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The intersection of thermodynamics and computer systems is increasingly becoming more important as AI workloads demand
efficient cooling solutions. The CPUs and GPUs of consumer computer systems are now becoming similarly high powered
as that of data centers to run various heavy workloads including more recently running LLMs locally. These evolving use
cases bring data center level cooling challenges to home computers. This paper presents an experimental analysis comparing
the performance of different workloads, across multiple CPUs, different types of coolers on a home PC. The paper addresses
the research gap of lack of quantitative research on the impact of coolers on the performance of various workloads on home
PCs running high-TDP consumer architectures (Zen 4 and Zen 5). The paper reviews the relevant laws of thermodynamics.
The key findings indicate that while cooling choice has a negligible impact on lower-tier CPUs (Ryzen 5 7500F), it is critical
for high-density architectures (Ryzen 7 9700X). In synthetic stress tests, liquid cooling provided performance gains exceeding
30%, while real-world AI inference workloads saw improvements of over 7%. These gains are attributed to a measured thermal
headroom increase of up to 43.5◦C, enabling sustained higher clock speeds. Statistical analysis via One-way ANOVA confirmed
these findings were significant (p < 0.05) for high-intensity workloads, highlighting the direct impact of thermal physics on
modern computing efficiency. As AI workloads continue to grow, understanding and optimizing these cooling mechanisms will
be essential for the sustainable and efficient computer systems of the future.

Introduction

Life in the modern world would be unimaginable without
computer systems; it is used in everything humans do; from
their day-to-day work to education, and even for entertain-
ment. The demand for high-powered computer systems has
skyrocketed across various industries like healthcare, manu-
facturing, finance, scientific research, engineering, and many
more in the last few years. The COVID-19 pandemic height-
ened the demand for computer systems, and many research
papers point out that this demand was not temporary1, but it
made every industry realize the importance of computer sys-
tems in driving significant economic benefit2.

The rise in the demand of AI has led to the rise in demand
for highly sophisticated computer hardware. These hardware
components include CPUs and AI accelerator hardware like
GPUs (core components of a computer system). They are es-
timated to use roughly 60% of electricity demand in modern
data centers. Usage of high-power CPUs and GPUs gener-
ate a lot of heat due to their high-power draw therefore lots
of energy needs to be spent to cool them. Insufficient cooling
can lead to the deterioration of these components or not allow
the components to maximise performance (thermal throttling),
therefore making servers inefficient with respect to their per-
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formance. Cooling requires a lot of energy therefore ineffi-
cient cooling will be costly not just financially but also envi-
ronmentally.

The CPUs and GPUs of consumer computer systems are
now becoming similarly high powered to run various work-
loads like 3D rendering, video editing, gaming and recently
running LLMs locally. These consumer computer systems
come with specialized AI hardware like NPUs (Neural Pro-
cessing Unit) which is used to run AI models efficiently and
for neural networking. High TDP consumer GPUs like the
RTX 5090 and RTX pro 6000 and high TDP consumer CPUs
like the AMD Threadripper mimic the power and thermal den-
sity previously only seen in data centers. Thus, this brings data
center level cooling challenges to home computers as well.
Various cooling methods are used to ensure that the cooling of
CPUs and GPUs is as efficient as possible. Some of the broad
methods of cooling across data centers and home computers
include air cooling and liquid cooling, the primary focus of
the paper and the experiments. Other methods such as direct
to chip cooling, immersion cooling, evaporative cooling and
hardware like CRAC (computer room air conditioning) units3

are also some types of cooling used in data centers but are not
the topic of this paper..

Today there is plenty of data regarding cooling of mas-
sive servers but this data is often proprietary or tailored to
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enterprise-scale infrastructure, leaving a gap in the quantified
comparative analysis for high-performance consumer-grade
systems. As the computational and energy requirement rises to
run AI workloads4 and other such processes both in data cen-
ters and on PCs it is important to analyze the cooling solutions
for them. Analysing this quantified data will help understand
which cooling solution should be used in each scenario and
develop cooling strategies. Optimal cooling strategy is im-
portant because it helps extract the most performance out of
computer systems while remaining cost efficient. This paper
focuses primarily on the cooling solutions of standard con-
sumer grade computer systems

The basic Physics behind air and liquid cooling is already
known; however it is important to visit this topic while ad-
dressing the research gap. This forms the basis of the experi-
ment in this paper and helps quantify the data to provide data
driven better understanding of this field. This paper discusses
key concepts of thermodynamics and helps understand air and
liquid cooling. This includes water’s high specific heat capac-
ity which makes it an excellent coolant5. This paper reviews
the effects of different types of cooling on the performance
of computer systems through experimentation, by providing
controlled experimental data on consumer hardware and via
literature review.

This paper presents an experimental analysis comparing the
performance of different workloads, across multiple CPUs,
different types of air and liquid coolers on a home PC. The
paper addresses the research gap of lack of quantitative re-
search on the impact of coolers on the performance of various
workloads on home PCs. This research was done on both syn-
thetic workloads, like Prime95 and on real world workloads
of running AI inference workloads on a PC.

There are several research gaps currently present in this
field that this paper aims to answer. Firstly, there is limited
data of standardized, power-normalized comparative data for
modern high-density consumer architectures like Zen 5 and
Zen 4. This paper addresses this gap by quantifying the ther-
mal headroom and resulting performance gains of liquid ver-
sus air cooling on a home PC.

Thermodynamics behind cooling systems

This section discusses and explains the concepts of thermody-
namics behind air and liquid cooling. These include the laws
of thermodynamics, thermal capacity, enthalpy of vaporisa-
tion, convection and conduction and specific heat capacity.

Laws of thermodynamics

The first and most fundamental concept is the first law of ther-
modynamics also known as the law of conservation of en-
ergy. This law states that energy can neither be created nor

destroyed6 In cooling systems, this law governs how thermal
energy is moved from a hot object or area to a cooler one,
either through the movement of air or a liquid. The study of
energy conservation in closed systems is rooted in this first law
of thermodynamics. Therefore in a closed loop liquid cooler
the heat absorbed (Qin) by the coolant is equal to the heat dissi-
pated by the radiator (Qout ) minus any work done by the pump
(W )7.

Qin −Qout =−W (1)

The second law of thermodynamics dictates the direction
of and the efficiency of heat transfer8. This is fundamental to
understanding the designing of cooling systems. For example,
heat always flows from hotter to colder objects. This law states
that the state of entropy of the entire universe, as an isolated
system, will always increase over time. It also states that the
changes in the entropy in the universe can never be negative.

The first law dictates the energy conserved in a system9 and
the second law dictates the efficiency of liquid cooling versus
air cooling.

