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ABSTRACT
This work presents the results of the Standard Beack Exercise Problem (SBEP) V20 of WP6 of
HySAFE Network of Excellence (NoE), co-funded bE.in the framework of evaluating the quality
and suitability of codes, models and user practigesomparative assessments of code results. The
benchmark problem SBEP-V20 is based on releasesosrihat were experimentally investigated in
the past using helium as a substitute to hydro@ka.aim of the investigations was to determine the
ventilation requirements for parking hydrogen fadllvehicles in residential garages. Helium is
released under the vehicle for 2 hours with 7.200 flow rate. The leak rate corresponds to a 20%
drop of the peak power of a 50kW fuel cell vehicléree double vent garage door geometries are
considered. In each case the vents are locatéa abp and bottom of the garage door. The vents var
only in height. In the first case, the height of trents is 2.5 inches, in the second 9.5 inchesratin
third 19.5 inches. Five HySAFE partners particigatethis benchmark. The following CFD packages
with the respective models have been applied talsi®m the experiments: ADREA-HF using k-e
model by partner NCSRD, FLACS using k-e model bgtrga DNV, FLUENT using k-e model by
partners UPM and UU and CFX using laminar and dveRe number SST model by partner JRC.
This study compares the results predicted by thngas to the experimental measurements at four
sensor locations inside the garage with an atteémpssess and validate the performance of the
different codes and models. Furthermore, the eftdcpassive ventilation on the formation of
flammable cloud is investigated.

1 INTRODUCTION

A part of the Integrating Activities within the Ha& Network of Excellence (NoE) [1] was the
collection of experiments in areas relevant to bgen safety for code and model benchmarking. The
exercises proposed by the consortium partners iderdified as SBEPs which stands for “Standard
Benchmark Exercise Problems”. Apart from validatthg performance of the codes and models to
reproduce the experimental data, a comparativessismat between them was aimed to identify the
main priority areas for further development of teeles and models and to provide recommendations
for optimal tools and user best practices. In otherds, the assessment of the quality and suitgbili
of codes and models and the recommendation of hesgr practices were the main scope of the
SBEPs.



The benchmark problem SBEP V20 is based on relsesearios that have been experimentally
investigated in the past by Swain et al. (1998) &jain et al. (1998) [2] conducted an experimental
and CFD research program to determine the vewtilatequirements of residential garages to store
hydrogen fuelled vehicles. Specifically, the worlwestigated the suitability of existing garages to
store hydrogen fuelled vehicles and the need fgrnandifications. A full scale model of a single car
garage containing a vehicle was used. The expetahfatility was located indoors to eliminate wind
and outdoor temperature variations. During the s®wf the experiments and based on the results
several modifications were investigated. Initialtye modifications covered natural ventilation whic
was provided by vents at the garage door whereahtalocated at the ceiling was also investigated.
Finally, forced ventilation and a hydrogen detettiystem were examined. Helium at a leak rate of
7.200 It/hr located under the car was used asragate to hydrogen for all experiments. The CFD
calculations were performed using FLUENT. The dalitons showed that the difference in hydrogen
and helium concentrations in resembling geometragsly outgoes 15%. The largest differences
occurred during the transient period before stestde and before the highest concentrations were
reached. Papanikolaou et al. (2005) [3] presemteddsults of the simulations of 3 cases of theilswa
garage experiments [2] using the standard k-e mddwed results were generally in good agreement
with the experimental.

