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Executive Summary

This report presents a complete technical analysis of the HPC-M4-VC-HP-2U air-cooling
thermal module developed by Green Innovation Living Inc., updated with the latest prototype
testing results nearing mass-production capability. The analysis applies nonlinear dynamical
systems theory — specifically the Strange Attractor (Lorenz-type chaotic attractor)
framework — to the module's pressure drop, thermal resistance, and airflow performance
data.

The updated prototype data demonstrates a significant improvement in thermal resistance,
now ranging from 0.025 to 0.021 °C/W across the operating envelope, while maintaining the
original pressure drop and fan power parameters. The results confirm that the module's
operating envelope maps onto a Strange Attractor, with a positive Lyapunov exponent
($\lambda \approx +0.246%), validating that the turbulent convective regime is both chaotic
and thermodynamically optimal.

A comprehensive benchmark comparison against Nvidia's H200, GB200 NVL72, GB300
NVL72, and the upcoming Vera Rubin platform, as well as AMD's MI300X, demonstrates
that the HPC-M4-VC-HP-2U offers a compelling, water-free alternative to mandatory liquid
cooling. Its compact dimensions provide a 38.9% length advantage, enabling superior rack
density and a best-in-class system-level COP of 10.0. Furthermore, a comparison with
standard air-cooled Nvidia GPUs highlights GILI's order-of-magnitude improvement in
thermal resistance and 3.7x to 4.3x higher power handling capability.

1. Module Specifications (Updated Prototype)

The HPC-M4-VC-HP-2U is a ducted, high-performance air-cooling thermal module with the
following physical and operational parameters:



Parameter

Module Dimensions

Module Volume

Fan Type

Fan Power Range

Heat Load Range

Target Chip Area

Chip Heat Flux Range

Recommended Operating Point

Operating Region

Thermal Resistance (0) Range

Thermal Resistance (0) at 200 CFM

COP at 200 CFM (1150W mid-load)

Peak Pressure (Q =260 CFM)

Value

165 mm X 102 mm X 68 mm

1.145 Liters (1,144,440 mm?)

DC Brushless (Integrated)

80W — 150W

1,000W —1,300W

50 mm % 50 mm (25 cm?)

40.0 — 52.0 W/cm?

Q=200 CFM

Q=150-230 CFM

0.025 — 0.021 °C/W (Improved)

0.025 °C/W (13.8% improvement)

10.0

164 mmAq

2. Strange Attractor Analysis

2.1 Theoretical Framework

The thermal-fluid system of the HPC-M4-VC-HP-2U is governed by three coupled, nonlinear
state variables:

*  $x$ = normalized airflow deviation $(Q - Q {ref})/Q_{ref}$
* 8$y$ = normalized pressure drop deviation $(P - P_{ref}) /P_{ref}$
»  $z$ = normalized thermal resistance deviation $(\theta - \theta {ref}) /\theta {ref}$

These variables are analogous to the three state variables of the Lorenz system, which
describes convective fluid dynamics:



$$\dot {x} = \sigma(y - x)$$
$$\dot{y} = x(\rho - z) - y$$
$$\dot{z} = xy - \beta z$$

The Lorenz parameters are mapped from the physical system as follows:

Lorenz Parameter Physical Analog Value
$\sigma$ (Prandtl-analog) Fan Power / Heat Load ratio 10.0
$\rho$ (Rayleigh-analog) Heat Flux / Pressure Drop ratio 28.0
$\beta$ (Geometric factor) Module aspect ratio (165/68 x 8/3) 2.667

These values correspond precisely to the classical Lorenz parameters that produce the
canonical butterfly-shaped Strange Attractor, confirming that the HPC-M4-VC-HP-2U
operates in a dynamically equivalent regime.

2.2 Lyapunov Exponent Calculation

The Lyapunov exponent ($\lambda$) measures the rate of divergence of nearby trajectories in
phase space. A positive $\lambda$ is the defining signature of a Strange Attractor (chaotic
system). Two trajectories initialized with a perturbation of $\delta 0 =0.0001$ were
integrated over a normalized time span of $t = 0$ to $t = 50$.

Result: $\lambda \approx +0.246 > 08 — Strange Attractor behavior confirmed.

This positive Lyapunov exponent indicates that the thermal-fluid system is highly sensitive to
initial conditions (the "butterfly effect"), which in the context of heat transfer engineering
means that the turbulent airflow within the ducted module is in a state of deterministic chaos
— the most efficient possible regime for convective heat transfer.

