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1. Abstract

The purpose of the experimental work is to deteentlre conditions for which an enclosure can
guest a fuel cell for civil use. Concerning thetafiation permitting guide, this study allows trades
use of the fuel cell in case of small not catadtropeakages. In fact the correct plan of the vamts
the enclosure guarantees the low concentratioyarolgen (H) below the LFL.

2. Summary

The University of Pisa conducted tests as parhefEC supported HYPER project to determine the
ventilation requirements in enclosures containimgl tells, such that in the event of a foreseeable
leak, the concentration of;Hh air for zone 2 ATEX (2% v/v) is not exceededtheTiirst assumption
concerns the pressure for the leak. The worst $eegario correlates to a value of 5 bar with a leak
position before the pressure reducing valve.

The second main assumption concerns the areadole#tk. It has been chosen according to the
ATEX guideline for a small accidental leak from @awe. This is analogous to a leak area of 0.25
mnY* and produces a flow rate of not more than 40 I/min

Both natural and forced ventilation of enclosures@ fans was investigated. Other larger leaks
were also tested having areas of 0.5 and 1.6.mhe adequacy of the ventilation in the enclosure
has been shown to depend upon four factors: Gegroétvents; Size of vents; Wind speed; the
temperature gradient between the inside and outdithee enclosure.

3. General description of the experimental asset

The CVE facility tests the effect of the vent amedunction of the pressure during deflagrations of
the explosive mixtures, (hydrogen/air or methamg/an uniform and not uniform conditions.
Vented explosion experiments have been carriednoaitcubic structure made of steel section bars
with an internal volume of 25

The roof and one side face are entirely coveret patnels of glass in order to follow and to record
with digital cameras the evolution of the explosioill the other faces are covered with steel
panels having different functions: the bottom ané side are entirely made of steel strengthened
panels which are not removable, while the otherlateral faces, on opposite side, are the test vent
and the safety vent respectively (see fig. 1 agd2j.
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The vent is normally covered by plastic materialhwinown pressure of rupture. The free area of
the vent is adaptable according to the specificatiothe experiment.

The area can be fixed from a minimum value of 84 up to 2.5 [M] (completely open). In the
fig. 4 the vent window is shown, it is also visilthe position of the thermocouple on the bottom of
the window.
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4. Theinlet and gas concentration measurement systems

An element of primary importance for the CVE safistyepresented from the inlet system of the
gas bringing the gas inside to the equipment, fepthe fuel cell PentaH2. The malfunctioning of
such system can cause an uncontrolled flow or gredgirctable leak of H

Based on the normative for the inflammable gasspartation, the entire circuit and all the
connections among several the elements have bakrerkin stainless steel, AlISI 304 NPA49-117,
according to the Norm 1072 UNI 8-10 indicationseTBVE inlet circuit is constituted from the
compounds in figure 7.
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Figure 7. (a) Inlet system scheme; (b) pipeline schema of sampling and the exhausts.

— Four gas cylinders with a initial pressure 200 pmssafety reasons they are not in direct sight
line of CVE. The head valves of gas cylinders amqrted by a steel structure in with padlock
that can be only removed from the operator.

— two stages pressure reducer in which the gas peedsareases from 200 to 3 bars;
— one flame damper valve, connected in series tptbesure reducer;

— a thermo resistor and a pressure transducer pusitiommediately after the valve flame
damper. Such instrumentation is necessary for #sare of the gas flux;

— amass flux meter with range of measure 0.3-16;6 I/
— one micrometric valve for the precise tuning of ¢faes flow;

— one not return valve and two remote controlled pmegic interception valves. The second one,
placed to the CVE interface (side B), allows tolag® the equipment from the inlet circuit
before the test.

