
Miniature Evaporative Cooling Device 

for Focal Cooling Treatment of Epileptic Seizures

Asuka Firdaus, Mechanical Engineering
Professor Tianyu Yang

Arizona State University’s School for Engineering of Matter, Transport and Energy

Introduction

Of the roughly fifty million people globally with 
epilepsy, one-third are estimated to have drug-
resistant epilepsy (DRE), where anti-seizure 
drugs are ineffective and epileptic seizures 
persist. Focal cooling is a safe and effective 
treatment for seizures in people with DRE. 
Wearable evaporative cooling devices have 
previously been fabricated but not yet as small 
as the centimeter scale. 

Objective
This project aims to design a miniature 
wearable cooling device that provides focal 
cooling treatment to people with DRE.

Experimental Design

Experimental Setup

Figure 7: Simulation of steady 
state temperature distribution 
of evaporator when applied to 

skin (COMSOL). Natural 
convection from air, 

conduction from skin, and 
conduction from the working 

fluid are modeled (evaporative 
heat transfer from evaporator 

is not modeled). Boundary 
conditions include the bottom 

of the evaporator having a 
temperature of 37 °C, or skin 

temperature.

Figure 6: Experimental setup of 
cooling loop consisting of 1. 

motors acting as the pump to 
control the flow rate and 

pressure of the fluid inside the 
loop, 2. its power supply, 3. a 
thermometer to measure the 
temperatures at the inlet and 

outlet of the evaporator, 4. 
condenser, 5. valve, and 6. 
evaporator. Evaporator and 

condenser designs from Figure 
4a were used.

Simulation

- Scale design down to centimeter and millimeter scales (i.e. 
make evaporator smaller, make design more compact)

- Replace 3D-printed parts with components made of PDMS, a 
softer flexible material

- Use pressure data to correlate pump power to evaporation 
rate 

Future Research
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Figure 8: Temperatures of evaporator inlet and outlet with 
motor running
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Figure 4b: 3D print of Figure 4a. 

Figure 1: Proposed Evaporative Cooling Loop Design. 
Working fluid is Novec 7000, a nontoxic material.

Figure 4a: Evaporator/condenser design 
with hollow inside and hose barb outlets. 

Diameter of 20 mm. Top printed and glued 
on separately.

Challenges

- Finding adequate valve with 
function based solely on 
pressure drop

- Current valve opens/closes 
based on opening pressure at 
the inlet as well as pressure 
drop

- Rather than establishing 
temperature differential, 
temperatures of both inlet and 
outlet increase steadily,
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Qdot, 1: Heating by conduction via skin 
ṁevaporation x ΔHlatent heat 
= kA x ∂T/ ∂x = kA ΔT/w

A

w

Qdot, 2

Qdot, 2: Heat loss via evaporator 
ṁevaporation x ΔHlatent heat 
= kA x ∂T/ ∂x = kA ΔT/w
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Figure 5: Schematic of evaporator component on skin 
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