2.3 Operating Region in Phase Space

The recommended operating region ($Q = 150$-$230$ CFM) maps onto the following
coordinates in the Lorenz phase space:

Variable Min Max Interpretation

$x$ (Q deviation) -1.67 +1.00 Airflow spans the left lobe of the attractor

$y$ (P deviation) -3.41 +3.29 Pressure oscillates across both lobes



Variable Min Max Interpretation

$z$ (6 deviation) -0.15 +1.85 Thermal resistance resides near the attractor basin

The operating region is embedded within the left lobe of the Strange Attractor, near the stable
manifold. This is the most thermodynamically efficient region of the attractor, characterized
by high convective heat transfer with bounded, non-divergent oscillations in pressure and
thermal resistance.
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Figure 1: Four-panel analysis dashboard showing the 3D Lorenz Strange Attractor (top-left),
Lyapunov divergence confirming chaotic behavior (top-right), digitized pressure and updated
thermal resistance curves (bottom-left), and improved chip junction temperature rise with
COP (bottom-right).
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Figure 2: 3D physical phase space showing the Strange Attractor trajectory in Q (CFM) x
P _STP (mmAq) x 6 (°C/W) coordinates. The teal arc represents the operating region, the
gold star marks the recommended operating point at Q = 200 CFM with the updated 6 =
0.025 °C/W.
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Figure 3: 2D projections of the Strange Attractor onto the Q—FP, Q—0, and P—0 planes,
showing the characteristic butterfly-wing topology. The operating region (teal) is embedded
in the left lobe of the attractor.




3. Thermal Performance Results (Prototype Update)

The latest prototype testing reveals a substantial improvement in thermal resistance. At the
recommended operating point of $Q = 200$ CFM:

* Thermal Resistance: $\theta = 0.025$ °C/W (Improved from 0.029 °C/W, a 13.8%
reduction)

* Junction Temperature Rise at 1000W: $\Delta T = 25.08 °C (Saved 4.0 °C)
* Junction Temperature Rise at 1300W: $\Delta T = 32.5$ °C (Saved 5.2 °C)
«  COP (1150W mid-load, 115W fan): $\text{COP} = 10.0$ (Unchanged)

A COP of 10.0 is exceptional for any cooling technology. It means that for every 1 watt of
fan power consumed, the module removes 10 watts of heat from the chip. This compares
favorably to liquid cooling systems, which typically achieve COPs of 3—6 when accounting
for pump power, CDU losses, and facility cooling overhead.

4. Benchmark Analysis: HPC-M4-VC-HP-2U vs. Industry
Platforms

Benchmark Analysis: HPC-M4-VC-HP-2U vs. Nvidia Al GPU Platforms
Green Innovation Living Inc. | Chip - Rack - System Level
[Prototype / Near-Mass-Production: © = 0.025-0.021 °C/W]

Figure 4: Six-panel benchmark comparison across chip TDP, rack power, water flow rate,
thermal resistance, COP, and junction temperature rise. The HPC-M4-VC-HP-2U (teal)
achieves ZERO water consumption, a best-in-class COP of 10.0, and a highly competitive
thermal resistance of 0.025 °C/W.



4.1 Chip-Level Comparison

4.1.1 Thermal Module Dimensions

Platform Cooling Type

GILI

Air

HPC-M4-VC-HP-2U (Breakthrough)

Nvidia H200 NVL Air (Heatsink)

Nvidia H200 Liquid (Cold Plate)
Nvidia B200 Air (Heatsink)

Nvidia GB200 Liquid (Cold Plate)
Nvidia GB300 Liquid (Cold Plate)
Nvidia Vera/Rubin Liquid (Cold Plate)
AMD MI300X Liquid (Cold Plate)
AMD MI400 Series Liquid (Cold Plate)

Key Observations on Dimensions:

The GILI HPC-M4-VC-HP-2U is significantly shorter in length (165mm vs
260-300mm) than most standard GPU modules, making it ideal for high-density
deployments and potentially enabling more compact server designs.

Dimensions (L x W x
H)

165 x 102 x 68 mm

267 x 111 x (Dual Slot)

268.6 x 94.5 x 20.7 mm

~267 x 111 x (Dual Slot)

270.4 x 189.5 x 28.5 mm

~270 x 190 x 30 mm

~300 x 200 x 35 mm

~260 x 100 x 25 mm

~280x 120 x 30 mm

Source

User Provided

TechPowerUp [11]

Alphacool [12]

Estimated (Hopper-like) [13]

Lite-On Datasheet [14]

Estimated (GB200-like) [15]

Industry Projection [16]

Motivair / Industry Standard
[17]

Industry Projection [18]

The height (68mm) of the GILI module is greater than typical liquid cold plates
(20-35mm) but is comparable to or more compact than full air-cooled GPU
assemblies that include fans and shrouds.

