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MECH 493 project:   Rheology of a Thermo-responsive Material  

Background and research goal 

Thermo-responsive materials undergo a physical change (here a transition 
from liquid to gel) due to a change in temperature. Such materials have 
previously been used as smart materials for a range of biology-inspired 
engineering applications including protein delivery, DNA sequencing, and 
controlled drug delivery. In addition, thermo-responsive polymer solutions 
have been used for active and passive flow control in microchannels, as 
well as for controlling the spreading of droplets as they impact onto a 
surface (Fig. 1) [1]. Here, we focus onto Pluronic solutions that transform 
reversibly into a soft gel at elevated temperatures. The mechanical 
properties of this material in both the liquid phase and in the gel phase 
have not been well described yet. In this study we aim to measure the 
rheological properties of Pluronic solutions under different conditions 
(stress, temperature, concentration, heat rate, salt concentration). 
Samples will be prepared at different concentrations of Pluronic and also salt (NaCl and/or sodium phosphate) 
in water. Systematic experiments will be designed and conducted using a temperature-controlled-rheometer 
at different temperatures, stresses, and heating / cooling rates. Data analysis will reveal empirical correlations 
for different parameters such as yield stress as a function of the experimental variables. 

Tasks to be performed by the student 

1) The student will prepare the test samples. 

2) The student will work with the rheometer to measure the data. 

3) Finally, the student will analyze the measurement data to extract standard parameters that describe the 

material properties. 

The required training for these tasks will be provided. 

Skills/background 

 Good understanding of physics of fluids  

 Comfortable working with experimental tools  

 Knowledge of Matlab or Excel 

Facilities and team: 

All experimental work will be done in the Laboratory for Microfluidics and Nanofluids Research (LaMiNaR) in 
PPC 308 and elsewhere on campus.  
The student will work closely with Prof. Stoeber’s Ph.D. student Maziyar Jalaal. Mazi has extensive experience 
in theoretical and experimental fluid mechanics. 
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Figure 1: Controlled spreading of 
thermo-responsive droplets; top: Tgel 
> Tsubstrate, bottom: Tgel < Tsubstrate, 
scale bars: 2 mm [1]. 