Later Swain et al. (1999) [4] performed hydrogespdision experiments in simple vented enclosures
and associated CFD validation using the FLUENT cédganat et al. (2004) [5] simulated the vented
hallway experiment using the PHOENICS code anddawsults similar to the FLUENT code. In the
paper of Swain (1998) [6] a comparison of the gafestks of four types of vehicle fuels (hydrogen,
natural gas, LPG and gasoline) release insidegestoar garage was made using FLUENT code. It
was found that only LPG and gasoline produced ajgivke volumes of combustible gas. In another
work, Breitung et al. (2001) [7] applied the GASRMOCFD code to calculate the temporal and
spatial distribution of hydrogen and applied ciétdo evaluate the flame acceleration and detonatio
potential in an effort to estimate the combusti@zards, due to the boil-off from the cryogenic
hydrogen tank of a car in a private garage. Invibek of Parsons and Brinckerhoff (2004) [8] fagilit
modifications and associated incremental costs thay be necessary to safely accommodate
hydrogen fuel cell vehicles in four support fagiltase studies (commercial multi-story above-ground
parking, commercial multi-story below-ground paikinresidential two vehicle garages and
commercial maintenance/repair/service station) ves@uated. The methodology applied was also
CFD calculations. Paillere et al. (2005) [9] higihlied the importance of using CFD for safety
assessment, design of mitigation systems and gezsarvalidation of their in-house code in release,
dispersion, combustion and mitigation scenariosllegaet al. (2007) [10] provided relationships
between design variables (vent area, height, digeha&oefficient) for buoyancy-driven passive
ventilation of H2 from a room. A simplified modelag described and a CFD code was used to
simulate a typical two-car garage with different ldakage rates scenarios. Gupta et al. (2007) [11]
provided a detailed experimental information ondiersion inside a full scale unventilated garage.
The test cases evaluated the influence of injeld2dolumes and initial conditions on the dispersion
and mixing characteristics inside the facility wées He was used instead of H2. The authors
concluded that the risk induced is most stronglgaéd by the total volume of the released gaserath
than by the flow rate. Lowesmith et al. (2007) [p2¢sented an experimental work of gas (with varied
H2/CH4 composition) release inside a ventilatedlenre. Analysis of data and predictions were
done with the use of a simple mathematical modeé @&uthors concluded that both buoyancy and
wind driven ventilation are important. The paperlacome et al. (2007) [13] presents test results of
subsonic H2 releases in confined area. A comparisiween He and H2 concentrations was also
made. The authors stated that He can be used w@sstitiste to H2 although further experiments are
necessary. The paper by Venetsanos et al. (20@)) diesents a CFD inter-comparison of an
experiment inside a garage with 1 g/s H2 vertiedd¢ase. Pre-test and post-test simulations of 12
organizations using different codes/models werduated. Large variation was found in the results
during the pre-test phase whereas the variationsigasficantly reduced in the post-test phase. The
paper by Papakonstantinou et al. (2003) [15] pttesem simulation work of CO concentration inside a
typical central garage with and without mechanigaitilation. The results showed that the numerical



solutions were very effective for ventilation anésin purposes. Duci et al. (2004) [16] presented
simulations of CO inside a typical garage for thdéféerent ventilation rates and concluded that the
CFD calculations can be obtained quickly and ecacalhy with considerable confidence. The review
shows not only the experimental work of H2 reledeesised in enclosures (such as garages) but also
the importance of using CFD codes as a tool féraissessment, estimation of hazards and as basis of
suggestions to the design requirements of a gdoagafely accommodate hydrogen vehicles. On the
other hand the scenarios often include slow flowdittons (laminar or transitional), for which the
choice of a model is not trivial. The selectiongoid resolution and boundary conditions is another
issue that needs to be addressed. Consequentljevéopment of CFD practice guidelines, based on
extensive validation work for scenarios is crucial.

This work focuses on the helium experiments by Swedial. [2]. Three of these tests were selected as
benchmark problem SBEP V20. Five HySAFE partnertigiggated in this benchmark with different
CFD packages and approaches. This study compaeesesiults predicted by the partners to the
experimental data at four sensor locations indigegarage with an attempt to assess and validate th
performance of the different codes and models.heamore, the structure of the flow field and the
effect of passive ventilation on the formation laiimable cloud are investigated.

