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Purpose 9 Ventilatoren

Presentation:

Degree of Complexity
of Metro Systems

6 months:
No Design Guideline Pre-Design
Fan-Pre-Selection
No Substitution for 2 years:
Expert s Design Detailed Iterative

Design Studies (SES, CFD),
Iterative Fan Selection
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Purpose [T Ventilatoren

Metro Ventilation System:

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

Safety (5%)
(Smoke/ Fire Control)

SAFE LIFE
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Comparison Metro Road I Ventilatoren

Requirements:

Metro Road

Passengers/ high (6 coaches = | low
4200 persons) (< 300 cars =

victims 400 persons)
Safety high low
Comfort high low/none
Pressure Pulse/ high low - medium

Piston Effect Stall
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Comparison Metro Road
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Metro

Road

Qn

Design difficult (Interaction with | simple (single
other Sub-sytems) tube)
Ventilation System | complex System single tube +
+ combined Ventilation Longitudinal
Types rough
numercial Simulation | gstimation
(Experience + Iteration)
Topology
O O\O/f:\o O O—oO
Ql Q2 Qin Qout
\‘Oi* — —
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Ventilation Types - Metro
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Ventilation Types:

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

Semi-Transverse

Fully/ partly Transverse

—» piston

YYYYYY

YYYYYy

 —

YYYYey




Ventilation Types - Metro
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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 [T Ventilatoren

Typical Ventilation Design of a Metro Station

ey

Fresh Air Fresh Air
‘ OTE Smoke Duct \ ‘ Supply Duct \ ‘ Supply Duct \ ‘ OTE Smoke Duct \

111 by 1l 111

I
Platform
UPE Smoke UPE Smoke

OTE = Over Trackway Exhaust
UPE = Under Platform Exhaust
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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
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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 I Ventilatoren

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) I Ventilatoren

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)
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Calculation Tools:

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

CFD (Computational Fluid Dynamics)

Visual Heat/ Smoke Behaviour
(steady state + unsteady state)

Pressure Relief
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Pre-Design (Macro)
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Steps:

Boundary Conditions

Performance/ Size of Ventilation System

2Q; in Network
critical air speed (comfort + fire)

Ap-Calculation
(Friction, Components Ap,)
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Pre-Design (Macro)
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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) W Ventilatoren

Optimisation of Ventilation System

Iterative (T, ..y rirer @» AP, 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) W Ventilatoren

Pressure Waves (Piston Effect)

max. 10kPa p [kPa] A p development at
' fixed location
Benefits
Support of VS

Bad Effects
Sound Waves \
Discomfort
Fan Stall

t[s]
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Detailed Design (Micro) W Ventilatoren

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

Energy,y,

by Air Exchange inside Metro System
external (cool)
intermediate

by AC-System (ECS)
Optimisation
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Detailed Design (Micro)
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Energy,,
by Train
AC
Power Consumpt.
Aerodynamic Losses

by Air Exchange
external (hot)
intermediate
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Detailed Design (Micro)

WITT: SOHN

<11 Ventilatoren

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 I Ventilatoren

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 I Ventilatoren

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 W Ventilatoren

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 I Ventilatoren

Train

Dimension

Performance (speed)

Operation Scheme/ Frequency
Heat Release (Normal/ Congested)
Fire Size
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Boundary Conditions
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Ambient Conditions (summer/ winter)
Environmental Restrictions/ Impacts
Safety Strategy

Evacuation Path/ Scenario
Min. Survival Conditions
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Boundary Conditions a1 Ventilatoren

Comfort (Limits)
Air Quality
Humidity
Temperature
Pressure Pulse
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Boundary Samples W Ventilatoren

Tunnel area, perimeter, friction factor 2478 m*, 18,92 m, 0.‘0;}1

Surmnmer daily temperature range . 1‘13 = ‘ ‘
Distant ground temperature H'\_

A Open station, I 17.5 193
Mean heatgain from passenge: \U -~ m? PSDs P " Y e%
per platform ‘ a 58 kW - P A \
T “i ‘\C T5kW Part-lgielght PSDs, 17.5 e({)d\.u 216 256
1 Y with fixed gap : .
PsD dor\pk !la&om N\ AN s6xam : - )m 0
\ \C i : Part-height PSDs, Q \E. 22 19.6 209 255
NRD area per platform U \ &Y 110 m’ with NRDs - !
' Table 1 - Tunnel and station details . Bl et B FRS 26 236 258

Table 4 - Predicted mean temperatures during normal operations

PPar
Maximum flowrate per vennianox]; n 300 m*/s
Draught relief duct acka @\ﬂ&zﬁu ' . " 20 m?