Temperature, Heat, Heat transfer

Next, it is important to understand temperature, heat and how
they differ. Heat is the energy contained within a system re-
sponsible for its temperature which is a measure of the hot-
ness or coldness of a system. Temperature and heat are fun-
damentally linked in cooling systems. Cooling systems work
by transferring heat from a substance or space, thereby lower-
ing its temperature. Convection and conduction are some of
fundamental ways in which heat is taken away from the pro-
cessors and dissipated into the environment. Convection is the
process of transferring heat through currents in a fluid. A con-
vection current is the continuous, circular movement of fluid
(liquid or gas) that transfers heat, created when a heated part of
the fluid expands, becomes less dense, and rises, while cooler,
denser fluid sinks to take its place, setting up a cycle. Ad-
ditionally, in closed liquid cooling loops convection is forced
by the pump to allow for greater cooling10. This is what al-
lows modern day high TDP CPUs to stay cool. Conduction
is the process of heat transfer through contact. Since air is a
poor conductor of heat, thermal paste is used to fill in the mi-
croscopic gaps between the processor and the cooler. Thus,
the rate of conduction is higher allowing for greater cooling.
Conduction is used to transfer heat away from the source and
convection is used to dissipate that heat into the surrounding
environment11.

Enthalpy of vaporisation

In evaporative cooling, water’s high enthalpy of vaporization
allows the option of efficient evaporative cooling to remove
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waste heat, therefore making it more efficient than air cooling.
The enthalpy of vaporisation is the energy required to over-
come the interparticle interactions in the liquid state to enter
the gaseous state. Therefore, a high enthalpy of vaporization
means a liquid requires a large amount of energy to transition
into a gaseous state. It is also crucial for effective cooling be-
cause it allows a liquid to absorb a large amount of heat energy
before it changes phase into a gas, thus providing a powerful
cooling effect. This is primarily how heat pipes of air coolers
and vapor chambers work.

Heat Flux

Heat flux is the rate of thermal energy flow per unit area12. In
liquid cooling heat flux is the concept that drives liquid cool-
ing’s thermal management. Liquid cooling aims to maximise
the heat flux so that a higher amount of heat can be removed
using less physical space.

Air Cooling

Air cooling is a fundamental concept to explore when dis-
cussing cooling of computer components because this is the
primary cooling method used for CPUs and GPUs. Air cool-
ing is a method of dissipating heat and it works by expand-
ing the surface area or increasing the flow of air over the ob-
ject to be cooled. This form of cooling is sufficient for most
computer systems. It is cheap and easy to maintain. But as
technology has advanced, more powerful compute workloads
make the temperatures of components rise much more than
normal. Hence liquid cooling is now becoming necessary and
more common.

Components of Air Cooling and how they work

The main components of an air cooling system are fans,
heatsinks and heat pipes.

(a) The fan is what allows for the dissipation of heat from
the system into the surroundings. Computer fans play a crucial
role in cooling by actively circulating air to prevent overheat-
ing. They draw in cool air from outside the computer case and
expel hot air generated by components like the CPU and GPU,
thus maintaining optimal operating temperatures. Fans on the
air cooler blow air over the heatsink effectively expelling the
heat generated by the components.

(b) Heat sinks in air coolers work by maximizing heat trans-
fer from a hot component (like a CPU) to the surrounding
air. They achieve this by increasing the surface area in con-
tact with the air, allowing for more efficient heat dissipation
through conduction, convection, and some radiation. Some
consumer grade air coolers (like the Thermalright Peerless As-

Fig. 1 The components of an air cooler . (a) Fan that blows air over
the heatsink for dissipation of heat, (b) Heatsink- the image show-
cases its fins, (c) Heat pipes-the image showcases the copper heat
pipes which help take heat away from the CPU to the heatsink.

sassin) have more than one heat sink to allow for more efficient
heat dissipation13.

(c) Heat Pipes help in conducting heat away from the CPU
to the heatsink with ‘minimal heat loss’. This helps in trans-
ferring heat very efficiently from the die to the heatsink. The
more heat pipes there are the faster and more efficient will be
the heat transfer away from the CPU ensuring cooler temper-
atures which will help increase performance of the system or
allowing for more overclocking headroom.

Thermodynamics of air cooling

This section will dive deeper into the thermodynamics of air
cooling.

The concept of surface area is applied in the heatsink. The
heat sink has fins which increases the surface area for heat
transfer and allows for efficient heat transfer from the base of
the heat sink to the surrounding air through convection. The
fans force air through the fins which allows for even more ef-
ficient heat transfer from the heat sink to the air.

Next is the concept of conduction and convection. Heat is
first conducted from the hot CPU or GPU die through a ther-
mal interface material (like thermal paste) to a baseplate, usu-
ally made of copper or aluminum. This baseplate then trans-
fers the heat to a heatsink, which has a large surface area of
fins. Air is forced over these fins by a fan, carrying the heat
away through convection, where warm air rises and is replaced
by cooler air. The efficient conduction from the processors die
to the heat pipes and the base of the heat sink is very impor-
tant. Therefore, thermal paste is used to increase the contact
between the two surfaces - the base of the heatsink and the
processor’s die. This allows for better conduction of heat by
better particle interactions which makes the conduction more
efficient and hence lower temperatures.

The final concept is thermal conductivity. Thermal conduc-
tivity is the rate at which heat is conducted through materi-
als. The higher the thermal conductivity, the better the heat
transfer between two surfaces. This concept will dictate how
efficiently heat will be transferred from a hot processor to a
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These concepts are illustrated in the diagram below

Fig. 2 Air cooling vs Liquid cooling14. This diagram showcases the
components of air and liquid cooling and how the heat is dissipated
away from the CPU to its various components and finally to the en-
vironment. Liquid cooling is explained in the following sections.

cooling system (same concept also applies in liquid cooling).
Additionally, the second law of thermodynamics will dictate
the direction of heat transfer which in this case is from the hot
processor die to a cooling system.

Applications, advantages and disadvantages

Air cooling has remained most preferred over the decades
and it has dominated in both servers and computer systems
at home. This is because most computer systems and servers
don’t heat up to a point where air cooling is insufficient and
the workloads are also minor or the hardware isn’t power-
ful enough to heat up. Air coolers are cheaper in price and
more reliable to maintain. However, as technology advances,
computers will draw more power and they will heat up more
therefore air cooling will be insufficient. Air cooling is widely
used in entry level home PCs and smaller data centers with
lower power draw per rack (each server individually draws
less power). Some larger data centers could still use air cool-
ing because they were set up earlier. Air coolers are more
reliable to maintain as they are relatively simple and have less
failures. Even if they fail it is cheap and easy to replace com-
pared to liquid coolers.

