ten duct widths or diameters from any flow
disturbance caused by sharp bends, plenums, nozzles, branch connections etc. Hence this system is not suitable for flexible ducts.

e Allinlet and exhaust pipes must be sealed at their far end with an end-cap.
e The holes on the inlet and exhaust pipes should be facing the airflow as shown in the above figures. Holes with the same orientation eliminate

unwanted flow faults associated with cyclical operation, maintenance or power failure of the duct system. However, in some industrial

applications, where the quality of air inside the duct is poor, it is recommended that all holes on the inlet and exhaust pipes face downstream,
that is, 180° to the incoming airflow).

Note: This document intended only as a guide to the application of fire detection systems.

Reference must be made to relevant national and local standards.
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e The pipes should always be held in position at the duct walls with fittings such as rubber grommets. Silicon is recommended, to ensure an
airtight seal.

Make sure that sampling holes are at least 50 mm (2 inches) away from the duct walls.

Regardless of duct width, the exhaust pipe must have 4 x @10 mm (21/32 inches) holes.

Never simultaneously sample from multiple ducts. Use a different smoke detector for each duct.

Never simultaneously sample from inside the duct and from ambient environments with the same detector.

System Sensor System

page 6

Environmental Conditions

You will need equipment to measure the following environmental conditions when installing a System Sensor system in a duct:

e Temperature

e Humidity

e Static Pressure — the pressure generated by the fan to deliver a specific flow-rate in the duct. This pressure is a function of the flow-rate and
impedance of the duct system.

e AirPressure

Condensation may occur when the dew point temperature of the air in the ventilation duct is at or above the ambient temperature of the area where
the smoke detector is installed. This usually occurs when the temperature of the humid air in the duct is higher than the ambient temperature of the
air outside the duct, where the detector is to be installed, and the temperature of the air inside the sampling pipes of the detector.

You should measure the temperature and humidity both inside the duct and in the area where the detector will be installed. If the results indicate
that condensation may be a problem, refer to the ‘Duct Sampling and Condensation’ section of the Pipe Network Installation Manualfor advice on
how to modify the design. The Pipe Network Installation Manual (Document Number 10255) forms part of the System Sensor System Design Manual.

One solution for combating condensation is to mount the detector on its side (Figure 5). This places the laser chamber higher than the aspirator so
that any water in the inlet pipe does not reach the detector chamber

Figure 5 - System Sensor detector sideways mounting solution, to combat condensation.

Note: This document is intended only as a guide to the application of fire detection systems.

Reference must be made to relevant national and local standards.
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The sampling pipe should be removed from the detector regularly for inspection, especially during winter, to determine whether any condensation
is forming inside the pipes.

Smoke tests should be conducted regularly during the first two months following installation. If the smoke tests fail, condensation may have
affected the air filter in the detector. Replace the air filter and re-test. The condensation problem will need to be addressed by following the
methods described above.

If you have any doubts about the installation, seek support from your local System Sensor office or System Sensor distributor.

Key Installation Considerations

You must consider the following when installing a System Sensor system in a duct:

e Inair-return ducts, the smoke detector must be installed where the static pressure is above —500 Pa and the air velocity in the duct is below
20 m/s or, converted to volumetric flow rate (m*/hr) = velocity x duct area.

e Always vent the exhaust pipe back into the ventilation duct, even when the duct pressure is sometimes < 20 Pa), because the duct system
operation may change in the future.

e Forair-return (negative pressure) ducts, the smoke detector must be installed as follows:

Upstream and away from any fans.

As close as possible to air vents (though still 6—10 duct widths away) as this will reduce large negative pressures.
Upstream of humidifiers, heating coils and filters.

Upstream of fresh air intakes.

e  Forasmoke detector mounted on the duct, ensure there are no tangible vibrations when the duct system is in full operation. If there are
vibrations, insert visco-elastic foam between the smoke detector’s mounting bracket and the external surface of the duct.

