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ABSTRACT

Nearly every material known to man undergoes a change in volume 
when exposed to fluctuations in temperature. Materials in the gaseous 
state change volume much more with a change in temperature than 
liquids do, which in turn change volume much more than solids do. 
Aside from a few exceptions, as the temperature of a material increases 
the volume of the material increases. For the liquid case, this increase 
in volume often results in a significant pressure increase within the 
container holding the liquid. This increase in pressure can lead to the 
container failing if it is not properly protected.

At any facility that transports or stores any amount of fluids the risk 
fluid thermal expansion poses on the equipment, and therefore the 
personnel, must be considered. Typically, any piece of equipment or 
pipe that normally contains a fluid and can be completely isolated is at 
risk of failing due to thermal fluid expansion. 
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DETERMINING HOW MUCH A FLUID WILL EXPAND 

FLUID THERMAL EXPANSION

To determine how much a material will expand one must first estimate what the 
worst-case scenario temperature increase is. For example, if water is used as 
a cooling fluid through a heat exchanger with a process fluid at 70°C then the 
worst-case temperature is probably 70°C. This is the temperature the water would 
eventually reach if the utility side has accidentally been isolated while the process 
side is still flowing. 

Sometimes determining the worst-case temperature is not as straight forward 
and requires some creative thinking. One scenario that is relatively common is 
the temperature increase due to exposure to sunlight. This temperature can be 
estimated by assuming the object in sunlight is a perfectly black surface and 
that the sun delivers 1 kW of power per square meter at the Earth’s surface. The 
temperature of the object will continue to rise until the radiation it is emitting is 
equal to that which it is absorbing from the sun. This temperature is 91°C. This 
value is generally the upper limit as it does not include effects from convection 
which would cool the object. In truth this temperature will likely never be reached 
by any object facing the sun, but it is useful for determining the maximum amount 
a fluid will expand when exposed to direct sunlight.

To calculate how much a fluid will increase in volume with an increase in temperature 
one needs the fluids coefficient of volume expansion, denoted as ß. The following 
table contains this coefficient for various common fluids.



COEFFICIENTS OF EXPANSION FOR VARIOUS FLUIDS1

Source: 1) https://www.engineeringtoolbox.com/cubical-expansion-coefficients-d_1262.html

Liquid
Volumetric Coefficient of Expansion

(1/K, 1/oC) (1/oF)

Acetic Acid 0.00110 0.00061

Acetone 0.00143 0.00079

Alcohol, Ethyl (Ethanol) 0.00109 0.00061

Alcohol, Methyl 
(methanol, wood, alcohol, wood naphtha, wood spirits, CH3OH) 0.00149 0.00083

Ammonia 0.00245 0.00136

Aniline 0.00085 0.00047

Benzene 0.00125 0.00069

Bromine 0.00110 0.00061

Calcium Chloride, 5.8% solution 0.00025

Calcium Chloride, 40.9% solution 0.00046

Carbon Disulfide 0.00119 0.00066

Carbon Tetrachloride 0.00122 0.00068

Chloroform 0.00127 0.00071

Ether 0.00160 0.00089

Ethyl Acetate 0.00138 0.00077

Ethylene Glycol 0.00057 0.00032

Dichlorodifluoromethane Refrigerant R-12 0.0026 0.00144

n-Heptane 0.00124 0.00069

Hydrochloric Acid, 33.2% Solution 0.00046

Isobutyl Alcohol 0.00094 0.00052

Gasoline 0.00095 0.00053

Glycerine (glycerol) 0.00050 0.00028

Kerosene, Jet Fuel 0.00099 0.00055

Mercury 0.00018 0.00010

Methyl Iodide 0.0012 0.00067

n-Octane 0.00114 0.00063

Oil (unused engine oil) 0.00070 0.00039

Olive Oil 0.00070

Paraffin Oil 0.000764 0.00042

Petroleum 0.0010 0.00056

n-Pentane 0.00158 0.00088

Phenol 0.0009 0.00050

Potassium Chloride, 24.3% solution 0.00035

Sodium Chloride, 20.6% solution 0.00041

Sodium Sulfate, 24% solution 0.00041

Sulfuric Acid, concentrated 0.00055 0.00031

Toluene 0.00108 0.00060

Trichloroethylene 0.001170 0.00065

Turpentine 0.001000 0.00056

Water at approx. 20oC (68oF) 0.000214 0.00012



Once the correct coefficient from the table is obtained the following 
equation is used to determine the increase in volume of the fluid.

           ∆V = ßV∆T 

∆V  –  the change in volume of the fluid [m3]
V  –  the volume of the fluid at the initial temperature [m3]
∆T  –  The change in temperature of the fluid [°C]
ß  –  the fluids volumetric coefficient of thermal expansion [1/°C]

As a quick example, let us say that 2 m3 of water at 20°C is sitting in 
a pipe that is exposed to the sun. Assuming the worst-case scenario 
and obtaining the correct coefficient from the table the increase in 
volume would be 0.028 m3. While this may not seem like a lot, in a 
rigid container this can result in a pressure increase exceeding 1,000 
psi (depending on the containers own coefficient of expansion and 
rigidity). With pressure increases such as this is, it becomes obvious 
that some form of protection is required.

1)   https://www.engineeringtoolbox.com/cubical-expansion-coefficients-d_1262.html
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PROTECTING AGAINST FLUID THERMAL EXPANSION

FLUID THERMAL EXPANSION

For cases such as the example listed above, the simplest way to protect the 
equipment is to install a small safety valve on the section that is isolated and set the 
release pressure at or just below the pressure rating of the equipment with lowest 
pressure rating. When the equipment heats up and the pressure rises the fluid will 
be released from the valve into the atmosphere. Sometimes the fluid cannot be 
released to the atmosphere. In these cases, the outlet piping of the safety valve 
should be routed to the nearest safe release point.



BSI Engineering is a full-service provider of 
engineering and design services for a very broad 
range of industry sectors.

The majority of our 200+ employees have over 
twenty years of technical experience and are ready 
to add their expertise to your project from any of our 
midwestern office locations.  We deliver exceptional 
value for our clients wanting a fully integrated, 
engineering-led EPCM model.

THANK YOU
FOR CHOOSING US!

300 E-Business Way, Suite 300
Cincinnati OH 45241

Phone: 513-201-3100
Fax: 513-201-3190

E-mail: info@bsiengr.com
Website: www.bsiengr.com

7Fluid Thermal Expansion


