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Participants 
	Party #
	Party Abbreviation
	Participant

	1
	FZK
	Alexei Kotchourko

	4
	BMW
	Claus Schitter

	5
	BRE
	Suresh Kumar

	5
	BRE
	Stewart Miles

	5
	BRE
	Martin Shipp (guest)

	5
	BRE
	Corrine Williams (guest)

	12
	INASMET
	Estibaliz Ezponda

	16
	NCSRD
	Alexandros Venetsanos

	20
	UC
	Luc Bauwens

	21
	UNIPI
	Marco Carcassi

	21
	UNIPI
	Alessia Marangon

	22
	UPM
	Eduardo Gallego

	22
	UPM
	Emilio Migoya

	23
	UU
	Dmitriy Makarov

	23
	UU
	Vladimir Molkov

	24
	Volvo
	Paul Adams


List of Actions

7Action 1
(BRE & selected participants) to consult appropriate participants to obtain information on regulations, standards and practice with respect to ventilation and tunnel emergency response in their country


7Action 2
(BRE) to compile the gathered information on regulations etc


8Action 3
(BMW / Volvo) to take the initiative in selecting the accident


8Action 4
(all) to consider whether to pursue the FZK experiments as a potential SBEP (WP 3)




Agenda

The meeting was held on April 22nd, 2005, starting at 10:00  and finishing at 15:00.

The agenda at adopted for the meeting (and published on the HySafe website) was as follows:
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Meeting Summary and Actions

1. Welcome
S Miles welcomed the participants to BRE, who then introduced themselves briefly.
2. Introduction to HyTunnel and Interaction with other Work Packages
The background to the Internal Project HyTunnel, and the proposed structure of the project and its interaction with the other work packages of HySafe was presented by S. Miles – see item 6 below for the contents of the presentation. Following the NGB meeting in Paris in March, HyTunnel had been added to the Joint Program of Activities (JPA) for months 13 to 30 – see item 5 below for HyTunnel project description in the current JPA. 
It was noted that HSE/HSL (UK) had been omitted from the HyTunnel description in the JPA, and it was confirmed that this organisation would be participating in HyTunnel. Furthermore, the University of Ulster (UU) would contribute where appropriate to the project.
The general background to tunnel construction, ventilation, fire and smoke hazards and suppression methods is contained in the presentation (item 6) and is not repeated here. S Kumar provide some examples of precious tunnel fire and smoke hazard analysis work undertaken at BRE. HyTunnel would concentrate on road tunnels.
While it was noted that it was intended that HyTunnel extend into the JPA period for months 31 to 48 (Phase 2), the focus of the kick-off meeting was on Phase 1 (months 13 to 30). HyTunnel had been identified as Work Package 19 in the JPA for months 13 to 30.
S Miles identified five sub-tasks for Phase I:
· Sub-task 19.1
To review regulations, standards and practice for road tunnel ventilations and emergency response.
· Sub-task 19.2
To review and identify accident scenarios.

· Sub-task 19.3
To review previous physical experiments and numerical modelling work of relevance to HyTunnel.

· Sub-task 19.4
To develop a 'road map' for Phase 2 and beyond.

· Sub-task 19.5
To undertake numerical simulations.

The formal reporting structure for HyTunnel would be kept relatively simple, with two deliverables in Phase 1:
· Deliverable 1
Identified as number D49 in the JPA for months 13 to 30, this would be an activity report on sub-tasks 19.1 and 19.2. The suggested date for this was month 22 (January 2006).

· Deliverable 2
Identified as number D62 in the JPA for months 13 to 30, this would be an activity report on sub-tasks 19.3 to 19.5. The suggested date for this was month 29 (August 2006).

It had been agreed at the previous NGB meeting in Paris that participants' efforts in the internal projects would be attributed via their activity in the main work packages. This meant that the delivery of the sub-tasks for HyTunnel would formally be considered as part of the delivery of the main work packages. The main interaction of HyTunnel with the main HySafe work packages that was anticipated was summarised as follows:
· WP3 (CFD benchmarking)
Possible selection of a SBEP to support HyTunnel (sub-task 19.5)
· WP4 (PIRT)
Scenario selection for next round of PIRT process (sub-task 19.2)
· WP8 (H2 release …)
Sub-task 19.3
· WP9 (H2 ignition …)
Sub-task 19.3

· WP10 (Explosions)
Sub-task 19.3

· WP11 (mitigation - sub-task 11.5 – modelling tunnel ventilation)

Sub-task 19.5
· WP12 (Risk assessment)
Phase 2 ?

