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4-131  A cylinder is initially filled with helium gas at a specified state. Helium is compressed polytropically to a specified 
temperature and pressure. The heat transfer during the process is to be determined. 

Assumptions 1 Helium is an ideal gas with constant specific heats. 2 The cylinder is stationary and thus the kinetic and 
potential energy changes are negligible.   3 The thermal energy stored in the cylinder itself is negligible. 4 The compression 
or expansion process is quasi-equilibrium.  

Properties The gas constant of helium is R = 2.0769 kPa.m3/kg.K (Table A-1). Also, cv = 3.1156 kJ/kg.K (Table A-2). 

Analysis  The mass of helium and the exponent n are determined to be 
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Then the boundary work for this polytropic process can be determined from 
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We take the contents of the cylinder as the system. This is a closed system since no mass enters or leaves.  Taking the 
direction of heat transfer to be to the cylinder, the energy balance for this stationary closed system can be expressed as 
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Substituting,  

 Qin = (0.123 kg)(3.1156 kJ/kg·K)(413 - 293)K - (57.2 kJ) = -11.2 kJ 

The negative sign indicates that heat is lost from the system. 
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