Air cooling may be reliable and cheap but it has some severe
limitations. Air cooling has lesser cooling efficiency than liq-
uid coolers (discussed further in the thermodynamics section
under liquid cooling)15. Inefficient cooling can lead to over-
heating which can reduce the lifespan of the computer com-
ponents or lead to lower performance. Air cooling sometimes
cannot dissipate heat efficiently in dense server racks in which
multiple components generate heat (components that generate
heat other than CPU and GPU are memory, VRMs on moth-
erboard etc). The high-speed fans involved in air cooling gen-
erate a lot of noise which can be disturbing in some scenarios

and these fans also have a high energy consumption which
adds to the cost of the electricity. Air cooling also has issues
in scalability. As large data centers scale, they will slowly
require more power and hence air cooling may not be suffi-
cient. Scaling air cooling can be expensive and the real estate
required could be much more than liquid coolers.

Liquid Cooling

Liquid cooling refers to cooling by means of the convection or
circulation of a liquid. In this section we will go deeper into
the concepts of liquid cooling works and discuss differences
from air cooling.

Components

The core components of liquid cooling are the water block, the
pump, the radiator and the coolant.

The water block is the component that is mounted directly
on the heat generating component (the processors’ die). They
have a metal base usually made of copper (in some cases alu-
minium) which sits directly on the processor. This allows
the waterblock to conduct heat away from the processor into
the coolant. There are channels inside the water block where
the coolant flows. One channel flows away from the proces-
sor taking the absorbed heat away and the other brings in the
coolant to take heat away from the processor.

The pump’s purpose is to pump or circulate coolant
throughout the liquid cooling loop.

The radiator is the most important component in liquid
cooling. It exposes the coolant to the air which helps it cool.
The fans attached to the radiator then move the heat away
from the cooler effectively removing heat from the cooling
loop and the computer system (radiators in computer systems
and servers are smaller in size than those found in cars but
they perform a similar function in both cases). The radiator
has fins that have coolant passing through them. This helps
increase the surface area from which heat can be dissipated al-
lowing for more efficient heat transfer. The fans in the radiator
blow air through it allowing for the heat to be removed from
the computer system thereby effectively cooling the processor.
Additional information on radiators16.

The liquid coolant is where liquid cooling gets its name
from and it is also what makes liquid cooling one of the most
effective forms of cooling. The liquid coolant is often water
which is either purified or deionised or less commonly used
a water ethylene glycol mixture. Water is often preferred be-
cause it is cheap, widely available and it has high thermal con-
ductivity and a high specific heat capacity. This makes wa-
ter an efficient coolant and sufficient for the majority of cool-
ing needs of computer systems and data centers. Water-glycol
mixtures, often with ethylene or propylene glycol, offer freeze
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Fig. 3 Liquid Cooler used in the experiment and its various compo-
nents. The water block, integrated pump, radiator and fans are seen
in this picture.

Fig. 4 Liquid cooling loop. This showcases the path that the coolant
takes in a liquid cooling loop to dissipate heat18.

protection and increased boiling points compared to pure wa-
ter, making them suitable for environments with temperature
fluctuations. An interesting paper exploring coolants and ra-
diators17.

All these components are a part of the liquid cooling loop
which is shown in figure 4. In the liquid cooling loop,
the reservoir holds the coolant and needs to be refilled with
coolant occasionally in case of coolant loss due to evaporation
or leaks. In a liquid cooling loop, coolant absorbs heat from
components like the CPU or GPU, then circulates to a radiator
where the heat is dissipated to the surrounding air. The cooled
liquid is then pumped back to the components, completing the
cycle and maintaining a consistent temperature.

Thermodynamic Principles

The principles of water’s high specific heat capacity and the
concepts of conduction and convection are behind liquid cool-
ing. This is what makes this method one of the most efficient
forms of cooling.

Let us dive deep into the high specific heat capacity of water
and how it helps in liquid cooling.

Specific heat capacity is the amount of heat energy required
to raise the temperature of one gram of a substance by one de-
gree Celsius (or one Kelvin) and it is calculated by the equa-
tion:

Q = mc∆T (2)

The higher the specific heat capacity, the more energy a sub-
stance can absorb without a significant temperature change.
The specific heat capacity of liquid water is approximately
4184 joules per kilogram per kelvin at 20 ◦C. This means it
takes 4184 joules of energy to raise the temperature of 1 kilo-
gram of water by 1 degree Celsius (or 1 kelvin). Water has a
very high specific heat capacity compared to most other com-
mon substances, which is why it is used in applications like car
radiators and it plays a crucial role in even regulating Earth’s
climate.

Therefore the thermal efficiency of liquid cooling over air
cooling is rooted in the significantly higher thermal conductiv-
ity and specific heat capacity of water. Air has a thermal con-
ductivity of 0.026 W/m.K and water’s is 0.6 W/m.K which is
roughly 20 times higher than air’s. Moreover water has a spe-
cific heat capacity of 4184 J/Kg.◦C whereas air has a specific
heat capacity of 1005 J/Kg.◦C. Thus water’s superior ther-
mal conductivity, specific heat capacity and volumetric heat
capacity make it more efficient for cooling. Conduction and
Convection: the efficient conduction from the processor to the
base of the cooler is very important. The principle of convec-
tion is also applied in liquid cooling. The heated liquid, hav-
ing absorbed heat via conduction, then circulates through the
cooling system via a pump and tubing. As it flows, it transfers
heat to the radiator, where it is dissipated into the surrounding
air via convection and radiation, aided by fans. The first two
laws of thermodynamics again apply here when heat is trans-
ferred. The second law dictates the direction of heat transfer
and the first law dictates that the heat energy removed from
the CPU is conserved as it’s transferred into the coolant and
finally into the surrounding air.

Applications, Advantages, Disadvantages

Liquid cooling is most used in data centers that have a high
density of server racks and a very high-power draw. Liquid
cooling is also used in supercomputers, AI infrastructure19

and some high end home PCs. Liquid cooling is used to keep
the temperatures of components stable that have a high work-
load like in servers and AI infrastructure. We know that the
performance of AI infrastructure degrades when the tempera-
ture rises so cooling is very important. Liquid cooling is also
used by enthusiasts who wish to overclock their CPUs and
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GPUs. Overclocking is increasing the clock speed of compo-
nents higher than intended by the manufacturers. Since over-
clocking produces a lot of heat, liquid cooling allows for a
higher thermal headroom allowing processors to be pushed
further.

Liquid cooling has several advantages over air cooling
which includes better heat transport efficiency, smaller sys-
tem size and lower energy consumption. Additionally, fans
don’t need to push as hard in air cooling therefore we can use
cheaper fans. However, there are some major trade offs of liq-
uid cooling. Liquid cooling has a very high initial cost and
it is also less reliable because it has a more complex installa-
tion process. It has a significant risk of leaks that can dam-
age components and has increased maintenance needs which
adds to the operating costs20. Liquid cooling also comes with
potential maintenance issues and costs with pumps, coolants
and corrosion. These are the reasons that average users and
smaller data centers use the more reliable and cheaper method
of air cooling21.

