
Thermal-Power 
Envelopes in IoT Solutions

By Jared Shipman, Thermal Mechanical Systems Engineers, Intel Corporation

ntel’s Internet of Things Group (IOTG) comprises a variety of divisions Retail 
Solutions, Smart Home/Building, Industrial Solutions and Transportation 
to name a few. Each division has its own challenges when it comes to 

designing solutions for their customers. The Thermal/Mechanical Systems 
Engineering team within IOTG is there to ensure that the solutions are designed 
with adequate thermal capabilities for the Intel processor within them.
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Challenge:
As the Internet of Things continues to 
expand with more and more devices being 
connected to the Cloud the demand for 
smaller form factor devices with higher 
compute power is increasing. Not only 
do customers want better computing, 
the devices also need to be able to 
communicate via cellular or WiFi to send the 
data back to the customers' servers. With 
higher compute power comes an increase 
in junction temperature which creates a 
challenge for the thermal engineer. Adding 
to the small form factors is the spectrum 
of end customer use cases and operating 
environments. For example, a device in a 
storage container could be placed in the 
scorching Arizona sun or the frigid cold of 
Alaska and these devices need to operate 
flawlessly in both conditions. One of the 
tasks as a thermal engineer within the 
Internet Of Things Group at Intel is to aid 
our customers in their thermal solution by 
designing and validating a reference design. 

Solution:
With so many end customer use cases it 
is impossible to validate them all so one 
way we have decided to solve this is by 
classifying the use cases into two broad 
categories of Application Only Processing 

Figure 1. Rendering of a reference solution for an IoT module

and Application plus Communication 
Processing. This allows us to focus in on 
the most thermally significant use cases for 
each category and design and validate to 
those. We also want to give our customers 
a method for understanding the thermal 
capabilities of our reference design, without 
it being too confusing, to the point that 
someone not in the thermal field could 
understand. This inevitably led us to the 
creation of the Thermal-Power Envelopes 
for each classification of use case. 

Benefits:
With FloTHERM’s simulation environment 
we were able to create and optimize 
the reference design with a high level of 
confidence that the design will perform as it 
did in the simulations. To verify this we built 
a prototype of the design shown in Figure 1 
and tested it in an environmental chamber 
at different temperatures.

The test results showed that the simulations 
were accurate within two degrees. This is 
expected given the current limitations of 
measuring technology today. Validating the 
simulation results means that our model 
is now correlated to real world data which 
opens the door for our customers to use 
these models as a first step in their own 
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Figure 2. Thermal Cooling Capability Envelope for AP only work load. Figure 3. Thermal Cooling Capability Envelope for AP+CP work load.

thermal solutions saving them prototyping 
and testing costs. The correlated models 
are now used to generate the Thermal-
Power Envelopes for this system. These 
Thermal-Power Envelopes are system 
dependent which means that a change 
in the thermal solution whether that be 
heatsink size, TIM selection, or some other 
variable will result in a shift in the curve. 
 
These curves provide the customers with a 
fast and simple way to analyze and compare 
the thermal solution of a system. The charts 
also help the customers to understand the 
power and performance limitations of the 
system by outlining how much power the 
system can consume before reaching a 
component's specification limit at a given 
external ambient air temperature. 

Conclusion:
The challenges that lay before today’s 
engineers in a world that demands 
instant and accurate analysis of complex 
computations at the edge and in the palm 
of their hands are far from solved. None 
of which is more important than ensuring 
these devices can operate in the harshest 
environments. This means a properly 
designed thermal solution. With FloTHERM’s 
simulations environment we are able to 
create, optimize, verify and validate a 
reference solution with minimum impact to 
prototyping and testing costs. FloTHERM’s 
results were within two degrees of accuracy 
leading to the creation of the system’s 
Thermal-Power Envelopes that provide our 
customers with a tool that they can evaluate 
and compare the performance of a system’s 
thermal solution in a fast and simple way.

The challenges that 
lay before today’s 
engineers in a world 
that demands 
instant and accurate 
analysis of complex 
computations at the 
edge and in the 
palm of their hands 
are far from solved. 
None of which is 
more important 
than ensuring 
these devices can 
operate in the 
harshest
environments.