2 EXPERIMENTAL DESCRIPTION

The experimental facility represents a full scatgle car garage with two vents on the door. Défer
vent garage door geometries were tested. In adisciee vents extended the width of the garage door.
A full-scale plywood model vehicle was placed imstte garage. All testing was done with helium as
a surrogate to hydrogen. The helium flow rate w@8T Lt/hr and the release lasted 2 hours. The leak
location was at the bottom of the vehicle in thenfrpart and centered. The sensors were locatbeé at
four corners of the garage. Three of the Swairs testre selected as benchmark problem SBEP V20,
Case 1 (2.5 inches vent height), Case 2 (9.5 inchesheight) and Case 3 (19.5 inches vent height).
Figure 1 shows the geometry of the experimentadlitiaand the location of the leak, the vents ahe t

4 sensors. The geometrical details of the facday be found in [3]. No information was available
about the uncertainties of the measurements. Séorie seported He concentrations were very small
which usually involves relatively high measurememors.

Figure 1: Geometry of the experimental facility dnchtion of sensors

3 BENCHMARK DESCRIPTION

Five HySAFE partners participated in this benchmaitkh different CFD packages and approaches.
The main characteristics of the modeling approdaach participant are given in Table 1 and Table
2. The tables give the details of the modelingtstya that was adopted for the results that were
submitted as “final results” for inter-comparisoidditionally, partners DNV, JRC and NCSRD
performed grid independence tests. DNV and JRCuaed different models to examine whether they
affect the results. DNV examined two different bdary conditions, the “symmetry” and “nozzle”
and different time steps. UU examined two differénte steps for one case. Finally, NCSRD and
DNV examined the effect of the domain size. Thaesaes will be discussed in the following section.



Table 1: Main characteristics of the codes/modséilby the participants

Participant| CFD Code Model Discretization schemes
C: convective scheme, T: temporal scheme
DNV FLACS 9 [17] ke standard| SIMPLE for pressure-velocity coupling
0.=1.0, C: 2 order “kappa” scheme (blends upwind
0.=1.3, and central difference)
c=0.7 T: 1* order backward Euler
JRC CFX 11 SP1 [18] Laminar, | C: 2" order (high resolution)
buoyant T: 2”%order backward Euler
NCSRD ADRA-HF [19] ke standard| C: I*' order upwind
with T: 1* order fully implicit
buoyancy
effects
0.=1.0,
0.=1.3,
c=0.72
UPM FLUENT [20] ke standard| C: 2" order upwind
T: 1° order implicit
uu FLUENT k<€ standard| SIMPLE for pressure-velocity coupling
with PRESTO! discretization for pressure terms
buoyancy C: PowerLaw
effects T: 2" order accurate time stepping
Table 2: Main characteristics of the codes/modsé&ilby the participants
Participant| Domain and Grid Characteristics Time step, CPU | Initial and boundary
time, computer | conditions
DNV Extended domain by 10% garage Time step: 0.01 | Temperature: 20°C,
length in x-direction (Case 1 and 2),| sec Jetinlet: 3.284-1b
extended by 55% garage length in x- System clock kg/s, 0.02 rhjet area,
direction (Case 3) time: 100, 230 “Nozzle” boundary
Cartesian grid and 100 hr for condition to all
Case 113.000 cells (40x13x25), Case 1, 2, and 3| computational
0.1min X, 0.2minY, 0.06min Z 2CPU DELL boundaries (ambient
minimum cell size, 0.31m in X, Intel Xeon pressure and zero
0.38min Y, 0.18m in Z maximum 2.66GHz (code | gradient to rest of
cell size runs with 1 variables)
Case 214.560 cells (40x13x28), CPU), 2Gb Ground and garage
0.1lmin X, 0.2minY, 0.04min Z RAM walls: No slip with log
minimum cell size, 0.31m in X, law
0.38min Y, 0.18m in Z maximum
cell size
Case 316.575 cells (51x13x25),
0.1min X, 0.2minY, 0.06min Z
minimum cell size, 0.28m in X,
0.38min Y, 0.18m in Z maximum
cell size
JRC Extended domain by almost 50% andTime adaptive Temperature: 15°C,
100% in the x and z directions method with Jetinlet: 3.4- 10 kgl/s,
418.945 tetrahedral cells (81.374 automatic time 0.1 m/s
nodes) step selection Boundary conditions
between 0.1 and| at open surfaces:
1 sec (average | For sidewalls:




