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Designing and Testing a Simplified 
Thermal Comfort Sensor

Hannah Moring1, Howdy Goudey2, Charlie Curcija2

1University of Florida, 2Lawrence Berkeley National Laboratory

ABSTRACT
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BACKGROUND 
Traditional instrumentation for  measuring 
the environmental  characteristics that affect 
thermal comfort are expensive. The 
environmental factors that affect thermal 
comfort are air temperature, mean radiant 
temperature (MRT), air velocity, and 
humidity. Air velocity and MRT are the 
most challenging and expensive to measure. 
Mean radiant temperature is the average 
temperature of everything in the 
surroundings which can radiate heat. The 
proposed device works on the principle of 
net heat flux leaving a body maintained at a 
constant temperature. 

RESEARCH QUESTION

PROTOTYPE DESIGNS
• Two aluminum  plates heated to 37 ℃ by 

resistors powered by PID controlled relay
• PID controller implemented by 

microcontroller datalogger
• One plate covered in low emissivity (0.05) tape 

and the other with a high emissivity (0.95) 
tape

• Plates and resistors surrounded by insulation 
for heat flow in one dimension

• HFS Method: uses thin-film heat flux sensors  
to measure heat flux across plates.

• DPC Method: Uses metering of power input 
required to maintain temperature and device 
dimensions to calculate heat flux.

• DPC is less expensive by omitting the HFS

FUTURE 
CONSIDERATIONS & 

APPLICATIONS

Is it feasible and practical to measure 
radiative and convective  heat flux to 

replace the need for measuring air 
velocity and mean radiant 

temperature in a thermal comfort 
station?

 This study details the design and testing of an 
inexpensive device to replace the need for 
measured air velocity and mean radiant 
temperature. Two concepts were prototyped and 
tested, one using thin-film heat flux sensors (HFS) 
and one calculating heat flux from power input 
and surface area. The design consists of two plates, 
insulated except on the front face, heated 37 °C by 
PID controlled relays. One plate is covered in low 
emissivity tape and the other in high emissivity 
tape, allowing total heat flux to be broken down 
into convective and radiative. The findings of the 
uniformity tests of the sensors show that the 
dissapated power calorimetry (DPC) method 
produced more comparable results. The effects 
from changes in mean radiant temperature on heat 
flux show that as the two temperatures diverge, 
heat flux increases. Both methods of measurement 
followed these trends. Results from the DPC 
method more closely matched theoretical values of 
heat flux and produced more consistent trends. 
Further testing and adjustments are needed to 
ensure a proficient device.

RESULTS

● To better simulate net heat flux 
between a person and the environment, 
sensor shape and size should be further 
explored-- Commercial options suggest 
cylindrical or ellipsoidal shape

● Accuracy device measurements should 
be compared to current thermal 
comfort instrumentation

Figure 2: Prototype model with heat flux 
sensors covered in light emissivity tape 
(left) and low emissivity tape (right).

Figure 3: Uniformity of sensors and 
device design. Both sensors were 
covered in vinyl tape and 
theoretically should have measured 
the same heat flux for a given 
temperature. The DPC method, 
represented by the triangles, more 
closely followed this trend.

Test Setup: 
● A temperature-controlled  plate many times larger than the sensor plates used as 

controllable and variable MRT
● Sensors maintained at constant distance from large plate

Figure 1: Wiring schematic for prototype. 
Connections have been simplified to show 

the working principles of the circuit.
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     The goal of this project was to design and test an inexpensive device to replace the need for air velocity 

and mean radiant temperature measurements in thermal comfort studies. The new device works by measuring 

heat flux across plates maintained at body temperature, mimicking the heat transfer between a person and their 

surroundings.  Two designs were prototyped and tested. One uses thin-film heat flux sensors and one 

calculates heat flux from power input and surface area. Both designs consist of two plates, insulated on all but 

the front face, heated to 37 °C by PID controlled relays. One plate is covered in a low emissivity tape and the 

other in a high emissivity tape, allowing differentiation between convective and radiative heat flux. 

Preliminary results and literature suggest the device is feasible and responsive to environmental changes. 

More testing and alteration of design is necessary to fully quantify sensitivity and applicability. 




