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Longitudinal ventilation: normal operation

» Jet fans adding impulse to the flow:

* In-tunnel air quality
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Longitudinal ventilation with jet fans

Jet efficiency [%]
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Air-exchange station
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Air-exchange station
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Portal-air extraction

PM10 concentrations:
Without

PM1g [ng/m3]
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One portal-air extraction as one large GRP fan in stack

Top view:s |
Stack with fan
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Ventilation principles for smoke management
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B: Longitudinal ventilation, no smoke backlayering: smoke spread only in one direction, smoke dilution
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D: Longitudinal ventilation, minimise speed of smoke spread: resulting in high CO concentrations




Anti-recirculation measures at portals

Problem: smoke exiting at portal inhibits the egress route to adjacent tube

m Tunnel entrance portal
i
m Tunnel exit portal

recirculation

Solution: staggering of portals and/or separation wall

30m
. 100 m
A'%

. b) Between situation Aand C
p— Wall c) A 30 mlong wall separates the two portal zones
¢ =, T—————
d) Between situation Cand F

e) Between situation Cand F

a) Entrance is 30 m behind exit

f)  Exitis 100 m prior to entrance

. DI e
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E4 Forbifart Stockholm

- Safety features Facts
* Emergency exits: 100 / 150 m * Length: 21 km
o é"s\ * Fixed fire-fighting system * Length of main tunnel: 17 km
* Longitudinal ventilation
/® e * Total length of all tubes: 56 km
D ilati . .
w/ S T S Tunnel ventilation * Number of lanes in main tunnel:
/o sundoer * Jetfans: 250 3 lanes in each direction in two
% * Axial fans: 47 separate tunnel tubes
.":‘. > L - f . 1 .
Ve 5 SRS * Maximum speed: 80/100 km/h
* Air-exchange stations: 6 . .
: : * Estimated traffic:
} s * Smoke-extraction station 140 000 vehicles/d 2035
o{_?“‘ * Portal-air extractions: 4 vehicles/ ay (year )
(Nt Sensors * Construction costs:
3 % Qv toNe B Air velocity sensors: 190 42 bn SEK (2021 prices)
~ \‘w@/ « Air quality sensors: 54 * Opening: 2030
> * Smoke detectors: 250

Huddinge

Hallunda "
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Schematic overview of tunnel-ventilation system
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Jet fans (250) Smoke-extraction station Air-exchange stations (6) Portal-air extractions (4)
Axial fans (47+1) (serves both tubes) (none on 4 exits)

Air velocity sensors (190) Air quality sensors (54) Smoke detectors (250) Linear heat detection
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Ventilation modes

e Stopped ventilation

* Fire ventilation
2. Fixed settings

3. Variable settings (to enable modification by emergency services)
4, Maximum (about 5 m/s towards fire)
5. Minimal (about 1 m/s towards fire) — same routines, different set points

6. Standard (about 3 m/s towards fire) —
 Normal operation (internal and external air quality)

7. Maximum (all fans at full capacity)
8. Normal (According to air-quality measurements)
9. Time schedule (fan, time and day schedule)

10. Maintenance according to air quality measurements (as 8, different set points)
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Step-wise controller for in-tunnel air quality: principle

Air quality ¢
An air-quality target value (AQV) is
5 5 specified, which is assessed for each
AQV+ : siirs el e g sensor:
AQV- | ; [ — 1) Air-quality level > AQV+:
: ? . => Ventilation stepped up
time
2) Air-quality level < AQV-
y and operation time > t,,
Step ; => Ventilation stepped down
: |_l N
— time
tcsg
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Normal ventilation at maximum capacity northbound tunnels

~5 . AES
k= 471/473
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o]0) N
= AES
% Entry 371/373 Entry
ol 2t 314 AES Entry
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s
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Step-wise controller for in-tunnel air quality: principle

An air-quality target value (AQV) is specified, which is assessed for each sensor:
1) Air-quality level > AQV+: Ventilation stepped up
2) Air-quality level < AQV- and operation time >t : Ventilation stepped down

Air-quality sensor Control matrix

<> <> <> <> <> normal operation
SN ~ \ -
~ - \\ \ / ’/’
S - ~ \ /

- —— . PR Defines for each sub-controller:
S~a 2 2 el « Sensors comprised in the
Max value control loop
* Fans assigned to sub
Contr ,I ot controller

Air-quality ONErotStep 1o * Capacity of fans for each step

generator ,
target value e =

\4
Step to activate .
(1-5)

O TRAFIKVERKET

16 Tunnelventilation - E4 Forbifart Stockholm i
weaml NVF Seminarium, 18-19 April 2023



Step-wise controller for in-tunnel air quality: application

NOS (normal operation sections):