· WP16 (Standards)
Sub-task 19.1 ?

It was noted that some of the above anticipated activity would fall into Phase 2, i.e. not within the JPA for months 13 to 30.
3. Discussion on Tasks for Phase 1
Details on the content, effort requirements and potential leaders for sub-tasks 19.1, 19.2, 19.3 and 19.5 (not 19.4), to be conducted in Phase 1, was held. The main points are reported below, and actions that need to be completed before month 22 are identified.
· Sub-task 19.1
It was agreed that BRE would lead this sub-task. While BRE would address the UK, North America and general international scene, other participants would requested for information for their own countries or areas. BRE would compile the information gathered.
An initial delivery date of the end of June was set for completing the information gathering exercise prior to the compilation report being written (by BRE). It is now proposed that the information be gathered by 30 September, so that the information can be compiled in good time for the Activity Report (D49) due in month 22.

Action 1  (BRE & selected participants) to consult appropriate participants to obtain information on regulations, standards and practice with respect to ventilation and tunnel emergency response in their country 

Action 2  (BRE) to compile the gathered information on regulations etc

· Sub-task 19.2
It was agreed that BMW and Volvo would lead this sub-task, and take primary responsibility in defining the specific accident scenarios of importance. Other participants were encouraged to contribute also.
It was agreed that accident scenarios involving buses may be important, as well as the issue of liquid versus compressed gas storage.

WUT reported that it had useful information on crash statistics inside tunnels.

BMW / Volvo would present the selected accident scenarios at the next HyTunnel meeting.
Action 3  (BMW / Volvo) to take the initiative in selecting the accident 
· Sub-task 19.3
It was agreed that BRE would take overall lead in this sub-task, compiling the information gathered. Specific parts of the work would be led by others as follows, i.e. explosions by UU and fire by HSE/HSL.

It would be important to identify the ‘gaps in knowledge’. Close interaction with Work Package 8 was envisaged, in particular in respect to Task 8.1.
The findings from this sub-task would be included in the second HyTunnel deliverable (D62) in month 29.

· Sub-task 19.5
The degree of activity in this sub-task within Phase 1 of HyTunnel is not yet clear. Numerical simulations could be undertaken in support of the design of experiments for Phase 2 or an SBEP from Work Package 3 could be allocated to HyTunnel.
S Hawksworth presented some planned tunnel ventilation experiments involving hydrogen combustion in a force ventilated tunnel space. However, in reflection is was decided that the experiments would not be suited to a numerical modelling activity (SBEP).

A Kotchourko made a presentation on a programme of six experiments planned by FZK for Autumn 2005. This would involve an investigation of critical conditions on FA and DDT in a semi-confined enclosure. The enclosure resembles to some extent a tunnel section. Further details are given in the presentation included in these minutes under item 7 below.
There was some interest shown in adopting the FZK experiments as a potential SBEP for Work Package 3.

Action 4  (all) to consider whether to pursue the FZK experiments as a potential SBEP (WP 3) 
4. Close
The meeting closed at 15.00.
5.
HyTunnel Internal Project Description in the JPA for Months 13-30 

[image: image4.png]


  

[image: image5.png]09:

09:

10

10

10

10

11,

11,

11,

12,

13

14:

15

oo

£

o

14

15

a0

o

15

a0

£

a0

a0

oo

09:

10

10

10

11,

11,

11,

12,

13

14:

15

a0

o

15

a0

it

15

a0

a0

a0

a0

oo

ARRIVAL AND COFFEE
Welcome and introduction to HyTunnel

Interaction with HYSAFE warkpackages (1-17)

GROUP DISCUSSION ON SUB-TASKS ALLOCATED TO PHASE 1 (MONTH 30)
(sub-task timings below only approximate)

