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Background: Servers, AI chips, and Heat Problems
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Problem Definition: Need for Next-Gen Cooling
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Physics

Q0 = Heat generated per unit Volume 
(Watts per cubic meter) [W/m³]

Amount of thermal energy added inside the 
material per second. Thus, 12,526 Watts of heat 
per second.

Temperature: 
FC-40 Can be up to 233.15 K (-40 C).
It is set at -30 C.

Velocity: 
Typical Velocities are 0.1 – 0.25 m/s, but due to 
inconsistencies, 0.1 m/s was the realistic  it could be.

Nonisothermal Flow: 
Temperature affects fluid.
Flow affects temperature.
Moving liquid carries heat away from hot GPUs.
Connects velocity field (u) into heat equation, and 
temperature (T) into fluid density/viscosity
      Coupled Interfaces :
      Two-way coupling between: Heat ↔ Flow 4



Blackwell GB200 Server Specifications
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Process Flow Diagram
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Energy and Cooling Calculations
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Single Tank Schematic

Top View
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Server & Pump Buildings Schematic
Top View Heat Pump Room

Top View  Server Farm 

76% FLOOR SPACE EFFICIENCY

66% FLOOR SPACE EFFICIENCY 
(ROOM FOR EXPANSION)

   YELLOW - PUMP 
     GREEN - COMPRESSOR
        CYAN - COLD FLUID OUT
          RED - HOT FLUID IN
MAGENTA - PUMP STATION OUTLINE
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Full Building Schematic

Total of 2.9 Million SQFT

Building Dedicated to Operations & Dry Utilities 

(Electricity/Internet/Telecommunications)

Top View Full Building

Top View SDSU vs. 
Data center
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Comsol Setup: Cooling Model Details
Dimensions:
Tank (LxWxH): 24.99 x 3.92 x 3 [m] (81.99 x 12.86 x 9.84 [ft])
Rack (LxWxH): 0.433 x 0.482 x 0.0868 [m] (1.42 x 1.58 x  0.285 [ft])

Coolant Type: 
3M™ Fluorinert™ Electronic Liquid FC-40

Convergence Parameters:
Mesh Size: Extremely Coarse
Discretization: Quadratic Lagrange

Materials:

Inlet

Outlet

Inlet: 0.85 m

Outlet: 0.85 m
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Comsol Results: Temperature Distribution
Server Racks Coolant Liquid

Temperature (C) vs Time (s)
Note: Simulation ran for 2 hours
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Temperature (C) vs Time (s)
Note: Simulation ran for 2 hours



Cooling Validation: Energy and Fluid Flow Results
Reduction in Internal Energy Rate= 28,658.44 W− 27,655.53 W
=1,002.91 W

This corresponds to a 3.50% reduction over 4 hours.

Reflects on the cooling system’s effectiveness in gradually removing heat 
and approaching thermal steady-state.

The system is removing thermal energy faster than it accumulates, 
resulting in a net decline in internal energy.

Average thermal energy removal rate = (28,658.44 W +27,655.53 W)/2 
= 28,156.99 W

Total energy removed over 4 hours = 28,156.99 W × 4 hr = 112,628 Wh

With Fillets   Note: Simulation ran for 2 hours

Without Fillets   Note: Simulation ran for 2 hours

Accumulated Energy Rate vs. Time:
Evaluating System Cooling Performance over 4 Hours
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Conclusion

● We designed a cooling system using single-phase immersion cooling with server tanks to 
manage the extreme thermal loads of the NVIDIA Blackwell GB200 Servers.

● Our FEA models confirmed that the system successfully reduces the total energy buildup inside 
the server racks.  

● Temperature distribution analysis shows that the servers remain within safe operating 
temperatures when submerged in the cooling tanks.

● The system provides effective and scalable cooling for future high-density AI data centers.
Convergence Test:

Final Temperature (C) vs # of Elements, 
2 Hours in

Coolant:
Temperature (C) vs Time (s), 

2 Hours in
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Spacing of servers:
Adding spacing can prevent hot spots that may develop in tightly 
packed arrays.

Coolant can convect more efficiently between and around racks.

Placement of Inlet and Outlet:
Compared to diagonal setups, side-inlet/side-outlet configurations 
reduce stagnant zones or hot pockets near the corners.

Flow is more predictable and symmetric, making it easier to optimize.

Insulated Piping and Fluid Reservoir
   1) Vacuum-Insulated Pipes or Foam-Insulated Tubing
- Minimizes heat gain from the room.
- Prevents condensation or frost on pipes.

   2) Low-Temperature-Compatible Pump and Reservoir
- Must handle high-viscosity fluid at −40 °C without stalling.
- Materials: Stainless steel or fluoropolymer-compatible plastics.

Future Work and Improvements
Top View modified Server Tank
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Appendix 1 Cooling Decision Matrix
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Appendix 2 3D Model of Server Tank

Server Tank Isometric View (Units in meters)

Server Tank Right View (Units in meters)
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