- at least one air-quality sensor

- Ventilation equipment also in other sections (NOS) at disposition

- Selection of ventilation equipment according to pre-specified priorities

oo
. o . o o o 4o . . o
Dilemma: the ventilation equipment can receive conflicting instructions  \33
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Step-wise controller for in-tunnel air quality: example

Several air-quality sensors devoted to one -
o Normal Op:ratior}wl Section (NOS) T\~
oooo - g
Only portal-air extraction if inside air w———————T ean Dkay
quality is worse than ambient air quality — ~{
S
N
Increase air-exchange in main tunnel or ‘\\
flow in ramp according to analytic rules ‘\*
N
@ Ventilation equipment in several sections @ -
selected according priorities '
Y
14\ 1 oo oooo
I OO0 oooo
g @'
g
55
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11 controllers for normal ventilation of northbound tunnels

Sub-Controller

Main tunnel
————————— -

1
Control-Step 1
1 Generator 1
1 (Main tunnel) 1
: v 1 1 Control-Step 1 1 Control-Step 1 1 Control-Step 1
I 1 I'| Generator 1 1 Generator 1 1 Generator 1 Sub-Controller
I Air-Quality 1 I |(station 371/373)] | I |(station 375/377)] 1 I |(Station 471/473)] 1 station 475
§ [Main/Entrance Ramps 1 1 1 1 1 1 1 - o S e
Checker I I v I 1 v I I v I i
1 1 1 1 1 1 1 1 1 Environmental | |
1 1 1| Air-Exchange | | I | Air-Exchange | 1 1 | Air-Exchange | | : Station Controller |
1 v 1 1 Regulator 1 1 Regulator 1 1 Regulator 1 (Station 571) 1
: 1 1 (Station 371/373) 1 | |(Station 375/377) 1 1 (Station 471/473) 1 —— - ———)
Pet-Fan Regulator
1 (Main tunnel) 1 L—— ———I L—— ———I L—— ———I
1 1 DDD Sub-Controller Sub-Controller Sub-Controller
—— - —I Station 371/373 Station 375/377 Station 471/473
®
=] ®
y v |==p7
% 4 | Ooooooo . 0Oo oooo |
-S4 i Ooooooo = 0o ooog

=== , ——— i [
1 I pet-Fan Regulat 1
[ S— 1 bet-ran Regulatod 1 1 et-Fan Regulato
:‘ -: - e (Raarr]n pe??lus)a o i 1 pet-Fan Regulator : 1 1 : (Ramp 414) :
I Pet-Fan Regulatof 1 1 1 : (fremarn &) 1 I pet-Fan Regulato 1 o —— - 1 1
1 | Ramp 211/213) i 1 1 1 1 1 (Ramp 411) 1 1 - 1 1 1
1 f I 1 1 : I 1 1 i Enylronmentﬁl 1 i p—— I
g 1 A 1 Station Controller 1 ontrol-Step
1 1 : Cg';:gr'aféfp I 1 Control-Step | : 1 1 sationars |, 1 Generator 1
1 Control-Step 1 1 Generator 1 | I —- 1 (Ramp 414) 1
1 Generator 1 | (ramp 313 ! (Ramp 314) 1 I | controt-step | 1 Sub-Controll 1 1
1 (Ramp 211/213) 1 I_ o -I : 1 1 Generator 1 S:at-io(r:nll;: er [ ———
1 1 Sub-Controller | S ——] 1 (Ramp 411) 1 Sub-Controller
e —— Ramp 313 Sub-Controller I_________I Ramp 414
Sub-Controller Ramp 314 Sub-Controller
Ramp 211/213 Ramp 411
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Smoke management with active ventilation control

* Longitudinal ventilation at specified velocity * 1 m/s at tunnel sections to protect
— 3m/s if FFFS functions * => always active flow control
— 1 m/s if FFFS doesn't function and there * Plausibility checks of air-velocity sensors

is traffic congestion (<10 km/h) (anemometers)

* VVentilation sections not the same as for normal
operation

* Smoke extraction at ventilation stations

except by low-pressure fan (GRP) o o
* Over-pressurisation of non-incident tube

PI-Ctr

lboooo o/
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A Ia)
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Tunnel-ventilation simulator — digital twin

Graphical User interface Simulator

Graphical User interface Control System
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| oPC UA client |
AN VAN

| [
Tunnel Ventilation -
Simulator Server Tunnel ventilation |/ Server
OPC UA control system OPC UA
| opc uA Client |
Network
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Tunnelventilation — E4 Forbifart Stockholm
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g Thank you for your attention
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) E4 The Stockholm bypass

. -
www.traﬁkverket.se/ thestockholmbypass

g
v Further literat n: »
https://ww ch/en/publications
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