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RYAN et al. [1] advanced a comprehensive study of the atom-
ization of impinging-jet injectors which involved both experi-

mental and modeling efforts. As they pointed out, even though their
model was quite successful in providing predictions of atomization
characteristics in the laminar flow regime, the model predictions
exhibited notable disagreement with their drop size data under
turbulent flow conditions. Ryan et al. [1] postulated that the discre-
pancy was due to the fact that their model considered only the effects
of aerodynamic waves on atomization and did not include the
contribution of the impact waves referred to by Dombrowski and
Hooper [2]. Jung et al. [3] owed the lack of agreement to the
utilization of various orifices with different materials, inner surface
roughness, and treatment quality of orifice holes in Ryan et al.’s [1]
experiments. Although these justifications are valid, they are not
sufficient to explain the fact that Ryan et al.’s [1] model predicted
drop sizes that were, in some cases, twice as large as their measured
counterparts especially at highWeber number. It will be shown in this
comment that the discrepancy mainly stems from the nature of the
data employed in the model verification rather than the model’s
accuracy, at least for the experimental range investigated.

Kang and Poulikakos [4] reported experimental measurements for
drop sizes versus impingement angle, jet velocity, orifice diameter,
and liquid properties for turbulent impinging-jet atomization. An
interesting feature of their work is that they documented length-mean
d10, Sauter-mean d32, and mass-median-mean dMMD diameters of
spray drops. As their measurements indicate, themagnitudes of these
diameters can be quite different. Ryan et al.’s [1] published drop size
measurements were made at a single spatial location of 16 mm along
the sheet centerline, meaning that they correspond to length-mean
diameters. In general, most experimental studies focus on measuring
themore commonly used Sauter-mean diameter. As can be seen from
Figs. 4 and 5 of Kang and Poulikakos [4], the length-mean diameter
d10 is much smaller than the Sauter-mean diameter d32, which in turn
is smaller than the mass-median diameter dMMD. Therefore, it is
apparent that a major source of the overestimation of Ryan et al.’s [1]
model predictions compared to turbulent atomization data may orig-
inate from the use of measurements of length-mean drop diameter
rather than Sauter-mean diameter.

To test the preceding hypothesis, comparisons between Ryan
et al.’s [1] model predictions and Kang and Poulikakos’s [4] drop
Sauter-mean diameter data documented in Figs. 4a and 4b of their
paper are illustrated in Figs. 1 and 2 of this comment.

Figure 1 contrasts drop diameter estimates given by Ryan et al.’s
[1] model against the length-mean and Sauter-mean diameter mea-
surements of Kang and Poulikakos [4] plotted in Fig. 4a of
their article for �� 30, 45, 60 deg (2�� 60, 90, 120 deg), d0�
1:016 mm, and U� 12:0 m=s (corresponding to We� 2010),
where � is half the impingement angle,U is the mean liquid velocity,
and We is Weber number based on liquid properties, mean liquid
velocity, and orifice diameter d0. The length-mean and Sauter-mean
drop diameters are made dimensionless by dividing by the orifice
diameter. The model predictions are computed according to Eq. (14)
of Ryan et al. [1] for the same experimental conditions used in their
study and properties of liquid water injected into atmospheric air.

As evident from Fig. 1, the model predictions agree quite favor-
ably, qualitatively and quantitatively, with the measurements of
Sauter-mean drop diameter. The agreement between model predic-
tions and data for length-mean diameter is far less favorable. The
model predictions are somewhat improved at higher impingement
angles for the Sauter-mean diameter. Whereas the Sauter-mean
diameter decreases with increasing impingement angle, the length-
mean diameter measurements appear to be insensitive to it. The
results in Fig. 1 confirm that the discrepancy betweenRyan et al.’s [1]
model predictions and their drop size data based on length-mean
diameter reported in their original article could very well be a
consequence of not employing the Sauter-mean diameter in their
comparison.

Figure 2 depicts Ryan et al.’s [1] model drop diameter predictions
versus the length-mean and Sauter-mean diameter data of Kang and
Poulikakos [4] presented in their Fig. 4b for �� 45 deg (2��
90 deg),d0 � 1:016 mm, andU� 12:0, 15.4, and 19:1 m=s (corres-
ponding to We� 2010, 3310, 5091, respectively). It is visible in
Fig. 2 that Ryan et al.’s [1] model is capable of generating much
closer predictions of the measured Sauter-mean diameter rather than
the length-mean diameter. Therefore, the trend observed in Fig. 1 is
further affirmed by the findings of Fig. 2. The agreement between the
model predictions and either mean diameter measurements is
enhanced at lower Weber number. This is expected becuase, as

Fig. 1 Comparison of model predictions with experimental data.
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Weber number is increased, turbulence becomesmore prominent and
the model’s inability to account for turbulence phenomena becomes
more of a liability.

It is worth noting that the nonlinear model of Ibrahim and Outland
[5] turns out almost identical results as that of Ryan et al. [1] for the
computations encountered in Figs. 1 and 2. This is quite interesting
because the two models’ predictions deviated in the range of param-
eters investigated in Ibrahim and Outland [5]. However, the reason
behind these events might be that, forWe > 2000, the predictions of
two models converge, as can be attested from Figs. 10 and 11 of
Ibrahim and Outland [5]. It is therefore surmised that the nonlinear
effects are surpassed by turbulence effects in the range of experi-
mental data exploited in the present Comment.

The results elucidated here offer no assurance that current aerody-
namic-based models can be used to render reliable predictions of
turbulent impinging-jet atomization at Weber number higher than

that examined. Therefore, an effort to develop a rigorous model that
incorporates impact wave influence on atomization under turbulent
flow conditions, such as that begun by Anderson et al. [6], is highly
warranted. However, until such a model is available, the present
comment can benefit today’s designers, whose only option is to apply
the readily available modeling tools to guide their decision making.
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Fig. 2 Comparison of model predictions with experimental data.
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