time step:

symmetry plane

0.25sec). For top: opening (flow
System clock possible in all
time: 106 hr directions)
(typical) For Front: Outlet (flow
8 Intel Xeon only outwards)
3GHz For Bottom and back
side: Wall
NCSRD Symmetry assumption (half garage), Maximum Temperature: 20°C,
extended domain by 1 garage length, allowed time 0.1 m/s, 0.01 Fjet
Y garage width and 1 garage height step: 10" sec area
in X, y and z-direction System clock zero-gradient
Cartesian grid time: 17, 15 and | boundary conditions
Case 131.411 cells (71x25x34), 10 hr for Case 1,| on solid surfaces for
18.661 cells inside garage, 0.1min X,2, and 3 He mass fraction, wall
0.1minY, 0.102m in Z minimum PC Windows, functions for velocity,
cell size, 0.147min X, 0.139min Y, | Intel Xeon CPU | k andg, symmetry
0.149m in Z maximum cell size with| 5160 @ 3.00 boundary conditions at
1.01-1.02 expansion ratio inside GHz, 4.00 GB of| symmetry plane,
garage RAM inflow boundary
Case 236.411 cells (71x25x34), conditions at the
18.661 cells inside garage, 0.1min X, source, no diffusion
0.1minY, 0.102m in Z minimum across source surface,
cell size, 0.147min X, 0.139min Y, at other open surfaces
0.149m in Z maximum cell size with of domain value for
1.01-1.02 expansion ratio inside normal velocities
garage calculated from mass
Case 322.364 cells (59x23x32), balance (constant
12.796 cells inside garage, 0.125m in pressure), for other
X, 0.125min Y, 0.102min Z variables zero-gradien
minimum cell size, 0.17m in X, if outflow or given
0.14minY, 0.157m in Z maximum value (equal to the one
cell size with 1.01-1.02 expansion at time 0) for inflow
ratio inside garage
UPM Extended domain in the x and z Time step: 0.1 Temperature: 20°C,
direction by 50 % sec. System Jetinlet: 3.2- 10 kg/s,
320.272 hexahedral cells. Resolution clock time: 80 hr| 0.02 nf jet area,
near the source: 0.044 m. Maximum 4 CPU Intel Log law for garage
cell size: 0.37 m. Xeon 2,66 GHz | walls, Boundary
conditions at open
surfaces: fixed
ambient pressure
(1.013-16 Pa)
uu Symmetry assumption (half garage);, Constant time H, inflow: temperature

extended domain by 2 min x
direction

Case 190x30x58 CVsin x,y and z
direction (158.826 CVs totally), 8x22
CVs at vents, 2x2 CVs at the source
Case 2203.886 CVs totally, 20x22
CVs at vents

Case 3201.426CVs totally, 20x22
CVs at vents

step (dt=0.2 sec)
with varying
number of
iterations (50
iter/time step for
0-200 sec, 35
iter/time step for
200-500 sec, 25
iter/time step for
>500 sec)

T=25°C, H2 inflow:
area 0.01 fj velocity
0.1 m/s
(mye=1.63710" kg/s).
Ambient atmosphere:
gauge pressume=0 Pa
at the boundaries,
temperaturd=25"C.
Garage walls: non-
slip, adiabatic,




System clock: impermeable, log-law
~72 hr (Intel (standard wall
Core2Duo 4- functions)

core 2.66 GHz)