The concentration measure circuit of inner ga®isstituted like shown in figure 5 (b):

— 5 lines for the aspiration of the inner atmospherthe CVE, constituted from stainless steddes
AISI 304 NPA49-117, according to the indications1@72 UNI 8-10 Norm; the withdrawal
(sampling) points are positioned in independent wag from other by the use of flexible tubes



in PVC that fit in the steel connections of the iegwn circuit.Clearly they can easily be
repositioned;

valve flame damper positioned on the pipeline wite purpose to protect the concentration H
analyzers;

a zeolites dryer in order to eliminate the humiditym the gas sample, necessary for the correct
functioning of concentration Hanalyzers;

air flux meter with regulation valve and lower meaadble limit of 1,2 I/min in order to stabilize the
flow at 1 I/min in operational conditions for eamhalyzer;

hydrogen concentration analyzers and natural gaseglin Wall B completely constituted from
fixed metallic panels (figure 2); such positionioigthe instrument meaningfully reduces the delays
due to the length of the sampling pipe connectatiéanalyzers;

pump for the aspiration of the inner sample of @E; it exists a series of three ways valves with
which it is possible to switch from the parallep@ation configuration to the aspiration in series
made for the calibration analyzers phase. Durirgdalibration the five analyzers are connect to
calibration gas cylinders, by a bypass used onthigphase;

flow meter supplies a verification of the inhalemtal (integrated) flow pumped into the CVE
approximately slightly more then 5 liters every otm for the corrected operation of the
concentration analyzers during the tests;

the drain system of the sample in air to approxahya® m of height from the level of the ground
and not in direct sight of the equipment; such hieig sufficient to guarantee the dispersion of the
inflammable mixture because the drainage happeaBytin free atmosphere and with small flow
(total 5 ¥Ymin);

An external fan provides the washing of the innenasphere after each explosion and in case of
emergency evacuation of the gas. Its air flow ¥QL8¥/h (22.3 ni/min);

a fan inside to the CVE to make homogenous théosx@ mixture.
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Figure 8. Interface between CVE and inlet system.



5. Description of the Fuel Cell Penta H, positioning

The fuel cell Penta H2 (size in [mm] 80@88x 1024) has the following characteristics:

Performance Water quantity: 15 litre
Net electric power: 1 to 5 and Idle
Voltage:120 or 220 VAC Secondary circuit
System Electric efficiency at nominal power: 45% Water cooled: Inlet min, 20 - max, 55 ; outlet min,

25 -max, 60 T°C
Operating Modes Circuit type: External pump is required
Start up Time: 12 second to 0.5 kW, 1 minutes to  Required Water Quality: No particular requirements
full power
Routine Maintenance Interval: 500 hr Interfaces
Mass: 200 kg Front panel: Liquid crystal display, with: startos,
MTBO: 500 hr up, down, insert button under skin
locations: Indoor and Outdoor (protected from rain) Communication: Rs 232 serial port for remote
Operating Temperature: 0 to 50°C operation
Storage Temperature: Above 0°C Hydrogen inlet and outlet on the front endplate: Y4
Noise: 55 dBA @ 1 m, Outdoor npt
Hydrogen Supply Lifetime: 3000 hr (before losing 5% of voltage
Hydrogen Grade: Grade 5.5 (EU) performance at nominal condition)
Inlet pressure: 2-5 bara
Mass flow: Dead end - pulsing Operating condition
Anode stoichiometric: 1,02 Environment temperature range for operating: 0°C /
Fuel Consumption: 4,2 Nm3/hr at max power +50°C

Start up time up to 50% nominal power @ 0°C: <5
Primary circuit min
Water cooled: 70-75 T°C Environment temperature range for depositing on
Circuit type: Closed circuit with circulating pump the shelf: -30 °C / + 60°C
Required Water Quality: DI (< 5 uS/cm)- External Percent of nominal power delivered at extreme
water only required for initial fill temperature: 100%

The fuel cell location inside the CVE is shown ig. ©. The most credible loss ot i located on

the valve of the inlet gas pipeline, before of gnessure reducer. The internal pressure between 2
bar and 5 bar has been considered, after the pees=iucer (inside PentaH2) the pressure value is
350 mbar.

In order to take into account the worst case o$,ltlse highest pressure value (5 bar) has been
chosen. The calculations of the ftow Gy, has been performed with EFFECT-SGIS 7.3.

