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ABSTRACT 
 

This study investigates the dynamics of fluid flow in the cooling channels of the graphics 
processing unit (GPU) blocks, focusing on the effects of varying inlet and outlet diameters as 
well as the shape of the pipes on the maximum pressure and temperature within the system. 
The primary objectives are: first, to evaluate the different inlet and outlet diameters (5 mm, 
10 mm, and 15 mm) that impact peak pressure and temperature; second, to examine the 
influence of pipe designs on these parameters. Computational Fluid Dynamics (CFD) 
simulations were conducted to model and analyze these variations using SimFlow 4.0. The 
findings reveal significant correlations between the geometric configurations and the flow 
characteristics, with specific diameters and designs leading to notable changes in maximum 
temperature. These insights provide a deeper understanding of optimizing cooling channel 
designs for improved thermal management in GPUs. The study concludes by emphasizing the 
critical role of geometric parameters in the performance of cooling systems and suggesting 
directions for further research. 

 
Keywords: Graphics Processing Unit, Simulation and modeling, Computational fluid 
dynamics. 
 
  

1.  INTRODUCTION  
 
Effective thermal management is vital in modern computing systems, particularly with the 
growing demand for high-performance graphics processing units (GPUs) [1]. These GPUs, known 
for their intensive computational tasks, such as rendering graphics [2], machine learning [3], and 
scientific simulations [4], generate substantial heat. To ensure optimal performance and prevent 
overheating, it is crucial to implement efficient cooling mechanisms. These mechanisms maintain 
the GPU's performance and extend the hardware's lifespan by preventing thermal degradation. A 
key component in GPU cooling systems is the cooling block [5], which plays a critical role in 
thermal management. The cooling block facilitates the transfer of heat away from the GPU to the 
cooling medium, such as water or air. This process is essential because it directly affects the 
temperature regulation of the GPU, ensuring that it operates within safe temperature ranges. 
 
Modern cooling blocks are designed with precision to maximize heat dissipation. They often 
feature complex designs with optimized internal structures that promote efficient fluid flow and 
heat transfer [6]. By enhancing the contact area between the GPU and the cooling medium, these 
blocks significantly improve the cooling system's overall efficiency. In addition, advancements in 
cooling block materials and manufacturing techniques have improved thermal conductivity and 
durability. High-quality materials like copper and aluminum [7] are commonly used for their 
excellent thermal properties, while innovative manufacturing methods enable the creation of 
more complex and compelling designs [8]. The cooling block is critical in GPU cooling systems, 
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and crucial for maintaining optimal thermal performance. As the demand for high-performance 
GPUs continues to rise, effective cooling solutions, particularly well-designed cooling blocks, 
become increasingly paramount.  
 
Previous work on cooling systems and GPU blocks highlights significant advancements in the 
design and efficiency of these systems, particularly for high-density electronic devices. High-
density cooling systems are specifically engineered to ensure efficient cooling of multiple 
electronic devices densely packed in a cooling bath [9]. These systems typically employ vertical 
and lateral inner barrier plates that divide the cooling bath into multiple accommodating sections, 
optimizing the cooling process. The coolant circulation involves a flow passage with a pump and 
a heat exchanger, where the coolant is continuously circulated, cooled by the heat exchanger, and 
reintroduced into the cooling bath, ensuring stable and efficient cooling performance. 
Components of such systems include a cooling bath with liquid coolant, a processor (which can 
be a CPU, GPU, or both), and a heat spreader [10]. Maintaining the coolant level to immerse all 
heat-generating components reduces evaporative losses. It prevents local boiling on the 
processor surface. 
 
Heat exchangers play a critical role in these systems. With their placement options being flexible, 
they can be positioned inside or outside the cooling bath, above or below the liquid level, to 
optimize cooling efficiency and system configuration. Systems may use a single heat exchanger 
[11] for one cooling bath or multiple distributed exchangers [12], which can simplify the system's 
piping and overall configuration. The processors cooled by these systems can include CPUs, GPUs, 
or combinations of both, and the cooling system configurations are adaptable to various types 
and numbers of processors. Efficient heat management often involves direct cooling mechanisms 
[13], such as liquid coolant headers with multiple nozzles to distribute the coolant evenly across 
the processors, ensuring uniform cooling performance. The advantages of using liquid coolants 
in these systems are notable. The coolants are chosen for their low evaporative properties, which 
help maintain a stable coolant level over extended periods, reducing maintenance needs and 
improving overall reliability. Using forced circulation through headers with radially dispersed 
nozzles enhances the direct cooling effect [14], ensuring that all parts of the electronic devices, 
especially GPUs, are adequately cooled. These cooling system design and technology 
advancements significantly contribute to the performance and longevity of high-density 
electronic devices.  
 
