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Fig. 1. Schematic diagram of calculation model.
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Fig. 4. Schematic diagram of experimental setup.
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Fig. 7. Light path diagram of Schlieren (LS, light source).
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Fig. 8. Imaging system resolution test results.
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Fig. 9. Distribution of Ma, p, and T along the tube of Case 1.
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Abstract

The fundamental issues related to heat and mass transfer in microchannels have significant research needs
in various engineering fields, such as new materials, microelectronics, and aerospace. This paper addresses the
problem of predicting mass transport characteristics within microtubes by developing numerical methods,
conducting experimental measurements for validation, and analyzing prediction errors.

A one-dimensional approximation method is employed to simplify the compressible flow equations, and a
fourth-order Runge-Kutta numerical method is also used to iteratively solve the governing equations. A
theoretical calculation method suitable for predicting mass transport characteristics in microtubes is established.
This method can calculate various flow parameters along the length of the microtube and can handle different
flow conditions, such as static pressure matching or flow choking at the outlet.

Subsequently, by comparing the numerical calculation results with the theoretical results of the Fanuo line
parameter ratio, the correctness of the numerical calculation method is verified. Also, Schlieren experiments and
a self-designed mass flow measurement device are used to qualitatively and quantitatively verify the
effectiveness of physical computing models. Under typical driving pressure differences, the qualitative agreement
between the calculated and schlieren results for the outlet conditions of the microtube demonstrate the
rationality of the numerical method in terms of static pressure matching and flow choking calculations.
Regarding mass flow prediction, comparisons between theoretical calculations and experimental measurements
under different driving pressures reveal that when the flow inside the microtube is in a fully laminar state, the
mass flow prediction error is within 3%. When the flow is fully turbulent, the prediction error is within 8%.
However, when the flow involves a transition from laminar to turbulent, the prediction error increases to 29%.

During the numerical calculations, based on existing research results, the formula for transition Reynolds
number and the turbulent friction factor are set as input parameters. However, the analyses of the Reynolds

numbers along the length of the microtube and the average friction factors under different conditions show that
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the actual transition Reynolds number in the microtube is lower than the value set in the numerical
calculations. Additionally, there is a significant discrepancy between the calculated turbulent friction factor and
the actual value. Moreover, during the transition from laminar to turbulent flow, the friction factor should
increase continuously with the Reynolds number increasing, but the in the numerical calculations the turbulent
friction factor is directly used to represent this process. These factors are the main reasons for the larger mass

flow prediction errors when the flow involves transition and turbulence.

One dimensional approximation-based prediction method for
mass transfer characteristics in microtubes
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