The diameter of the leakage has been chosen aogo@iATEX limits in order to calculate the
Zone 2, in that case for pipelines with max diameter i&f), the guide refers to a small accidental
leakage from a valve (exactly the case of thénket pipeline).

The ATEX loss value from a valve is analogous flua from an hole with diametep, = 0.56 mm
i.e. aread = 0.25 mm.

Calculations are referred also to areas of 0.5 amd 1 mm to get the opportunity to study more
dangerous cases then the ATEX one.
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Figure 9. Fuel Cell Penta H, positioned inside CVE.

ATEX Limits:
. Zone 0 : Continuous leakage — 25%LEL = 1%H vol;
» Zone 1 : Operational release — 25%LEL = 1%H vol;
»  Zone 2 : Occasional leakage — 50%LEL = 2%H ;vol.

Figure 10. ATEX Limits for not-catastrophic loss of H, accidents. LEL isthe lower explosive limit.

GH1

Figure 11. @, = Diameter of Leakage (A_ = Leakage Area); @p = Diameter of Pipeline (6 mm);
Guz = Ha Flow; Py, = H; internal pressure (from2to 5 bar).



Table 1. Gy, [ 10° kg/s] values versus Py, and &, (and A)).

@, A Pr2 [bar]
[mm] [ [mm’]| 2 | 25| 3| 35| 4| 45 5
[ 10?—,“;9/51 0,56 | 0.25| 2,47 3,08 | 3,7| 4,32| 4,94556/ 6,18
0,8 | 0.50| 4,97 6,21 | 7,46 8,68 | 9,93 11,2| 12,4
1.13 | 1.00| 9,98 12,34| 14,8| 17,34| 19,8 22,3| 24,8
Table 2. Gy, [nl/min] values versus Py, and @, (and A)).
DL A P2 [bar]
[mm] [mm?| 2 | 25 3 3,5 4 4,5 5
[nir:?n] 0,56 | 0.25|18,25/ 22,76 27,34 | 31,92 36,50 41,08 45,66
0,8 | 0.50| 36,724589 5512 | 64,14 73,37 82,76 91,62
1.13| 1.00| 73,7491,18| 109,36/ 128,13 146,30 164,77 183,25

6. Theleakage measurement and control system

The measures of diameters refer to the externaleyahaterial of the components is AISI — 316.
The flow meter contains the regulator system ahthalsignals are monitored in real time. The list
of the components follows the fig. 12.

54
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Figure 12. Components for the control and measurement of the H, |eakage.



1)
2)
3)
4)
5)
6)
7)
8)
9)

H. inlet pipeline ¢ 8 mm ; 5 bar);

Tree way connectop 8 mm,;

Adaptor from® 8 mm (main Hinlet pipeline) to® 6 mm;
Pipeline® 6 mm;

Adaptor from® 6 mm to %2 inch

H. flow regulator;

H. mass flow central body;

H, flow measurer;

Adaptor from %2 inch to ¥ inch;

10) Adaptor from ¥ inch td/y inch;
11) Wire pipeline’/yinch (1 mm internal diameter).

7. Purpose of the experimental tests

The purpose is to determine the siz&Zofie 2 ATEX in case a small accidental leakage of thé fue
cell occurs. In this case the limit ofoHn air is 2% H vol. We have five measurers of, H
concentration to define the volume around the éedllwhere the limit is not overtaken.

The central venting area (6%02160) in fig. 3, will be used performing the expents, a small
opening is made on the down side (wall C) with si£®.14 nf in fig. 6, aiding the internal air
recirculation. Only the central venting area widl aried during both passive and active kind of

ventil

ation experiments.
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Figure 13. Location of the sampling points and size of the four vent areas (figure is not in scale).
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Figure 14. Location of the sensors (y, 2) in [mm], plane x = 1221.

8. Experimental matrix

The case study is constituted by two categoriegyralaventilation (NV) and forced ventilation
(FV). As concern the first NV case the main pararseare:

1) Size of Vent 1: Vent 1 small (V1s) = 0.35 mVent 1 big (V1b) = 0.7 fy

2) Size of Vent 2: 0.14 frfixed (V2);

3) Size of Vent 3: 0.35 frfixed (V3);

4) Size of Vent 4: 0.14 frfixed (V4);

5) Leakage flow in [nl/min]: small (GH2s) = 40 ; avgea(GH2a) = 90 ; big (GH2b) = 180.

