Functional Testing Guidance
Freezestat Component

This functional testing guidance is designed to aid in developing test procedures for a specific project by describing the steps involved in testing a particular system. The guidance should be adapted as necessary to address the configuration and performance requirements of the system being tested.  Additionally, codes may require specific testing procedures that may not be addressed in this document.  All tests based on this guidance should be reviewed carefully to ensure that they are complete and appropriate.
Test Procedure:  Freezestat Component Test
Overview 

A freezestat is a limit control device that is typically installed within an air handling unit to protect components such as heating and cooling coils and humidification piping from freezing by preventing them from being subjected to subfreezing air.  This guidance will assist with:

Ensuring all system prefunctional checklists are complete prior to executing freezestat component tests

Verifying freezestat shuts air handling unit down when tripped
Verifying air handling system restarts upon manual reset

Verifying any additional hard-wired or software-based control strategies that were implemented on components of the air handling unit operate as intended (For example, connection of the HVAC system and freezestat wiring with the fire/life safety system.)
Component Description
The purpose of the freezestat is to protect the water coils within an air handling unit that have not been designed to handle subfreezing air by shutting down the system when the temperature of the air reaching the coils approaches freezing.  The freezestat element should be at a location within the system that protects components never expected to see near-freezing air temperatures (for example upstream of the heating and cooling coils but downstream of a pre-heat or electric heating coil).  A freezestat is a long capillary tube filled with vapor, and the tube is installed in a serpentine fashion across the air stream being monitored.  Typically, if any one to two foot segment along the tube falls below the saturation temperature, the vapor begins to condense causing a rapid change in pressure in the system and actuating the switch mechanism. 
The operating range for many freezestats is typically between 30(F and 65(F, with some models capable of controlling to temperatures well below freezing.  The low limit cut-out temperature should be set appropriately for the specific application.  If it is set too low, there will not be adequate protection and the system could freeze.  If it is set too high, nuisance trips will occur.  In some applications, a glycol solution is added to the water as added protection against freezing.  The freezestat low limit cut-out temperature in this application should be set as close to the freezing temperature of the glycol solution to prevent nuisance trips.  This would require the installation of a freezestat that can be set to a temperature well below 32(F.   
Installation Issues

The preferred control arrangement is to have the freezestat switch wired in series with the supply fan starter so that the supply fan will shut down immediately when the freezestat trips.  This must happen regardless of the position of the hand-off-auto selector switch, or whether a VFD in variable air volume applications is in the inverter or by-pass mode.  In turn, the return fan, and exhaust fan(s) if applicable, should be interlocked with the supply fan so that operation is only possible when the supply fan is operating.  The freezestat should also “actively” override the control signal to the outdoor and return air dampers so that both assemblies return to their “failed” positions (typically normally open for return and normally closed for outdoor air dampers).  Potential system configurations include opening a relay in the control circuit to break the control signal  sent by the central DDC system to the device, or removing control air from the device to cause it to revert to its “failed” position.   Note that most jurisdictions require that fire/life safety controls have priority over all other system controls, including the freezestat.  Therefore, any control relays associated with the fire/life safety system will most likely be wired in parallel to the freezestat control relays so that fire officials can operate the system as necessary regardless of atmospheric conditions.  
An optimal arrangement would have the freezestat installed next to the averaging mixed air temperature sensor so that both are subject to the same conditions.  This allows the mixed air temperature sensor to provide visual feedback at the operator workstation to assist facility operators with system troubleshooting in case of an unscheduled outage.
Control Strategies

Additional control options may be necessary once the freezestat has tripped, such as opening coil valves and starting distribution pumps to circulate water through each coil or even restarting the return fan.  Operating the return fan would pressurize the mixing plenum with warm air from the building and may provide temporary protection for the coils.  Again it is desirable to have these controls hard-wired rather than relying on software-based programming in the central DDC system so that a controller failure or loss of communication will not prevent the control strategies from being enabled.  Refer to section 3.5.4 Safety Interlocks in the Functional Test Guide for further details on various control strategies and section 3.6.3.2 Freezestats for further details on hard-wired versus software-based control options.
Test Conditions

Ideally, the test should be performed when the ambient temperature is below freezing.  However, the freezestat test can be performed under a variety of ambient conditions, both above and below freezing.   Note that extreme care must be taken if testing the system when outdoor air is subfreezing to prevent a catastrophic failure during the test.  If the outdoor air temperature is not at least 10(F cooler than the return air temperature, you will not be able to adequately test for stratification, and that part of the test should be postponed until the return and outdoor air temperature differential is adequate.  Note that stratification may become more pronounced when the outdoor air temperature is very cold.  Hence a stratification test should  also be completed under extreme temperature conditions.  In some cases, wind gusts can make it difficult to measure temperatures accurately, so the test may have to be conducted on a calm day.
Example Test

The following test form was created using this guidance document. It is available at www.ftguide.org/ftct/testdir.htm.

