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Modern military aircraft platforms are increasingly 
becoming more power hungry which as a consequence 
results in an ever increasing power density (SWaP). 
Advanced avionics, radar and weaponry control are all 
significant sources of heat within the fuselage. 
Additionally, the power supplies used to support these 
electronics are also a substantial source. Heat dissipa-
tion is being further complicating by the fact tha. more 
functions are being computerized and the relative size 
of the individual electronics are getting smaller. There 
simply is not enough air space to get proper cooling 
airflow to the devices. This in turn, generates more heat 
that has to be dissipated from the instrument panel and 
cockpit of the aircraft. Complicating this further, is that 
the use of structural composites which are not efficient 
conductors of heat and the mission requirements of 
small heat signatures. The matrix reinforcement utiliz-
ing the carbon fibers has the effect of inhibiting the 
heat transfer through the composite material. As a 
result, waste heat generated inside the aircraft must be 
dissipated by other means such as ducting or active 
cooling devices.

Therefore alternative means of extracting heat from the 
avionics systems must be used. This has led to the 
advancement in liquid cooled electronic components. 
Liquid cooled systems have the advantage over air 
cooled systems of a much higher heat transfer rate and 
the fact that the heat can be transported a significant 
distance from the source. 

Liquid cooled avionics have their own challenges as 
well. These components are typically designed in a 
manner where the traditional air cooled heatsinks are 
replaced with cold plates that have internal passage-
ways that circulate coolant and absorb the heat from 
the electronics. The coolant will be pumped through a 
heat exchanger or a series of heat exchangers to extract 
the heat. The cooling medium can either be air or 
another liquid or a hybrid system that uses a combina-
tion of both air and liquid cooling. The architecture of 
the components (cold plates, etc) used for extracting 
the heat from the electronics component must be opti-
mized to perform consistently and reliably while main-
taining the smallest footprint possible in the already 
crowded instrument panel. Additionally, these systems 
require piping, pumps, valves and controls as well as a 
heat sink to send the heat to. In most military applica-
tions the heat sink is the fuel.

The idea of using the fuel of an aircraft as a heatsink is 
not a new one. There has been research in this area 
going back to the late 1960’s and early 1970’s, where 

joint research by General Electric and the Wright – 
Patterson Air Force base looked into the heat capacity of 
the fuel.[1] This study looked at available heat capacity 
of the fuel for different regional and flight profile condi-
tions. While the concept isn’t new, it has gained more 
interest as aircraft structures and electronics have 
become more advanced and the desire to keep the heat 
and radar signature of the aircraft as small as possible.

A good example of a liquid cooling system is the one 
utilized on the F22 Raptor. The coolant, Polyalphaolefin 
(PAO), is circulated through the cold plates of the mis-
sion critical electronics in the cockpit and then is 
pumped out to the wings to cool remote embedded 
sensors. From there, the warm PAO passes through an 
air cycle machine where it absorbs even more heat 
before being sent through a heat exchanger that dumps 
the heat from the PAO to the fuel.

The real challenge of systems such as these is to create 
an optimized design that keeps the mission critical 
electronics at their desired operating temperature of 68 
deg F[2] while adding as little additional weight as pos-
sible and allow the system to operate properly no mat-
ter at what point it is in its mission and flight profile. In 
other words, the system must operate consistently no 
matter if the fuel tank is full (large heatsink) or nearly 
empty (small heatsink).

This requires that the cold plates, piping system and 
heat exchangers must be designed simultaneously to 
determine how they interact with each other. The 
design validation of the cold plates is done with 3D CFD 
to find the best option for the internal geometry 
whether it should contain pin, fins or open passageways 
and or whether the fins are aligned or staggered. While 

Figure 1: Simplified liquid cooled avionics system.
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the 3D CFD provide very accurate results for the perfor-
mance of the cold plate, it is not practical to try and 
model the entire cooling system in 3D CFD. The mesh 
size would be enormous and the simulation times 
would be unreasonable.

For the rest of the system a 1D approach is much more 
appropriate where component location, sizing and heat 
exchanger performance are the critical aspects. The 
system details will be covered in a follow up white 
paper.

Figure 2: Five possible geometry configurations for the cold plate designs.
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The system used in this paper is constructed to be simi-
lar to that of the F22 Raptor though the exact system 
parameter are not used as this information is not pub-
licly available. The overall layout is shown in figure 1. 
For simplification purposes only one of the liquid cooled 
cold plates will be considered in the model. All the other 
cooled components will be modeled as simple lumped 
parameter components. This can be seen in a close up 
view of the cockpit.

The blue lines represent the piping containing the cold 
PAO being sent to the cold plates and the red lines 
represent the warm PAO leaving the cold plates and 
going to the wing sensors and air cycle machine. The 
green lines represent the fuel circuit that is used for 
cooling the PAO.

For optimizing the system, five different cold plate 
designs will be considered. These designs are shown in 
figure 4. 

Once these designs are evaluated in the 3D CFD, they 
will be compared for their standalone performance and 
then how well they perform in the system as a whole.

Optimizing a liquid cooled avionics system

Figure 3: Close up view of cockpit with liquid cooled cold plate.

