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1. Introduction

.

Many quest;ons can be posed concerning behavior ~f off-gas and ventilation
systems under accfde~t situations. Only a few of these quest:ons are iIsted
below.

o Are methods avaflable to predict gas dynamic conditions and loadings
In ventilation systems for various accfdent conditions?

● Are IMthods available to predict transport of material within venti-
lation systems ander accident condltfons?

s Do ex~rlmental deta exist to define structural limits of ronfine-
nmt devfces such as high efficiency particulate air (HEPA) flltars?

● Do ventilation ccunponentresponse data exist that can be used In
mathematical modeling?

● Do various filtration devices maintain their effectiveness through-
out transfent accfdent conditions?

This lfst represents onl] a small sample of the serious questions regarding
vent~!ation system behavior unaer the stress of accident cmdftions. iiow-
;~er, we bel!ave that the ans~ers to the above questions are unknown w are
only partially understood. Fcr th?s reason, we have establ:shea a program to
answer these questions.

We believe t$at aur program as outlined in Figure 1 is a stsp toward an-
swer!ng the quest!ons posed above. %2 are developing analysis tools chat will
allow preciict+cn S: acc~dent-induced lads and conditions on confinement sys-
tems. At the same time we are investigating structural fnt~grity and tran-
j’ent filtration effectiveness through ex~rimental simulation of accident
cmd:tJans.
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analy~ts and heating, ventilating, and air conditioning (HVAC) system design-
ers. The computer code for predicting tornado repressurization has been de-
veloped and is being used by govermnent and industry. tie will describe this
code in mre detail. The first version of the computer code to predici
explosive-induced eff:cts is nearing canpletion and will also be described.
Ccmputer codes to predict effect of fire spread are in initial stages of de-
velopment as is the code for predicting movemeritof airborne material within
facilities.

The experimental facility is located on the canpus of New Mexico State
University (WIS!J)at Las Cruces, New Mexico, and is operated by it#4SUpersonnel
for the Los Alamos Scientific Laboratory (LASL). The test facility can simu-
late both slow (tornado) and fast (explosive) overpressure transients across
ventilation system canponents. The major components of the test facility in-
clude .3large compressor, high-pressure air storage tanks, a tornado simula-
tor, a shmk ttibe,aria+nst~:mentatfon required for measuring transient aero-
sol releases.

7
d, Analytical ~nvestiaaticns



Thus the nunrlcal soltitic]ntechnique conceptually appears fairly simple.
!t a given instant of time, the nonlinear equations far flow rate as a func-
tion of pressure through each component are solved in an iterative manner un-
til conservation of mass Is attained at each node. Time is then incremented,
*&e tornado pressure value is changedB and once again the presstires at each
lode are adjusted in an iterative procedure that assures conservation of ,maSS.

This stepping In time continues until the pressure pulse has ended and the
system has returned to its naninal steady-state operation.

The application of T’/ENTto various ventilation systems has been quite
successful [4--7]. When applied to steady-state conditions, it closely pre-
dicts the actual performance of the building’s ventilation systems. Transient
aerfomance wili soon be verified by construction of a small-scale ventilation
system here tornado pressure pulses can be modeled. In general, instability
of the numerical solutions has not been a difficulty with T’JENT,

3. :xplosior!Computer Code

w! - Our approach in
propagation o~explos fvely-driven
to extend TVENT to model the more

As the explosion code evotved
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The resulting analytical and experlment~l pr~ssure transients are given In
Figures 4 and 5. All pert!n~’t parameters are shown In Figure 3. For the
t~,t?OretlCa; CalCJlatiOnS9 the dimensionless resistance coefficient fs first
sst+mated based on some typical orifice information, and then the dimens!ona!
Feststance coefficient !S calc~lated because the !atter is the required Input
used ‘n the explasion cade. As we can see In these figures, the analytical
rssult ccmpares quits we!! with the experimental resu;ts even thmgh ther~ !s
some uncertainty abwt the orifice resistance. fie transition from choking
to unchoked flow is 5est illustrated in the charg?ng vessel case. The con-
stant mass and energy supply from an !nf!nite res~rvo!? throughout the choking
phase y:elc!sa constant slope in the pressure transient curve. The pressure
rise eventua?iy levels off, resulting from decreas~figmass and enargy flow
~at~s because of their dependence on the pressure differential be~~een the
vess?l and *e ~~s~~,~jor. The vessel discharge case has a s+~ilar transition,
namely fpan chak!ng to nonchoking, but it 1S not ja easy to detect h:y the

