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Fig. 5 Comparison of ¹thrust vs H for varying Re: ² = 5.4.

Figure 4 shows the coef� cient of discharge for these cases. The
general trend is as expected, with an increase in throat aspect ratio
leading to a solution that tends toward the two-dimensionalsolution
as the viscous side-wall effects become less in� uential. Figure 5
shows a comparison between two- and three-dimensional results
for throat aspect ratios and thrust ef� cienciesover speci� c Reynolds
numbers. Increasing aspect ratio leads to a solution similar to that
in two-dimensions. Throat aspect ratios below 10 appear to occur
when three-dimensionaleffects are most prevalent.

Conclusions
This Note has examined the three-dimensional viscous effects

in micronozzles by means of comparison with experimental data
and two-dimensional computations. The main results can be sum-
marized as follows: � rst, three-dimensional viscous effects are not
the primary cause of divergence between two-dimensional predic-
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E QUATION (1) should be read as follows:
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tions and experimental data. For the nozzle geometries examined
experimentally, the throat aspect ratio is large enough so that vis-
cous side-wall effects have little in� uence. Second, an examination
of varying throat aspect ratios shows that increasing the aspect ra-
tio tends to produce results similar to the two-dimensional case. A
similar trend was witnessed if the Reynolds number was increased
as boundary-layer effects are reduced. It was found that below an
aspect ratio of around 10 three-dimensionaleffects begin to become
signi� cant. Third, causes for the discrepancy in thrust were exam-
ined. Spontaneous condensation was ruled unlikely. Experimental
measurements of this scale are very challenging, and it is proba-
ble that the error present in the experimental work is a contributing
factor to the differences with this computational work.
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