As concern the second case study FV the main péessrare the same of the NV together with the
air flow from the fan (the sixth parameter):

6) Air flow of the fan: Small Air flow = 0.3 fits (AFs) ; Big Air Flow 0.6 rifs (AFb).

All the tests will be performed in homogenous ctindi of temperature. With low temperature
(below 20°C) the condition is conservative becausen-zero gradient of temperature between the
internal and external part of the CVE can favoue thixing of the hydrogen [1], from the
simulations the thermal effect improves the evdounabf the hydrogen [3]. The geometries of the
ventilation experiments are shown below.
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(1) CASE OF
Vis

Area [nf]
0.35

(2) CASE OF
Vis - V2

Area [nf]
0.35+0.14

(3) CASE OF
Vib

Area [nf]
0.70

(4) CASE OF
Vib - V2

Area [nf]
0.70+0.14

(5) CASE OF
Vis - V3

Area [nf]
0.35+0.35

(6) CASE OF
Vis - V3

Area [nf]
0.35+0.35
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Os2
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O l
Osa (533 S5O
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(7) CASE OF
Vib - V3

Area [nf]
0.70 +0.35

(8) CASE OF
Vis - V3

Area [nf]
0.35+0.14

(9) CASE OF
Vib - V4

Area [nf]
0.70+0.14

(10) CASE OF
V1s—V2-V3-V4

Area [nf]
0.35+0.35+0.14+0.14

(11) CASE OF
Vib - V2 -V3-V4

Area [nf]
0.70+0.35+0.14+0.14

In case of NV the initial value of the vent sizec@mmpared with the indication of the norm ATEX.
Let be Qu the air flow of NV, this norm suggests some engpiriformulas applicable to various

geometries. An overview of this calculus is showmab. 4.
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Table 4. Calculus of Qaw valuein all geometries[1].

Geometrical
Configuration
ATEX calculus Vent 1 small Theoretical
vam velm of air-flow recirculation Q, V1s = 0.35 ATEX value of
— N Referred to Vent 1 big
vent vent _ . _ Qaw
2 3 W =1 m/s (wind speed) |V1ib=0.70 M
V1s = 0.35 i | Q= 0.009 n¥s
Qaw=0.025 AW
A=V1
V1b = 0.70 M | Q.. = 0.018 nis
Qaw = & Aaw W (AG)*®
V1s =0.35m | Q.= 0.037 n¥s
I 1 1 1
R J—
I A2 V1?2 Vv2?
Ac, = 0.2 (difficult ventilation) § V1b =0.70 M} Q.. = 0.04 ni/s
¢s = 0.65 (fixed constant value
V1s =0.35 M | Q.. =0.018 n¥s
Qaw=0.025 AW
A=V1+V3
V1b =0.70 M | Q.= 0.026 nis
Qaw=GAwW (ACP)OI5
V1s = 0.35 M | Q.= 0.037 n¥s
| | 11,1
A2 V1® V4?
Ac, = 0.2 (difficult ventilation) | Vib =0.70 M| Q.. = 0.04 ni/s
¢s = 0.65 (fixed constant value
Qaw=GAwW (ACP)OI5
V1s=0.35 | Quw=0.07 ni/s
|| L] 1 1 . 1
i N A2, (V1+V3)?  (V2+V4)?
Ac, = 0.2 (difficult ventilation) § V1b = 0.70 M | Q.. = 0.08 ni/s
¢s = 0.65 (fixed constant value
CASE 1 CASE 2 CASE 10
GH2s GH2a GH2b GH2s GH2a GH2b GH2s GH2a GH2b

Figure 15. Total redundant number of experimentsin case of NV.
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Where the natural recirculation fails the FV expemts will be performed to complete the
experimental matrix to measure%dvol < 2% as the ATEX zone 2 prescribes [1]. Thaltoumber

of experiments is 23 in case of NV, considering ¢dage with two values of hydrogen flow (GH2s,
GH2b) the total number of experiments rises to2xing the FV experiments at least two vent
areas will be open V1 + V2 or V1 + V4. The reasébthe choice is to avoid the depression inside
CVE. In fact this depression could be modify thiugaof the air flux in aspiration of the fan.