The primary objective of this project is to analyze the effects of varying inlet and outlet diameters 
on peak pressure and temperature in cooling channels, as well as to explore how pipe shape 
influences these parameters. The design of the GPU Block was created using the computer-aided 
design (CAD) software SOLIDWORKS [15]. The methodology involves the modeling with laminar 
flow assumptions and a steady-state solver, specifically the CHT Multi Region SIMPLE solver. The 
simulations utilize water as the fluid and aluminum as the plate material. It is anticipated that the 
results of the CFD simulations, visualized in Paraview to display temperature and pressure 
contours, will offer valuable insights into the performance of the GPU Block, thereby informing 
enhancements in cooling system design. 
 
 
2. MATERIAL AND METHODS  
 
This study employs SimFlow software [16] to import STL models and conduct simulations to 
understand the inlet and outlet diameter effects on maximum temperature and pressure. The 
model (Figure 1), distinguished by diameters of 5 mm, 10 mm, and 15 mm, is initially imported 
into SimFlow, where meshing properties are set with refinement to Min “1” and Max “1” for the 
cooler and pipe parts, while for the plate part, just setting a mesh geometry. The base mesh type 
is a box automatically adjusted to fit each model (6 meshed models are available in Figure 2). For 
the model and material point divisions, different values have been set according to the size and 
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shape of the diameter. Refer to Table 1 for the details of the GPU Block. At axes X-, X+, Y-, Y+, Z-, 
and Z+ have been set as boundaries and all other surfaces as patches. 
 
The simulation setup adopts a steady-state, compressible flow model with the CHT Multi Region 
SIMPLE solvers and employs laminar modeling. The thermophysical properties are water for the 
fluid and aluminum for the plate. Boundary conditions are configured with the inlet set as a 
velocity inlet with a surface normal fixed value and a reference value of 100.0 m/s. At the same 
time, the outlet is a pressure outlet with a fixed value of 100000 Pa and a type of velocity of zero 
gradient. Each simulation runs for 500 iterations on a dual-core CPU in serial mode. Post-
simulation focuses on maximum pressure and temperature values extracted from the Paraview. 
The simulation is repeated for each model to comprehensively analyze how variations in inlet 
and outlet diameter impact the maximum pressure and temperature on flow distribution cooling 
channels of GPU Block. 
 
 

Size Design 1 Design 2 

5mm 

  

10 mm 

  

15 mm 

 
 

 
 

 
Figure 1: Size and shape of pipe GPU block. 
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Table 1: Meshing data for different designs and inlet-outlet diameters. 
 

Base 
Mesh Division 

Design 1 Design 2 
5 mm 10 mm 15 mm 5 mm 10 mm 15 mm 

Material 
Point 

Fluid 30, 55, 
106 

31, 65, 
155.5 

33, 117.5, 
14 

30.5, 55, 
106 

31, 76.5, 
155.5 31, 141, 12 

Plate 70, 75, 
102.5 

77.5, 115, 
155 

78, 177.5, 
2 

75, 65, 
105 

77.5, 122, 
155 80, 186, 13 

Number of Cells 42 739 35 320 44 737 49 037 38 365 49 112 
Number of Nodes 50 454 41 780 53 217 57 503 45 536 57 742 

Fluid Cells 4 080 7 653 14 002 5 295 8 543 15 843 
Fluid Nodes 6 962 10 666 19 734 8 489 12 135 22 602 
Plate Cells 38 659 27 667 30 735 43 742 29 822 33 269 

Plate Nodes 48 486 36 350 41 329 54 651 39 719 44 558 
Skewness 3.4 1.36 11.23 1.86 6.33 5.3 

Aspect ratio 12.63 7.34 8.42 12.03 8.03 8.59 
Total Mesh size 85k 70k 89k 98k 76k 98k 

 
 

Size Design 1 Design 2 

5 mm 

  

10 mm 

  

15 mm 

 
 

 
 

 
Figure 2: Meshed model for different designs and inlet-outlet diameters. 
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3. RESULTS AND DISCUSSION 
 
The current study evaluates the impact of varying inlet and outlet diameters and pipe shapes on 
the peak pressure and temperature within GPU blocks' flow distribution cooling channels. The 
findings from the CFD simulations provide valuable insights into the optimization of cooling 
channel designs for improved thermal management in GPUs. The simulation results clearly 
correlate the inlet and outlet diameters and temperature within the cooling channels (Figures 3-
4). Figures 5–8 show the temperature, pressure, and velocity contours of both GPU designs in the 
simulation. As the diameter increased from 5 mm to 15 mm, there was a significant rise in 
maximum pressure, with Design 1 showing an increase from 8.0e+06 Pa to 5.4e+07 Pa and Design 
2 showing a rise from 8.0e+06 Pa to 5.0e+07 Pa. This indicates that larger diameters can handle 
higher pressure but may also increase stress on the cooling system components. Temperature 
variations were also notable. For Design 1, the temperature decreased from 400 K at 5 mm to 300 
K at 10 mm and 15 mm (Figure 3). Design 2 exhibited consistent maximum temperatures of 300 
K across all diameters (Figure 2). These results suggest that while larger diameters can effectively 
manage temperatures within an optimal range, the specific design of the pipe also plays a crucial 
role in thermal performance. 