4 RESULTS AND DISCUSSION

Figure 2 and Figure 3 show the predicted and exymrial concentration series for Case 1. An
oscillatory pattern is observed in the results di\Dand JRC, especially for the lower sensors. DNV
commented that these oscillations could be charatiteof the small size of the lower vent as their
results of the other cases did not show such lasg#élations. DNV repeated the simulation reducing
the time step from 0.01 to 0.001 seconds and faumdmprovement. The reason for the DNV
oscillations was also attributed to the fact theAES code is mainly developed for high flow rate
leaks. JRC attributed the observed oscillationshto numerics but also to the physics of buoyant
flows. More specifically JRC observed that evethd flow out of the leak was constant, the helium
plume which was developed changed its shape pealbygiand created varying helium concentrations
at probe locations. Oscillations were always fotmtiave the largest amplitude at sensor 1 which is
closest to the release location in vertical di@ttiCase 1 was also simulated by JRC using ther Shea
Stress Transport (SST) turbulence model. Resultsiredd were very similar to the laminar
calculation. Oscillations also existed but were kegaso the turbulence model also plays a role. JRC
justified their selection of laminar model to theistence of regions inside the garage with almost
stagnant flow conditions. Grid sensitivity studigere made by DNV and JRC. DNV reported small
changes in the results when the number of CVs na®gased by a factor of 8. Mesh refinement at
sensible locations (ventilation openings and ctoskeak) was also performed at JRC. The number of
grid nodes was increased by about 30000 to 10360@ever, simulation results based on the laminar
approach did not change. UU repeated the simulagidacing the time step from 0.2 to 0.05 seconds
and found no difference. A time step of 0.2 sec wsed for the rest of the cases. NCSRD used in this
work a more uniform grid than in [3] (expansionigainside the garage is now 1.01 to 1.02) and
obtained slightly improved results for the lowemsers. NCSRD performed sensitivity tests to
examine the effect of the size of the extra compntal volume outside the garage and the effect of
the symmetry assumption. For the first case ortemas done subtracting the extra volume outside the
garage in the y direction while keeping the extwéume in the x and z directions. Another test was
done subtracting the extra volume in the z directoit keeping the extra volume in the x and y
directions. The results showed oscillations esfigdia the lower sensors for both tests. In alleas
constant pressure boundary condition was used aatfrde boundaries. For the NCSRD results
presented herein and in [3] the domain boundariee iar enough from the vent openings, so no
oscillations appear. Regarding the symmetry assompt simulation was performed with the whole
garage geometry and found that this did not resulany change in the results. Regarding the
significance of the domain size DNV also reportledvsconvergence to steady state with a size of the
domain equal to that of the garage, which led tteextent their domain by 10% of the garage length
in the x direction. However, apart from NCSRD, tt@main of the rest of the partners was extended
only in the x or in x and z directions from the @& boundaries see Table 2. This could be a reason
for the observed differences in concentration kvel

Figure 6 and Figure 7 show the predicted and exparial concentration series for Case 2.

Oscillation patterns are observed mainly in thaltesof JRC but the effect is reduced compared to
Case 1. DNV results also showed oscillations besé¢hare reduced significantly compared to Case 1.
DNV repeated the simulations deactivating the tiebee model. The predictions were more unstable
but the effect was reported as not very significant

Figure 10 and Figure 11 show the predicted and rexpatal concentration series for Case 3.
Oscillations are repeated in the results of JRCagain the effect was reduced compared to Case 1.
Slight oscillations appear in the DNV results. Tdese was repeated with reduced time step (0.001
seconds). Again the reduction did not produce drange. JRC also performed a calculation with a
low Re number extension of the SST turbulence motle¢é mesh in the garage was modified to



resolve the boundary layer on walls and on theckehirhe predictions for the two upper sensors in
the garage were compared to the laminar calculdtigrdid not show a different time history. DNV
reported an unphysical recirculation of He from thgper vent to the lower which disappeared by
extending the domain by 55% of garage length inxtdrection and by using “nozzle” boundary
conditions at the free domain planes.