Sub-task 19.1 Review Regulations, standards & practice

Sub-task 19.2 Review & agree accident scenarios & scope of work

Sub-task 19.3 Review of related modelling & experimental work

Sub-task 19.4 ROad map for further activities

Sub-task 19,5 Numerical simulations to support experiments and as part of SBEP
SBEP (WP3)

LUNCK BREAK

DISTRIBUTION OF WORK, APPONTMENT OF TASK LEADERS ETC FOR PHASE 1
(UNTIL MONTH 30)

Look ahead to Phase 2 (months 31 ta 48)

COFFEE AND CLOSE
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6.
Presentation by S. Miles on HyTunnel Background and Envisaged Structure and Interaction with other Work Packages
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Introduction

» Following partners requested to participate
directly

—BRE (lead)

—BMW, NCSRD, GexCon, JRC, UNIPI, UPM,
Volvo, WUT, INASMET, FZK, FZJ, TNO, UC

* Plus ?
—HSE, UU, ...
« Other partners involved indirectly via other

work packages —
@G>

HySafe HyTunnel Meeting 22 April 2005, BRE
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+ Hydrogen safety in tunnels identified as
important issue at Athens meeting

—suggested as topic for an internal project

— BRE presented outline ideas at NGB meeting in
Paris

— decision taken to proceed with HyTunnel in next
stage of HySafe

—added to JPA for months 13-30 as Work Package
19

HySafe HyTunnel Meeting 22 April 2005, BRE '
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‘Work package /project 19 Start date or starting month 14

number event:

Activity type Internal Project (PHASE 1 only)

Participant ID BMW | BRE | NCSRD | GexCon | JRC | UNIPI | UPM
Person-months per

el 2 25 1 1.9 05 03 2
Participant ID Volvo | WUT | INASMET FZK FZ] | TNO | UC
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participant
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Introduction

+ Kick-off meeting at BRE today to:
—review outline in JPA
— establish exactly what we want to do
—identify key scenarios
—identify experimental and/or modelling activities
—identify roles and timescales
—look ahead

HySafe HyTunnel Meeting 22 April 2005, BRE '
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« CO, NOx etc removed by:
—natural ventilation (wind & buoyancy driven)
—vehicle motion (piston effect)

— mechanical ventilation

* longitudinal
— air ‘pushed’ in one direction (e.g. by jet fans)
— e.g. airin at one portal (end) and out of other

« transverse and semi-transverse

— air may be supplied along tunnel
— air may be extracted along tunnel

HySafe HyTunnel Meeting 22 April 2005, BRE '
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« Evacuation procedures
—escape routes, refuge areas, cross-passages etc

+ Detection systems
—heat, video, CO trip, ...

+ Manual fire suppression
— primarily fire-fighter intervention

» water
» foam
* powder

HySafe HyTunnel Meeting 22 April 2005, BRE
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Road Tunnel Fire & Smoke
Control

« Other fire suppression
— foams

— water sprays/mists
+ not yet widely used
+ when to activate ?
« still controversial
— effect of smoke stratification
— hazard of hot water droplets and steam ?
— air plugs ?
— oxygen starvation ??7?

HySafe HyTunnel Meeting 22 April 2005, BRE
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Road Tunnel Fire & Smoke
Control

« Ventilation

—as for air quality but in ‘emergency mode’

—important issues:

» whether one way or two way traffic has important
bearing

« attempt to extract smoke at ceiling level and maintain
stratification ?

— smoke may then travel in both directions
« force all smoke in one direction ?
— and most likely lose any stratification downstream

HySafe HyTunnel Meeting 22 April 2005, BRE '
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* e.g. upgraded emergency ventilation system in
the Mont Blanc Tunnel

—semi-transverse

« supply at ground level along tunnel
« extraction at ceiling level vents

—plus

* jet fans to control longitudinal air/smoke movement to
assist stratification and extraction of smoke

— computer controlled with manual override

HySafe HyTunnel Meeting 22 April 2005, BRE '





7.
Presentation by A. Kotchourko on FA and DDT Experiments
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+ Main areas identified so far :

—WP3 (CFD benchmarking)
* possible choice of tunnel SBEP

—WP4 (PIRT)

« scenario selection to form part of PIRT activity
—WP8 (H, release, mixing & distribution)
—WHP9 (H, ignition and jet fires)

—WP10 (explosions)
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Hy=EE Interaction with WPs 1-17

+ Main areas identified so far :
—WP11 (mitigation)
» Sub-task 11.5 — modelling of tunnel ventilation
—WP12 (risk assessment methodologies)

—WP16 (standards)
* review of tunnel regulations to contribute ?

