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Latent Heat 

What is phase change? 

The three basic states of matter are solid, liquid, and gas. Because there are three basic states 

of matter, there are six different phase change processes that occur: melting, freezing, 

vaporization, condensation, sublimation, and deposition. The six phase change processes are 

tabulated in the table below. 

 

 To: Solid Liquid Gas 

From:     

Solid   Melting Sublimation 

Liquid  Freezing  Vaporization 

Gas  Deposition Condensation  

 

Phase change of a substance depends on temperature and pressure. For example, to change 

the phase of water from liquid to gas (vaporization), the temperature of the water must be 100°C 

at a pressure of 1.01325 bar (1 atm). But, to vaporize a liquid at a pressure of 2.0 bar requires 

the temperature of the water to be 120.24°C. An 

example of this can be found by studying a pressure 

cooker. A pressure cooker contains tight seals that trap 

steam inside the cooker, increasing the internal 

pressure inside the pot. Because the internal pressure 

is increased, the temperature at which liquid water 

turns into steam is increased, therefore resulting in 

faster cooking times. For water, the relationship 

between vaporization temperatures and vaporization 

pressures are tabulated in steam (saturation) tables 

that can be easily accessed online.  

 



 

____________________________________________________________________________________ 

 2457 NW Dallas St., Grand Prairie, TX 75050  info@thermaplate.com  /   (972) 213-1050 

 

 

What is latent heat? 

Latent heat is the heat absorbed or released by a substance during a phase change. During a 

phase change process, the temperature remains constant. For example, when water turns to 

steam at atmospheric pressure, the temperature of the water and steam remains constant at 

100°C until all the water is turned into steam. Due to the intermolecular forces associated with 

substances undergoing phase 

change, the latent heat can be 

characterized by the work required 

to overcome the intermolecular 

forces that keep the substance at its 

current phase. Latent heat is 

different from sensible heat as 

sensible heat is the heat added to a 

substance that results in a 

temperature change. Latent heat 

addition/subtraction does not result 

in a temperature change.  The 

graph below depicts temperature 

vs. heat addition graph of water 

showing the latent heat of fusion 

and the latent heat of vaporization. 

Sensible heat can be characterized 

by lines that have a positive slope 

and latent heat as lines that have no 

slope. 

 

The three different types of latent heat are: 

• Latent heat of fusion – amount of heat absorbed/released by a substance as it transitions 

from a solid to a liquid (melting/fusion) or from a liquid to a solid (freezing). 

• Latent heat of vaporization – amount of heat absorbed/released by a substance as it 

transitions from a liquid to a gas (vaporization) or from a gas to a liquid (condensation). 

• Latent heat of sublimation – amount of heat absorbed/released by a substance as it 

transitions from a solid to a gas (sublimation) or from a gas to a solid (deposition). 
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How is latent heat related to heat exchangers? 

The latent heat of vaporization is the most common type of latent heat that is encountered in heat 

exchangers as liquids and gases are primarily involved with heat transfer in heat exchangers. 

Compared to sensible heat which is associated with a temperature change, latent heat is usually 

much larger and results in no temperature change. Looking at the example above with water, to 

raise the temperature of water from 0°C to 

100°C requires roughly 420 kJ/kg of heat. To 

change the phase of water from liquid to gas 

would result in 2265 kJ/kg of heat absorbed by 

the water. Comparing sensible heat transfer vs. 

latent heat transfer leads to the conclusion that 

latent heat transfer is more favorable in heat 

exchangers due to the higher rate of heat 

transfer without requiring a temperature 

change. To calculate the amount of heat 

transfer that occurs between two fluids in a heat 

exchanger, the equation below is used.  

�̇� = 𝑈𝐴∆𝑇𝐿𝑀 
 

 

�̇� represents the heat transfer rate (W), U  is the overall heat transfer coefficient (W/m2·K), & ∆𝑇𝐿𝑀 

represents the logarithmic mean temperature difference between the two fluid streams (K). 

Consider two identical heat exchangers containing identical fluids (water) except that one heat 

exchanger contains water that is undergoing a phase change from liquid to gas while the other 

one does not. If phase change is involved, the U value is considerably higher resulting in an 

increase in heat transfer between the two fluids. Comparable U values for a heat exchanger 

involving phase change vs. no phase change is shown below: 

• Condensing steam to water: 300 – 550 Btu/hr·ft2·°F 

• Water to water: 100 – 225 Btu/hr·ft2·°F 
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Heat exchanger design: 

Pillow plate heat exchangers manufactured by ThermaPlate can be used to take advantage 

of latent heat to heat water or any other fluid to higher temperatures for use in many different 

applications. Utilization of latent heat in heat exchangers can be sub-categorized into three main 

categories: condensing, evaporation, and melting/freezing.  

 

• Condensing – usually used for steam applications 

o Condensing steam can be used internally and externally for a heat exchanger to 

increase the U  value dramatically as the latent heat of vaporization is ultimately 

released to the other fluid media without a temperature change requirement. An 

example of this is in waste heat recovery where the water vapor in the exhaust is 

condensed onto the surface of the heat exchanger, raising the U  value.  

• Evaporating – usually used for refrigeration applications 

o Evaporating refrigerants can also be used, often internally in a heat exchanger to 

also increase the U value. Refrigerants are used in evaporative heat exchangers 

because the latent heat of vaporization is not as high as water, therefore inducing 

phase change much more quickly. Refrigerants are often used in evaporative heat 

exchangers due to their lower boiling point compared to water.  

• Freezing/melting – used in icemakers and for phase change materials (PCMs) 

o Freezing/melting heat exchangers are commonly used in thermal storage systems 

and/or large industrial ice plants. This type of design is used for storing energy for 

lower temperature applications.  

 

Using latent heat is beneficial to the sizing and efficiency of a heat exchanger. Because latent 

heat takes advantage of heat transfer without a temperature change, this leads to a reduction in 

size of the heat exchanger with an increase in efficiency.  

 

 

For additional information, contact a ThermaPlate representative. 