In order to quantitatively evaluate the resultshaf participants the mean experimental and sindilate
concentrations were calculated. The initial pewwddhe release (0 to 1.000-2.000 seconds depending
on the case) was not taken into account as théyretaady-state concentration values were of istere
These values are presented in Table 3. The restltdU partner were given for 2.000 seconds;
particularly for Case 1 it was not assured thatlyesteady state conditions were achieved. However,
for comparison reasons, all results by UU are uhetl Figure 4, Figure 8 and Figure 12 show the
ratio of predicted () to experimental (§ mean concentrations of the partners for eachosearsd
each case.

As can be seen from the figures and the tablegetli®ra general tendency to over-predict the
experimental results for Case 1. Specifically,3ensor 1 (§Co)ncsr=0.9 Whereas for the rest of the
partners the ratio was 3¢/C,<7, for Sensors 2 and 3 the over prediction washigiter than 1.3 for
all partners and for Sensor 4,(Co)ncsrs=1.8 and for the rest of the partners 4<5<6.5. One of the
parameters reported by the partners was the fiestflaw rate in air changes per our (ACH). Foisth
case DNV and JRC reported 3.77 ACH whereas NCSROrted 1.62 ACH.

For the case with the smallest vent openings, NC&#RDIts were closer to the experimental than the
rest of the partners. It is believed that the lebséght of the vent openings the greater the etiethe
extension of the domain in the x, y and z direciand the uniform grid on the concentration levels
particularly at the lower sensors.

For Case 2, there is again a general tendencyeopredict the experimental results. Specificdty,
Sensor 1 the results of JRC, UPM and UU were hi¢gheC,/C.<2.5) whereas for NCSRD and DNV
the results were lower than the experimental/Qncsrs=0.25, (G/Co)onv=0.56). For Sensors 2 and
3 the G/C, was not higher than 1.5. For Sensor 4 all partomes predicted the experimental
((Cp/Co NCSRD:1-671 (Q/CO)DNV:4-31 (C;/CO UPM:4-81 (Q)/CO)UU=6 and (QCO JRC:85) The reported
fresh air inflow was 6.73 ACH for JRC, 7.81 ACH foNV and 4.85 ACH for NCSRD.

For Case 3 the partners either over predictedC{fzr=2.2, (G/Co)uu=1.8, or under predicted
(Co/Co)nesro=0.09, (G/Co)onv=0.1 whereas UPM results were very closg@urm=1.05 for Sensor
1. For Sensors 2 and 3 the results of all partnen® close to the experimental (0.8#(C)<1.3)
whereas for Sensor 4 all partners over predictedettperimental ((ZCo)ncsro=1.6, (G/Co)onv=2,
(C/Co)upm=5.7, (G/Cr)uu=12 and (FC,);rc=15). The reported fresh air inflow was 8.08 ACH fo
JRC, 10.77 ACH for DNV and 6.25 ACH for NCSRD.

Generally, the overall results were worse for thedr sensors than the upper sensors. This could be
attributed to experimental uncertainty at the logsemsors because of the low concentration levieds (t
accuracy of the measurements was not reported pgriexentalists). Additionally, some of the
experimental results were not completely stableotAer issue was that the repeatability of
experimental results was also not reported. Lasklg, environmental conditions were not given.
Partners assumed different temperature as intiadliion (see Table 2). To make a safer conclusion
on the comparison between the experimental anduhreerical results information on these conditions
were necessary.

Table 3: Mean experimental and simulated conceotsi(vol. %)

Experimental DNV JRC NCSRD UPM uu
(Co) (<) (&) (<) (S) ()

Case 1| S1:0.21, S2:2.48 1.50,2.92, 1.15,2.00, ,0.%9 | 0.81,2.99] 0.98,3.01




S3:2.35, S4:0.28 2.94,1.8] 295,149 2.56,0/5098,2.18 | 3.02,1.33
Case 2| S1:.0.16,S2:1.41, 0.09,1.47, | 0.41,1.86 | 0.04,1.36 | 0.32,1.58 | 0.34,1.59,

S3:1.32, S4:0.06 | 1.49,0.26 | 1.92,0.51 | 1.38,0.1 1.65, 0.29 | 1.64,0.36
Case 3| $S1:0.20, S2:1.28, 0.02,1.11, | 0.44,1.57 | 0.02,1.17 | 0.21,1.06 | 0.36,1.30,

