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Introduction

The primary purpose of this manuscript is to present summary
tables of reported work on droplet size and distribution in dispersed two-
phase Tiow. The work is primarily intended for use by those engaged in
design and analysis of two-phase, dispersed flow systems and by researchers
in the field. The nature of the droplet size and distribution plays a
major part in the behavior of the system, for example, with respect to
heat transfer and pressure drop.

The results are presented primarily in tabular form, They
represent the results from a literature search and indicate a summary of
the reported work indicating, where possible, the influence of the primary

variables on the droplet size.

TABLE 1

Table I shows the reported experimental data. It is divided
into three parts, (IA) constant flow across sections, (IB) nozzles orfices
and sprays and (IC) 1iquid-liquid systems. Since there is not a consensus
on the mechanism of droplet formation and breck-up, the relationship between
these systems is not known. Despite the substantial difference between the
systems, there appears to be a good deal of similarity in the reported
droplet size range and in the distributions.

These tables indicate a need for a standardization of measure-
ment techniques (not necessarily for a single technique) and for a
standarized system of data reduction and for the reporting of the reliability
of the data. Further, it would be extremeiy helpful if there were a few
standara represenctations of the data reported (such as the Sauter Mean

Diameter) in order to provide quick and easy comparisons between one



set of data and another. Finally, it would be useful if the distributions
could be compared to several of the frequently reported distributions
systems such as Mugele and Evans (1951), Rosin—Rammler (1933), and Nukiyama
and Tanasawa (1938).

Another substantiel need is to have reported experimental
data in a form that would be useful to test hypotheses or predictive
expressions or to indicate the influence of variablea such as gas
velocity, on the resultant droplet sizes and distributions.

Many of the reported works satisfy a grect deal of the
desired conditions listed above and are certainly helpful in understanding
the nature of the dr plet size and distributions to bc ergected in certain
flow systems. The field, however, seems to be at a point where a greater
uniformity of measurement and data presentation, together with systematic
experimental planning could and should be followed in the future. Certainly,
for achievement of the verification of predictive expressions to be used
in the analys.s and desian of two-phase flow systems,substantially more
and carefully planned experimental studies will be required.

Inconclusion, much useful and carefully gathered data have
been reported, however, there is great need for more work which should be
reported in a uniform method. Secondly, experiments should be carefully
planned to test proposed mechanisms and show the influence of the primary

variables.

TABLE 11

Table 11 presents a summary of predictive expressions for

droplet size and distribution. The predictive expressions for sprays



orifices and liquid-1iquid systems were omitted. Aiso, the table was
limited to expressions which would appear to be useful in design and
analysis studies.

It may t2> seen that the expressions vary widely in form and
that there is not a consensus regarding the identification of the primary
variables, cxcept for that of the continuous fluid velocity.

The authors also differ in the mechanism which they have
proposed to produce the various droplet sizes and distributions. These
mechanisms may be divided into two general classes:

1. Those which study formation of the droplet

from waves or ligaments. These generally
begin with the work of Kelvin-Helmholtz on
wave growth.

2. Those which study the droplet already
formed. The analysis predicts its size
and conditions for break-up. This
study usually fullows a force balance

of the pressure gradient opposed by the
forces produced by the fluid properties.

TABLE 111

Table 111 attempts to show the state of knowledge with respect
to the primary variables as evidenced by the reported experimental data.
This table is divided into several parts. The first shows the influence
of gas velocity. The second, shows the influence of geometry and the
third, the influence of the fluid properties.

These tables show some consensus but, as mentioned previously,
there is a considerable need for more data, particularly from carefully

planned experimental systems, to show the influence of the primary

variables. The reported data could be said to show that the droplet size is



generally proportional to the gas velocity to the minus one to the minus
two power with the consensus, apparently, toward the minus one power.

The influence of the other proposed .ariables is 1éss clear.

SUMMARY AND CONCLUSIONS

In summary, the reported data on droplet size ans distribution
is substantial and certainly helpful to those working in the field. If,
however , the objective is to obtain reliable predictions of droplet size
behavior in various fluid systems with various flow conditions, then,
substantial additional work is needed. Further, this work should be
reported in a uniform and orderly manner and the experiments should be
planned with careful consideration given to the work of current and

previous investigators.

NOTES

The means of representing droplet sizes and distributiuns follow,
with notes on:
Effective Droplet Diameters
Volume - Mass Diumeters

Expressions for Droplet Distributions



diameters.

EFFECTIVE DROPLET DIAMETERS

There are general methods of representing effective droplet

These diameters are designed to effectively represent the

droplets distribution for specific studies such as size comparisons, heat

and mass transfer, etc,

The particular effective diameter is designated

by subscripts and defined in the following expression:

valurs to produce the effective diameter required.

rad dn
d aa) dd
d (Q'p) o dmin
ap s

av(;’—g) dd

dmin

The subscripts and exponents, p and q, are assigned integer

of the droplet distribution curve.

(dn/dd) is the dérivative

Thus the system of (p q) allows the determination of effective

droplet diameters to suit a geometry daoscription and a specific application

as shown below

EFFECTIVE DIAMETERS

Geometry

Application (Examples)

9 © O M~

Linear
Surface Area

Volume

Comparison,
Surface heat transfer, Absorbtion

Hydrology



1 2 Surface-diameter Absorption

1 3 Volume-diameter Molecular diffusion

2 3 Volume-surface mean (Sauter) Mass transfer, reactions
3 4 DeBrakere vombustion, equilibrium

Other droplet dianeters frequently used are
dnax = Mmaximum droplet diameter
Gnean = average droplet diameter
dnedian = median droplet diameter

= 1
dprob most probable droplet diameter



YOLUME - MASS DIAMETERS

In addition to representations with respect to droplet size,
effective diameters have been defined with respect to the volume or mass of
the entire droplet population. Most common of these are diameters related

to total droplet velume defined as:

dm Py or dv - = droplets diameter such that the number
in ) indicates the portion of the
total voiume of droplets with diameters
greater than d.

also,

dv (mean) median volume diameter or diameter where

an equal volume of droplets have diameters

larger aid smaller than d.



EXPRESSIONS FOR DROPLET DISTRIBUTIONS

Several investigators have proposed expressions which will
represent droplet size distributions. It is difficult to assess the agree-
ment between these distributions and the reported data because, for example,
scme allow setting empirical constants orvariables to fit any data group.
Further, not all investigators have attempted to fit their data to the
proposed expressions. Following are fcur of the often-used exprescions.

It is not possible at this present state-of-the-art to
determine whether or not the droplet distributions are a strong function

of the flow system and the flow conditions.

CUMO et al (1974)

a4

rob

MUGELE and EVANS (1951)

(Upper Limit, Log Normal Distribution)

82,2
dv/dy » &— %Y
o
where ad
y =In qnax “ 8

a = constant
dy = volume diameter
8§ = distribution parameter

NUKIYAM A ~TANASAWA (1938)

any i

B = constant
b = size parameter

8 = distribution parameter

$

Any = number of droplets having a diameter greater than d
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