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Analysis of Error Induced by Compressibility of Gas
Flow in Conduits
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ABSTRACT

Due to frictional resistance or variation of cross-sectional area, the pressure of gas
flow in conduit changes along the main flow direction, and its density and velocity also
change accordingly so as to satisfy the principle of mass conservation. However, for the

convenience in practice, it is often seen that the density is assumed to remain constant
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throughout in the analysis of flow characteristics. As a result, significant errors may

appear in some cases. In order to clarify the possible errors induced by such an assumption,
this article is to analyze pressure changes for gas flow in two kinds of conduits, based on
ideal gas law which defines the relations among density, pressure and temperature. The
first kind is isothermal gas flow in uniform conduit, with Mach number M < 0.3 (i.e., M?
<< 1), and the second one is frictionless adiabatic flow in conduit having nonuniform
cross-section, with M < 1.
under the assumption of constant density, Ap”, is higher than that under variable density, Ap.
For the second kind, the pressure drop (or rise) Ap” is lower (or higher) than Ap, depending
on the nature of cross-sectional variation being convergent (or divergent). In the meantime,

a relationship between Ap and Ap” is derived for error correction in each kind, respectively.

%
For the first kind, the result indicates that the pressure drop %
Keywords: Compressibility, Isothermal flow, Adiabatic flow, Pressure change, Error %
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