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Flow through a Constriction
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Transcription factor (Prox1) 
expression varies with flow profile!
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Microfluidic Perfusion Culture of Murine Embryos
Kiara Cui

Images from (left to right, top to bottom): (1) Cartas-Ayala, M. and Bose, S. RSC Chips and 
Tips, Nov 2011, (2) Zeiss, 

(3) Yi Zhang (HHMI profile), (4) Eriebacher, A. Nature Reviews Immunology 13, 23-33, 2013.

Reduces material usage Enables live imaging

Lengthens developmental 
window in vitro

Mimics in utero environment

Motivation

Nutrient
Flow

Proposed Device Design

Examining tear film component deposition on contact lenses
Noelle Rabiah

Deposition profiles 
(2% Alexa Fluor 488-tagged lysozyme)
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Film drainage and dewetting properties

Composition and quantification of deposits 
through solid-state NMR
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Interfacial Dewetting and Drainage 
Optical Platform (i-DDrOP)

Interfacial stability of protein-surfactant solutions
Aadithya Kannan

www.gene.com

Monoclonal Antibodies (mAbs) : Used in the treatment of 
cancer, Alzheimer’s, etc.

Surface adsorption leads to aggregation 
affecting drug efficacy and safety

Confocal images of air-solution interface (mAbs: green 
(fluorescently labelled), surfactants: black

Dilatational rheology Thin film drainage and bubble coalescence
Marangoni instabilities for mobile 

films

Surfactants added to competitively adsorb to the 
interface

Droplet Coalescence and Spontaneous Emulsification in the 

Presence of Asphaltenes - Simone Bochner

Solutocapillary flows in thin films
Mariana Rodriguez-Hakim

Silicone oil mixture
• 0.99 wt/wt 1cSt (volatile)
• 0.01 wt/wt 5cSt (nonvolatile)

Dome holder

Glass dome

Top camera

Pure 1cSt
0.01 wt/wt 5cSt, 0.99 
wt/wt 1cSt

Live cell monolayer rheometer 
(LCMR)

Microscope 

Objective

Cells

Collagen

Cover slip

20𝜇m

Force sensor (𝝉)

µ-manipulator (𝜸)

Top plate

Shear strain Shear stress

hTCEpi cells under load

γ=0.45

Gpeak=426[Pa]

Gresidual=40.36 ± 0.02 [Pa] 

Increasing 

strain values

Strain softening effect

𝛾 = 0.45

Nuclei visible
Scale bar: 5μm

Nuclei indistinguishable
Scale bar: 5μm

Rheology of cell monolayers
Chunzi Liu, Juho Pokki

Cell viability influences the 

rheological response.

Next steps:

• Confirm the data with creep 

experiments

• Study the molecular 

contribution to the 

rheological reponses

Spreading of miscible liquids 
Dan Walls

100,000 cSt – 1 cSt60,000 cSt – 1 cSt10,000 cSt – 1 cStcorn syrup – water

Leading edge radius vs. time (sessile drop)
symbol shape     surface

hydrophobic
hydrophilic

simulation

oleophobic
teflon

water–glycerol
water–corn syrup

1 cSt silicone oils–1000 cSt
1 cSt silicone oils–10,000 cSt

5 cSt silicone oils–1000 cSt
5 cSt silicone oils–10,000 cSt

10 cSt silicone oils–1000 cSt
10 cSt silicone oils–10,000 cSt

symbol color     liquid pair

Volume vs. time (pendant)

leading edge radius

contact

line radius

PTV

confocal

Sessile drop of corn syrup in water spreading 

across hydrophobic glass: (bottom view left, 

side view top right, ptv middle right, confocal 

bottom right)

Sessile drop of 10,000 cSt silicone oil in 1 cSt silicone oil spreading across hydrophobic glass: 

(experiment left, simulation right)

Pendant drop of corn syrup suspended in water: (experiment top, simulation bottom, ptv right)

PTV

Characterizing the shear mechanics of the endothelium
Ada Undieh

TNF-α (10ng/mL, 4h)

Seabold et al. (2005) Blood. 105:3569-3576

Control
Disease Model: InflammationLive Cell Monolayer Rheometer (LCMR)

~70% increase 
in Gpeak

~60% increase 
in Gresidual

TNF-α-Induces Monolayer Stiffening

a. Schematic of the experimental setup. b. Positioning of 

the bubble, before and during the experiments 

Experimental Setup Solutocapillary flows aid foam stabilization in lubricant base oils

Group I Group IV

5% 20 cSt in 50 cSt Pure 50 cSt Silicone Oil 

Lubricant Base Oils Silicone Oil Mixtures

Experiments

Solid Antifoam Liquid Antifoam

SimulationsThickness profile

Antifoam Mechanics

Mitigating foaming in lubricants
Vinny Suja

In vitro flow devices to study physiological flows in blood and 
lymphatic vessels 

Vinay Surya and Eleftheria Michalaki

Evaporation-induced concentration gradients 
drive Marangoni flows in nanoscale liquid films


