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Purpose

� Presentation:

� Degree of Complexity 
of Metro Systems

� No Design Guideline

� No Substitution for 
Expert�s Design

2 years:
Detailed Iterative 

Design Studies (SES, CFD), 
Iterative Fan Selection

6 months:
Pre-Design

Fan-Pre-Selection

Basic
Concept
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Purpose

� Metro Ventilation System:

� Comfort (95%)
(Temperature, air quality, humidity)

� Safety (5%)
(Smoke/ Fire Control)

�SAFE LIFE
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Comparison Metro � Road

Requirements:

low - mediumhigh                                              
� Stall

Pressure Pulse/         
Piston Effect

low/nonehighComfort

lowhighSafety

low
(< 300 cars = 
400 persons) 

high (6 coaches = 
4200 persons)

Passengers/         
Victims

RoadMetro
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Comparison Metro � Road

Q2

Topology

single tube + 
Longitudinal     
� rough

Estimation

complex System            
+ combined Ventilation  
Types
� numercial Simulation 

(Experience + Iteration)

Ventilation System

simple (single
tube) 

difficult (Interaction with
other Sub-sytems)

Design

RoadMetro

Q1 Q2

Q3
Qn

Qin Qout
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Ventilation Types - Metro

Ventilation Types:

� Longitudinal 
� Jet Fan, Saccardo, Push-Pull (Axial)

�Semi-Transverse

�Fully/ partly Transverse

piston
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Ventilation Types - Metro

Ventilation Systems:

� Tunnel Ventilation System (TVS)
� Fire

� Trackway Exhaust System (TES)
� Heat Release generated by the trains

� Environmental Control System (ECS)
� Tunnel/ Station AC (Comfort)
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Ventilation Types - Metro

UPE Smoke 
Duct

UPE Smoke 
Duct

Tunnel Tube

OTE Smoke Duct
Fresh Air 

Supply Duct
Fresh Air 

Supply Duct
OTE Smoke Duct

Smoke Extract/Fresh Air Supply Duct

Platform

Typical Ventilation Design of a Metro Station

OTE = Over Trackway Exhaust
UPE = Under Platform Exhaust
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Operation Modes

� Normal Operation Mode:

�Train Movement 
� Pressure Pulse/ Piston Effect
� Interaction Intermediate-shafts (complex!)

�Comfort (Temperature, humidity, air quality)

�ECS, Tunnel Cooling System, (TES)
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Operation Modes

� Congestion Operation Mode (Design)

�Train Stop � Tunnel/ Station 
� No Piston Effect

�Comfort Requirement 

�ECS, Tunnel Cooling System, TES, (TVS)
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Operation Modes

� Emergency Operation Mode (Design)

�Smoke Control 
� Evacuation (Smoke-free, Time!)
� Fire-Fighting

�Fire Operation 
� Heat Resistance

�TVS, (TES in Station) 
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Pre-Design (Macro)

� Selection Criterias:

�Comfort Level 

�Environmental Restrictions

�Traffic Capacity

�Evacuation Strategy (Fire)
Civil Engineering: Construction of tunnel

�Investment Cost

�Operation & Maintenance Cost (Life Cycle Costs)
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Pre-Design (Macro)

� Calculation Tools:

�SES (Subway Environment Simulation)
� T, Q, vcrit, input data CFD

�CFD (Computational Fluid Dynamics)
� Visual Heat/ Smoke Behaviour

(steady state + unsteady state)

� Pressure Relief
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Pre-Design (Macro)

� Steps:

�Boundary Conditions

�Performance/ Size of Ventilation System
�ΣQi in Network

�critical air speed (comfort + fire)

�∆p-Calculation
(Friction, Components� ∆pi)
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Pre-Design (Macro)

� Steps:

�Environmental Conditions (CFD)
�Station 

�Evacuation Path

�Selection of Principle vs Philosophy
�Vent. Schemes (Exhaust/ Supply)
�Pre-Selection of Fans
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Detailed Design (Micro)