HySafe HyTunnel Meeting 22 April 2005, BRE '
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Phase 1 (months 13-30)

» Sub-task 19.1

—review regulations, standards & practice for
ventilation and emergency response

—BRE lead
* Sub-task 19.2

—review and identity accident scenarios
—lead ?

N

HySafe HyTunnel Meeting 22 April 2005, BRE
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Phase 1 (months 13-30)

* Sub-task 19.3
—review relevant experimental and modelling work
—lead ?
* Sub-task 19.4
—road map for further activities
— HySafe months 31 — 48

— Beyond HySafe
—lead ?

N
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Phase 1 (months 13-30)

* Sub-task 19.5
— numerical simulations
—to support design of experiments?
—as part of SBEP?
—lead ?

N
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Phase 2 (months 31-48)

» Sub-task 19.9

—develop guidelines for safe introduction of
hydrogen powered vehicles in tunnels

+ Sub-task 19.10
—road map for introduction of guidelines

N
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Phase 2 (months 31-48)

» Sub-task 19.6

— numerical simulations cont.

—blind simulations of new experiments ? (see sub-
task 19.7)

+ Sub-task 19.7
—new experiments
+ Sub-task 19.8
— open numerical simulations of new experiments_ =,
- 4
" 24
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+ Review regulations, standards & practice for
ventilation and emergency response
— contributions from all partners
—link to WP16 ? (standards & legal requirements)
—new EU Directive on tunnel fires
—PIARC, NFPA, ISO, national guidelines
—lead by BRE
— start/end dates ?
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Sub-task 19.2

+ Review and identify accident scenarios and
scope of work
— contribution to WP4 (PIRT)
—lead by ...
— start/end dates ?

N
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Hy=EE Sub-task 19.3

+ Review of related experimental and modelling
work

— Contribution to WP8
» Sub-task 8.1 (review of CFD and expts. for release &
mixing)
—lead by ...
—start/end dates ?

+ Presentation by FZK
_—
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+ Road map for further activities
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Hy=EE Sub-task 19.5

* Numerical simulations
—to support experiment design ?
—as part of WP3 SBEP ?
—as part of WP8 (release & mixing) ?

—as part of WP11 ?
« simulation of ventilation mitigation benchmark cases

—lead by ...
—start/end dates ?

HySafe HyTunnel Meeting 22 April 2005, BRE '
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Formal Deliverables

—HyTunnel Activity Report covering sub-tasks 19.1
and 19.2 (review of regulations etc and agreed

scenarios)
—Month 22 (Jan 2006)
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—HyTunnel Activity Report covering sub-tasks 19.3
0 19.5 (review of experiments/modelling, road
map and numerical simulations)

—Month 29 (Aug 2006)
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Abstract

The Phenomena dentification and Ranking Table (PIRT) exercise has highlighted that hydrogen
powered vehicles in the confined space of a tunnel could pose a serious hazard of fire and explosion
to the tunnel and its users. The PIRT exercise has also identified a number of scenarios associated
with the use of such vehicles in a tunnel It is therefore crucial that to ensure the safe introduction of
hydrogen-powered vehicles into the tunnel traffic, these scenarios are properly understood and their
hazard and risk assessment carried out in relation to the conventional fuel powered vehicles. The
distribution and mizing characteristics of hydrogen, and the resulting potential development of fire
and explosion, under normal and emergency modes of operation of tunnel ventilation, needs to be
understood. The appropriate risk assessment strategies and adaptation of safety concepts of existing
tmnnels will then have to be devised. For future tunnel construction, design requirements need to be
determined, aiming at a synchronous advance of vehicle and infrastructure technology. Where
possible, the study is intended to address various mitigating design measures, hydrogen flow rates,
combustion speeds, pressure loads, and ignition times and locations