il~%s~rs t:2nSien~ a?ona b2CauSe the choked flcti depends OR the vessel cond+-
t:on as wail 3s an the tinchokedflow. tiebel:eve that the explosion code pr~-
d!~tj the ra?sti$e:y simple cases quite well. tieplan f~rther tests cf ths
c~de far cases whe~e ex>r!nental data wit% inertia effects a= alsa avail-
able.
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test canponents that have been evaluated thus far are HEPA filters. Recent
structural testing results for HEPA filters will be Presented in later sec-
t!onsm

b) Scale Model Ventilation Systems - The purpose of the model venLi!a-
:ions systems 1s to obtain experimental data to compare with and thus verify
TVENT &nputer code pred~c:tons. The imodelventilat~on systems are coiipcsed
of representative components such as blo~rs, dampers, ducts, filters, and
roans. Figure 8 shows the la er af the two modei ventilation systems. The

Yconstruction sf the seccnd imode fs fn progress.

To test a model ventilation system, w had t~ scale down all af the proto-
type system var+ab!es fncluding sfze, flow properties, and component charac-
teristics. Thfs must be done not only to build the model, hut also to later
scale up the measured nmdel results to prototype ~raportfons. A sifiili9Jde
study was ccinpletedand has been rflported~13].

tiewfll also evaluate the scaling laws ~sed to build our modsl in addit+on
to comparing the model rasults with TVENT predictions, To investigate t:le
scaling laws used, we have chosen to design and test two models based ~n si-
militude theory. The test results frcm the ?arger::odel will be callsd proto-
typ~ results for comparison with Lhe smaller model results. ‘debelieve th~t
thfs will provide confidence that the performance cf e;t~er of the models can
ae used to predict full-scale performance end hence, prcv:de a vjl~d test OF
TVEN7. Tests usfnq the larger mdel or prototype vent~lat!an syst%n ~ra in
progress.

3. Shock Tube——
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le~th of the ariver section of the shak tube, we can obtain any dwell time
desired. me d~ll time wI1l be the difference between the arrival times of
the ccmpress%n and expansion waves at the test specimen.

We plan to evaluate the effect of total impulse on ventilation system com-
ponents during the remainder of 1979. Initial tests are in orogress using
standard HEPA filters.

5. Ove~ressure Tests of HEPA Filters

4.. General

Our initial testing mphasis has been placed on subjecting HEPA filters
to sinwlated t6rnad0 pressure different “s. The characteristics (pressuriza-
tion rate, maximum pressure) of the prc.~ure differentials were chosen to sim-
ulate tornado conditions described in the US Nuclear Regulatory Connission’s
Guide 1.76. The nmst severe design basis tornado described in the Guide is
for a pressurization rate of 13.8 kPa/s (2 psi/s) and 20.7 kPa (3 psi) pres-
sure differential. Althcmgh our tests are centered around these design basis
torcado specifications, the results obtained are valid for any design basis
tornado of interest.

The investigation was a parametric study here tornado and HEPA filter
characteristics were examined for their effect on structural integrity. The
test procedure and the results are described below. All HEPA filters were
nuclear grade and mt MIL-F-5-108-79, PIIL-Std-292,and M1L-F-51068 specifica-
tions. In addition, all filters were sent through a Department of Energy
filter test station before shipnwt to iN4SU. Only filters meetir,~the above
specifications were sent on to iNMSUfor structural testing.

8. Test Prwedure

Using the b!owdown device described above, a pressure differential at a
selected pressurization rate was imposed across the filters. The test was
continued until the pressure differential across the filter was above the max-
imiimof 20./ ZPA (3 psi). A high-speed movie camra and all instrumentation
recorders were started simultanewsly with the sequencing va;ves. Pressure
differel:ial across the fiiters ~:d dynamic pressure were ,measuredby elec-
tron~c pressure transducers and recorded by strip chart recorders. A timing
mark was simulEaneous!y recorded on the high-speed film and pressure reccrder
at 10 m intervals. The actual times of filter failure were then found by
cbserving the high-speed movies of ‘tiedownstream filter face. A]SO photo-
,~raphedby the carlera(for reference) during the test were a :lock and ,nano-
meter mounted beside the filters. All tests ~re perfcrmed at air h~mitities
fran Xl :9 61Y0.

al Structural Limits - Table I contains statistical lJalues for the
5tr’JCt.lr?lllm~6Tby 610-mm (24- by 24-in.) HEPA f!lters from four
,Izntifzctlrers.The average break pressure far each of the four manufactur-
ers’ fi:te~s and for all F:lters are prasented !n Table 1. In addition to
braak oressure. the standard deviation is also listed in Table 1. As shcwn
!n Tat!:e1, the strongest fi~ter is from manufacturer 9 with a mean bre~k
g~ess~re Of ~().1 kpa (2,91 ps~) and a standard deviation of 3.2 kPa
‘),45 psi). The weakest f~lter was from manufacturer C with a mean brea~
pr~ssur~ of 3,1 kpa (1,32 psi) and a standard dsviati~n of 1.5 kPa (3.22
psj}. 4:s0, t~e least amount of data scatter was fo~nd with manufacturer C
:sina:las:5). de also have photographs of the 16-min,movie frames at the