� Optimisation of Ventilation System

� Iterative (Theat/ Fire, Q, ∆p, Smoke)
�Matrix:
�different Locations (Station/ Tunnel) vs.
�different Operation Modes (Normal/ Congested/ Emergency) vs.
�different Ventilation Systems (TVS, TES, ECS)
�different Configurations (Supply/ Exhaust)

� by Experience
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Detailed Design (Micro)

� Pressure Waves (Piston Effect)

�max. 10kPa

�Benefits
�Support of VS

�Bad Effects
�Sound Waves

�Discomfort
�Fan Stall 

�p [kPa]

t [s]

�p development at 
fixed location
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Detailed Design (Micro)

� Energy/ Heat Balance (Normal/ Congested)
� Sources to be known!

�Energyout

�by Air Exchange inside Metro System
� external (cool)

� intermediate 

�by AC-System (ECS)
� Optimisation
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Detailed Design (Micro)

�Energyin

�by Train
� AC

� Power Consumpt.
� Aerodynamic Losses

�by Air Exchange
� external (hot)

� intermediate

T [°C]

s [km]

I II
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Detailed Design (Micro)

� Fire Scenario (Emergency):

�Fire Size/ Heat Amount

�Heat/ Smoke Distribution
�different Scenarios/ Locations

�Determine Performance TVS

�Heat at Fans

�Evacuation Time Lines
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Summary

� Metro Systems Design � complex:

�Detailed Calculation (2 years) for
�3 Operation Modes (Normal/ Congested/ Emergency)
�different Ventilation Types (longitudinal, semi transverse, full/part 

transverse) 
�different Ventilation Systems (TVS, etc.)
�different Configurations (Smoke/ Comfort)
�different Locations

� Estimations NOT possible !!
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Summary

� Requirement for Metro tunnels are more stringent than Road tunnels
� Design of ventilation system is very complex
� Different type of ventilation systems are required in Metro applications

(TVS, TES, ECS)

� SES/CFD has to be conducted by experienced consultants
� Special fan design to enable operation of fans despite piston effect 

(pressure waves) generated by the trains

� Therefore:  Design of Metro Systems should be only done by:
�Consultants

� Not done by reputable Fan Makers !!
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Annex with further 
informations
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Boundary Conditions

� Given project facts:

� Tunnel System
� 1 Station (Extension) or Network
� Tunnel or Station segment (Constructive)
� Tunnel or Station Dimensions:

Lengths, Areas, Gradients
� Type (1- or 2-Track/ Separate Walls/ Platform)
� Type and Quantity of 

Shafts/ Openings/ Cross-Passages
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Boundary Conditions

� Train

�Dimension
�Performance (speed)
�Operation Scheme/ Frequency
�Heat Release (Normal/ Congested)
�Fire Size
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Boundary Conditions

�Ambient Conditions (summer/ winter)

�Environmental Restrictions/ Impacts

�Safety Strategy
� Evacuation Path/ Scenario

� Min. Survival Conditions
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Boundary Conditions

�Comfort (Limits)
� Air Quality

� Humidity
� Temperature

� Pressure Pulse
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Boundary Samples

Tunnel and Station 

Details

Ventilation System

Details

Train 

Details

Temperatures

Volume flow at 

platform

Air speeds 

in Tunnel
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Tunnel Scheme

Sample

Configuration

of Stations
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Tunnel Scheme

Station Shaft 

Configuration
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Pressure Drop Calculation

AREA PERIM.

780
80

860
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Pressure Pulse (CFD)

Grid

Pressure pulse
Pressure pulse
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Pressure Pulse

Tympanic membrane rupture> 13300

Severe ear pain, tinitus8000 - 10700

Increased discomfort (ear ringing, painful cracking, 
dizziness)

2000 - 4000

Disinct feeling of fullness in the ear; decreased
sound intensity

1300 - 2000

Increased feeling of fullness in the ear
700 - 1300

Perceptible feeling of fullness in the ear
400 - 700

Typical Symptom                                  
(human ear)

Pressure Pulse 
Magnitude [Pa]