Experimental Methods

This section discusses the details of the experiment set up, the
apparatus and the components used in the experiment. It also
presents all the constant variables and the measures taken to
ensure that the set up was identical for each run of the experi-
ment.

Experiment Hypothesis

This study employs formal hypothesis framework to evaluate
the response of modern high-density architectures to different
cooling solutions and workloads -

Experimental (Alternative) Hypothesis (H1): If a CPU is
subjected to sustained workloads like Prime95, Cinebench
R23 and AI inference tasks, then liquid cooling will provide
measurable performance gains and greater thermal headroom
over air cooling, particularly when used with modern con-
sumer high density architectures like Zen 4 and Zen 5 with
power caps removed.

Statistical Null Hypothesis (H0): The type of cooling solu-
tion (Stock Air, Peerless Assassin, ML240L, or Lian Li) has
no statistically significant impact on the sustained thermal per-
formance or clock speeds of the CPU. Any observed variance
is attributed to random experimental error.

Components and Apparatus

This experiment has been run on a consumer PC that was built
with the configurations described below:

Fig. 5 This is the picture of the Consumer PC that was used for the
experiment. This figure shows the air cooling leg of the experiment
and the components such as the RAM and the graphics card.

Standard PC configuration

This configuration was constant across all the experiments
• RX 9060 XT 16GB graphics card

• 32 gigabytes of Kingston Fury Beast RGB 32GB
6000MT/s DDR5 CL30 DIMM Desktop Memory

• Motherboard - Gigabyte x870 eagle wifi7 motherboard

• Chassis - MSI MAG Forge 320 R air flow

Processors under test

(a) AMD Ryzen 7 9700X: Built on the Zen 5 architecture,
the AMD Ryzen 7 9700X features a 3.8 GHz base and
5.5 GHz boost clock. It has 8 cores and 16 threads. This
chip has 65W TDP and a 88W PPT by default. However
it behaves more like a high TDP chip when the power
is uncapped as mentioned below. This chip has a 95◦C
TjMax

(b) AMD Ryzen 5 7500F: Built on the Zen 4 architecture,
featuring a 3.7 GHz base and 5.0 GHz boost clock. It has
6 cores and 12 threads. It also has a 65W TDP and an
88W PPT by default. However, even when the power is
uncapped it still behaves like a low TDP chip. Its 6-core
configuration results in lower thermal density compared
to the 9700x.

Cooling solutions used

Four types of coolers were used for the experiment: two air
coolers and two liquid coolers.
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(a) Air Cooler 1: The first air cooler is the AMD stock air
cooler (AMD wraith stealth(SR1)). The air cooler’s spec-
ifications are:

(i) 4 x 6mm copper heat pipes

(ii) 120 mm heatsink with aluminium fins and a copper
base and

(iii) 92 mm fan, which has a max RPM of 2500

(b) Air Cooler 2: The second air cooler is the Thermalright
Peerless Assassin 120 SE Blac. Its specifications are.

(i) 6x6mm copper heat pipes

(ii) 2xHeatsinks with dimensions of L125 mm x W110
mm x H155 mm

(iii) 2x 120 mm fans with max RPM of 1550
RPM±10%

(c) Liquid cooler 1: Cooler Master ML 240 l V2 AIO22. The
liquid cooler’s specifications are:

(i) 240 mm Radiator

(ii) 2 x120 mm fans with a max RPM of 1800

(d) Liquid cooler 2: Lian li Galahad ii Lite performance 360
(i) 360 mm Radiator

(iii) 3x120 mm fans with a max RPM of 2500 RPM

Workloads

Three different workloads were stress test and monitored:
• Prime 95: Small FFT stress test23

• Cinebench R23
• AI inference: Llama 3.1 8B via Ollama. The prompt

used was ‘Write a 500 word technical explanation about
CPU microarchitecture’ was run in a loop. Compute was
strictly limited to CPU. The code used for the AI infer-
ence task is available in the appendix.

Monitoring and logging the results

The experiment was monitored with HW info 6424 and results
were logged with the in-built logging tool. A logging inter-
val of 0.1 seconds was chosen for a high resolution data log-
ging. The results were exported to a Google sheets document
to keep a record and graph the results.

Experiment Design

A total of 24 different experiment configurations were evalu-
ated, comprising two CPUs, four cooling solutions and three
workloads. Each configuration was tested using three inde-
pendent runs, resulting in 72 total test runs. Below are the
steps that were followed to run the experiments:

• Step 1: Reboot the machine from the shutdown state

• Step 2: Start only the HWinfo monitoring software with
an option to record logging turned on

• Step 3: Note the idle temperature of the CPU

• Step 4: Start the stress test (workload) 1 minute after
starting the monitoring software

• Step 5: Once the stress test completes its duration then
stop the test immediately

• Step 6: Keep running the monitoring software for an ad-
ditional 1 minute to record the cool down phase of the
experiment

• Step 7: Stop logging at the end of one minute of the cool
down phase

• Step 8: Shutdown the machine immediately

• Step 9: Wait for 10 minutes before restarting the machine
for the next test

• Step 10: Once the stock cooler run of the experiment is
finished, remove the stock cooler in the PC and swap it
with the next cooler. This will be a manual process. If
the cooling solution is the ml240L remove the two extra
case fans because the radiator’s fans will make up for the
airflow. If it is the Lianli cooler then remove the exhaust
fan as well. All other variables should be kept constant

• Step 11: Repeat the exact same steps with all the coolers
and note the temperature readings

• Step 12: Once all the steps have been repeated with all
the 4 coolers the CPU has to be swapped from the Ryzen
7 9700x to the Ryzen 5 7500f. Then repeat all the above
steps with the 4 coolers

Constant Variables

Following controls were enforced to ensure data validity:
1. Atmospheric condition: The AC was turned on 30 mins

prior to the experiment at 24◦C to keep the temperature
constant. The Ambient temperature was monitored by a
digital thermometer and held constant at 24◦C ±0.5◦C.

2. Humidity: Monitored by a digital hygrometer and main-
tained at 55% ±5%

3. Fan curves: All fan curves were locked to a constant pro-
file in the BIOS.

4. Airflow Equilibrium: Total chassis airflow was kept con-
stant at 3 intake and 3 exhaust fans.
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Fig. 6 Screenshot of stress testing & logging tools during the actual experiment. The window on the left is the prime95 small FFT stress test
and the window on the right is the monitoring and logging software

(a) During the air cooling phase, two additional ex-
haust fans were added to compensate for the radi-
ator fans.

(b) For the 360mm liquid cooler, one exhaust fan was
removed as the radiator provided three fans.