· Freezestat Example Test 1. ID#: 1016
Test Equipment

In addition to normal testing equipment, the following equipment may be necessary to conduct this test procedure. 

Temperature probe with 6 to 12 ft of wire
Ice bath or similar to simulate known freezing condition (i.e. ice wrapped in a towel)
Can of Tech Spray™ (An HFC-134a based rapidly evaporating liquid that can chill a device down to -61(F for troubleshooting purposes) 
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Preparation
1.1
Create a test form. Testing will be easier if the test procedure is thought through and documented before conducting the test.   Developing a test form will assist in data collection and subsequent evaluation.
1.2
Determine acceptance criteria.  The freezestat should trip at the temperature setpoint set at the device.   Design setpoint should be provided by the designer in the sequence of operations for the air handling unit being tested.   The manual reset button should return the system to normal operation.   The desired control sequences upon detection of freezing and upon return to normal should be documented in the sequence of operations.   The specific responses that are expected should be included as separate checklist items on the test form.
1.3 
Provide instructions/precautions.   If testing the system during subfreezing atmospheric conditions, ensure proper care is taken to prevent freezing of the coils.  Be sure to have an emergency “exit” strategy in place should the test need to be aborted prior to completion.  If a test fails, the source of failure should be identified and conveyed to the proper authority.  The system will be retested once the repairs are complete. 

1.4
Specify participants and roles/responsibilities.  The testing guidance provided in this document can assist in verifying proper system performance in both new construction and existing building applications.  At a minimum, the following people may need to participate in the testing process.  Refer to the Functional Testing Basics section of the Functional Test Guide for a description of the general role and responsibility of the respective participant throughout the testing process.  The roles and responsibilities should be customized based on actual project requirements.

	New Construction Project
	Existing Building Project

	Commissioning Provider
	Commissioning Provider

	Mechanical Contractor
	Building Operating Staff

	Control Contractor
	Controls Contractor

	Fire/Life Safety Inspector
	Fire/Life Safety Inspector

	Electrical Contractor
	


2.
Freezestat Test Procedures
2.1
Review all prefunctional checklists for completeness.  Prior to performing any functional tests, the commissioning pre-start, start-up, and prefunctional checklists should be completed, as well as applicable manufacturer's pre-start and start-up recommendations.
Prefunctional checklist items include, but are not limited to, the following:

· The manufacturer’s accuracy tolerance for the installed freezestat is documented.
· Freezestat is installed per the location specified on the construction documents and verify that the location seems reasonable and does not represent a design or drawing error. (For example, the freezestat should be before the coils.)
· Freezestat is installed uniformly across the mixed air plenum without any excessive gaps in coverage.
· Air handling unit being tested has been functionally tested and is capable of normal operation, including supply and return fans, heating and cooling coils, and outdoor and return air dampers.
· All safeties and interlocks have been tested and are operational.
All sequences of operations are programmed per design.
2.2
Check plenum stratification.  Prior to performing the test, it is advisable to check the mixed air plenum for stratification under normal operating conditions.   Cold spots within the mixed air stream may exist if there is significant stratification in the mixed air plenum, which can lead to nuisance freezestat trips or the potential to freeze the coil without activating the freezestat switch. 
Provided there is adequate differential between the outdoor and return air temperatures (at least 10(F), perform the stratification test before testing the freezestat.  Consider postponing the freezestat test if the temperature difference between the two air streams is less than 10(F.  If the test cannot be postponed, then conditionally test the freezestat under the current atmospheric conditions and conduct the stratification test in the future when return and outdoor air temperature differential is adequate.  Testing for stratification involves placing the outdoor air damper at minimum air flow position and taking several temperature readings within the mixed air plenum in a grid pattern (refer to Figure 1).  
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Figure 1  Temperature Measurement Grid
Check the following:
2.2.1
There is no more than 5(F variation within the mixed air plenum.