TABLE I
STRUCTURAL LIMITS

FE s lJB-s FB-2S
Manufacturer kPa PSI kPA psi kPa PSI kPa psi

17.3 2.50 3.9 0.56 13.4 1.94 1.38
1 20.1 2.91 3.2 0.46 16.9 2.45 1?:? 1.99
c 9.1 1.32 1.5 0.22 7.6 1.10 6.1 0.88

18.4 2.66 2.2 0.32 16.2 2.34 13.9 2.02
All fi?ters 16.4 2.37 4.9 0.71 11.5 1.66 6.6 0.95

~B = Mean .iEPAfilter peak pressure
S = Standard de~{atlon

;:e:dp~;nt time and also at 20.7 kPa (3 PsI). Examples are shown in Figures
In Figure 10 the downstream face of one of the stronger filters is

shown. I&tice that the initial break point occurs in a single fold and the
opening at that fold increases with time. However, the failure for the weak-
est filters is enttrely dffferent. See Figure il.

Hhen dll of the data frcnnall manufacturers Is consider as a single data
set, we obtain the last row shown In Table I. Thus we can say that we are
68.26% confident that the structural limit will be equal to or greater than
11.5 kPa (1.66 psf).

b] Parametric Study - tie have tried to evaluate the effect of sevsral
paramters on the structural llmfts or initial break pressure of the 610- by
160-mn [24- by 24-in.) HEPA filters. Table Ii lists parameters under

TABLE 11
PARAMETERS AND EFFECT ON FILTER BREAK PRESSURE

Parameter or Eff5ct

1
A.

7-,

3.

1.
.-.

6.

7.

3.
a-m

k!anufactur~r

Pressurization rate

Flow dirsction

Time dt maximum prsssure

Number of f~lds (pack tightness)

Metal vs asbestos separators

Locat?on ‘offnitial break

Medium area destroyed
Yedium tensile str~ngth

:0. Yelj!um90P** aenetrst:on

Statistical
Effect——

Yzs

NO

?U!

N!)

w
:40
+
+

*

●



(a) Breakpoint pressure
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evaluation In addition to parmeters recorded during the testing. Table 11
also shows the statistical effect of each parameter. However, our statistical
analysis was llmlted because of the small number of filters available for each
test. For example, there seuns to be a trand toward lo-r break pressures as
?ressurizatlon rate increases. However, W cannot say statistically t!iat
pressurlza:ion rate has an effect. Therefors Tabls iI indicates that only
manufacturer varlab:llty h= statistical effect m filter break pressure.

6. Futura Investigations

Sane of our future work Is wtl triedbelow.
o Efficiency tests af HE?A filters under artlflclal loadlng conditions

and atrstrean-entrained aerosol.
lated tornado transients.

These will be performed for slmu-
A laser particle canter Is being fabri-

cated to masure the transient aerosol release. Small-scale experi-
ta?ntshave been perfomd [16--17].

o Shak tube tests ta simulate explosive transients across HEPA filters
and other c~entllatloncomponents.

a Veri#lcation tests for th~ explos!on canpiatercode.
o tilndtunnel reentrslnnxmt/deposlElon exparl,ments.
o Deve!opnmt of fire and material transport ctmnputercodes.

7. Slmnary

In this ?apsr “we have disctissedunanswered questions deai!~g with the
safety and beh~vior cf ~ff-;as and ventilation systsms. tie have des:r+hed
LASL’S acc+c!sntanalysis program for providing ansiiersta or some understand-
ing of Ulese ques:ions. Our ap~roach !s both analytlca? and experimntai in
devel~p!ng predictive canputer codes and supportive exmr!mental data. A uni-
que tzst ma-m= “ 1ity was d~scr{bed that wil1 provide sam ans~rs ragardtng be-
4av+or af ventilation canponents co shulated ascic!ents. Further, we bei!~ve
tiet tin!sfa:!’!ty !s vcvy flex~hla and can $e eas:ly modlf;ea co sVJqy ~acy
ty~s ;f sccfdent -esponse phermana. Final~y, we WSSenh4d rssuks for
5tPJ”ctir3: limits :f WW f’lters for trans;en: ovsrpresstir? loa~+ng$.
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