The experimental data will be collected as showtable 4. In that table the geometrical
configuration is correlated with the theoreticahtriation ATEX value Q, and the efficiency of
NV referred to three values ok, Heakage flow (40; 90; 180 nl/min).

Table 5. Results of natural ventilation tests.

Geometrical
Configuration NV NV NV
ATEX calculus Vent 1 small . 40 I/min | 90 I/min | 180 I/min
of air-flow recirculation Q, V1s=0.35m A;E;O\;;tl]cealof
Referred to Vent 1 big Q
W =1 m/s (wind speed) V1b=0.70 R aw Efficient | Efficient | Efficient
Y/N Y/N Y/N
V1s = 0.35 rfi | Q.= 0.009 ni/s N N N
Qaw=0.025 AW
A=V1
Vib=0.70 A | Quv=0.018 ni/s Y N N
Qaw = GAaw W (Acp)o'5
V1s =0.35 i | Q.v=0.037 ni/s Y* N N
1 _1 .1
Az V1 Vv2?
Ac, = 0.2 (difficult ventilation) V1b=0.70 M | Quv=0.04 n¥is v N N

¢ = 0.65 (fixed constant value)

V1s =0.35 i | Qav=0.018 ni/s Y N N
Qaw=0.025AW
A=V1+V3

Vib=0.70 A | Quv=0.026 s Y N N

Qaw = GAaw W (Acp)o'5

V1s =0.35 i | Qaw=0.037 ni/s Y* N N
1 _ 1 1
2 oot
A, VI V4
Ac, = 0.2 (difficult ventilation) - -
s = 0.65 (fixed constant value) Vib =070 | Qu=0.04nis Y N N
Qaw = G Aaw W (AG,)"°
V1s=0.35m | Quw=0.07 ni/s Y Y N
1 _ 1 + 1
P 2 2
AL, (V1+V3)® (V2+V4)
Ac, = 0.2 (difficult ventilation) V1b=0.70 i | Quy=0.08 niis Y Y N

¢ = 0.65 (fixed constant value)

(*) In addiction tests 38; 39: 40; 41 has beenqrered adopting a different geometry of the sensors.
(**)In addiction tests 34; 35: 36; 37 has been penfed adopting a different geometry of the sensors.
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Test 11-2008-04-02.
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Figure 16. Technical data and results concerning the test 11- natural ventilation analysis. Sensor S, is
saturated because located in front of the H, |eakage.
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9. Themoded of natural ventilation in an enclosure

The data in the table are referred to a hydrogek feom a pipeline with a pressure of 5 bar and
diameter of the leak nozzte, = 1 mm. The hydrogen flow from the leakage haslxedéculated by
the program EFFECT-SGIS 7.3 and its value is 4@inl{ATEX value), 90 nl/min and 180 nl/min.

In the table 5 the efficiency of the natural veattdn is shown. For each geometrical configuration
the ATEX calculus of the theoretical air-flow,Qis performed. In the last column the results of
experimental test are briefly shown.

The enclosure of reference is 25 of volume and it is provided of vent areas as ¢bkimn
“Geometrical Configuration” shows. The natural vietion is “Effective” only if ATEX zone 2 is
respected. That zone 2 corresponds to the limitydrogen concentration of 2%vol inside the
whole volume.

In conclusion the NV like described in ATEX norm]| [Aone 1l is effective when considering the
worst leak (40 I/min) from the 5 bar pipe, exceptase 1 (V1s; Av = 0.35%n Regarding the leak
of 90 I/min the NV is effective only in case 10 ¥+ V2 — V3 — V4 ; Av = 1.33 f), on the
contrary the NV is always not effective consideratgak of 180n/min. In order to elicit an useful
model from the experiments and simulation madengtil, it is opportune to consider the following
parameters:

Qaw = air flow circulating inside the enclosure;

Qw2 = H, flow from the leakage;

H,%vol = homogenous concentration of hydrogen;

A,y = vent area,

Ac, = index of difficult ventilation, angle on incidea of the wind direction with the Av plane;
W = wind intensity [m/s].

