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Nomenclature
d = diameter
f = breakup parameter
h = sheet thickness
K = sheet parameter
Oh = Ohnserge number
R jet radius
Re = Reynolds number
r = distance from impingement point to plate tip
U = velocity
We = Weber number
n = wave amplitude
I = viscosity
P = density
o = surface tension
Subscripts
D = droplet
g = gas
j = jet
L = ligament
l = liquid
m = mean
)4 = plate

I. Introduction

HE liquid-film atomization nozzles have numerous applica-

tions, such as in gas turbines, liquid-fueled rocket engines,
automobile engines, and recovery boilers in the pulp and paper
industry. One method of film formation is by impinging aliquid jet on
a solid surface. This method has several advantages, such as low
injection-pressure loss and high controllability of the generated
liquid film [1]. In this type of nozzle, a jet of fluid impinges on a
splash plate and spreads out radially while thinning. The formed

Received 1 April 2008; revision received 14 April 2009; accepted for
publication 20 May 2009. Copyright © 2009 by Araz Sarchami. Published by
the American Institute of Aeronautics and Astronautics, Inc., with permis-
sion. Copies of this paper may be made for personal or internal use, on
condition that the copier pay the $10.00 per-copy fee to the Copyright
Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923; include
the code 0001-1452/09 and $10.00 in correspondence with the CCC.

*Ph.D. Candidate, Mechanical and Industrial Engineering, 5 King’s
College Road. Member AIAA.

Professor, Mechanical and Industrial Engineering, 5 King’s College
Road. Member AIAA.

*Professor, Pulp and Paper Center, 200 College Street. Member AIAA.

2775

liquid sheet breaks into small droplets under the influence of the
surrounding medium, turbulence, etc.

There have been numerous studies on the sheet breakup process
[2-12], which have identified different modes of disintegrations,
droplet size distribution, etc. The sheet may break due to aerody-
namic wave instability, laminar edge instability, laminar tearing,
turbulent edge instability, or turbulent tearing and perforation. The
sheet instability is described based on an instability theory using both
linear and nonlinear theories. The linear instability theory considers
the growth of infinitesimal disturbances due to aerodynamic stresses
on the surface of a liquid sheet due to disturbances originated in the
pipe and at the injection time. The wave with the maximum growth
rate is assumed to cause the breakup of the sheet. Various relations
have been developed for the maximum growth rate of such
disturbances. Essentially, all the proposed models provide a pertur-
bation amplitude in the following form:
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where o, is the maximum growth rate of the instability wave. The
growth rates obtained based on the linear theory are independent of
the initial disturbance amplitude. However, to find the breakup time
and breakup length, we need to use Eq. (1), which requires 7, the
initial disturbance amplitude, which is generally not available. To
overcome this problem, the experimentally measured breakup time
or breakup length are used to estimate a value for the initial distur-
bance amplitude, which in fact represents an empirical param-
eter adjusting the theoretical model to match the experimental values.
This Note examines the validity of the commonly used parameters
for the initial amplitude and provides a new procedure to determine
the initial amplitude with improved accuracy and universality.

II. Initial Wave Amplitude
The breakup time of a liquid sheet can be predicted using the

growth rate of a perturbation wave and its initial amplitude. Inversely,
the breakup time can also be used to infer initial perturbation
amplitude. The breakup time of a liquid sheet can be found based on
the assumption that breakup occurs when the disturbance amplitude
becomes the same as the sheet thickness, n = h. The result is
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where f is referred to as the breakup parameter and it is determined
using experimentally found breakup times. The liquid ligament and
droplet sizes can then be determined using the wavelength respon-
sible for the breakup. Dombrowski and Johns [12] assumed that the
liquid sheet breaks up into cylindrical ligaments, which in turn
become unstable and break into droplets. They provided the follow-
ing equation for the ligament size produced by the instability and
breakup of a two-dimensional attenuating liquid sheet:
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where, in the case of jet-impingement nozzles, k is the thickness
parameter at the plate tip, defined as

k=h,r, “)

Dombrowski and Johns [12] successfully applied their model to
predict droplet size produced by a fan spray. Inamura et al. [1] used
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