Figure 4: Cold plate design options. From left to right: No enhanced heat 
transfer, aligned pins, shifted pins, aligned fins, shifted fins.
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The main influencing factors for the thermal design of 
the cold plates include, fluid velocity, heat transfer area 
and SWaP-C which is size, weight, power and cost.

An increase of the fluid velocity increases the heat 
transfer coefficient. This leads to a higher heat flow 
rate, which leads to lower chip temperatures. But at the 
same time, higher velocities also cause an increased 
pressure drop, which increases the energy consumption 
for pumps. 

The heat transfer surface area can be changed signifi-
cantly by adding enhanced surfaces such as pins or fins 
as shown in figure 5. The effectiveness of these 

enhanced surfaces can also be affected by their 
arrangement as well such as aligned or shifted patterns. 
This can increase the heat flow rate but the pressure 
drop can increase at the same time. A shifted arrange-
ment for example usually leads to a higher heat flow 
rate compared to an aligned arrangement, but it leads 
to an increased pressure drop at the same time.

The enhanced features also can have a significant 
impact on the SWaP-C as well. The additional surface 
area can affect the size and weight of the cold plate due 
to the additional material required to construct the 
enhanced surfaces as well as cost due to more complex 
tooling and manufacturing requirements. 

Evaluating cold plate designs
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Simulating cold plates

The cold plates and the associated electronics (IGBTs 
and Diodes) are constructed in Siemens NX 3D CAD 
program and are meshed with Siemens Simcenter 
FLOEFDTM 3D CFD software. Simcenter FLOEFD is a CAD 
embedded CFD tool so all the meshing and simulation is 
done from the NX user interface.

The IGBT chips and diodes are the heat sources, here for 
example 360 and 144 Watts, respectively. For the initial 
analysis, the inlet flow rate is set at 5 liters/ min.

As can be seen in table 1, the time to complete one 
analysis run of this model is 4.5 hours with a user inter-
action time of 2.5 hours on a four core computer. A 16 
core machine was used to conduct a 16 run parametric 
study which was completed in 16 hours.

Figure 5: Example of the liquid cooled avionics mesh and results in NX and 
Simcenter FLOEFD.

Table 1. Analysis statistics for the 3D CFD simulation 
of the liquid cooled cold plate in Simcenter FLOEFD.

Time overhead across the simulation workflow Time (hr)

Setup Calculation project definition, pre-processing 1.5

Solving time (including automatic meshing) 2.0

Results processing 1.0

Total 4.5

User time, approximately 2.5

Intel(R) Xeon(R) CPU E5-2630 v3 @ 2.40GHz (2 CPU) 4 cores

Number of cells, total 1,500,000

16 Point parametric study on 16 cores 9.0
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Simulations were run for each cold plate design at a 
volumetric flow rate of five l/min and the results were 
compared. In figure 6, shows the pressure drop vs com-
ponent temperature for each design with the bubble 
size representing the relative weight of each design. It 
can easily be seen that the design without any 
enhanced heat transfer surfaces has the lowest weight 
and the lowest pressure drop but it also has the highest 
operating temperature which is significantly higher 
than all the other designs. The other designs are much 
more similar in operating temperatures but vary greatly 
in terms of pressure drop with the shifted fin design 
having the highest pressure drop as well as being the 
heaviest of the designs.

A parametric study of each design was also conduct by 
varying the volumetric flow rate boundary condition 
from 0.1 l/min to 5 l/min. The results for volumetric flow 
rate versus temperature vs pressure drops for each 
design are presented in figure 7. This plot shows that all 
the cold plate designs with enhanced heat transfer 
surfaces perform similarly for heat dissipation at a flow 
rate of 1.5 l/min and above but there is a significant 
difference in the pressure drop between the aligned 
and shifted designs with the shifted designs having 50 
percent to 100 percent higher pressure drop than the 
aligned designs.

Lastly, the inlet temperature of the coolant is plotted 
against the component temperature. This showed a 
linear increase in the component temperature as the 
inlet temperature was increased with all designs having 
a similar rate of change.

Cold plate simulation results

Figure 6: Pressure drop vs operating temperature and weight of cold plate 
designs. Bubble size represents the relative weight of cold plate.

Figure 7: Volumetric flow rate vs operating temperature and pressure drop 
of cold plate designs. (Solid lines – temperature. Dashed lines – pressure 
drop).

Figure 8: Coolant inlet temperature vs component temperature.
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Comparing the results from the parametric studies it is 
fairly evident that two of the designs performed better 
than the others. These are the two designs that have 
the enhanced heat transfer surfaces, pins or fins, in the 
aligned configurations. These are the candidates for 
characterization and importing into the 1D simulation 
model.

Figure 9: Top cold plate design options. Aligned pins (left). Aligned fins (right).
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This paper shows a quick and easy process for optimiz-
ing the geometry of a cold plate designed for use in a 
liquid cooled avionics system similar to that of the F22 
Raptor and allows the engineer to make some very 
quick decisions about which designs are best and which 
can be eliminated for consideration long before proto-
types are ever created. For this particular case, it 
showed that the enhanced heat transfer surfaces made 
a significant impact on the heat rejection but also that 
the alignment of those features also had a significant 
effect on the pressure drop across them. This can have 
a significant effect on how they perform once they are 
placed in a system and are impacted by other condi-
tions. This will be explored in the next white paper.

Conclusion
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