
Chapter 10: Installation



Learning Outcomes

 Describe the proper installation of gas-burning furnaces.
 Discuss the differences between an 80%+ and a 90%+ 

furnace installation.
 Describe the use of a plenum and a cross brace.
 Explain the use of a vibration eliminator or flexible 

connector.
 Explain the operation of upflow, downflow, horizontal, and 

multi-position furnaces.



Learning Outcomes

 Describe the proper installation of a gas-burning boiler.
 Locate and identify the components used in a boiler 

installation.
 Describe the typical near-boiler piping of a boiler.
 Explain the proper installation of gas piping.
 Discuss the safe use of tools for threading gas pipe.
 Demonstrate how to properly thread gas pipe.



Before You Start......
 The installation site should be inspected and a checklist 

made.
 Pre-installation checklist:
◦ Pick a location that is suitable for the unit that is being 

installed.
◦ Make sure that venting requirements can be met.
◦ Check for structural issues that may affect the 

installation of piping or ductwork.



Before You Start......
 Pre-installation checklist (cont.):
◦ Plan a gas piping route, including pipe sizing, that will 

properly supply the system.
◦ Plan for proper condensate drainage when applicable.
◦ Check for the proper clearance to combustibles as 

recommended by the manufacturer and in accordance 
with local codes.
◦ Make sure the installation will leave the unit accessible 

for future service.



Before You Start......



Furnace Installation



Furnace Installation

 Forced-air gas furnace installations can be separated into 
two types: 80%+ and 90%+.

 The “+” is used to indicate a range of efficiencies. 80%+ 
would indicate a range of 80% - 89%.

 The main difference between the installation of an 80% 
and a 90% furnace is the vent system required to carry the 
flue gases outside the structure.



Furnace Installation – 80%+

 When installing an 80%+ furnace, keep 
in mind:
◦ They require a metal flue pipe.
◦ They must be vented to a chimney or 

B-vent stack pipe.
◦ Some jurisdictions require a chimney 

liner when venting an 80%+ furnace 
into a brick chimney.



Furnace Installation – 90%+

 When installing a 90%+ furnace, keep 
in mind:
◦ They cannot be vented into a 

chimney.
◦ They are direct vent units; the flue 

pipe must terminate outside.
◦ They require a PVC flue pipe due to 

condensation.
◦ They require a condensate drain 

line, piped to an indoor drain.



Duct Connections

 A furnace installation requires connecting the supply and 
return air ducts.

 The section of duct that connects the furnace to the 
supply or return trunk is called a plenum.

 The return air duct that connects to the furnace may have 
an air filter, filter rack, or electronic air cleaner.



Duct Connections

 The “X” that is pressed into a duct 
is referred to as a cross brace.

 The cross brace strengthens the 
metal and prevents it from flexing. 
when the blower motor energizes.

 Without a cross brace, a loud bang 
may be heard when the blower 
turns on and off.



Duct Connections

 To prevent the transmission of mechanical noise and 
vibration from the furnace to the ductwork, a vibration 
eliminator should be used.



Furnace Configuration

 Building designs vary and the type of furnace used must 
be matched to that design. 

 Duct location will dictate which furnace configuration 
should be used.

 Gas furnaces are engineered to be upflow, downflow, 
horizontal, or multi-position.

 A multi-position furnace is one that can be configured for 
more than one application.



Furnace Configuration – Upflow 

 In an upflow furnace, the blower 
motor is under the heat 
exchangers.

 The supply air discharge is on 
the top and the return air enters 
at the bottom of the unit.



Furnace Configuration – Downflow 

 In a downflow furnace, the 
blower motor is located above 
the heat exchangers.

 The supply air discharge is at the 
bottom of the unit and the 
return air enters at the top.



Furnace Configuration – Horizontal 

 In a horizontal furnace, the blower motor is located on the 
side of the heat exchangers.

 The supply and return air can be at either end of the unit, 
depending on the model.



System Performance

 After a furnace installation is completed, the system 
should be tested to ensure that it will operate as designed.

 The manifold gas pressure should be checked and set to 
the manufacturer’s recommendation, typically 3.5 inches 
WC for natural gas.

 A temperature rise test should be performed once the gas 
pressure is set.



System Performance

 Once the temperature rise is calculated, it can be used in 
the following formula to determine the airflow being 
delivered in cubic feet per minute (CFM):

CFM = Btu/hr output
1.08 x TD

 After calculating the CFM, it can be compared to a blower 
performance chart to verify that the system is delivering 
the airflow that is was designed to.



System Performance – Example 

 A 100,000 Btu/hr 80% furnace is installed in a customer’s 
home. After being fired up, the supply air temperature is 
measured at 125°F and the return air temperature at 70°F. 
What is the actual CFM being delivered to the conditioned 
space? Remember:

CFM = Btu/hr output
1.08 x TD



System Performance – CFM Example

Solution:

Btu/hr Output = 100,000 Btu/hr x .80 = 80,000

TD = Supply Air – Return Air = 125°F – 70° F = 55°F

80,000__ =     80,000 =  1,346.8 CFM
(1.08 × 55) 59.4



Boiler Installation



Boiler Installation

 Unlike furnaces, boiler sizes can reach into the millions of 
Btu/hr.