System Sensor System Commissioning

Hole Orientation Adjustment

The differential pressure across the inlet and exhaust pipes must be kept within +20 Pa To ensure the normal operation of the smoke detector.
Differential pressure is created by the orientation of the holes on both pipes in relation to the duct flow. There are three methods for adjusting hole
orientation. Your choice of method will depend on what equipment is available to you.

1.

Method 1 takes about 5 to 15 minutes, not including air flow normalization. No special equipment required.

Step

Action

1

Ensure that the ventilation duct system is operating and airflow is present in the duct.

2

Drill holes in the inlet and exhaust smoke detector pipes as required.

Connect the inlet and exhaust pipes to the detector while the pipes are outside the duct.

Normalize the airflow to the smoke detector and then record the %Flow.

Insert the inlet and exhaust smoke detector pipes in the duct with the holes facing the airflow and record %Flow at
the smoke detector.

Slightly rotate the pipes so that the %Flow is within 5% of the original reading.

Mark the position of the pipes’ orientation on the duct and pipes. This will make re-positioning the pipes easy after
maintenance checks in the future.

Secure the pipe installation.

Note: This document intended only as a guide to the application of fire detection systems.

Reference must be made to relevant national and local standards.
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2. Method 2 requires no connection to the smoke detector. Inlet and exhaust pipes are installed inside the duct. A manometer, for instance,
Model 8702 DP-CALC Micromanometers from www.tsi.com will be required.

Step Action
1 Connect the ends of the inlet and exhaust smoke detector pipes to a pressure manometer* as shown (Figure 6),
ensuring that all connections are airtight.
2 Face the holes of both pipes to the airflow and slightly rotate the pipes so that the pressure reading is within
+20 Pa.
3 Mark the position of the pipes’ orientation on the duct and pipes. This will make re-positioning the pipes easy
after maintenance checks in the future.
4 Connect the detector after securing the pipe network.
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Figure 6 — Manometer set-up for hole orientation adjustment.

3. Method 3 is the same as Method 2, except that it does not require the manometer but uses a clear, flexible U-tube.

Step Action

1 Instead of a manometer, connect the ends of inlet and exhaust pipes to a clear U-shaped flexible tube containing
water as shown (Figure 7), ensuring all connections are airtight.

2 Face the holes on both the inlet and exhaust pipes to the airflow. Slightly rotate the pipes so that the water level
on both sides of the flexible tube is the same.

3 Mark the position of the pipes’ orientation on the duct and pipes. This will make re-positioning the pipes easy
after maintenance checks in the future.

4 Connect the detector after securing the pipe network.

8 Note: This document is intended only as a guide to the application of fire detection systems.
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Figure 7 - Flexible U-tube set-up for hole orientation adjustment.

System Performance Verification

Verify system performance, with the Air Handling Unit (AHU) in its normal operating mode, by following the steps below.

Step

Action

1

Connect to the smoke detector using the System Sensor System Configurator (VSC) software or a hand-held
programmer. Record the initial background reading from the detector.

Conduct two smoke tests inside the duct using a small amount of smoke, from a smoke cartridge (i.e.
approximately 3 g), with known characteristics.

Record the peak smoke reading and the time taken to reach the peak.

To test air leakage into the smoke detector, remove the front cover of the detector. Cover the electronics during
this test with a sheet of paper.

Introduce smoke inside the detector’s interior housing using a smoke can.

Place the smoke can’s nozzle 0.5 m (1.5 ft) away from the detector and spray for no more than 1 second. Note the
peak smoke reading from the detector.

Repeat the smoke test twice more, after the background returns to ambient, noting the peak smoke reading each
time.

If all of the peak smoke readings were < initial background reading + 0.05%, proceed to Step 10.

If any of the peak smoke readings were > initial background reading + 0.05%, there is possibly leakage in the
system that must be corrected. Proceed to Step 9.

