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T
his study investigates the hydraulic and thermal char-
acteristics of the TESLA AUTOPILOT HW2.5 MOD-
EL 3 Y, which features a double-sided cold plate with 
PCBs attached on both sides. We present a step-by-step 

teardown process of the unit, measuring internal dimensions, fin 
locations, inlet/exhaust ports, pedestals, and cold-plate channels. 
These measurements enabled the creation of a 3D numerical 

model for the Tesla AUTOPILOT HW2.5 unit, which was used to 
analyze the hydraulic and thermal performance of the cold plate. 

We conducted experiments to measure hydraulic head loss 
through the cold plate and evaluate thermal performance at var-
ious coolant flow rates and power loads. These results were used 
to validate the CFD model. Thermal loads and the fluid flow rate 
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in the CFD model mimicked the experimental test cases that were 
evaluated. The model results for the hydraulic pressure loss and 
temperatures at specific locations were found to correlate well 
with the experimental data that was collected. The validated CFD 
model was then used to examine the thermal characteristics of 
the cold plate across a range of operating conditions. The model 
was also used to identify opportunities to improve the design of 
the cold plate.

Additionally, an Artificial Neural Network (ANN) model of the 
cold plate assembly was developed to analyze system performance 
across a wide range of operating parameters. It was demonstrated 
that the developed neural network model could be used to deter-
mine the performance limit of the cold plate.

Keywords: Cold plate, Autonomous driving, CFD, Tear down, 
Thermal performance, Hydraulic performance, Artificial Neural 
Network, Machine Learning.

Introduction

Part 1 of this paper [1] detailed the construction and simulation 
results of the CFD model of the cold plate assembly, providing 
insights into its performance through velocity and temperature 
profiles. Part 2 outlines the teardown process and experimental 
setup used to validate the simulation model.

Artificial intelligence (AI) and machine learning (ML) have 
gained prominence in both scientific and public discourse over 
the past decade. ML algorithms utilize data subsets to generate 
predictive rules for system outcomes based on input variables. 
The ANN, a subset of ML, learns from example data to form 
probability-weighted associations between inputs and results that 
are stored within its structure.

In this paper, an ANN of the cold plate assembly is presented to 
study the performance of the system using multiple combinations 
of the operating parameters. 

Tesla Autopilot Assembly Tear Down

The autopilot unit, shown in Figure 1, is enclosed in an alumi-
num housing and with a cold plate transition assembly attached 
to the front side of the housing. 

First, the autopilot cold plate transition assembly, which includes 
the coolant hoses shown in Figure 2, was detached from the hous-
ing of the autopilot assembly. The hoses are essential components 
of the cooling loop, allowing coolant to flow into and out of the 
cold plate. Additionally, Figure 2 illustrates the attachment points 
for the hoses on the transition assembly, providing a clear view of 
the pathways for coolant circulation within the system.

Then, the top and bottom sections of the autopilot aluminum 
housing were removed. As shown in Figure 3, the cold plate 
serves as the central structure within the assembly, with printed 
circuit boards (PCBs) securely mounted on both sides.

As shown in Figure 4, these PCBs house critical components, in-
cluding four high-power GPUs or processors, which are strategi-
cally positioned for optimized thermal management. Additional-
ly, various support electronics and connectors are visible on the 
PCBs, designed to facilitate signal processing and power manage-
ment for the autopilot system.

The cold plate, after the thermal putty was removed, is shown in 
Figure 5. Finned channels are integrated into the cold plate design 
to improve the heat transfer. There are four lapped, or polished, 
pedestals with the four main chips attached to them. These pedes-
tals are labeled A, B, C, and D to provide reference points for the 
discussion in this document.

The cold plate was dismantled so that the dimensions of the inter-
nal geometry could be measured. The measurements were used 
to generate a CAD model of the unit.