 Boilers in excess of 225,000 Btu/hr are often sold as 
“knock-down” boilers.

 A “knock-down” boiler is one that is shipped in sections 
and assembled on the jobsite.

 Most boilers have cast-iron heat exchanger sections, 
though some newer models may have copper coils.



Boiler Installation



Boiler Installation - Secondary Piping Loop



Boiler Installation

 The two most common types of pipe used for a boiler 
installation are threaded steel black pipe and copper.

 When using threaded pipe on an installation, pipe joint 
compound or Teflon tape, should not be allowed to enter 
the boiler piping.

 When copper pipe is used on an installation, it should be 
soldered using the manufacturer-recommended type of 
solder.



Boiler Installation

 The venting of a boiler is very 
similar to the venting of a 
furnace.

 On some high-efficiency 
models, the manufacturer 
requires a specific type of flue 
pipe, such as a concentric kit.

 Most boilers have a motorized 
vent damper installed on the 
flue pipe.



Near-Boiler Piping

 When a new boiler is installed in place of an old one, the 
piping and components near the boiler should be replaced 
as well. 

 These components may include:
◦ Expansion tank
◦ Fill valve
◦ Air separator (scoop)
◦ Automatic air vent
◦ Circulator pump
◦ Check valve



Near-Boiler Piping – Expansion Tank

 Expansion tank – Allows space for the water to expand 
when heated.

Conventional Tank Extrol Tank



Near-Boiler Piping
 Fill valve – Keeps the boiler pressurized with water. It is 

factory set at 12PSI, which should suffice for most residential 
applications.

 Air separator or scoop – Helps to separate air bubbles from 
the water as it passes through.

 Automatic air vent – Uses a float mechanism to purge air 
from the piping system.



Near-Boiler Piping

 Circulator pump – Circulates the heated water through the 
boiler, piping, and heating terminals.

 Check valve – Allows water flow in one direction only, 
separates the boiler water from the domestic water.



Near-Boiler Piping



Point of No Pressure Change

 The point of no pressure change is the point where the 
expansion tank is connected to the system piping in a 
closed-loop boiler system.

 Regardless of what is going on in the rest of the system, 
the pressure will remain constant at this point.



Point of No Pressure Change



Gas Pipe Installation



Gas Pipe Installation

 Some of the most common code requirements include:
◦ Piping should be sloped a minimum of ¼-inch per 15 

feet.
◦ Piping should be supported every 6 feet for ½-inch pipe, 

8 feet for ¾ or 1-inch.
◦ Piping should also be supported at each change of 

direction.
◦ Each appliance requires its own manual gas shutoff.



Gas Pipe Installation

 Common code requirements (cont.):
◦ Proper supports include pipe hooks, metal pipe straps, 

metal bands or brackets, or metal hangers.
◦ Sediment traps are required for thermostatically 

operated appliances such as: furnaces, boilers, water 
heaters, and space heaters.
◦ A manual gas shutoff is required within 2 feet of the 

appliance, located in the same room.



Gas Pipe Installation

 Gas piping should be kept as short and direct as possible.
 It should also be leak tested before being put into service.
 The most common type of pipe used for gas is threaded 

steel black pipe.
 Other types of pipe may include copper, Polyethylene (PE), 

or corrugated stainless steel tubing (CSST).



Gas Pipe Installation 

 When joining threaded pipe, joint compound or Teflon 
tape is required.

 These materials are primarily used as a lubricant to lower 
friction, allowing the pipe and fitting to be tightened 
completely.

 When applying the compound to the threads, the last two 
or three threads should be left bare.



Pipe Threading

 Steel black pipe can be cut and threaded for the 
installation of gas or boiler piping.

 A manual ratcheting threader, die set, pipe vice, reamer, 
and an automatic threading machine are some of the tools 
used.



Pipe Threading

 A general threading process is as follows:
◦ Secure the pipe to be threaded into a pipe vise.
◦ Apply cutting oil liberally to the end of the pipe being 

threaded.
◦ Place the ratcheting handle and die over the end of the pipe.
◦ Turn the ratcheting die clockwise to thread it onto the pipe.
◦ Continue to add cutting oil during the process, every 1 to 2 

threads.
◦ Thread the die onto the pipe until the pipe is flush with the 

blades at the end of the die.



Pipe Threading

 Threading process (cont.)
◦ There should be 7 to 8 full threads when completed.
◦ Reverse the knob on the ratcheting handle.
◦ Turn the die counter-clockwise to remove it from the 

pipe. Add more oil if necessary.
◦ Remove the die from the pipe and inspect the threads 

for nicks or imperfections.
◦ Ream the end of the pipe.



Leak Testing

 A leak test should be done using either an electronic leak 
detector or a bubble solution.

 Natural gas has no odor; odorants, such as sulfur 
compounds, are added for leak detection purposes.
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