Check all pipe connections and repeat Steps 5-8. If necessary, contact your local distributor or System Sensor
office.

10

Complete any additional tests required to verify compliance with local codes and standards.

Note: This document intended only as a guide to the application of fire detection systems.

Reference must be made to relevant national and local standards.
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System Maintenance

page 10

Local Codes & Standards
Important Note: The maintenance requirements of all local codes and standards must be adhered to.

First Year Requirements

Repeat the procedure for Performance Verification, as described above in SYSTEM COMMISSIONING, at least once every six months. Test more often
during any extreme weather conditions and ensure that one test Is conducted during winter. Compare readings with previous records and
investigate any discrepancies.

On-Board Filter Replacement

The smoke detector will indicate when its filter needs to be replaced. Replace the filter and repeat the procedure for Performance Verification as
described above in System Commissioning.

Site Visit Requirements

During each site visit, at a frequency specified by local codes and standards, the following procedure must be carried out.

Step Action

1 Check flow readings at the smoke detector(s). Differences in flow readings from those of previous site visits require
further investigation such as inspection of the pipes’ integrity for fatigue and creep, or for hole blockage.

2 Check for condensation in the pipes and address the problem as described in System Installation under
Environment.

3 Check the original hole orientation marks to ensure that they have not been moved since the last inspection. If the
hole orientation has changed, refer to Hole Orientation Adjustment and readjust.

In addition to the above, the following procedure needs to be carried out during each site visit for pipe maintenance.

Step Action

1 Disconnect inlet and exhaust pipes from the smoke detector.

2 Remove the end caps from the inlet and exhaust pipes. Back-flush with compressed air.
3 Ensure all pipes are returned to their original configuration.

4 Check overall system performance.

Note: This document is intended only as a guide to the application of fire detection systems.

Reference must be made to relevant national and local standards.
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Disclaimer on the Provision of General System Design Recommendations

Any recommendation on system design provided by System Sensor is an indication only of what is considered to be the most suitable solution to
meet the needs of the common application environments described.

In some cases the recommendations on system design provided may not suit the unique set of conditions experienced in a particular application
environment. System Sensor has made no inquiry nor undertaken any due diligence that any of the recommendations supplied will meet any
particular application. System Sensor makes no warranty as to the suitability or performance of any recommendation on system design. System
Sensor has not assessed the recommendation on system design for compliance with any codes or standards that may apply nor have any tests been
conducted to assess the appropriateness of any recommendations on system design. Any person or organization accessing or using a
recommendation on system design should, at its own cost and expense, procure that the recommendation on system design complies in all
respects with the provision of all legislation, acts of government, regulations, rules and by-laws for the time being in force and all orders or
directions which may be made or given by any statutory or any other competent authority in respect of or affecting the recommendation on system
design in any jurisdiction in which it may be implemented.

System Sensor products must only be installed, configured and used strictly in accordance with the General Terms and Conditions, User Manual
and product documents available from System Sensor. System Sensor accepts no liability for the performance of the recommendation on system
design or for any products utilized in the implementation of the recommendation on system design, aside from the General Terms and Conditions,
User Manual and product documents.

No statement of fact, drawing or representation made by System Sensor either in this document or orally in relation to this recommendation on
system design is to be construed as a representation, undertaking or warranty.

To the extent permitted by law, System Sensor excludes liability for all indirect and consequential damages however arising. For the purposes of
this clause, ‘consequential damage’ shall include, but not be limited to, loss of profit or goodwill or similar financial loss or any payment made or
due to any third party.

Recommendations on system design are provided exclusively to assist in design of systems using System Sensor products. No portion of this
recommendation on system design can be reproduced without the prior approval in writing of System Sensor. Copyright and any associated
intellectual property in any such recommendations on system design or documentation remains the property of System Sensor.

Note: This document intended only as a guide to the application of fire detection systems.
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