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Mobile Home Heating Systems
Weatherization Installer/Technician Mobile Homes
Key Terminology

Blowers
Cad cell

Carbon dioxide (CO2) content

Carbon monoxide (CO) content

Combustible gas leak detector

Combustion air

Combustion efficiency

Concentric flue

Conditioned air

Digital probe thermometer

Downflow 

Draft gauge

Fan-off temperature

Fan-on temperature

Flue gas

Heat exchanger

Heat rise

High limit

Inspection mirror

Make-up air

Manual J

National Fire Protection Association (NFPA) code

Oxygen (O2) content

Roof jack

Sealed combustion

Smoke tester

Steady-state efficiency

Temperature rise

Section Transition

Learning Objectives (Slide #2)

By attending this session, participants will become aware of:
· Mobile home heating system characteristics.
· Mobile home heating system components.
· Furnace testing protocols.
· Furnace testing equipment.
· Improvements through cleaning and tuning.
· Furnace replacement criteria.
Heating System Characteristics #1 (Slide #3)

Photo of new oil burning furnace and major components.
· Specifically designed for use in mobile homes.
· Usually located in a closet.
· Sealed combustion with dedicated combustion air inlets.
· Short metal chimney design.
· Compact, interchangeable burners.
· Downflow air distribution system (the fan is located above the heat exchanger, which forces conditioned air into the ducts below the furnace unit).
· Ducts located in the belly cavity.
· May mix outside air with conditioned air.

Heating System Characteristics #2 (Slide #4)
Drawing of a typical furnace and duct system layout in a mobile home.
· Mobile home furnaces are usually located in a closet off the central hallway with access through a louvered door.

· This layout shows a central hallway return.

· Supply ducts run the length of the home and deliver air to various rooms. Return air is drawn back to the furnace through a louvered door at the furnace closet.


Heating System Characteristics #3 (Slide #5)
Elevation drawing of a furnace and duct system and the flow of combustion air, flue gas, and conditioned air.
· Mobile homes require furnaces designed and approved for use in mobile homes.

· Mobile home furnaces are direct-vented, sealed combustion units that require an outdoor air source for combustion.
Show and tell: Mobile home furnace with parts labeled.

Heating System Characteristics #4 (Slide #6)
Drawing of the interior components and flow of flue gas, combustion air and conditioned air.
· The sealed combustion gas- or propane-fired furnace will draw combustion air through a concentric space created by a double-wall chimney. An oil-burning furnace will draw its combustion air through an open duct in the floor near the burner that terminates in the crawl space.

· Note the downflow furnace.

Chimney Terminations (Slide #7)
Photo of chimney terminations shows two types of configurations.
· Gas or propane furnaces have two concentric flues, as shown on the left. The inner flue is for exhaust and the outer flue is for combustion air. 

· Oil furnaces are served by a single flue for exhaust gases. The outer cylinder maintains clearance to combustibles, as shown on the right. Combustion air to the burner is provided through a metal sleeve that penetrates the floor and belly cavity to the open crawl space underneath the home.

Chimneys should always have a cap. Without a cap, rain will fall directly onto the furnace heat exchanger, causing it to rust out.


Oil Heat (Slide #8)

Photo on right.
· Many oil burners draw combustion air through a duct coupled to the crawl space. 

Photo on left.
· One of the biggest problems with oil-burning systems occurs when the fuel tank has been allowed to run empty. As a result, sludge will accumulate on the bottom of the tank, causing the burner to malfunction.

· Educate the client that an oil burner should be cleaned and tuned at least once a year by a qualified oil-heating technician. An annual clean and tune will pay for itself in reduced fuel use and extend the life of the furnace. Cleaning and tuning oil burners involves:

· Replacing the fuel filter.
· Replacing the fuel nozzle.
· Adjusting the fuel and air ratio.
· Testing the primary cad cell safety control.
· A cad cell is a flame sensor composed of cadmium sulfide. It senses whether a flame is present during a burner cycle. If a flame is not detected by the cad cell, it activates a relay, which shuts the burner down.

Show and tell: Show the parts of an oil burner and how they work.
Make-Up Air (Slide #9)

· Some systems are designed to mix outside air with conditioned air for the purpose of introducing fresh air into the home. This is known as make-up air. When the blower turns on, air is drawn from the attic space into the return side of the system. 