The correct ventilation in an enclosure in ordenti overtake the concentration of 2% depends
some main factors. These factors are the geométheovents, their size, the strength of the wind,
the gradient of temperature between the interndlgfdahe enclosure and the external one.

In NV experiments the worst conditions of ventibatiwere considered concerning the wind and the
temperature. In fact most of the tests have beamredaon with wind= 3 m/s or less and internal
temperature: 25°C. Where specified a small number of tests tepen performed with wind 5 — 6
m/s and gradient of temperature of 10°C (interi@dCiexternal 30°C).

Concerning the geometry and size of the vent ait&s,possible distinguish two cases, the first
where the areas are located on the same wallgtttmd where the vents are on two opposite walls.
Starting from the geometry the second step is #heutus of the air-flow g, necessary to evacuate
the hydrogen. To calculate,ft is possible to use a steady state equation:

H,%vol = 10@
Qaw + QHZ

That equation considers the whole volume of encisuth homogenous Heoncentration, in the
experimental cases the homogenous volume is adnaof the whole one. For this reason the

partial volume isV¥ =K, V. ; 0<K, <1

Considering the definition in steady state condsi¢4] of Hz%volzloo% we can define the
E

homogenous concentration in the partial volumdeady state conditions as:

16



H®%vol = 100-/r2

AL

0
Considering the definition 0¥ and H,%vol: H®%vol :100\\//;,2) :100KV*{2/ = Hzfvol ;
E v 'E

H%vol= 100% K, "
aw H2

In this simple model thed$  %vaind Qi, are measured during the experiments. The steatly st

condition is quickly reached (in 3, 4 minutes) dwethe H buoyancy. The final step is the
calculation of the vent area size Av from the ATfXmulas as shown in the next table.

Table 6. Natural Ventilation Model steps.

Step 1: Step 2: Step 3:
Choose of the calculus of Q, using Calculation of A, using the ATEX [1]
NV Geometry Steady state equation Correlation between Qand Aw

Qaw= 0.025 AV W

(P)O — QHZ -1
H 5 Yovol 1007 Kv Qaw = G Aaw W (ACy)®®
aw H2
1 1 1

= +
A% (V1+V3)* (V2+V4)*

In order to evaluate the fact&y, eight experiments have been performed, the gegraett other
information are shown in the next figure. The getrsgnease 2 and case 8 has been analysed for two
values of H-flow, 40 I/min and 90 I/min.

Table 7. Data input of the Kv-factor tests.

Plan A K,) Plan B K,)
H, Flow [I/min] 40 H Flow [I/min] 90
Vent Area [] 0.35+0.14 Vent Area [fh 0.35+0.14
Duration of the leakage [s] 1200 Duration of the leakage [s] 1200
Direction of the leakage Z Direction of the lea&ag z
Coordinates (x ; y ; 2) 1070 ; 1480 ; 9p5| Coordinates (x ;v ; 2) 1070 ; 1480 ; 925
Diameter of the pipe [mm] 6 Diameter of the pipe [mm] 6
Nozzle diameter [mm] 6 Nozzle diameter [mm] 6
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Table 8. Geometries and new sensor s coor dinates for Kv-factor tests.

Geometry - Case 2 - Geometry - Case 8 - Sensordioates in mm
= = = = = = e e _ ] )
o o & B o o S1=1375; 1630; 1110
r T S2=1375; 1630; 1960
Sfr 3 s?L
- Vent 1 Vent2 : Vent 1
S3=1375; 1630; 2800
Vent 4 Sl+ SlJr
S4=1375; 2830; 2800
z A
y y S5=1375; 400; 2800
Geometry - Case 2 - Geometry - Case 8 - Sensordicates in mm
= = = = = = w0 = = = = =
N n S1=1375; 1630; 1110
% Vent 1_- ~JVent 2 % Vent 1_A
o & & o o - S2=1375; 1630; 1960
S3=1375; 1630; 2800
Vent 4 Sl+ Sl+
S4=1375; 2830; 1960
z z
¥ y S5=1375; 400; 1960

The calculus ofK, factor is necessary to evaluate the volume involaetie steady state equation
step 2. In fact the hypothesis is that in the v@uhe gas concentration is homogenous and that is
not true in the whole CVE volume but only in a fran (K,) of that.

