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Introduction : Thermal Systems for EV functions

Hm Cabin comfort
= Welcome comfort
=» Cabin cooling In summer : Electrical air conditioning

=» Cabin heating : Additional Heating using
— HV heating completed by direct/Indirect heat pump
— Recovery from battery & powertrain heat losses

B Powertrain cooling
= Cooling of e-motor & electronics
=» Waste heat recovered for cabin heating

= Energy Efficiency for optimium vehicle range

= Thermal loops interaction for better energy recovery
= Modular solutions for easier diversity management
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Introduction : Battery Thermal management Market Drivers

Reliability/Durability/safety Performance

=*Heating & Cooling for 10°<T°cells<35°C

= thermal repartition in battery pack : =»Good thermal contact between cooler &

DT°cells<5K cells module

= Mechanical resistance to vibration = Support Quick charging trend
/shock

= Internal Cleanliness for

compressor/pump

= Leak free (glycol)

Impact on EV range
= Thermal energy efficiency
=Weight reduction

Battery Pack integration
" =Compact & flat solution

= Electrical insulation

Cost

= Competitive System solution

= Lightweight design

= Standarization , modular design for HEW/PHEV/EV
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Introduction : Battery trends & impact on Thermal management

Battery Heat rejection & Thermal needs for BTM at cell level depends on:

Chemistry - Cathode composition (LFP, NMC, NCA)

Electrolyte - liquid / hybrid / SS (solid-state)

Physical design of the cell: dimensions anode - cathode (thickness,...)
Charging Kinitics ( Fast Charge / Ultra Fast Charge)

Battery C-rate = Power / Energy = Current / Capacity = A/Ah[ h ]

- 4C means s hour charging time for 100%

Relationship between Heat rejection and C-rate

Heat rejection = Resistance x Current? — 4C charge heats 4x more than 2C !
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Battery Cooling Methods

External plate cooling Internal plate cooling Immersive cooling Diphasic cooling Monophasic cooling
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Thermal Runaway Causes and Effects

gll a5

Electrical
Abuse

Source : IFP Energies Nouvelles
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02

Simulation Methodology
with GT-Suite and GT-
Converge
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Simulation Objective

Evaluated a design of immersion cooling during thermal runaway
Sensitivity study on several parameters

e Gap between cells

e Fluid characteristics

e 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 I/h

Model GT-Converge
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From 3D to 1D

Why going to 1D :
e Lower computational cost, allowing parameter studies and DOEs
e Can be integrated in a system simulation with rest of vehicle
e Boundary conditions are easily changed

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
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1D Model in GT : thermal runaway propagation
i i

GT model is operational :

e 1D Navier Stokes on fluid with h coming
from CFD

e Full 3D FE for thermal elements
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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 ?

Vale i
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Thermal Runaway on 1 Cell

We imposed heat rejection of the cell undergoing thermal runaway, so we need to know how much

that is.

Calorimetric test is the answer.
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Heat rejection of the cell can be
extracted from the temperature as

function of time

Heat Rejection [W]

Thenmmal Runaway Example

Heat rejection of cell in thermal runaway

—e—Raw data

—e—Approximation
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Time [s]
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Results on cell 6

Cell 6 is the one undergoing thermal runaway.

Checking that the model is working.
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First Results - Reference simulation « Gap2mm
e  Flow rate 500 I/h
° Fluid 1

° Cell 6 goes in TR (with heat rejection imposed) at t=200s
Results for cell 7,

closest cell :
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Results - impact of flow rate and gap

Sensitivity study on flow rate and geometry :

Fluid 1

Gap1/2mm
Flow rate 150 /500 I/h

Max Relative

Avg Side Face Relative

Temperature
FLOW
150 1/h 5001/h
& 1 mm 80 76
9 (2 mm 83 80

VALEO RESERVED

Temperature Temperature
FLOW FLOW
150 I/h 500 I/h 150 I/h 500 I/h
& 1 mm 75 55 & 1 mm 193 187
O 2 mm 64 54 9 |2 mm 199 195
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Results - impact of fluid

. . Fluid 1: Fluid 2: Fluid 3:
6 different fluids to compare

° 2 mm gap
e 5001/h

Max Rel. T |Large Face Rel. T |Side Face Rel. T e e o e e R S S R
Fluid 1 195 54 20 o o
Fluid 2 192 57 78 Fluid4: Fluid 5: Fluid 6:
Fluid 3 193 52 79 i TGt
Fluid 4 193 53 79 )
Fluid 5 195 53 80
Fluid 6 192 55 79
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Next step and perspective

Improvement of model accuracy :
e Refine cell model by adding tab and aluminium casing.
e Replace imposed heat rejection with a complete chemical model using AutoLion

Main limitations of model :
e Venting of cell is ighored
e Fluid stayed liquid : no boiling, no burning

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

Contact :

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