A systematic approach to achieving the goal ofthe saft introduction of hydrogen powered vehicles
in tunnel starts with a state of the art survey of tunnel safety technology. Current regulations and
standards, and currently available fire and explosion mitigation techniques, need to be investigated.
Worst-case accident scenarios involving hydrogen-powered vehicles or fuel supply trucks will then
be identified. This will be an extension to the PIRT exercise already completed, but focussing now
on specific tunnel hazards

Previous experimental and numerical modelling work will be reviewed, and a recommended
programme of further activities, experimental and modelling, produced. Numerical modelling (CFD
etc) will be undertaken in support of experimental design andfor as part of the SBEP activity

(WP3)




[image: image35.png]In Phase 2 of HY TUNNEL, to be undertaken in the period covering months 31 to 48, tunnel
experiments will be conducted accompanied by ‘blind’ and “open’ numerical simulations to
establish the validity of different modelling approaches. Experiments would build upon previous
work, e.g project such as EIHP, while the modslling activity would be integrated into the SBEP
and CFD Club activities. Furthermore, guidelines addressing hydrogen related vehicle and tunnel

safety will be developed, and will be forwarded for consideration by bodies such as UNECE WP29
and the European Commission.

Objectives
Technical objectives
« To review current regulations and standards (covering the broad European view) and fire




[image: image36.png]and explosion mitigation techniques in current and planned tunnels; and to assess them with
standards and guidelines produced under other EC funded projects (HYAPPROVAL,
HYCOM, HYGUIDE etc).

 To review accident scenarios for hydrogen-powered vehicles and hydrogen fuel supply
trucks inside tunnels

 To understand the distribution and mixing characteristics of hydrogen inside tunnels, and
the potential development of fire and explosion hazards under normal and emergency modes
of tunnel ventilation (considering longitudinal, transverse and semi-transverse ventilation)
Consideration will be given fo the influence of cxisting or fuure mitigation measures
Particular attention will be given to any release or tunnel characteristics that can lead to high
speed deflagrations or DDT.

« To review previous performed experimental and numerical modelling work of relevance to
hydrogen releases and subsequent fire/explosion risks inside tunnels

 To undertake numerical (CED, network etc) simulations and verification experiments to
study the relative risk posed by CG2/LH2 powered vehicles compared to conventional
fuelled vehicles, and to establish the validity and correct use of the numerical models. This
objective will be addressed primarily in the period covering months 31 to 48 (Phase 2 of
HYTUMNEL)

© To develop guidelines for tunnel and vehicle safety systems to counter the hazards
associated with the release of hydrogen,

« To develop a road map for the infroduction of the guidelines to the appropriate forums for
introduction to appropriate legal requirements, etc.

Scenarios
The PIRT exercise has identified some critical scenarios associated with the safe use of hydrogen-
powered vehicles in tunnels. This work needs now to be refined, and there is a need to distinguish
between GH2 & LH?, as the behaviour of the released hydrogen in the carly stages of the release
will be very different, i, the buoyant gas from a GH2 release will contrast with the much denser
cold gas in the early stages of a LH2 release. The quantity of hydrogen involved in commercial
vehicle accidents may be significantly larger than for passenger cars, and different release points
may affect the behaviour ofthe released hydrogen especially in the confined environment of a
tunnel. Liquid hydrogen spill from rupture tank could cause ice to develop on the road, causing
increased risk of collision of the incident vehicle with other vehicles. The wide flammability limits
of hydrogen could pose a serious fire and explosion hazard, which could lead to the potential risk of
fire spread from one vehicle to another. Some potential scenarios are identified below:




[image: image37.png]4 low pressure/small quantity release (resulting from system damage or component failure
caused by a traffic accident, component failure, vandalism etc., or by routine fuel-cell
purging)

A high pressure/large quantity release (resulting from system damage or component failure
caused by traffic accident, component failure, bullet, vandalism etc)

A vehicle (CG2, LH2) crash/ overturn / failure leading to damage to the fuel tank.

A catastrophic failure ofthe storage system in a tunnel

A container failure, which could have a low probability due to various design features and
safeguards, but may have high hazard consequence.