Upwxﬁa@e&:z&i\d = ~AVWS oms

s cayuree\ﬁiciency h p\o" T a2 Full height PSDs m/s g ”98-‘1;’;’{5 100 m3'/s
Full height P 3 oy
Table 2 — Ventilation system details exgl? % 200 f@\ﬁ 1 100 nr'/s
Open station { U Vidamis 100 m's
(no PSDs)

L Table § - Air flowpate past a stationary train at a platf
Train area, perimeter, friction factor : 8.7m’, 11 m, 0.0076 P Y 4 platiorm
Train length 281 m
Train tare mass N 427,140 kg :
Maximum frain occupancy g oo E/\\-‘ \ 1,656 All PSDs closed 6.0 Vs C -
Mass per person \ ‘ s T.5kg One door open at 7.6 e ~7 3 7mis
| Total heatgain per person S \\ 150 W upstream station . C e : <
Train Togenemtive afciscy r\ p N~ % One door open at both \\‘ < Vs . m/s (Station 3)
o - ? V s - upstream and dovmstre: ‘f\ s {Station 4)
rain maximum spee km/h stations ’r \ \ \
Peak hour train capacity _ 30 trains/hour disection All PSD doors open at ' “ 820 & 0.5-1.7mfs
Platform dwell time 43 s previous station \
Table 3 — Train details Table 6 - Predicted airspeeds with stationary train in 2 tunnel
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Tunnel Scheme a1 Ventilatoren

TYPICAL STATION CONFIGURATION

Station entrancefexit

Ticket hall

.

[

Draught relief shaft ——>

Station 1 Stati 2'
: RS Station 3

SYSTEM DIAGRAM

Figure 1 — System layout
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Tunnel Scheme I Ventilatoren
LEGEND

e st EXCAHAGE OF i

-t} TUNNEL VENTILATICH QUTSIDE AIR |
vent [ ] | | VENT
SHAFT E . }' | STATION . ' ]

! | |  STAIRWELL
| .
DAMPER CLOSED  ho ~<b-{ DAMPER CLOSED
- RETURN
L b | AIR | COOLING =J
; . SYSTEM
. A |
TUNNEL ‘ \
AT T T T] (\\
_F}-% $3CY r Yy 1) i
\—s*nmou
50sg.m VS at
Tunnel (typ.)
| Tran g 1 - l I I
Tunnel < T Station Tunnel

Il I I | i i

Figure 6 Station / Tunnel Configiﬁ*ation with Ventilation Shafts
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Pressure Drop Calculation W Ventilatoren