5. Power Limits: Power was uncapped for all runs, with
PPT set to 630W.

6. The Thermal paste used was the Arctic MX-6 thermal
paste and it was kept constant throughout the experiment
using a stencil. However there can still be some minor
inconsistencies and variations in the amount of thermal
paste added. While minor variations in mounting pres-
sure are inherent to manual installation, all screws were
tightened to the point of natural resistance to ensure uni-
form contact across the IHS (Integrated Heat Spreader).

Experimental Analysis

Selection of sustained thermal Peak

The analysis was focused on the sustained thermal peak of
each test run.

• Prime95 & AI: 5 mins of test data was analysed
(Ttest-duration −7) to (Ttest-duration −2) minutes (3)

• CineBench: 5 mins of test data was analysed
(Ttest-duration −6) to (Ttest-duration −1) minutes (4)

Data Presentation

All quantitative thermal (temperature of CPU in (◦C) and per-
formance data (CPU clock speed in MHz) are reported as the
mean (X̄± one standard deviation (SD)) across the three inde-
pendent experimental runs. The mean represents the central
tendency of the sustained thermal peak, while the standard de-
viation indicates the experimental precision and the consis-
tency of the cooling solution’s performance under load. To
understand the thermal impact of the cooler on the CPU for a
given workload, thermal headroom that is the difference in the
maximum allowed operating temperature, Tj Max (set by the
manufacturer) and the mean temperature achieved during the
thermal peak of the test run has been calculated as below

Thermal Headroom = TjMax−Tmean (5)

Statistical Framework: One-way ANOVA

To determine if the variance in CPU performance across dif-
ferent cooling solutions was statistically significant, a One-
Way Analysis of Variance (ANOVA) was employed. This test
evaluates the Null Hypothesis (H0) by comparing the variance
between the cooler groups to the variance within the groups.

Mathematical Formulas for Analysis

1. Sum of Squares between Groups (SSbetween): Measure the
variation between the four different cooling solutions.

SSbetween = n∑(Xg −XG)
2 (6)
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Fig. 7 Chart showing the sustained thermal peak for test run 1 of prime 95 with the configuration of the LianLi Galahad 2 performance lite
AIO and the Ryzen 7 9700x.

Where n is the number of runs per cooler, Xg is the mean
of a specific cooler group, and XG is the grand mean of
all runs.

2. Sum of Squares within Groups (SSwithin): Measure the
variation (error) within the repeated runs of the same
cooler.

SSwithin = ∑(n−1)s2 (7)

Where s is the variance of each individual group.

3. Mean Squares (MS): The Sum of Squares divided by
their respective degrees of freedom (d f ).

MSbetween =
SSbetween

d fbetween
(8)

MSwithin =
SSwithin

d fwithin
(9)

4. F-Statistic Calculation:

F =
MSbetween

MSwithin
(10)

Statistical Parameters and Decision Rule

The ANOVA was conducted using the following fixed param-
eters based on the experimental design:

• n (Total test runs per coolers): 3

• k (Number of cooling groups): 4

• N (Total observations per CPU/Workload): 12

• Degrees of Freedom (Between): d fbetween = k−1 = 3

• Degrees of Freedom (Within): d fwithin = N − k = 8

• Critical Value: Based on an alpha level of α = 0.05, the
Fcritical = 4.066.

Statistical Inference: The p-value is derived from the re-
sulting Fstatistic using online p-value calculator GraphPad25 If
F > 4.066 (resulting in p < 0.05), the Null Hypothesis (H0)
is rejected. This indicates that the differences in performance
across the cooling solutions are statistically significant and not
the result of random experimental error, thereby supporting
the Experimental Hypothesis (H1).

Experimental Result

In high-intensity synthetic workloads like Prime95, the type of
cooler had a profound impact on the thermal headroom and the
performance of the AMD Ryzen 7 9700X. The liquid coolers,
Lianli and Cooler Master, typically performed better than the
air coolers however the Cooler Master liquid cooler and the
Thermalright air cooler performed similarly as noted below.
As expected, the Lianli with a larger radiator performed much
better than all the coolers. However this general behaviour
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was not always the case and the behaviour changed based on
the workload and processor. These differences in observations
are shared below.

In Prime95 when the CPU, Ryzen 7 9700X, is cooled with
the Stock Cooler (AMD Wraith SR1), the CPU achieved a
mean temperature of 95.2◦C ±0.1◦C with a mean resulting
clock speed of 3808 MHz ±66 MHz. Upgrading to the Lianli
reduced mean sustained thermal peak temperatures of the CPU
to 86.3◦C ±1.6◦C and provided approximately 7.7◦C of ther-
mal headroom while allowing the clock speed to increase to
4966 MHz ±17 MHz resulting in a meaningful performance
gain of 30%. This data shows that there was negligible differ-
ence in performance gains to no performance gains between
using a high end air cooler or using a lower end liquid cooler
without any manual overclocking. Lianli also showed perfor-
mance gains over the Thermalright with a slight improvement
of 1.36% in mean clock speeds. Though it is to be noted that
the greater thermal headroom that is provided by liquid cool-
ing implies that the CPU can be pushed further to gain more
performance via overclocking.

In Prime95 when the Ryzen 5 7500F was cooled with the
stock cooler, it resulted in a mean temperature of 91.1◦C
±0.2◦C running at a mean clock speed of 4423 MHz
±17MHz. However, just using a better air cooler, Thermal-
right, was sufficient to drop the mean temperature to 75.6◦C
±0.7◦C. The clock speed of the processor, when cooled us-
ing all 4 cooling solutions during the Prime95 workload, were
similar for almost all the tests. When the CPU was cooled us-
ing the stock cooler it had a slightly lower mean clock speed
of 4423±17MHz compared to all the other coolers.

One-way ANOVA was performed on the clock speed data
from sustained thermal peak to verify the findings

With Fcritical = 4.066 and α = 0.05, the Ryzen7 9700X p-
value < 0.0001 provides enough evidence to reject the Null
Hypothesis (H0) and accept the experimental Hypothesis (H1).
Test outcome of R5 7500F on the other hand yielded p-value
= 0.1152 which is significantly higher than the set α = 0.05,
hence the Null Hypothesis (H0) can not be rejected in this case.

Similar results were observed during the Cinebench R23
workload test runs as that of test runs of Prime95. Table 3:
Results from testing Cinebench R23 across multiple CPUs and
cooling solutions

When the LianLi was used to cool the Ryzen 7 9700x while
running Cinebench test, it provided a thermal headroom of
11.3◦C and it let the CPU run at a clock speed of 5307 ±25
MHz. When the stock cooler was used to cool the CPU it pro-
vided no thermal headroom and it let the CPU run at a clock
speed of 4485 ±79MHz. Thus the performance gain of going
from best to the worst cooler in this test sample was approx-
imately 18.3%. There was also a slight performance gain of
0.93% when using the LianLi AIO instead of the Thermalright
peerless assassin.