S3:1.20, S4:0.03 | 1.04,0.06 | 1.62,0.46 | 1.18,0.05| 1.06,0.17 | 1.30,0.36

One parameter for assessing the risk of an aceibleiease is the flammable mixture volume which
is the volume of the air-hydrogen mixture, whera@rdogen concentration is within the lower and
upper flammability limits (4 to 75%). Figure 5, ki@ 9 and Figure 13 show the predicted flammable
mixture volume (JRC, NCSRD and UPM) and mass (JRCNCSRD) time series for Case 1, 2 and 3
respectively. The higher predictions were giverdBL, following UPM whereas the lowest are given
by NCSRD. Oscillations are again shown in JRC tesufor Case 1, the mean value of the flammable
volume for JRC was 0.16%rfor UPM the flammable volume was 0.18 and for NCSRD 0.04 n

The differences can be attributed to the differenicethe concentrations between these partners as
revealed by the comparison of the previous graphs.flammable cloud was located under the front
of the vehicle and extended in the z-directionronf of the vehicle in a thin column-like shapeeTh
rest of the garage mixture remained leaner tharLFie of H,. For Case 2, the mean value of the
flammable volume for JRC was 0.15,rfor UPM 0.09 m and for NCSRD 0.03 Mincreasing the
height of the vents by 4 times resulted in a desm@dlammable volume. Most of the garage mixture
had a concentration less than the LFL efhile the increase of the vent size resulted flammable
cloud from the leak that slightly extended beyadmel inderside of the front of the vehicle. For Cse
the mean value of the flammable volume for JRC ®a8 ni, for UPM 0.09 m and for NCSRD
0.037 . This time, increasing the height of the ventsmtd decrease the flammable volume further
even though the reported volumetric flow ratesipeatering the garage were increased compared to
the previous cases. In the simulations of NCSRDButalions of the volumetric flow rate entering or
leaving each vent were done. These calculationsated that for Case 1, 2 and 3 only fresh air
entered the lower vent whereas the mixture of &in We exited only from the upper vent. However,
only in Case 3, fresh air entered the garage fiwrupper vent too possibly due to the fact thahis
case the vents were quite large. Thus, the fresdhemtering from the upper vent for this case hadle
the outflow of the He-air mixture causing the flaabte volume inside the garage not to decrease as
compared to Case 2.
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5 CONCLUSIONS

A comparison between the experimental and numergsallts of the SBEP V20 of WP6 of HySAFE
was presented. Five HySAFE partners participatedisnbenchmark with 4 different codes (ADREA-
HF, CFX, FLACS and FLUENT) using different modelsg, laminar, SST, low Re number SST).
This study compared the results predicted by thitnees to the experimental measurements with an
attempt to assess and validate the performanckeotddes and models. Furthermore, the effect of
passive ventilation on the formation of flammaleud was investigated.

The submitted results can be categorized into riteillatory concentration histories or non
oscillatory. One probable reason for the appearafdbe oscillations is the proximity of the free
planes to the boundaries of the garage. It wasdfdbat when these planes were far enough from the
garage, the oscillations did not appear. Otheripbleseeasons could be the selection of the turlmgen
model and the numerics.

General agreement between the partners’ predictants the experimental data was good with
tendency to overestimate the results of the uppesas for the small and medium vent sizes and
under estimate for the large vent size. Laminar ehaver estimates more than k-e model the
experimental data, as expected due to the lowéssiin. Disagreements in the results of the lower
sensors could be attributed to experimental unicgita due to the low concentration levels.

Concerning the flammable mixture volume in the garancreasing the height of the vents by 4 times
resulted in a decreased flammable volume. A furiherease of the height by 2 did not decrease the
flammable cloud more. For this case it was fourat fresh air not only entered the garage from the
lower vent but also from the upper thus hindering outflow of the mixture He-air from the upper
vent.
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