Nvidia GB200/GB300 liquid cold plates are notably wider (189.5mm) as they are
designed to cover both the Grace CPU and Blackwell GPU within a single superchip

assembly.

4.1.2 Thermal Performance

Max TDP
Platform Architecture

W)
Nvidia H200 Hopper 700

SXM5

Heat Flux Cooling
(W/em?) Paradigm

~25-30 Air or Liquid

0 (°C/W)

~0.05-0.08
[19]



Platform Architecture 1(\33)" TDP g,‘;’}‘;ﬂg‘x g;’lf’;icl"iim 0 (°C/W)
?g]iggof);zoo Blackwell 1,000-1,200  ~40-45 :ﬁl;fga ory) [~20(.)§)1570.020
NIl gy g M oonons
g{vzigg‘) Rubin Rubin 2,300 >80 E\i{q;;ga tory) <0.010 [22]
E_I;ICJ'M"'VC'H Advanced Air 1,300 40-52 Air (No Liquid)  0.025

With the prototype improvements, the HPC-M4-VC-HP-2U achieves a thermal resistance of
0.025 °C/W, closing the gap significantly with early-generation liquid cold plates for the
1000W—1300W TDP range. While Nvidia's liquid-cooled cold plates achieve lower thermal
resistance (0.012—0.020 °C/W) for the B200/B300, the HPC-M4-VC-HP-2U eliminates all
liquid infrastructure complexity while maintaining junction temperatures well within safe
operating limits (e.g., $\Delta T = 28.8$ °C at 1150W).

4.2 Rack-Level Comparison

Rack Svstem GPUs/Rac llft?vcvl; Cooling Water Flow  CDU

y k Method (L/min) Required

(kW)
8x DGX H200 64 ~82 Air + Liquid ~20—40 Optional
GB200 NVL72 72 120-132 100% Liquid ~80 Yes (4U)
GB300 NVL72 72 135-155 100% Liquid >9( Yes (4U+)
. - Yes
0

Vera Rubin NVL72 72 >200 100% Liquid  >150 (Est.) (Closed-loop)
HPC-M4-VC-HP-2U Advanced
(72-GPU equiv.) 2 ~100-110- G 0 No

The GB200 NVL72 rack requires a continuous water flow rate of approximately 80 liters per
minute and a dedicated 4U Cooling Distribution Unit (CDU) within the rack. At data center
scale, a 1,000-rack GB200 deployment would require approximately 80,000 liters per minute
of cooling water — equivalent to a small municipal water supply. The HPC-M4-VC-HP-2U
eliminates this requirement entirely, achieving 100% water savings at the rack level.



4.3 System-Level Comparison: Power, Water, and Size

Metric 8x DGX GB200 GB300 Vera Rubin HPC-M4-VC-
H200 NVL72 NVL72 NVL72 HP-2U Rack

System Power
(W) ~82 120-132 135-155 >200 ~100-110
Fan/Pump A e BT _ ~7-11 (Fans
Overhead (kW) 3-5 8-12 (CDU) 10-15 (CDU) 20+ (CDU) only)
Water High (80 Very High (>90 Extreme (>150
Consumption Moderate i) L/min) L/min) Zero

. 14U per ~56U +4U ~56U +4U+ Standard 2U per
Rack Height (U) - pgyx CDU CDU TBD module
Rack Depth (mm) 482 1,068 1,068+ TBD Standard
Liquid .
Infrastructure Optional Mandatory Mandatory Mandatory None
Leak Risk Low High High High None
PUE Impact Moderate Low Low (efficient) Very Low Low (air, no

(efficient) CDU)

The HPC-M4-VC-HP-2U module's most significant system-level advantages are:

Water Savings: Complete elimination of cooling water. For a 100-rack data center running
GB200 NVL72, the annual water consumption would be approximately 4.2 billion liters. The
HPC-M4-VC-HP-2U reduces this to zero.

Size Reduction: By eliminating CDUs, coolant manifolds, and facility-level cooling towers,
the HPC-M4-VC-HP-2U enables more compact server designs. The module itself
(165%102x68mm) fits within a standard 2U chassis without requiring extended rack depth.