Front

Back

Figure 1: The autopilot assembly before teardown
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Figure 2: The hoses are attached to the autopilot cold plate transition assembly

Figure 3: The autopilot consists of two PCBs attached to both sides of a cold plate

Figure 4: Removal of the PCBs from the Cold Plate
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Experimental Setup 

A set of experiments were conducted to measure the hydraulic head 
loss through the cold plate and assess its thermal performance un-
der varying coolant flow rates and power loads. To facilitate these 
tests, a second autopilot unit was disassembled, and thermocouples 
and heaters representing the four main chips were attached to the 
cold plate. The coolant used in these experiments was a 50/50 gly-
col-water mixture, consistent with the specifications provided by 
the original design. This coolant choice aligns with the intended 
operating conditions, ensuring that test results accurately reflect 
the cold plate’s performance in real-world applications.

Temperatures of the pedestal below each heater module pressure 
head loss through the cold plate, and the liquid temperatures were 
all measured. Uniform power was applied to the four heaters.

The heaters mounted to the cold plate were driven by a variable 

power supply so that a specified power dissipation could be ap-
plied to the cold plate. The four heaters were placed in the lo-
cations where the GPUs and processors contact the cold plate. 
Figure 7 shows locations where thermocouples and heaters were 
attached to the front side of the cold plate.

Arctic Silver compound was placed on the interfaces between 
the heaters and the cold plate pedestals. A 2 mm x 1 mm groove 
was milled from the side to the center of each pedestal. The 
thermocouple beads were then secured in the groove with Arc-
tic Alumina epoxy. After curing, the grooves were filled with ad-
ditional Arctic Alumina epoxy, and a wood insulator was placed 
over each heater to improve thermal control. The entire assem-
bly was then thermally insulated; however, while insulating the 
heaters themselves enhanced measurement accuracy, insulating 
the full assembly had a negligible effect on accuracy within the 
range studied.

Figure 5: Front and Back Views of the Die Casted Cold Plate

Figure 6: The CAD Model Representing the Double-sided Cold Plate
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The schematic of the cooling loop is illustrated in Figure 9. All the 
sensors were calibrated prior to use.

Two thermocouples were placed inside the liquid loop to mea-
sure the coolant temperature upstream and downstream of the 
cold plate. To ensure accurate coolant outflow temperature read-
ings, a custom-designed, 3D-printed static mixer was placed up-
stream of the thermocouples. Energy balance was achieved by 
calculating the heat generated by the heaters and comparing it 
to the energy extracted by the coolant in steady-state mode, re-
sulting in a difference of less than 1% of the total heater energy. 
The orientation of the cold plate during testing did not impact 
hydraulic or thermal performance. Figure 10 provides a snapshot 
of the experimental setup.

Validation of the CFD model

To validate the numerical simulations, test results for the hydrau-
lic pressure drop across the cold plate are compared to simula-
tions in Figure 11. The CFD model for hydraulic pressure loss 
correlated with the experimental data over a wide range of oper-
ating conditions. The minimum and maximum pressure loss of 
the unit were measured to be 0.4 kPa and 10 kPa at 0.4 and 6.4 
LPM, respectively.

Figure 7: Instrumenting the cold plate; to provide better visualization, just one heater 
assembly is shown

Figure 8: Heater module assembly

Figure 9: Simplified cooling loop schematic

Figure 10: Overall experimental set-up

Figure 11: The pressure drop across the cold plate
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The pedestal temperature test results of the four chips are com-
pared to the simulation results in Table 1. This shows that the 
modeling results for the temperature map were consistent with 
the experimental data with a maximum temperature difference 
of less than 3°C.

The higher the flow rate, the lower the temperature of the chips. 
However, a more powerful pump is required to provide the cool-
ant at higher flow rates. There is a tradeoff between the perfor-
mance of the cold plate, the pump size, and the energy required 
to push the coolant through the cold plate. The liquid flow rate 
should be optimized to maintain a relatively low temperature rise 
from inlet to exhaust while also minimizing the impact on system 
pressure drop and pumping requirements.

