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Introduction : Thermal Systems for EV functions
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Introduction : Battery Thermal management Market Drivers
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Introduction : Battery trends & impact on Thermal management
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Battery Cooling Methods
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Immersive Cooling solution evaluated
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Thermal Runaway Causes and Effects
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Simulation Objective
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Evaluated a design of immersion cooling during thermal runaway
Sensitivity study on several parameters
● Gap between cells
● Fluid characteristics
● Fluid flow rate

Pack example
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CFD Model on GT- Converge

Target is to get the convective heat transfer coefficient h.
For each fluid, 3 flow rate computed 150 / 300 / 500 l/h

ParaView to get Fluid Temperature

Model GT-Converge

GT file to get Area, Heat Rejection 
and Wall Temperature
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From 3D to 1D
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Only the fluid part is converted to 1D (with 1D Navier-Stokes), the thermal part remains 
3D FE.
And the convective heat transfer coefficient comes from the CFD.

⇒ The 1D-3D approach allows the best balance between accuracy, flexibility and computational cost

Why going to 1D :
● Lower computational cost, allowing parameter studies and DOEs
● Can be integrated in a system simulation with rest of vehicle
● Boundary conditions are easily changed
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1D Model in GT : thermal runaway propagation
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GT model is operational :
● 1D Navier Stokes on fluid with h coming 

from CFD
● Full 3D FE for thermal elements

Target is to put one cell (cell 6 in the middle) in thermal runaway (by imposing heat 
rejection) and check what is the temperature of neighbouring cell
⇒ do we have propagation or not ?

What if we change flow rate ? Change fluid ? Change gap between cells ?
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Thermal Runaway on 1 Cell 
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We imposed heat rejection of the cell undergoing thermal runaway, so we need to know how much 
that is.
Calorimetric test is the answer.

Thermal runaway started when surface cell 
temperature reached 180°C

Heat rejection of the cell can be 
extracted from the temperature as 

function of time
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Thermal Runaway Example
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Synthesis / Results 
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Results on cell 6
Cell 6 is the one undergoing thermal runaway.
Checking that the model is working.

Material is anisotropic so each face has different temperature.
Average cell temperature is +250°C with hot spots at +800°C versus reference temperature

Total energy released is ~900 kJ
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First Results - Reference simulation ● Gap 2 mm

● Flow rate  500 l/h

● Fluid 1

● Cell 6 goes in TR (with heat rejection imposed) at t=200s

● h coefficient based on CFD

Large face

Side face

Results for cell 7, 
closest cell :

Maximum temperature is +195°C on the corners
Large face average is +54°C and side face average is +80°C
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Results - impact of flow rate and gap
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Sensitivity study on flow rate and geometry :

● Fluid 1

● Gap 1 / 2 mm

● Flow rate 150 / 500 l/h

Higher flow rate improves all temperatures, especially the large face temperature.
Larger gap improves a lot the large face temperature at low flow but has almost no impact at high flow -
with small negative impact on maximum temperature and side face temperature.

Max Relative 
Temperature 

Avg Side Face Relative 
Temperature 

Avg Large Face Relative 
Temperature 
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Results - impact of fluid
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6 different fluids to compare

● 2 mm gap

● 500 l/h

Fluid 2 : Fluid 3 :

Fluid 5 : Fluid 6 :

Fluid 1 :

Fluid4 :

Very small impact of fluid on heat transfer
Can be explain by negligible h difference compared to the huge energy release
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Next step and perspective
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Improvement of model accuracy :
● Refine cell model by adding tab and aluminium casing.
● Replace imposed heat rejection with a complete chemical model using AutoLion

Main limitations of model :
● Venting of cell is ignored
● Fluid stayed liquid : no boiling, no burning

Further studies :
● Different routings of fluid
● Replacing immersion cooling by spray cooling
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Thanks for your attention
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Contact :

gaurav-rajendra.raghuttamrao@valeo.comtarun.dharmvirsingh@valeo.com
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