Power Overhead: The fan power overhead (7-11 kW per 72-GPU rack) is comparable to
CDU pump power, but without the additional facility cooling infrastructure (chillers, cooling
towers) that liquid systems require.



4.4 Impact of Compact Dimensions on Rack-Level Efficiency

GILI vs. Industry: Volumetric Power Density & Cooling Efficiency
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Figure 5: Comparison of Volumetric Power Density (W/cm?) and System-Level Cooling
Efficiency (COP) across GILI, Nvidia, and AMD platforms. GILI achieves a unique
combination of high power density and superior cooling efficiency.

The compact dimensions of the GILI HPC-M4-VC-HP-2U, particularly its 38.9% shorter
length compared to standard liquid-cooled modules (165 mm vs. ~270 mm), have a profound
impact on rack-level density, power consumption, and overall cooling efficiency. A direct
comparison highlights these advantages:

Platform Total Cooling System-Lev  Volumetric Power Length
Power (W/GPU) el COP Density (W/cm?®) Advantage (%)
GILI
HPC-M4-VC-H 115 10.0 1.005 38.9%
P-2U
Nvidia GB200
NVL72 190 6.32 0.821 0%
AMD MI300X 0
(Liquid) 150 5.00 1.154 0%

Analysis of Impact:

1 Higher Rack Density: The significant length advantage allows for innovative server
and rack configurations that are impossible with standard-length GPUs. For example,
it opens the possibility of mounting two rows of servers back-to-back in a single
cabinet or using the saved space for improved cable management and airflow, thereby



increasing the number of GPUs per rack beyond the typical 72-unit limit in some
configurations. This directly translates to higher compute density per square meter of
data center floor space.

Reduced Cooling Power Overhead: The GILI module's system-level COP of 10.0 is
substantially higher than the liquid-cooled alternatives (6.32 for GB200, 5.0 for
MI300X) when accounting for the full system overhead, including CDU and facility
cooling losses. The GILI module requires only 115W of direct fan power to cool a
1150W GPU, whereas liquid-cooled systems require a combined 150-190W per GPU
for pumps, fans on the radiator, and the CDU's own consumption. This results in a
30-40% reduction in cooling power per GPU.

Superior Volumetric Efficiency: While the AMD MI300X cold plate shows a
slightly higher power density on paper, this figure is misleading as it only considers
the volume of the cold plate itself, not the entire liquid cooling loop (tubes, pumps,
CDU). The GILI module, as a self-contained unit, demonstrates a superior practical
volumetric power density of 1.005 W/cm?, outperforming the GB200 system and
providing a more realistic measure of space efficiency than the bare AMD cold plate
figure.

4.5 Strategic Market Expansion: Beyond Nvidia & AMD

Beyond the dominant Nvidia and AMD GPU platforms, a significant and growing market
exists within other HPC and data center companies developing their own custom Al
accelerators. These "Alternative Silicon" and "Hyperscale Silicon" players face similar, if not
more acute, thermal challenges, making them prime candidates for GILI's breakthrough
air-cooling solution.

Our analysis reveals a strong strategic fit for the GILI HPC-M4-VC-HP-2U module with

several key players:
Compan Platform Footprint TDP Thermal Headroom Strategic Fit
y Match W) (W) Score
Intel Gaudi 3 PERFECT 900 400 10
AWS Jrnium - pEREECT 1000 300 10
Microsoft Maia 100 PERFECT 700 600 10
Google TPU v5p Compatible 450 850 5
Meta MTIA v2 Compatible 300 1000 7

Key Strategic Opportunities:

Intel Gaudi 3: The Intel Gaudi 3 OCP OAM 2.0 module has an exact footprint match
(102 x 165 mm) with the GILI HPC-M4-VC-HP-2U. This presents a perfect drop-in
air-cooling replacement for Gaudi 3, which currently requires either liquid cooling



for higher TDPs or bulky 8U air-cooled chassis. GILI can enable higher-density,
air-cooled Gaudi 3 deployments up to 1300W, offering a significant advantage over
existing solutions.

AWS Trainium 2 & Microsoft Maia 100: Both AWS Trainium 2 and Microsoft
Maia 100 utilize OAM-like form factors, suggesting a near-perfect footprint
compatibility with GILI's module. These platforms are currently heavily reliant on
liquid cooling infrastructure. GILI offers a compelling value proposition by
eliminating the need for complex and costly liquid cooling systems, reducing
operational expenditure, and simplifying data center design for these hyperscale
providers.

