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Heat and Vehicles: Features

New Features:

Electric Vehicles

Heaters and Coolers

To come: 

Dynamic Heat Simulations
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Electric Vehicles

Configuration

• Configured same way as for Diesel Vehicles
• Entering power as maximum rated power of machine

• With appropriate Utilisation Factor

• Heat output of Electric Vehicle calculated from Electric 
Vehicle Efficiency Setting

• Break-up between sensible and latent heat is determined
by the Electric Vehicle Latent Heat Factor setting
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Electric Vehicles

Fires

• Battery fires can now be configured as part of the
VentFIRE simulation

• Heat and Contaminant yield configured per unit of 
energy capacity (kWh)
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Electric Vehicles

Fires

• Battery fires can now be configured as part of the
VentFIRE simulation

• Heat and Contaminant yield configured per unit of 
energy capacity (kWh)

• Introduction of Hydrogen Fluoride as one of the default
gases in Ventsim
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Heat and Vehicles: Features

New Features:

Electric Vehicles

Heaters and Coolers

To come: 

Dynamic Heat Simulations
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Heaters & Coolers

• Moving away from simple fixed temperatures, or fixed
capacities

• Making the cooler/heater behave more like it would in reality

• Coolers

• Fix Refrigeration Capacity

• Fix Discharge Temperatures

• Heaters

• Indirect

• Direct

• Electric

• Air-to-air Exchanger
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Heaters & Coolers

Coolers

• Fix Refrigeration Capacity

• Minimum Temperature stops cooler cooling to unrealistic temperatures
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Heaters & Coolers

Coolers

• Fix Discharge Temperature

• Can set a maximum capacity, triggering a warning if cooling
target not achieved
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Heaters & Coolers

Coolers

• To come

• A setting for required airflow

• Derating of the cooler performance if adequate airflow is not reaching the cooler
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Heaters & Coolers

Heaters

• Heaters, direct and indirect

• Identical, except:
• Indirect operates at 85 % efficiency, 100 % for Direct

• Direct adds contaminant during Diesel and Gas simulation
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Heaters & Coolers

Heaters

• Heaters, Electric

• Same, 100% efficiency, but a electrical power usage instead
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Heaters & Coolers

Heaters

Heated intake

Cooled exhaust

• Air-to-Air Heat Exchanger

• Exhaust heat to heat the intake

• Performance based on an effectiveness
in kW/⁰C



14© Howden Group 2023

Heaters & Coolers

Heaters

• Air-to-Air Heat Exchanger

• Exhaust heat to heat the intake

• Performance based on an effectiveness in kW/⁰C

• Calculator available

Heated intake

Cooled exhaust



15© Howden Group 2023

Heaters & Coolers

Heaters

• Air-to-Air Heat Exchanger
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Heat and Vehicles: Features

New Features:

Electric Vehicles

Heaters and Coolers

To come: 

Dynamic Heat Simulations
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Dynamic Heat

Time-dependent Heat Simulations

• Rock strata heat responds dynamically over time to airway 
temperature, behaving as a heat capacitor:

• Stores heat during times of high inlet temperatures

• Releases heat during times of lower inlet temperatures

from McPherson, Subsurface Ventilation and Environmental Engineering

from Danko et al, Temperature variations in underground 

tunnels, 2012

• Further from the air intake, variations are damped and 
lagging

• Applies to daily and annual variations in atmospheric 
temperatures, and changes in underground operations
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Dynamic Heat

Radial Heat Equation

• Rock strata temperature in the wall can be modelled using the 
1D radial heat conduction equation

θ is the temperature in the wall, [⁰C]

α the thermal diffusivity, [m2/s]

r the radial distance, [m] 

t time, [s]
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Dynamic Heat

Radial Heat Equation

• Rock strata temperature in the wall can be modelled using the 
1D radial heat conduction equation

• Currently in Heat Simulation, a function is used to make this
easy, (the Gibson function) but with the following important
assumption:

• Constant air flow and air temperature over the life of the tunnel

θ is the temperature in the wall, [⁰C]

α the thermal diffusivity, [m2/s]

r the radial distance, [m] 

t time, [s]
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Dynamic Heat

Solving radial heat better

• The Ventsim Annual Thermal Flywheel models the change in 
temperatures per month throughout the year

• VentFIRE is calibrated for timeframes over a couple of hours

• Option being explored is to add a finite difference solver to 
Ventsim to more directly model the radial rock heat and do
away with calibration factors

θ is the temperature in the wall, [⁰C]

α the thermal diffusivity, [m2/s]

r the radial distance, [m] 

t time, [s]
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Dynamic Heat

Finite Difference Solver

• The Ventsim Annual Thermal Flywheel models the change in 
temperatures throughout the year, but is not accurate in all 
cases

• VentFIRE is calibrated for timeframes over a couple of hours

• Option being explored is to add a finite difference solver to 
Ventsim to more directly model the radial rock heat and do
away with calibration factors

θ is the temperature in the wall, [⁰C]

α the thermal diffusivity, [m2/s]

r the radial distance, [m] 

t time, [s]
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Dynamic Heat

Finite difference across the model

• Extend the solver across every airway in the model, 
leading to: 

• Better Annual and Daily Flywheel simulation

• More accurate Dynamic Heat Simulations for 
modelling transient effects

• What is the effect on the heat of a fan shutting
down?

• The effect of a cooling plant shutting down

• A large change in operation method

• Potential for mine whole of life heat simulations
with greater accuracy than current methods, 
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Thank you
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