A release via a pressure relief or safety device (this may be unintentional, ie. component
failure, or intentional, ie. in the event of a fire to avoid failure of the pressure or cryogenic
vessels).

A fire in a tunnel (caused by the burning of hydrocarbon fuel or other non-hydrogen commodity)
which then provides thermal loading on the hydrogen vehicle(s).




[image: image38.png]Description of work

Sub-task 19.
Sub-task 19.
Sub-task 19.
CNG work.
Sub-task 19.4: Develop a road map for further activities

Sub-task 19.5: Undertake numerical (CFD) simulations in support of experiment design and also
“blind’ predictions as part of a SBEP problem (if selected by WP3)

Review regulations, standards and practice in selected countries
Review and agree on specific aceident scenarios and the scope of work.
Review related modelling and experimental work to date, e.g. EIHP, FZK and US

PHASE 2 (for period covering months 31 to 48)
Sub-task 19.6: Blind numerical simulations (continued) against existing experimental data and
against data obtained in new experiments.

Sub-task 19.7: New experiments to study hydrogen tunnel hazards and provide data for numerical
model validation.

Sub-task 19.8: Open numerical simulations to provide insight into anomalies/inconsistencies
between predictions and experimental data from the new experiments

Sub-task 19.9: Develop guidelines for the safe introduction of hydrogen powered vehicles in
mnnels

Sub-task 19.10: Develop a road map for the introduction of the guidelines

Deliverables
D49. HyTunnel Activity Report (month 22) including the review of regulations, standards and

current practice
D62. HyTunnel Activity Report (month 29) including the review of previous experimental and
modelling activities relevant to hydrogen hazards in funnels
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e 2D-geometry of gas mixture with one solid wall is assumed to
be semi-confined volume with venting ratio o = 0.5

e Combustion regimes in vented tubes (Alekseev V., et al., 2000):
1 - slow flame: v <cr;
2 - sonic flame: v ~cr;
3 - quasi-detonations: D » 0.75-DCJ
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e Critical conditions for FA and DDT under transverse venting
conditions (Alekseev V., et al., 2000; Dorofeev S., et al., 2004):

. FA: 6/65~ 142-a DDT: L>7-% (d/% > 3 for BR=0.6)

.7 5.2 24 3]
o078

e What can we expect?

FA: 6=2-6,~7 (stoichiometric H2/air)
DDT: L>10 cm (d>5 cm for BR=0.6)
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2 ' Safes Objectives
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¢ Critical conditions for FA and DDT in semiconfined gas
mixture layer

e Effect of mixture uniformity on FA and DDT conditions

Expected data

« Dependence of critical ¢* and 2* on gas layer thickness &
e Effect of mixture uniformity on FA and DDT conditions
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: Layout 2:
0

[ - ignition point; . e Mixture is in plastic balloon
P, I - pressure and light gauges. o Both vessels Al and A3 are
L =12 m - Al length; connected

D = 3.5 m - Al diameter; e BRis changed along the axis
V =100 m3 (+30 m3)- total volume;
B

R = 0.6 (0.3) by obstacle laden gr|d

C,, ~hydrogen concentration;
3- layer thickness
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2 [ Safel ; Test variables
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* Mixture G &, mm
20%H2/air 5.6 55
30%H2/air 7.0 13
40%H2/02 (p=2) 7.7 5.5

e Gas layer thickness (6 options)
5 =0.15; 0.3; 0.6 m
e Concentration gradient (2 options)
grad[H2] = 0.5; 1 mol%H2/cm
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Uniform mixtures

e Test:
#1 30%H2, 5=0.3 m
FANO FA YES
#2 30%H2, 5=0.6 m 30%, 5=0.15m
FA WES FW WES
#3 20%, 5=0.6m | [ by,=2.5=0.15m || 20%, 5=0.3m

FA N‘V\E‘A YES

20%, 20%,
5=0.6 m 6=0.15m

",

DDT YES OR NO

An additional test
could be made
/o obstacle grid

Nonuniform mixtures

30%, 1%/cm

#5 6=0.6 m
FANO " “_FA YES
#6 30%, 0.5%/cm 30%, 1%/em

§=0.6 m §=0.3 m
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