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Determination of Adiabatic Index for Hydrogen Injector Design 

In hydrogen fuel cells,  the hydrogen injector is responsible for supplying 
hydrogen and recovering hydrogen from the exhaust gas. Hydrogen 
injectors have established their superiority with their excellent 
performance, such as no power consumption, recovery of hydrogen, no 
failure, etc. 

There are many physical parameters involved in the design of a hydrogen 
pilot.  The adiabatic index is one of them. 

The process of high-pressure hydrogen injection can be regarded as an 
adiabatic process, and the calculation of many of its state parameters 
must depend on the determination of the adiabatic index. For mixtures 
of gases, such as recycled tail gas, it  is also necessary to calculate the 
adiabatic index according to the actual components. 

According to the definition of adiabatic index, the ratio of the constant 
pressure specific heat capacity to the constant volume specific heat 
capacity of an ideal gas is i ts adiabatic index, also called specific heat 
capacity ratio. 

k=Cp/Cv 

In contrast,  the adiabatic equation of state for an ideal gas is: 

The generalized equation of state for ideal gases allows the 
determination of parameters such as density, specific volume, 
temperature, and pressure at subcritical, critical,  and supercritical flow 
rates. 

To determine the adiabatic index, we also need to know an important 
equation ---- Meyer's equation. 



Meyer's equation states that at the same temperature, the specific heat 
of pressure of any ideal gas must be greater than its specific heat of 
capacity, and the difference between the two is always equal to a constant.  
Meyer's equation is one of the most important formulas for studying the 
thermophysical properties of ideal gases, and its expression is as follows: 

k=Cp-Cv 

The difference between the constant pressure specific heat capacity and 
the constant volume specific heat capacity of an ideal gas at a given 
temperature is the gas constant. 

Thus, if the constant pressure specific heat capacity of a gas at a certain 
temperature is known, the adiabatic index at the corresponding 
temperature can be calculated 

For mixed gases, the molar constant pressure specific heat capacity of 
the mixed gases can be calculated according to the molar fraction of each 
component, and then the adiabatic index can be obtained. 

The adiabatic index of the hydrogen fuel cell  recycle gas, which is a 
mixture of hydrogen, nitrogen and water vapor, can be calculated 
according to the above method. 

For the common temperature range of the adiabatic index does not 
change much, can also be used in accordance with the table value. 

For the adiabatic indices of real gases, different equations need to be 
followed, which will  be described in a separate paper.
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