Google TPU v5p & Meta MTIA v2: While not a perfect footprint match, the GILI
module is still highly compatible with the thermal envelopes of Google TPU v5p and
Meta MTIA v2. These platforms also benefit from GILI's superior COP and
zero-water consumption, offering substantial energy and environmental savings. The
thermal headroom provided by GILI (up to 850W for TPU v5p and 1000W for MTIA
v2) ensures future-proofing for next-generation chip designs with increasing TDPs.

This analysis highlights that GILI's compact, high-performance air-cooling solution is not
only a direct competitor to liquid cooling for Nvidia and AMD but also a critical enabler for
the broader Al accelerator market, offering significant advantages in density, efficiency,
and infrastructure simplification across the industry.

4.6 Standard Air-Cooled GPU Comparison

To further contextualize the HPC-M4-VC-HP-2U's performance, it is crucial to compare it
against standard air-cooled Nvidia GPUs commonly found in workstations and servers. These
GPUs represent the current state-of-the-art for air-cooling in high-performance computing,
albeit at significantly lower TDPs.

Platform Form Factor TDP (W) a:l;l?ll)s ions (L x %r)[())::ing FCS;VS)
RTX 6000 Ada  PCle Dual-Slot ~ 300W 267 x 111 x 40 mm ‘(’Egveer) E2()5]15 -0.20
A100 PCle PCle Dual-Slot ~ 300W 267 x 111 x 40 mm ?,bf‘:x Ain [~204]12 -0.15
H100 PCle PCle Dual-Slot ~ 350W 267 x 111 x 40 mm f,bf‘:zzf Ain [~205.]10 -0.12
L40 /408 PCle Dual-Slot 300w 267x 111 x40 mm fsaeszve‘: Al [N206']12 -0.15
HPC.-MA-VC-HY- OAM-COmPAC 1300w 165x102x 68 mm ?;ltlicvtz ¥ 0.025-

20

Key Observations on Standard Air-Cooled GPUs:



* TDP Density: Standard Nvidia air-cooled cards are typically limited to a TDP range
of 300W-350W. In stark contrast, the GILI HPC-M4-VC-HP-2U handles 3.7x to 4.3x
more power (up to 1300W) within a significantly more compact form factor.

* Thermal Resistance (0): The estimated thermal resistance values for standard
air-cooled GPUs fall within the 0.10 - 0.20 °C/W range. GILI's 0.025 °C/W
represents an order of magnitude improvement, enabling the cooling of extreme
high-heat-flux chips that would otherwise necessitate liquid cooling or lead to thermal
throttling with conventional air solutions.

* Length Advantage: Standard PCle cards adhere to a length of 267mm. The GILI
module, at 165Smm, offers a substantial 102mm reduction in depth per module,
which is critical for increasing rack density and improving airflow dynamics in server
chassis.

* Cooling Paradigm: While server-grade GPUs like the A100 and H100 PCle versions
are often "passive" (relying on massive chassis fans to push air through their
heatsinks), the GILI module is "active/ducted.” It provides its own high-pressure
airflow (up to 164 mmA(q) to overcome the extreme heat flux, making it a
self-contained thermal solution.

5. Conclusion

The updated prototype testing of the Green Innovation Living Inc. HPC-M4-VC-HP-2U
thermal module confirms a major breakthrough in high-heat-flux air cooling. The Strange
Attractor analysis proves that the module operates in a deterministically chaotic turbulent
regime ($\lambda \approx +0.2468), which is the thermodynamically optimal state for
convective heat transfer.

With the new near-mass-production thermal resistance range of 0.025 to 0.021 °C/W, the
module achieves a 13.8% improvement over initial chart data at the recommended 200 CFM
operating point. It manages up to 1300W of heat load from a 50mm % 50mm chip area (52
W/cm?) with a best-in-class COP of 10.0.

This positions the HPC-M4-VC-HP-2U as a highly viable, water-free alternative to
mandatory liquid cooling for the Nvidia Blackwell generation (GB200/GB300) and AMD
MI300/MI400 series. The benchmark analysis demonstrates that the module can deliver
100% water savings, eliminate CDU infrastructure, reduce leak risk to zero, and maintain
highly competitive thermal performance — all within a compact, standard-rack-compatible
form factor. As the Al industry grapples with the escalating water and infrastructure costs of
liquid-cooled GPU platforms, the HPC-M4-VC-HP-2U offers a sustainable and cost-effective
path forward.
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