
Thermal Expansion 
 
What is Thermal Expansion? 
When water is heated it expands. For example, water heated from 90ºF to a thermostat setting of 140ºF in 
a 40 gallon hot water heater will expand by almost one-half gallon. This is because when water is heated, its 
density decreases and its volume expands (see below). Since water is not compressible, the extra volume 
created by expansion must go someplace. During no-flow periods in a system, pressure reducing valves, 
backflow preventers, and other one-way valves are closed, thus eliminating a path for expanded water to 
flow back to the system supply. Hence, system pressure increases. 
 

 
 
Thermal expansion of water in a closed plumbing system can create a number of annoying and potentially 
dangerous problems. These include: the build up of unusually high pressure in a system (even when a 
pressure reducing valve is installed); pressure surges; and the chronic or continuous dripping of a 
temperature and pressure (T&P) relief valve. In addition, dripping faucets and leaking toilet tank ball cock fill 
valves are also symptomatic of thermal expansion.  
 
More serious problems can also occur due to thermal expansion. When dangerous pressures are built up in a 
water heater, internal parts may fail such as the internal flues, fittings or water connections. If a flue way 
collapses it can lead to the potential release of toxic gases, such as carbon monoxide into living spaces. 
Thermal expansion can also lead to a ruptured or distorted hot water heating tank and may void the 
manufacturer’s warranty (see below). 
 

 
Plumbing codes require that thermal expansion control be addressed in plumbing systems. A temperature 
and pressure relief valve is not considered a thermal expansion device. This is because when water 
is allowed to continuously drip from the T&P relief valve, minerals from the water can build up on the valve, 
eventually blocking it. This blockage can render the T&P valve useless and potentially lead to hot water 
heater explosions. The International Plumbing Code (IPC), Uniform Plumbing Code (UPC) and Standard 
Plumbing Code all require thermal expansion control to be addressed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Expansion Tanks - How a Diaphragm Expansion Tank Works 

 
When water is heated in a closed system it expands. Water is not compressible, therefore, the additional 
water volume created has to go someplace. When an expansion tank is installed the excess water enters the 
pre-pressurized tank (figure 1). As the temperature and pressure reaches its maximum, the diaphragm 
flexes against an air cushion (air is compressible) to allow for increased water expansion (figure 2). When 
the system is opened again or the water cools, the water leaves the tank and returns to the system.  

 
figure 1. As the water temperature increases, the expanded water is received by the tank. 
 

 
figure 2. As the water and pressure reaches its maximum, the diaphragm flexes against the air cushion (air is 
compressible) to allow for increased water expansion. 
 
 
Selecting an Expansion Tank 
 
To properly select the correct expansion tank for a system you can either use the selection guide tables 
which are placed near each tank series throughout this product guide (see figure 3) or use a formula to 
determine the tank volume and acceptance volume requirements. When using a formula it is necessary to 
know the water heater capacity, the water supply pressure, the starting and ending water temperatures and 
the maximum pressure setting of the relief valve. 
 

 
 
 
To select the correct expansion tank, using the selection guides in this product guide, choose the supply 
pressure (for pressures between those shown, use next highest supply pressure), read across the chart to 
the correct tank as indicated by the water heater capacity. For capacities between those shown, use next 
highest capacity. To accommodate the thermal expansion required for higher temperature and/or higher 
pressure systems, multiple tanks may be used. Please contact your local Watts agent for assistance in sizing 
expansion tanks for specific applications requiring multiple tanks. 
 
 
 



 
                                     THERMAL EXPANSION CONTROL 
 
                      
     The West Virginia Plumbing Code requires that a thermal expansion protection 
     be installed on any system that has a containment backflow prevention assembly and a 
     domestic hot water heater. 
 
     Where a backflow prevention device, check valve, or other device is installed on a water 
     supply system utilizing storage water heating equipment such that thermal expansion 
     causes an increase in pressure, a device for controlling pressure shall be installed. 
 
     Thermal expansion of heated water may occur wherever potable water is heated in a closed 
     system. Uncontrolled thermal expansion usually results in leaking faucets or burst washing 
     machine supply hoses, but may result in the collapse of the vent pipe on gas-fired water 
     heaters, or violently burst water heaters in extreme cases. 
 
     An expansion tank is designed to absorb thermal expansion that may be created by the hot 
     water heater, if the water user's potable system is closed with a containment principle 
     backflow prevention assembly, a check valve or a pressure reducing valve without an 
     internal bypass. 
 
     The expansion tank must be installed in the cold water service piping on the supply side of 
     the hot water heater prior to any control valves. The size of the expansion tank is based 
     upon the size of the hot water heater and may be determined by referring to the 
     manufacturer recommendations. 
 
 
 
 

 


