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In the spring of 2013, WPI opened one of the most sophis-
ticated fire science laboratories in the nation with one over-
arching mission: to enable researchers to set things on fire 
and study how they burn.

Since then the Fire Protection Engineering Laboratory, 
located at WPI’s Gateway Park campus, has more than lived 
up to that promise. The facility, which actually consists of 
two laboratories, has played host to faculty and student 
researchers who are advancing the study of fire science by 
learning more about the burning characteristics of materi-
als and structures, and applying their findings to help make 
the world a safer place.

Nicholas Dembsey, professor of fire protection engineer-
ing, says the lab was a natural fit for WPI’s trailblazing 
Department of Fire Protection Engineering (FPE), which is 
home to the nation’s first master of science and doctoral 
programs in the field. The department is also a leader in 
research in such areas as fire dynamics, building design, 
and human response to fire-related emergencies.

“The FPE lab at Gateway is one of a few facilities of its 
kind in academia in terms of both capabilities and size,” 
Dembsey says. “It has enhanced the unique nature of WPI’s 
FPE program by greatly expanding our research, project, 
and teaching potential.”

The smaller of the two labs, the Honeywell Fire Protec-
tion Engineering Fundamentals Lab, houses equipment for  
conducting micro- to bench-scale studies using small samples 
(up to about 100 millimeters on a side). Funded in part by 
Honeywell Life Safety, the lab can generate data on funda-
mental fire science variables.

The lab’s cone calorimeter, an advanced bench-scale 
instrument, radiatively heats samples uniformly with elec-
tric coils located in its cone-shaped heater. The smoke is 
collected and analyzed in an exhaust hood.

“By measuring oxygen depletion in exhaust fumes as 
well as factors like temperature and pressure, the calori-
meter calculates heat release rate — the rate at which a fire 
generates energy,” Dembsey says. Our researchers use this 
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data, as well as variables such as smoke production rate and 
time to ignite, to create and test fire simulation models.”

Researchers in the Fundamentals Lab also have access to 
a thermogravimetric analyzer that measures changes in the 
weights of samples as they are heated; a differential scanning 
calorimeter that measures temperature and heat flow as-
sociated with transformations like melting and crystalliza-
tion; and a fire propagation apparatus in which samples are 
placed in a tube so environmental factors can be controlled.

Faculty and student teams have used this equipment to 
improve the accuracy of wildfire modeling, generate biochar 
for wastewater treatment, and investigate the burning prop-
erties of fiber-reinforced polymers (FRPs), composite mate-
rials such as fiberglass that are increasingly used in modern 
building construction. Working with graduate and under-
graduate students, Dembsey has gathered fundamental data 
on the material properties of FRPs, evaluated the effective-
ness of flame-retardant additives, and refined computer 
testing models that simulate the material’s decomposition.

The lab has also helped advance work by Ali Rang-
wala, associate professor of fire protection engineering, who 
is exploring ways to more efficiently burn crude oil as a 
means for cleaning up open water oil spills. Funded by  
$2 million from the U.S. Department of the Interior, the work 
began by exploring the challenge of getting oil to burn in 
the extreme cold of the Arctic, which holds large oil reserves. 
That led to the invention of a technology, called the Flame 
Refluxer, that increases burning efficiency by channeling 
radiative heat from a fire back into its fuel.

Trevor Borth, who manages Rangwala’s Combustion Lab-
oratory (located in WPI’s Salisbury Laboratories building), 
says the research began at the fundamental level, providing 
data on flame spread, heat release rates, and other qualities of 
crude oil burning that helped develop computer models. To 
test those models at larger scales, the research team heads to 
the UL Fire Protection Engineering Performance Lab, the second 

of the FPE labs at Gateway. Funded in part by the UL science 
safety company, the 190-square-meter room features equip-
ment and space for burning structures up to two stories tall.

The centerpiece of the lab is a 6-megawatt calorimeter 
that functions in much the same way as the cone calorim-
eter, but on a significantly larger scale. The calorimeter’s 
large hood, 6 by 6 meters, is located 6 meters above the floor. 
That creates a 6-meter cubic volume where assemblies of 
various configurations can be tested. With the lab’s controlled 
propane supply, researchers can create small- to very large 
fires that can be used to evaluate the reaction of assemblies 
to fires of varying intensities.

“The space works well for large-scale burns because  
its air diffusers neutralize air currents, letting the fires 
behave naturally without wind effects,” says Borth. “For our 
crude oil Refluxer project, we were able to scale up from a 
10-centimeter burner to a 70-centimeter burner.”

Dembsey notes that the lab is ideal for testing not only 
larger samples of materials, but also how those materials 
are structured.

“The large hood is frequently used for industry projects 
that involve the study of fire spread behavior in assemblies 
or systems,” says Dembsey. “One research team recently 
burned a mock-up of a railway car, while other teams have 
burned an exterior cladding system and a soft wall shelter. 
In all these projects, the clients learned key details of system 
behaviors, which they then used to improve fire safety.”

The Performance Lab will also play a vital role in a 
research project led by Brian Meacham, associate professor 
of fire protection engineering. The work is part of a study, 
funded by a $1 million award from the Department of 
Homeland Security, of fire performance of interior and 
exterior green building features. Meacham’s team recently 
constructed a large test rig that can simulate a two-story 
timber house. They will construct test structures within the 
rig using three different framing methods and expose them 
to fires of up to 4 megawatts in intensity to gather data on 
temperature, heat flux, and fire induced strains.

As preparations continue for those large-scale burns, 
the fundamentals and performance labs, which are now 
under the direction of Raymond Ranellone ’11, a 2014 grad-
uate of WPI’s FPE MS program, are being put to good use, 
Dembsey says. “The FPE labs at Gateway are home to inno-
vative research on a daily basis, from large initiatives to 
student projects and collaborations with industry. These 
facilities have truly been a game changer for WPI.”  Re
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Opposite page: In the UL Performance Lab are, from left, Combustion Lab manager Trevor Borth, Joseph Igoe ’16, Jenna Troio ‘18, Kevin O’Hara and  
Panyawat (Oat) Tukaew, MS candidates in fire protection engineering, and FPE Lab manager Raymond Ranellone ’11, ’14 (MS). Below: Running a test on the 
cone calorimeter in the Honeywell Fundamentals Lab are FPE lab assistants Troio and Michael Friedman ’18. 