When the Ryzen 5 7500f was cooled using the 4 cooling
solutions while running Cinebench R23 the clock speed trends
were similar to the 9700x. Even when cooled with the Stock
Cooler, the Ryzen 5 7500F achieved 4609 ± 30 MHz, which is
much closer to its maximum boost clock speed than what was
achieved in the case of the 9700X. The performance peaked at
4918 ± 51 MHz on the AIO, representing a total gain of 6.7%
from stock to liquid, which is relatively lower compared to the
9700x.

One-way ANOVA analysis on the sustained thermal peak
data of the Cinebench test confirmed our finding

There was a significant evidence (p-value = 0.0006, p < α)
to reject the Null Hypothesis (H0) meaning that the impact of
the cooling solutions was significant in case of Ryzen7 9700X.
While the data from testing Ryzen5 7500F (p-value = 0.0098,
p < α) also showed evidence to reject the Null Hypothesis
(H0) but as the FStatistic = 28 is not very large as compared to
Fcritical = 4.066 therefore the impact of the cooling solution
was evident but not significant.

The AI inference workload exhibited unique thermal behav-
ior compared to synthetic tests.

When the 9700x ran the AI inference workload while being
cooled by the stock cooler it reached mean temperatures of
96.15◦C ±0.2◦C (going beyond the Tj Max temperature), but
the mean temperatures dropped drastically to 51.5◦C ±3.1◦C
while cooled by the Lianli AIO. The clock speed increased
from 5114 ±98 to 5472 ±137 when upgrading the cooler to
the Lian li AIO. This data proved that upgrading the cooler
had a slight performance gain of 7% while providing a sig-
nificantly high thermal head room of 43.5◦C. Compare this to
the performance gain of 30% in case of Prime95 when cooled
with Lianli cooler.

For the Ryzen5 7500f the results were different and unique.
The clock speed was slightly higher when the CPU was cooled
with a stock cooler (4747 ±15MHz). The clock speed was
similar for the other coolers though the CPU ran at a lower
clock speed when cooled with the ML240L liquid cooler
(4635 ±204). This data showed that there was no performance
gain when switching to a better air cooler or upgrading to liq-
uid cooling. However, as expected the Lianli AIO provided
the greatest thermal head room of 43.5◦C.

Analysis of the emerging AI Inference workload revealed
a similarity in thermal dependency between the two tested ar-
chitectures. For the AMD R7 9700X, p-value = 0.0789 that is
p > α . Similarly for AMD R5 7500F p-value = 0.9694 where
also p > α . Therefore in both the cases there not enough evi-
dence to reject the Null Hypothesis (H0).

The AI workload test data shows that the impact of coolers
on the CPU performance, clock speed, is not very significant
however there is a significant thermal headroom created by the
cooling solutions.
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Table 1 Results from testing Prime95 across different CPUs and cooling solutions
Stock Cooler Thermalright Peerless Assassin ML240L Lianli GA 2 Lite

AMD R7 9700X Mean CPU Temp (◦C) 95.2 ±0.1 95.4 ±0.1 90.2 ±1.0 86.3 ±1.6
Mean Clock Speed (MHz) 3808 ±66 4899 ±27 4840 ±29 4966 ±17
Thermal Headroom (◦C) Nil Nil 4.8 7.7

AMD R5 7500F Mean CPU Temp (◦C) 91.1 ±0.2 75.6 ±0.7 78.1 ±1.2 70.3 ±0.8
Mean Clock Speed (MHz) 4423 ±17 4798 ±86 4766 ±13 4667 ±256
Thermal Headroom (◦C) 3.9 19.4 16.9 24.7

Table 2 Results of the one-way ANOVA done on the Prime95 test runs

Processor Workload Fstatistic (F) p-value (p) Significance
AMD R7 9700X Prime95 576.0 < 0.0001 Extreme
AMD R5 7500F Prime95 4.7 0.1152 Not Significant

Discussion

The Ryzen7 9700X along with the Stock Cooler across all the
workloads reached the mean temperatures upwards of 95◦C
which is the CPU’s Tj Max, triggering aggressive downclock-
ing to protect the silicon (thermal throttling, see Appendix 1).
This was most prevalent during the Prime95 workload, which
is inherently very thermally intensive, where the temperatures
were 95◦C with a standard deviation of only 0.1 and the clock
speeds were much lower compared to other coolers and they
were 3808 MHz with a standard deviation of 66. As the cool-
ers were upgraded both the clock speed and the thermal head-
room increased.

Across the workloads there was usually only a minor dif-
ference between the thermal headroom, 2.5◦C - 4.8◦C, and
mean clock speeds, 1MHz - 59MHz, provided by the Thermal-
right Peerless Assassin and the Cooler Master ML240L. This
is because 240 mm AIO’s have a similar surface area to dual
tower air coolers (Peerless Assassin). Therefore the advan-
tage of liquid cooling scales much better when it is cooling a
high TDP chip or if the airflow is restricted and it scales much
more significantly when moving to 360mm + radiators. The
Lianli AIO gave the largest thermal headroom as expected.
The greater thermal headroom achieved by upgrading the class
of cooler allowed the CPU’s boosting algorithm to maintain a
higher voltage/frequency state, resulting in statistically signif-
icant performance gains as showcased above.

Similar results were observed in R5 7500F but they were
not as drastic as the results observed in the 9700x. There was
no significant thermal throttling observed (see Appendix 2) in
this CPU even after using the stock cooler. The results were
all statistically significant proving that there were some per-
formance gains by using liquid cooling.

The Ryzen7 9700X is a chip with only a 65 W TDP. How-
ever, this serves like a thermal design guideline rather than a
strict limit on power consumption. With a higher uncapped

PPT AMD’s boosting algorithm lets the chip draw much more
power and thus it behaves like a much higher TDP chip. Thus
the chip tends to heat up more since it is trying to run at a
higher sustained clock speed. The Ryzen5 7500F is a chip
which has a 65 W TDP as well. However, even after all power
caps are removed it still behaves like a lower TDP chip. It
doesn’t heat up as much because it has a lesser core count and
because it has a lower boost clock along with some architec-
tural differences. It also does not draw as much power. This
explains why the Ryzen 5 7500f stayed cooler than the Ryzen
7 9700x on average across the 4 cooling solutions.

During the AI tests the Ryzen5 7500F reached a determin-
istic frequency ceiling rather than a thermal one. Even with
the stock cooler the 7500f stays cool enough to run as fast
as its firmware allows and the bottleneck shifted from a ther-
mal bottleneck to a firmware and silicon bottleneck. Through
deductive reasoning, it was concluded that the firmware im-
plemented a strict voltage frequency offset thus it did not let
the CPU request for more voltage even with a greater thermal
headroom. This is because the LLama 3.1 8b model utilises
the AVX-512 instruction set which is mathematically inten-
sive and is very thermally demanding. Thus across all cool-
ing solutions there was no significant statistical difference in
clock speed. Though the voltage was not monitored in this
experiment, future research can further validate this claim by
monitoring voltage.