· This is an intentional design feature. Do not seal these openings when doing a roof insulation retrofit. These openings terminate in the attic space directly above the furnace and should be dammed off at the same time as the chimney before insulating the attic.
Furnace Testing Protocol (Slide #10)
Photo: Oil furnace showing a single-wall flue graduated to a double-wall flue to maintain clearance to combustibles.

Furnaces must be tested to assess:

· Safety (fuel leaks, clearances, etc.).
· Flue gas temperatures.
· Oxygen (O2) content and carbon dioxide (CO2) content.
· Carbon monoxide (CO) content.
· Draft.
· Condition of the heat exchanger.
· Temperature rise.
· Operating fan temperatures.

Testing Equipment ( Criteria (Slide #11)

Combustion analyzers should be able to read and calculate for:

· Flue gas oxygen content.
· Flue gas temperature.
· Ambient temperature.
· Flue gas carbon monoxide.
· Combustion efficiency.
· Flue gas carbon dioxide content.
· A combustion analyzer measures flue gas samples to determine the safety and efficiency of the combustion process.

· Oxygen or carbon dioxide content and flue gas temperature are measured to determine steady-state efficiency or combustion efficiency respectively. 

· Carbon monoxide is a dangerous combustion byproduct. If excessive amounts are detected in the flue gas sample, the furnace must be repaired or replaced.
· Flue gas carbon monoxide air-free content.

Show and tell: Combustion analyzer.
Selected Testing Equipment (Slide #12)
Photos of selected test equipment.
· Draft gauge ( For testing chimney draft.
· Smoke tester ( For testing the amount of chimney smoke that serves an oil-burning furnace.
· Combustible gas leak detector ( For finding natural gas or propane leaks.
· Inspection mirror ( For looking into constricted spaces.
· Digital probe thermometer ( For testing temperature rise and fan operating temperatures.

Show and tell: Selected testing equipment.
Furnace Testing Methods ( Visual (Slide #13)
Photo of a cracked heat exchanger.
Check for:

· Dirt and debris.
· Burner alignment.
· Soot, evidence of flame roll out.
· Condition of the heat exchanger.
· Vent pipe and roof termination.
· Gas or oil leaks.
· Condition of the wiring.
· Condition of the air filter.

Furnace Testing Methods ( Analyzer (Slide #14)
Test for:

· Steady-state efficiency.
· Cracked heat exchanger.
· Carbon monoxide levels not to exceed 100 parts per million in the flue gases.
· Smoke (oil).
· Temperature rise.
· Safety shut-off features.
Test Procedure – Sealed Combustion Gas Furnaces (Slide #15)

Sealed combustion on a mobile home gas furnace is accomplished through an outer sleeve of a double walled vent pipe. This is also referred to as B-vent. 

Combustion air entering through the roof jack assembly is made available to the burner through an outer sleeve that encircles the inner vent pipe.  

It is important that the vented combustion gases do not mix with combustion air. 

Manufacturers of mobile home furnaces recognize the need of on-site testing for combustion gas and draft pressure on gas burning appliances by qualified technicians. This requires penetration of the outer and inner sleeves to insert the probe of the combustion analyzer into the flue gas area.  

Several manufacturers have agreed on a procedure to access and reseal the sleeves without compromising the equipment or warranty on the heating equipment:

· Drill a ¼ inch hole through the outer and inner sleeves of the chimney flue assembly.
· Extract a flue gas sample-record carbon monoxide levels and oxygen or carbon dioxide content.

· Record the stack temperature - wait until the temperature has stabilized roughly 10 minutes into burner operation.
· Test draft.
· Enlarge the hole on the outer flue just enough to accommodate sealing the inner test hole.
· Apply high temperature sealant to the inner test hole – such as silicone RTV DOW 732 or similar non-hardening sealant.
· Apply sealant to the outer hole and cover with aluminum tape.
Heat Exchanger Leakage Testing (Slide #16)
Test methods:

· Look for rust on the burner ports.

· Measure the flue gas concentration before and after the blower starts.

· There should be no more than 1% oxygen change when the blower starts.

· Observe the change in draft, CO, or flame when the blower turns on.

· Look for flame-damaged areas on the heat exchanger.

· Combustion byproducts and conditioned house air should never mix. 

· Use both visual checks and the combustion analyzer to assess the condition of the heat exchanger.