~ TOTAL BUCY
RELATIVE HYDRAULIC] AREA | PERIM. VEL | FITTING{ FTGS [COMPONENT| coMP. | FRICTION
SECTIONNO. |EQUIPMENTNO. AR VOL ACUGHNESS DA, axB | A«B VEL PRESS || FACTOR| LOSS HAME LOSS L0ss
{rnm) - {mis) Pe) | {Pa) {Pz) {Pa)
Station Air Pull thro 0.000051 1848 1200000 2680 6.67 2B.67 [ 2.00 50 Al
opening 0.000081 1845 7200000 2500 687 2667 05 1333 0
MSFD 0.000081 1845 1200000 2600 687 2687 05 1333 0
Entargamant 0.000052 4678 7950000  680C 1.01 0.61 16 9.7z 0.00
80 Bend 0000032 4675 7950000 6800 1.01 0.61 17 1.03 0.00
opening 0.000032 4675 7950000 6800 204 243 2 4.88 0.0
Duct 0,000032 4676 7350000 6800 2.01 243 o 0.00 0.05
opening 0.000032 4676 7950000 6800 4.03 972 284 a7 0.05
Buct - 0.000032 4676 7350000 5800 403 9.72 1] 0.00 o2t
opening 0.000032 4676 7950000  6BOO 604 2187 21  anes 011
Buct 0.000032 4876 7850000 6500 504 21.87 ] 9.60 0.45
opaning 0.000032 4676 TIH000  6BUD 885 3888 117 4649 0.19
Duct 0000032 4676 7950000 6800 805  aasa 9 0.00 0.79
opaning 0.000032 4676 7950000 6800 1008 68078 087 5286 0.28
Duct 0.000032 4676 7950000 680 1006 6078 2 .00 0.85
MSFD 0.930032 4676 7950000 6800 1005 6076 ©5 3038 0.00
opening 0.600032 4676 7950000 6800 1005 5076 057 3463 0.00
90 Bond 0.000032 4676 7950000 6830 1006 8076 06t 3708 0.00
Entargement 0.000032 4676 7950000 6860 1006 8076 023 1397 0.00
Dt 0.000022 §603 11880000 7100 873 2721 [ 0.00 0.26
90 Bend 0.000747 6693 11880000 7100 673 27.21 115 .29 0.00
Enlargement 0.000747 6693 11S8D000 7100 873 2721 0.2 5.44 0.00
90 Band 0.000548 9118 21200000 9300 377 8.84 115 9.83 0.00
Duct 0.000548 9118 2200000 9300 ar7 BS54 0 0.00 0.24
90Bsnd - 0.000548 9118 21200000 9300 377 854 1.15 9.43 0.00
Contraction 0.000653 7662 15900000 8300 5.03 15.18 0.09 1.37 G.00
TV Planum 0.000653 7653 15900000 8300 503 1549 0 0.00 0.46
30 8end 0.000883 7663 15900000 8300 503 1519 08 1387 0.00
Contraction 0.000013 8000 15000000 a%on 5.00 15.00 0.85 0.78 006
MSFD £.000019 BOOD {BO0DODD 8OO 500 1500 05 7.50 MSFD 25 9
SIL-PS-1/ SH-FS3 2.000018 BOOD 15000000  80OC 500 1500 o 0.00 Shsncer s o
Transiion Section 2.000018 8d00 15000000 2000 5.00 15.08 0.64 9.50 o
= Transiton Section 0.000019 8000 16000000  £OOG 500 1500 064 .60 o
SIL-P3-2/ SiL-PS4 0.000019 800G 16000000  Eooo 500 1500 o £.00 Slancer 75 e
MSED 0.000019 800 18000000 BOOG 508 1500 0.5 7.50 MSFD 25 ]
Enlargsment 0.00001% BD0C 15000000 2080 500 1500 0,085 0.98 0.00
90 Bend 0.000348 9113 21200000 3300 377 as4 1.02 a7 0,00
TY Plenum 0.000:548 9118 21200000 3300 377 8.54 2 0,00 0.24
Contraction 0003548 9118 21200000 9300 377 as4 0.1 .85 0.02
90 Bend 0000700 7145 18400020 10300 435 itad4 124 1408 0.00
Vent Shaft 0.000760 7146 18400000 10300 435 1134 ] 0.00 0.43
96 Bend 0.000700 7146 1B4D0000 10300 435 1134 124 1806 D.95
Enlargament 0.000700 Ti46 18400000 10300 435 1134 0.37 4.20 0.00
Lowvra 0,00001% 13455 328980000 97808 0.24 0.04 1 0.04 Louvre 4 0

Accurmulnted YVentilation Fan Static Pressure 780
Add 10% Safety Margin:

an Total Prassure: 860
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Pressure Pulse (CFD) I Ventilatoren

GRID INTERFACE FOR

" SLIDING MESH
TRAIN
TUNNEL SECTION  EESERiins
STATION SECTION
Figure 3 CFD Model
E £200Pa s Tk .

Isolation Wabs S\)

-1200Pa 5
Figure 8 Predicted Pnpe xelatation with Isolated Express Tracks
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Pressure Pulse WITT&SDHN
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Pressure (Pa)
1000 -

s0n - Pressure wave before
entering Station

800 -
700

500 - Pressure wave after —

600 - %g.
;. o=.
entering Station

400 -
300 ~
200 -

100 ~

0

¥ T v " v 3 T e v
200 220 240 T 260 280 300 320 340 3650 380 400

Tunne!l f Station .
Interface Station Centre

Figure 4 Pressure Wave Magnitude in Tunnel & Station
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