From these independent experiments and from the data we
can conclude that liquid cooling is more efficient than air cool-
ing and it provides some performance gains. The experimen-
tal hypothesis (H1) of this experiment was that If a CPU is
subjected to sustained workloads then liquid cooling will pro-
vide measurable performance gains and provide a significantly
greater thermal headroom across all workloads. There was
significant evidence (p-vale, Fstatistic) to accept this hypothe-
sis in the case of running Prime95 & Cinebench workload on
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Table 3 Results from testing Cinebench R23 across multiple CPUs and cooling solutions
Stock Cooler Peerless 240ML Lianli

AMD R7 9700X Mean CPU Temp (◦C) 95.3 ±0.2 95.2 ±0.3 90.6 ±3.7 83.7 ±4.0
Mean Clock Speed (MHz) 4485 ±79 5258 ±41 5231 ±38 5307 ±25
Thermal Headroom (◦C) Nil Nil 4.4 11.3

AMD R5 7500F Mean CPU Temp (◦C) 91.1 ±1.4 70.2 ±2.2 74.2 ±2.0 67.8 ±2.0
Mean Clock Speed (MHz) 4609 ±30 4894 ±49 4839 ±53 4918 ±51
Thermal Headroom (◦C) 3.9 24.8 20.8 27.2

Table 4 Results of the one-way ANOVA done on the Cinebench R23 test runs

Processor Workload Fstatistic (F) p-value (p) Significance
AMD R7 9700X CineBench 185.4 0.0006 Extreme
AMD R5 7500F CineBench 28 0.0098 Significant

Ryzen 7 9700X. There were also some performance gains on
the Ryzen 5 platform but the gains were not very significant.

The analysis of the results also proved that choosing a cool-
ing solution depends on how CPU and workload combination
behaves and that cooling only may not always provide any
real performance gains that could justify investments in cool-
ing. The p-values across the 9700x and 7500f were greater
than the α(0.05) set for the experiment giving no evidence to
reject the Null Hypothesis (H0) implying there was no impact
of cooling solutions on the performance of the AI workload.
As seen from the AI experiment, AI workloads and other real
world workloads perform very differently thermally with dif-
ferent hardware configurations, therefore workloads and their
underlying hardware architecture must be kept in mind while
choosing a cooling solution to maximise the performance of
the system.

After a comparative analysis of the quantified data across
the coolers, CPU and workload configurations, it was proved
that for low intensive workloads and for lower end CPUs
liquid cooling had greater diminishing returns and gave no
real performance gains and to some extent thermal headroom
gains.

Challenges, Limitations and Future Work

There were several challenges faced while conducting the ex-
periment especially with liquid cooling. Initially the power
cap was set very low at 88 Watts. This hindered the stress
test to push the CPU to its fullest potential. This also hindered
the temperature from rising substantially and therefore the gap
between air cooling and liquid cooling was minimal and thus
the hypothesis could not be validated. However, this failed at-
tempt established that power has a very close relationship with
temperature (this is linked to the first law of thermodynamics).
In the following attempts, power caps were removed and this

caused the power draw to skyrocket to 170-180 Watts causing
the temperature of the CPU to rise to the maximum operat-
ing temperature of 95◦C for most of the coolers. There were
several challenges in manually installing the air coolers in the
consumer PC. Running 72 different test set ups, with differ-
ent cooler and CPU configurations was extremely time con-
suming involving manual steps of opening the PC, changing
the parts, thermal paste application, re-assembling the PC. Ev-
ery test run was about 20-30 minutes requiring accurate start-
ing and stopping of the monitoring software and ensuring that
the room temperature and humidity remained constant. This
meant 100s of hours spent running the experiments and care-
fully gathering the data.

Limitations

The results of the experiment are subject to multiple method-
ological limitations that affect the realism and precision of the
results. Workload selection is a primary limitation as more re-
alistic workloads other than AI inference were not conducted.
Prime 95 small FFT is a very thermally intensive workload
and this represents a synthetic worst-case thermal load that is
not representative of typical consumer usage scenarios. These
stress tests are useful to analyze thermal limits but they may
over emphasize peak thermal behaviour relative to real world
workloads. The experiment was also severely limited in hard-
ware selection. b. A potential selection bias may exist in
favour of liquid cooling as liquid coolers typically occupied
a slightly higher price bracket than the air coolers. Conse-
quently, the results should be interpreted as indicative rather
than definitive evidence of relative cooling superiority.. The
sample size of the experiment was very limited as the exper-
iment evaluated a limited number of CPUs and cooling solu-
tions, restricting the scope of the findings to the specific con-
figurations and architectures tested. The test’s duration was
limited to only 20/30 mins and 10 minutes for Cinebench and
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Table 5 Results from testing AI inference across multiple CPUs and cooling solutions
Stock Cooler Peerless 240ML Lianli

AMD R7 9700X Mean CPU Temp (◦C) 96.15 ±0.2 63.6 ±0.9 60.0 ±2.5 51.5 ±3.1
Mean Clock Speed (MHz) 5114 ±98 5440 ±147 5441 ±69 5472 ±137
Thermal Headroom (◦C) Nil 31.4 35.0 43.5

AMD R5 7500F Mean CPU Temp (◦C) 77.7 ±2.6 51.1 ±2.1 55.4 ±2.3 48.7 ±1.9
Mean Clock Speed (MHz) 4747 ±155 4666 ±195 4635 ±204 4663 ±194
Thermal Headroom (◦C) 17.3 43.9 39.6 46.3

Table 6 Results of the one-way ANOVA done on the AI inference test runs

Processor Workload Fstatistic (F) p-value (p) Significance
AMD R7 9700X AI 6.3 0.0789 Not significant
AMD R5 7500F AI 0.2 0.9694 Not significant

this may not capture data for a sustained thermal peak for a
greater duration of time. Environmental conditions were con-
trolled to a reasonable extent as atmospheric conditions like
humidity and temperature were closely monitored and the AC
was running constantly at 24◦C. However, minor inconsisten-
cies in the logging environmental fluctuations may have af-
fected the results. Inaccuracies in the thermometer and hy-
grometer used in the experiment may have also affected the
results. Errors in manual data logging may also contribute to
timing inconsistencies. The AI workload was limited due to
requirements of a significantly large RAM in the PC. Due to
this, the model that was chosen for the experiment was with
8B parameters which has a limited effect on the CPU. There
are limitations in the accuracy of the sensors on the PC and
the measurement software. There is also a limitation in the
scope of the experiment as it was only conducted on only 2
CPU classes and only 3 workloads were tested. This restricts
broader conclusions regarding cooling performance across di-
verse computing scenarios. Although due care has been taken
to ensure consistency in the equipment across the test runs,
errors could still have also crept in due to inconsistency in
application of the thermal paste, or due to over or under tight-
ening of the coolers on the CPU or due to fan alignments and
therefore airflow etc.

