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Abstract 
     This review paper will deal with capabilities and limitations of available diagnostics and recent advancements 
of new methods used in spray characterization. Emphasis will be placed upon the quality of measured results 
when applied to difficult conditions and how these results are evaluated in terms of completeness of information 
and uncertainty in the measurements. A brief discussion of what information is required to fully characterize the 
spray will be provided. Argumentation will be presented for integration of experiments and modeling to advance 
our understanding in this area with greater efficiency. Finally, a criticism of our means of storing and distributing 
research information will be advanced. In particular, the current approach of publishing technical papers with 
limited lengths and information will be attacked. 

Introduction 
In this review paper, some of the available diagnostics will be critiqued and their capabilities and measure-

ment characteristics examined in terms of measurement capability, reliability, and expected measurement uncer-
tainty when applied to complex spray flows. Over the past decades, significant progress has been made in the 
development of diagnostics and in modeling efforts. These methods have been applied with the objective of 
gaining an advanced understanding of the complex processes associated with atomization and sprays and subse-
quent turbulent two-phase flows that develop as the sprays are injected into the spray flow field. Information 
requirements, measurement detail, and acceptable measurement uncertainty will depend upon specific spray re-
search goals. In the past, this author has criticized experiments for lacking completeness and quality in the in-
formation measured and for the failure to identify, measure, and record all of the significant parameters needed 
to fully define the process. Complete information must be provided that includes a description of injector type, 
flow parameters inside and outside the atomizer determining the initial conditions and the boundary conditions. 
Spatial and temporal measurements of the drop size distribution, spray dynamics and gas phase mean and fluc-
tuating velocity are fundamental to the characterization of sprays in a research level investigation. Frequently, 
measurement uncertainties are either not considered or are ill-defined.  

Although we may consider our progress to be satisfactory given the extensive development in diagnostics 
and modeling tools, serious deficiencies in our efforts remain. One metric of our relative success may be estab-
lished through the recognition that we have been able to apply advanced measurement methods to obtain spray 
dynamics information in complex flow environments with some reasonable degree of measurement uncertainty. 
Although available diagnostics can provide much detailed information, these capabilities are often not fully ex-
ploited. Given all of our research on spray formation mechanisms and the interaction with the subsequent turbu-
lent two-phase flow, these phenomena still cannot be adequately predicted or described analytically. Our know-
ledge has not reached a level wherewith we can reliably prescribe spray characteristics without the aid of trial 
and error experiments. Complex spray behavior cannot be determined or reliably predicted without the benefit of 
experimentation or modeling augmented by experimental data. Even if we could prescribe spray characteristics, 
in many applications including gas turbine combustion, automotive fuel injection, and other commercial 
processes, we would not know what exactly to prescribe. 

Nonetheless, processes in which atomization and sprays play a significant role including such areas as ener-
gy conversion, medical sprays, spraying pesticides on crops, and numerous other industrial applications demand 
a greater understanding of the interaction of the spray with these processes. If we are to excite interest in our 
field which includes financial support and attracting young capable researchers to join our efforts, we must do 
better at expressing the existing complexities that need to be explored and better understood and how this im-
proved understanding could improve the processes incorporating atomization and sprays. In this review, the po-
tential for the available methods in providing reliable information with definable measurement uncertainty will 
be evaluated and discussed. Recent discoveries and innovations related to these methods will also be reviewed. 
As various experimental methods have evolved and have approached maturity, an unfortunate outcome is that 
researchers tend to believe reported results to be reliable and trustworthy when applied to even the most complex 
spray flow fields. In fact, deficiencies remain in the methods and continued development is required. Measure-
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ments that appear to be plausible may not be and may not have acceptable measurement uncertainty. Although 
time and space does not permit addressing all details involved with each method, more general comments re-
garding possible approaches to assessing measurement reliability and uncertainty will be presented. 

Argumentation will be provided extolling the advantages of integrating experimental measurements with the 
modeling efforts. Currently, most of the experiments and modeling are performed separately and with insuffi-
cient interaction among researchers. In general, the transaction time between experiments and modeling is on the 
order of years. It is suggested that the transaction time should be reduced to seconds or near real-time. As we 
progress, the diagnostics need to be regarded more as sensors for gathering information on the spray processes 
with all of these data processed and recorded in a single information gathering system. Greater integration of the 
existing measurement tools and their improved exploitation to gather complete information on the complex spray 
process is required. These sensors need to be developed to automatically respond to the prevailing flow condi-
tions and be able to adjust their sensitivity to the existing or expected changes in the spray flow field removing 
the uncertainties associated with user judgment and bias. Information collected by the sensors will need to be 
synthesized and integrated into the modeling process so there is a two-way flow of information between the sen-
sors and the ongoing flow calculations. Simultaneous measurements and computation should work in harmony 
wherein the computations request additional experimental information and provide information on the spray flow 
field or where measurements may not be possible or reliable.  

Finally, advances are required in our approach to recording, processing, and making detailed information 
available. Significant advances have been made in other areas wherein information can be easily shared electron-
ically with much greater detail than is available in printed journals. Given the massive storage, search, and mul-
timedia capabilities that are available, it is very archaic to limit reporting work to journals with page length and 
access limitations. Very large databases or electronic libraries of spray research information need to be devel-
oped that are easily accessed along with algorithms to evaluate and accept or reject information in an evolutio-
nary growth of our knowledge and understanding. As information or data are found to be outdated or faulty, it 
needs to be expunged from the main information libraries as is the case in any evolutionary process. 
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