· If any of these conditions are present, the likely cause is a cracked heat exchanger, which must be replaced. 
Temperature Rise Test (Slide #17)
· Place a thermometer probe into the return plenum and another one in the closest supply duct.

· Record the temperatures. 

· Calculate the difference to determine the temperature rise. The temperature rise is also called heat rise and represents the temperature difference between supply air and return air.

· The temperature rise should be between 40( and 90(, or no greater than the manufacturer’s specifications.

· Excessive temperature rise indicates insufficient airflow as a result of:

· A dirty filter.
· Blockages.
· Insufficient return or supply duct cross-sectional area.
· Low fan speed or a dirty fan.
Show and tell: Dirty air filter.
Fan Operating Temperature Testing (Slide #18)
· Verify fan operating temperatures:

· High limit (200().
· Fan on (100( – 120().
· Fan off (90( – 100().
· Record the temperatures by placing one thermometer probe into the blower compartment and the other in the supply register closest to the furnace.

· The high limit is a safety feature that causes the burner to shut down if the maximum temperature in the supply plenum reaches 200(. This is factory set. 

· The fan-on and fan-off temperatures are adjustable to meet the comfort needs of occupants. Although they are set at the factory, the fan-on and fan-off temperatures should be recorded and adjusted if necessary. 


Blower Maintenance (Slide #19)
· Furnace blowers, often called squirrel cages, work less efficiently if dirt accumulates on the fins.
· Removing the blower from a mobile home is fairly easy. Remove the bolts, unplug the power lead, and slide it out. 

· Clean the blower fins with compressed air or a stiff brush and reinstall.
Filter Replacement (Slide #20)

· Air filters are often so clogged that airflow is drastically reduced. This restriction may cause heat exchangers to overheat and fail over time.

· Educate clients to check the condition of their filter every month during the heating season and replace it if necessary. Show them a replacement filter and compare it to the old dirty filter. This will drive home the point that air must flow freely through the filter to help maintain comfort and lengthen the life of the furnace.

· Clients need to understand that dirty filters can affect their comfort and reduce the life of the furnace.


Electrical Checks (Slide #21)
Photo of a dangerous wiring connection.

Exposed wiring connections such as those pictured here can pose a hazard. Inadvertent contact between the wiring leads will cause a short circuit. Also note the sharp edge where the leads exit the furnace cabinet. Over time, vibrations may cause the wire to become frayed on this sharp edge and lead to a serious and even life-threatening short circuit. These wires should be stabilized by a circular wire clamp mounted on the furnace cabinet.

· Wiring may be disconnected or improperly connected. 

· Wiring must be enclosed in a code-compliant junction box.

Clearance to Combustibles (Slide #22)
Photos of a flue through a ceiling penetration.
· Refer to NFPA code for clearances. 
· Seal the chimney opening with metal coil stock and high-temperature silicone caulk.

Clean and Tune – All Fuel Types (Slide #23)
· Clean dirty burners.

· Clean and adjust the blower.

· Replace the furnace filter and educate clients how to replace.

· Fix excessive temperature-rise problems.

· Check and adjust fan operating temperatures.

Furnace Replacement #1 (Slide #24)

A furnace should be replaced if any of the following conditions exist:

· The furnace has a cracked heat exchanger.

· Repair and retrofit exceeds half the cost of replacement cost.

· The furnace is not operating or repairable.


Furnace Replacement #2 (Slide #25)
· Select a furnace specifically designed for use in a mobile home.

· Furnace should be sized to meet the heating load requirement of the home according to a Manual J heat loss calculation.

· Note the differences between the old furnace and the new one, and educate clients about those differences.

· Check to see how combustion air is supplied to the furnace.

· Follow the manufacturer’s installation instructions exactly.

· The chimney assembly and roof jack often need to be replaced. 

· A roof jack is the chimney assembly that penetrates the roof and includes the flashing and chimney cap assemblies.


Summary (Slide #26)

· Mobile home heating systems are specific to the housing type, and different from the heating systems in site-built homes.

· Safety and efficiency tests must be performed using both visual and diagnostic tests.

· Mobile home furnaces sometimes need to be replaced due to poor maintenance and cracked heat exchangers.

· Replace furnaces with models that are approved for use in mobile homes.

· Clean blowers, replace filters, and educate clients about the need for routine maintenance.
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