Artificial Neural Network Model 

The Artificial Neural network was organized in layers. The lay-
ers were made up of many interconnected nodes that contained 
activation functions. The number of the nodes in an input layer 
was set to 6 to include coolant inflow temperature, flow rate 
and thermal loads of four IC components. The input layer con-
tained the values of the explanatory attributes for each observa-
tion. The hidden layers apply given transformations to the input 
values inside the network. For the cold plate assembly, two hid-
den layers were defined. The first and second layers included 12 
and 6 hidden nodes, respectively. The response variables in the 
output layer included hydraulic pressure loss and the junction 
temperature for the four IC components. In this analysis, the 
temperatures of the pedestals beneath each heater module were 
used to represent the junction temperatures. This approach al-
lowed for consistent temperature measurement relevant to the 
thermal management of the ICs.

The learning set was obtained by performing a set of paramet-

ric CFD simulations in which the coolant viscosity varied with 
temperature. Design of Experiments (DOE) was conducted, ap-
plying Latin Hypercube Sampling method in the design space. 
The coolant flow rate and temperature varied between 2 LPM to 
7 LPM and 6°C to 44°C, respectively. The thermal load of each IC 
was set between 0 to 200 W. In total, the DOE included 140 sim-
ulation points, with 120 of them randomly selected as the learn-
ing set, to avoid overfitting, and the remaining 20 points were 
used to validate the generated ANN model. The predicted results 
for the hydraulic pressure loss across the cold plate and the four 
junction temperatures were compared to those from sample set. 
The correlation coefficient (R²) for both the pressure loss and the 
junction temperatures was calculated to be over 0.98. The ANN 
results were found to correlate well with the validated CFD re-
sults. The ANN model can be used to calculate the hydraulic and 
thermal performance of the cold plate at any operating condi-
tions within seconds without compromising accuracy.

To show case the capabilities of the generated ANN model, it was 
applied to estimate the thermal capacity of the cold plate, assum-
ing an upper junction temperature limit of 90°C and a coolant 
inlet temperature of 40°C. As shown in Figure 12, the current cold 
plate can remove a maximum of 155 W and 179 W from Chip A 
at a coolant flow rate of 2 LPM and 7 LPM, respectively. 

The power dissipation rate of Chip A increases the junction tem-
perature of chip B, C, and D by a maximum of 7°C, 4.6°C and 
6.6°C at 2 LPM and 1.6°C, 0.4°C and 1.6°C at 7 LPM, respective-
ly. Assuming the maximum heat dissipation rate for Chip A, the 
cold plate can remove a maximum of 125 W and 156 W from 
Chip C at 2 LPM and 7 LPM, respectively.

The cold plate has the capacity to remove a maximum of 110 W 
and 156 W from Chip B at 2 LPM and 7 LPM, respectively, as-

Table 1: Simulations vs. experiment results for coolant with an inlet temperature of 30°C, heat dissipation rate of 125.5 W per chip
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suming the maximum heat load from chip A and C. The maxi-
mum heat loads of Chip D were found to be similar to Chip B, 
113 W and 155 W at 2 LPM and 7 LPM, respectively. The total 
thermal capacities of the cold plate were 503 W and 646 W at 2 
LPM and 7 LPM.

Conclusion

It was shown that the developed artificial neural network mod-
el can represent the thermal and hydraulic characteristics of the 
cold plate. The results for pressure head loss and junction tem-

peratures align closely with validated CFD results across a range 
of conditions. The model facilitates temperature estimation for 
critical components and evaluates cold plate performance under 
various coolant inflow conditions and power load distributions. 
The generated ANN model was used to identify performance 
limits of the cold plate. The developed model can accelerate cold 
plate design and development by expediting an evaluation of de-
sign feasibility and to conduct in-depth root cause analyses for 
various inputs and operating conditions.

Figure 12: Maximum heat dissipation for Chips A and C at various coolant flow rates, along with the junction temperature increases for Chips B, C, and D due to Chip A's dissipation, 
based on an upper junction temperature limit of 90°C and a coolant inlet temperature of 40°C.