 

 
 

Figure 3: Maximum temperature for different inlet-outlet diameters using Design 1. 
 

 
 

Figure 4: Maximum temperature for different inlet-outlet diameters using Design 2. 
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The study compared two pipe designs to determine their influence on pressure and temperature. 
Design 1 generally exhibited higher maximum pressures across all diameters than Design 2, 
indicating that the geometric design of the pipes significantly affects the flow characteristics. 
Figure 5 presents the temperature contours for Design 1 with three different inlet-outlet 
diameters (5 mm, 10 mm, and 15 mm). This result illustrates how the temperature distribution 
within the cooling channel changes with varying diameters. The contours show areas of higher 
and lower temperatures, allowing for a visual assessment of the cooling effectiveness at different 
sizes. Smaller diameters, like 5 mm, might show higher temperatures due to restricted flow, while 
larger diameters, such as 15 mm, could display a more uniform cooling distribution, indicating a 
more effective heat dissipation.  

 
Design 1 Temperature Contour I Temperature Contour II 

5 mm 

  

10 mm 

  

15 mm 
 

  
 

Figure 5: Temperature contour for different inlet-outlet diameters using Design 1. 
 
Figure 6 shows the temperature contours for Design 2, using the three inlet-outlet diameters (5 
mm, 10 mm, and 15 mm). Comparing this to Figure 5, the impact of the pipe design on 
temperature distribution becomes evident. The result highlights differences in thermal 
management between the two designs and how changes in the cooling block design influence the 
system's maximum temperature and overall thermal efficiency. Both designs maintained similar 
temperature profiles when 10 mm and 15 mm were used, suggesting that while the shape impacts 
pressure distribution, it may not significantly alter the thermal distribution. These findings have 
practical implications for designing and optimizing cooling channels in GPUs. Managing pressure 
and temperature can enhance the GPU components' performance and longevity. Designers can 
use these insights to choose appropriate diameters and designs based on specific cooling 
requirements and system constraints. 
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Design 2 Temperature Contour I Temperature Contour II 

5 mm 

  

10 mm 

  

15 mm 
 

  
 

Figure 6: Temperature contour for different inlet-outlet diameters using Design 1. 
 
Figure 7 illustrates the pressure and velocity contours for Design 1 with varying inlet-outlet 
diameters. The pressure contours indicate regions of high and low pressure within the cooling 
channel, which directly affects the fluid flow dynamics. Higher pressures might be observed at 
smaller diameters due to increased resistance, while larger diameters may result in lower 
pressures and more efficient flow. The velocity contours complement this by showing how fluid 
speed varies within the channel, with faster flows potentially occurring in narrower sections. 
Figure 8 shows the pressure and velocity contours for Design 2 with different inlet-outlet 
diameters, similar to Figure 7. This figure helps to compare the two designs' impact on pressure 
and velocity distributions. Differences between Design 1 and Design 2 in handling fluid dynamics 
can provide insights into optimizing cooling performance through design alterations. The 
contours might reveal that Design 2 offers a more balanced pressure distribution or consistent 
velocity profiles, suggesting potential advantages in specific operational scenarios. 
 
From the fluid mechanics perspective, both designs show that smaller diameters (5 mm) lead to 
higher pressure drops and increased fluid velocities due to greater flow resistance, which can 
raise energy consumption and risk flow instability. Conversely, larger diameters (10 mm and 15 
mm) promote lower pressure drops and more uniform velocity profiles, enhancing cooling 
efficiency and stability. The design comparison reveals that Design 2 may offer better flow 
management, with more consistent pressure and velocity distributions, suggesting an optimized 
internal channel geometry that reduces flow disruptions. These insights underscore the 
importance of optimizing geometric design and diameter selection to improve GPU cooling 
performance. 
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Design 1 Pressure  Velocity 

5 mm 

  

10 mm 

  

15 mm 

  
 

Figure 7: Pressure and velocity contour for different inlet-outlet diameters using Design 1. 
 

Design 2 Pressure  Velocity 

5 mm 

  

10 mm 

  

15 mm 

  
 

Figure 8: Pressure and velocity contour for different inlet-outlet diameters using Design 2. 
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4. CONCLUSION 
 
This current study emphasized the impact of the inlet and outlet diameters and pipe design on 
the performance of cooling channels in GPU blocks. The findings reveal that increasing the 
diameter leads to higher maximum pressures but helps maintain lower temperatures, with 
diameters of 10 mm and 15 mm proving particularly effective in optimizing thermal performance 
without significantly increasing pressure. Additionally, the geometric design of the pipes plays a 
crucial role in shaping the pressure distribution within the cooling channels, with Design 1 
exhibiting higher pressures than Design 2. However, both designs achieved similar temperature 
profiles. These insights provide valuable guidance for optimizing cooling channel designs to 
enhance thermal management and overall GPU performance. Future research should explore a 
broader range of geometric configurations and materials to improve cooling efficiency. Overall, 
the study highlights the importance of carefully considering geometric parameters and design 
configurations in developing effective cooling systems for high-performance electronic devices. 
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