Future Work

Future work should expand this study by incorporating
broader and more realistic workloads other than AI infer-
ence tasks like gaming bench marks, 3D rendering, image and
video generation etcetera. The duration of the test could be
increased as twenty to thirty minutes may not allow the liq-
uid cooling loop and the air coolers to reach thermal satura-
tions. The logging of the test results can be automated so that
there are no minor or major inconsistencies in timings or at-
mospheric conditions. As more local AI models are being op-

timised to run on consumer PCs, future research can use these
new and larger AI models for conducting similar tests. These
new models can be more intensive on the hardware and reflect
more real world workloads. There could be further studies
on the impact of cooling on the CPU-GPU combination on a
PC running more of these high intensity local AI workloads.
As running AI locally becomes more prevalent, studying the
impact of cooling on various hardware combinations and not
only CPUs becomes more important.

Conclusion

This study investigated two primary objectives: (a) analyzing
and quantifying the difference in performance (clock speed)
and thermal headroom between liquid and air coolers using
different CPU, coolers and workload configurations (b) exam-
ining the thermodynamic principles governing these cooling
methods. The results show that for high TDP chips like the
Ryzen 7 9700x, using a higher end liquid cooler could provide
measurable performance gains of around 30% compared to a
lower end air cooler while providing a substantially greater
thermal headroom. A similar trend was observed for a lower
TDP chip like the Ryzen 5 7500f where the use of a higher end
liquid cooler resulted in performance gains of approximately
7%. However, when comparing a lower end liquid cooler with
a similar price as the high end air cooler there was no observ-
able performance gain. When using a lower end CPU under
realistic workloads the air cooler provided a greater thermal
headroom than the liquid cooler at the same price. Thus we
can conclude that when using lower end hardware liquid cool-
ing provides no real performance gain or any benefit. How-
ever, when it comes to high TDP hardware liquid cooling gives
high performance gains verifying the hypothesis of the exper-
iment. This is beneficial because it allows computer systems
to run more intensive workloads better at a lower operating
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temperature. As AI technology advances and the demand for
power increases, liquid cooling can prove to be beneficial to
cool these power hungry processors and the performance gains
of liquid cooling may outweigh the cost effectiveness of air
cooling. There will be continuous breakthroughs in how the
laws of thermodynamics are used to cool the computer sys-
tems of the future, innovation on better coolants and more
sustainable growth of AI technology. These experiments show
the deep connection between Physics and scaling of computer
technology.

Data Availability

The datasets generated and analyzed during the current study,
including raw thermal logs from HWInfo64, power consump-
tion metrics, and statistical analysis spreadsheets, are available
in the following GitHub repository: https://github.
com/vivaanshrivastava/NHSJSResearch. The
repository includes a readme file detailing the experimental
configurations.
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Appendix

Appendix 1

Fig. 8 CPU Clock-speed chart for the entire test run 1 on Ryzen7 9700X with stock cooler running Prime95. Notice the significant downclock-
ing due to thermal throttling.

Appendix 2

Fig. 9 CPU Clock-speed chart for the entire test run 1 on Ryzen5 7500F with stock cooler running Prime95. Notice there is no significant
downclocking in Ryzen5 7500F
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Appendix 3

Processor Workload Stock Cooler Peerless 240ML Lianli

AMD R7 9700X Prime95 3808 ±66 4899 ±27 4840 ±29 4966 ±17

AMD R7 9700X CineBench 4485 ±79 5258 ±41 5231 ±38 5307 ±25

AMD R7 9700X AI 5114 ±98 5440 ±147 5441 ±69 5472 ±137

AMD R5 7500F Prime95 4423 ±17 4798 ±86 4766 ±13 4667 ±256

AMD R5 7500F CineBench 4609 ±30 4894 ±49 4839 ±53 4918 ±51

AMD R5 7500F AI 4747 ±155 4666 ±195 4635 ±204 4663 ±194

Table 7 Across all 24 configurations, means of clock speed achieved
during the three test runs in MHz with standard deviation of the sus-
tained thermal peak

Appendix 4

Processor Workload Stock Cooler Peerless 240ML Lianli

AMD R7 9700X Prime95 95.2 ±0.1 95.4 ±0.1 90.2 ±1.0 86.3 ±1.6

AMD R7 9700X CineBench 95.3 ±0.2 95.2 ±0.3 90.6 ±3.7 83.7 ±4.0

AMD R7 9700X AI 96.15 ±0.2 63.6 ±0.9 60.0 ±2.5 51.5 ±3.1

AMD R5 7500F Prime95 91.1 ±0.2 75.6 ±0.7 78.1 ±1.2 70.3 ±0.8

AMD R5 7500F CineBench 91.1 ±1.4 70.2 ±2.2 74.2 ±2.0 67.8 ±2.0

AMD R5 7500F AI 77.7 ±2.6 51.1 ±2.1 55.4 ±2.3 48.7 ±1.9

Table 8 Across all 24 configurations, means of CPU temperature
achieved during the three test runs in ◦C with standard deviation of
the sustained thermal peak

Appendix 5

Processor Workload Stock Cooler Peerless 240ML Lianli

AMD R7 9700X Prime95 99 ±1.3 174 ±3.1 163 ±2.0 180 ±3.6

AMD R7 9700X CineBench 99 ±2.5 169 ±10.2 161 ±9.2 170 ±9.5

AMD R7 9700X AI 100 ±6.6 111 ±10.4 114 ±7.9 111 ±10.2

AMD R5 7500F Prime95 101 ±1.0 132 ±1.7 128 ±1.5 129 ±2.9

AMD R5 7500F CineBench 93 ±2.7 107 ±4.4 105 ±4.2 107 ±4.4

AMD R5 7500F AI 85 ±6.7 80 ±7.2 82 ±6.7 79 ±6.4

Table 9 Across all 24 configurations, means of CPU power consumed
during the three test runs in W with standard deviation of the sus-
tained thermal peak

Appendix 6

Fig. 10 Comparison of the CPU Clock-speeds across multiple cool-
ers on Ryzen7 9700X.

Appendix 7

Fig. 11 Comparison of the CPU Clock-speeds during sustained ther-
mal peak across multiple coolers on Ryzen7 9700X along with Min
and Max of clock speeds.

Appendix 8
Code used for running AI inference workload

@echo off
:loop

ollama run llama3.1:8b "Write a 500 word technical
explanation about CPU microarchitecture."

timeout /t 0 /nobreak >nul
goto loop

16 | © The National High School Journal of Science 2026