The correlation of the experimental data givesdtecentration of the Hair layer in terms of (,
Qaw and the stratification factd,. The model is realised by NCSRD (National CentreSicientific
Research Democritos — Athens - Greece) using thergwmental data. The stratification factdy
expresses the ratio between the volume of thaiHlayer divided by the volume of the whole
enclosure (wher&,=1 means that FHis homogeneously distributed in the whole enclesuthat
the correlatiork,=1/3 represents the best fit of the of data (NCSRD bgsfThis result refers to a
real situation, as performed during the experimentth weak variable external wind value (less
then 4 m/s) and internal temperature around 28°C.

10. Forced ventilation, experimental asset and conclusion

The forced ventilation (FV) tests are conceiveccomplete the evidence referring to the natural
ventilation experiments. FV is carried on the C\#€ility using two industrial fans, their general
characteristics are shown in the table 9. The &aadocated on the vent 1 (central) and vent 4. The
area of those two vents is coincident with the arfehe fan (Af = 0.05 ).

Table 9.Characteristics of the fan AXEX254T used during the tests.

Power| Voltage | current intensity] Diameter Air—sflow Coordinates fan centre
(kW] [V] [A] [mm] [m*7s] [x; y: Z]

Fan 1 (1375; 0; 2670)
254T 1500| 0,04| 220/38p 0,25 260 033 F 215 (1375, 32202670)

Fan Model AX| rpm
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The results of FV tests are shown in table 10, ascan see the use of one fan in aspiration is
enough to ensure the evacuation of the hydrogemtaiaing the concentration below 2%
considering leakage flow till 90 I/min.

The consumption of the fan is 0.04 kW, the producof the fuel cell is 5 kW, the installation of a
fan is convenient both from a safety and energetimt of view. The results of FV tests are
summarized in table 10. For each tests the direera type of FV is shown.

Table 10. Results of forced ventilation tests.

Geometrical
Configuration NV NV NV
Direction of air-flow . 40 I/min | 90 I/min | 180 I/min
vent  vent Free vent areg " 2" air-flow,
1 Internal value o
Fan area
) — Af=0.05 nf Av o o o
vent  vem Qaw Efficient | Efficient | Efficient
Y/N Y/N Y/N
- - Av=0.14nf | Q.,=0.66nils Y Y N
- Av=0.14nf | Q.,=0.33nils Y Y N
I_' Av=0.35n7 | Q.,=0.33nils Y Y N
- - Av=0.49nf | Q.,=0.66nils Y Y N
_'I I_' Av=0.28n7 | Q.,=0.66nils Y Y Y
- Av=0.89nf | Q.,=0.33nils Y Y \4

11. General conclusions and recommendations

The analysis of the natural and forced ventilagdinciency makes it necessary to use this safety
system in all the enclosures where a credible ratastrophic leakage can occur.

To calculate the vent area it is convenient to skothe geometry first, then the leak size and
consequently the size of vent areas which are shiowre table 5.
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The result is the minimum vent area in that geoynfeir which the enclosure respects the ATEX
limit of zone 2 (H concentration less then 2%vol).

Where it is possible, it is convenient to use oneore suitable solutions like:

- To reasonably increase the vent areas beyond thienomn value in table 5;
- To consider the vent areas for a leak flow reaslyrizigger then the minimum;
- To incline the roof making the NV easy and effitjien
- Toinstall a small fan able to remove the intemalture from the enclosure.
The limit of 40 I/min of the leakage is relevant &very kind of fuel cell suitable for civil useaks

beyond 90 I/min would refer to catastrophic leakage therefore should not be considered with the
assumptions made.
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