
MONOLAYER RESPONSE TO DILATION AND COMPRESSION 

STUDIED VIA 

PERIODICALLY DRIVEN CAVITY FLOW 

By 

Jonathan J. F. Leung 

A Thesis Submitted to the Graduate Faculty 
of Rensselaer Polytechnic Institute in Partial Fulfillment of the 

Requirements for the Degree of 

Approved by the 
Examining Committee: 

DOCTOR OF PHILOSOPHY 

IN 

MECHANICAL ENGINEERING 

~;(~~ 
Pro. mir Hirsa, TheSIS AdVIsor 

State Universtiy), Member 

Rensselaer Polytechnic Institute 
Troy, New York 

January 2007 
(For Graduation May 2007) 



Abstract 

The effects of surface active monomolecular films at air/water interfaces have been 

documented as early as the 18th century. Since then, numerous scientific, industrial and 

consumer applications have been developed for these surfactant films. Even so, their 

behavior at the interface is not fully understood. In the present research, several 

experimental techniques were developed to study surfactant influenced flows with 

significant inertia in order to better understand the physical interactions between the 

monolayer and the bulk flow. The present flow system consists of a high-aspect ratio 

open-top rectangular cavity where the flow is driven by the sinusoidal motion of the floor 

within its own plane. The monolayer used in this study is Vitamin K1 , an insoluble 

'Langmuir' monolayer. This particular monolayer clearly exhibits coexisting phases, 

ubiquitous of many monolayers, with regions of differing molecular packing densities with 

well-defined boundaries. At the macroscale, the presence of these coexisting phases 

complicates not only flow modeling at small scales, but also the macroscopic response of 

certain flow properties, e.g. surface dilatational viscosity, K,s. The bulk flow with 

monolayer covered surface is usually assumed to be Newtonian and is modeled using 

Navier-Stokes equations with the Boussinesq-Scriven surface model. Even though this 

surface model does not explicitly take into account the coexisting phases in the monolayer, 

it is able to predict (macroscale) flow of monolayers with or without coexisting phase 

domains in which the interfacial properties of surface tension, (), and surface shear 

viscosity, J.Ls , dominate. This model often breaks down when it is applied to flows in 

which surface dilatational viscosity is significant. Several previous studies have attempted 

to measure this quantity and each has yielded inconsistent results; in some cases apparent 

negative values of K,s were obtained. Data, in the form of Brewster angle microscope 

(BAM) images, obtained in this study is used to show how the Boussinesq-Scriven surface 

model breaks down when applied to monolayers undergoing significant dilation and 

compression. The surface model treats the coexisting domains as passive elements, when 

in actuality they have an active and complex two-way coupling with the flow. The model 

is unable to predict the physics at the microscopic length scale of the individual domains. 

For example, it does not take into account any mass transfer between the coexisting 

phases, which is clearly documented in the present results. 
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