2.2.2
If temperature variance is greater than 5(F, halt the test and address the mixing problem.
2.3
Verify freezestat trip in “auto” mode.  Freezestat operation must be verified under all operating conditions for the air handling unit.  Place the air handling unit in the “auto” mode before starting the test.  Several options are available depending on ambient conditions at the time of the test for verifying freezestat operation.
If the outdoor air temperature is above freezing, use the lowest possible mixed air temperature.

· If the outdoor air temperature is less than the return air temperature, open the outdoor air damper 100% and close the return air damper. 
If the outdoor air temperature is greater than the return air temperature, close the outdoor air damper and open the return air damper 100%.

If the outdoor air temperature is below freezing, the mixed air temperature should be well above freezing to avoid the system freezing during the test.

· Modulate the return air damper and outdoor air damper as necessary to achieve a mixed air temperature that is well above freezing (for example 40(F to 45(F).

Adjust the freezestat setpoint until it reaches the actual mixed air temperature.  If the mixed air temperature is greater than the highest possible freezestat setpoint, then use an ice bath or tech spray on the freezestat element to lower its temperature.

Regardless of the test method used, check the following:

2.3.1
Verify supply and return fans shut down.

2.3.2
Verify outdoor air damper closes tightly and return air damper opens 100%.
2.3.3
Verify other applicable control sequences are executed in the order specified in the design sequence of operations.  For example, hot water and chilled water coils open fully, distribution pumps are enabled, etc.

2.3.4
Document the temperature at which the freezestat trips and compare with freezestat setpoint.  The two temperatures should be within manufacturer’s documented accuracy.
2.4
Verify freezestat reset.  Return the freezestat setpoint to its normal setting.  Press the reset button on the freezestat.
Check the following:

2.4.1
Verify supply and return fans start up automatically.

2.4.2
Verify outdoor and return air dampers automatically return to normal operating positions.

2.4.3
Verify other applicable control sequences are executed in the order specified in the design sequence of operations.  For example, return fan starts, hot water and chilled water coils return to normal control, distribution pumps are returned to normal control, etc.

2.5
Verify freezestat trip in “hand” mode.  Freezestat operation must be verified under all operating conditions for the air handling unit.  Place the air handling unit in the “hand” mode before starting the test.  Repeat test procedures outlined in steps 2.3 and 2.4 to verify proper system operation.  (Note: for VFDs with electronic bypasses, the operation can be verified in all modes by simply cycling through “Hand” and “Bypass” mode after tripping in “Auto”, but before resetting the thermostat.)
2.6
Verify freezestat trip in “inverter” mode.  If the supply fan has a variable frequency drive, place the VFD in the “inverter” mode before starting the test.  Repeat test procedures outlined in steps 2.3 and 2.4 to verify proper system operation.

2.7
Verify freezestat trip in “by-pass” mode.  If the supply fan has a variable frequency drive, place the VFD in the “by-pass” mode before starting the test.  Repeat test procedures outlined in steps 2.3 and 2.4 to verify proper system operation.

2.8
Return system to normal.  Once all tests are complete, return all control parameters back to original setpoints and conditions per the design sequence of operations.

3.
Fire/Life Safety Interlock Test Procedures

Many fire codes require that certain HVAC systems and components be operated manually by fire/life safety personnel via a fire control panel in order to execute various smoke control strategies.  During a fire event,  a central HVAC system may be commanded to operate at 100% outdoor air regardless of the ambient conditions and the freezestat cannot interfere with system operation.  Therefore the fire control relays most likely will be wired in parallel with the freezestat so that even if the freezestat trips, the HVAC system will continue to operate based on commands from the fire control panel.  It would be best to coordinate this test with testing of the fire/life safety system.

3.1
Verify system status when manually controlled via fire control panel.  Following the procedures outlined above, generate a freezestat trip on an air handling unit and verify proper control over all fans and dampers is executed.  Then carry out the various smoke control strategies manually at the fire control panel.
Check the following:

3.1.1
Verify the HVAC system responds to the commands provided by the fire control panel regardless of the freezestat status.

3.2
Return system to normal.  Once all tests are complete, return all control parameters back to original setpoints and conditions per the design sequence of operations.
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