supy: Safer Firefighter Training
Ahoard Aircraft Carriers

Computer simulation helped the Navy eliminate a wind hazard that was

endangering equipment and personnel.
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Technology  scieatists  idemify  the
problem-—a low pressure zone below the
grating. These calculational techniyues
were used to evaluate the effectiveness of
& variety of proposed solutions, The xolu-
tion developed during the simulation
process. a combination of a wind-hreaking
fence and fans to pressurize the spuce
. below the deck, worked.

" An agency of the U.S. Depastment of
"Commerce’s Technology Administration,
NIST's primary mission s to help
American industry strengthen its {nterna-

tiona! competitivene<s, NIST's Building
and Fire Rescarch Luborutory (BFRL)
enhances the comperitivenass of indostry
and public safety through performance
prediction, measurement technologies, and
wechnical ndvances that improve the life
eycle quality of construered factlitles, s
products ure used by those who own,
dexign, vonetruct, supply. and provide for
sylely or environmenlsl quality of ton-
steugted facilites, BFRL works closely
with its customers to {dentify nceds for
Improved practices, conduct the ueeded

rescarch and development, and wranster
rexcurch resulis to practice,

The firefighting tralner where the orig-
inal problem occurred was at the Treosure
Islund naval base Tocated in San Francisen
Buy in California. Wind blowing into the
bay cuused the flumes to go bencath the
deck ol the triiner. where they vreated an
unrealistic 1raining scenario, The Mumes
had the potentinl 10 domage instrumenis
and cabling below the deck and sometimes
stretched all the way 10 the stairs used by
personnel 1o climb up on the deck.

The Navy had tried several experi-
ments in an clfort 10 solve the problem,
These off involved putting steel skirtx
around the trdner that rose up 1o the level
of the deck in an effort 1o hlack wing
from blowing uvnder the deck. This
change actvally mude the prahleny warse.
Becnuse of (hix failure, the Navy wi
thinking of constructing u huilding 1
enclose the trainer, This would have been
@ very costly solution.

So the Nuvy usked the Fire Modeling
and Applications Group of NIST il there
was mnything they could suggest o solve
the problem. This gproup develops and
applies mathematical models Tor fine
growth and smoke sproad. It mses thiree
maodeling  approaches w predict the
eourse of a fire, The models can be char-
acierized by simple models. zone mudels,
and  computational fluid  dynamics
models. The zone model concept is

Wind hlowing inta the
bay caused the
fiames to go beneath
the deck of the trainer.

embodicd in ihe CFAST/HAZARD |
model, CFAST is o zonc nwdel capahle
of predicting the time evalving distribu
tion of smake and fire goses and the em.
peritre throughow a boilding durlng g
useraspecificd fiee. HAZARD [ combine |
CFaST with wdditional capabllies w
perform hazard anulyses for o variety of
applications,

CFD modelx are typically applied in
cases, like that of the Nayvy trainer. where
more detiled knowledge of the 1lew of

| s Is reyuieed. CFD involves the soly. o
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R tion of the governing equations for Nuid
! now. heat (mnsrer and chemmry at sev-

The use of CFD
enahles engineers

i -——-v- =

m obtain sslutions
for problems
with complex

geometries and
boundary conditlons.

aafysis vields values for fluid velocity.
and {luid temperawre throughout the
salution donaln,

One of the CFD madels used by the
Fire Muodeling and Applicutions Group is
geomnercial code valled CEX o AEA
Teclinodogy of Pittshurgh, Pu., fo tiwaded
fire prowth wind smoke speead. Previously,
this ¢ode hud been suecesstully used o
simubwe the fire ut the King's Crosx
undergrouind station in London, England.
In that applicafon. it predicted an unex-
pected s pasern—atong the hase ol
the escalator rather than vertical Mow
wwurd the ceiling, This (ow paltern was
subsequently verified with 173 seale fire
experiments.

The physical sctups for the analysis of
the Mirefighting trainee were as follows.' Tt
was assumed thut (he Nuid was air and that
it was [ully compressible, Turbulence wus
mudeled using the k- model and included
the defuult treatment of the boundury layer
near the ground. fence, and trainer plat-
farm. The platform and (fence were
axsumed 1ol to be heated by the fire,
Radiation effects were not included in the
culevlations, A rectyagular. non-uniform.
two dimensional grid was used 10 model
cach iteration., A prid with 87 x 32 x 3 celix
wus used to model the trainer and the
fence. The cells near the fice were 0.3 m
by 0.3 m. since this was the most impor-

tant region in the simulagion.
The (e wus modefed as a heder.
Approsimately 106 Wats/eelh was ee-

leased in prid cells ocuted below the
platfurm, These cells correspund 1o the
tocution of the propane burners. The
fences were modeled by using an inlet
boundary condition. This boundary con-
dition allows the quantity of a maerial
absorbed or catitted at a boundury 10 be
specified, The permeahility of the fence
wiis modeled by allowing u portion of
the wind velovity 1o puss through it, The
fence was specified 1o be 6.1 m (20 feet)
tall with the bottom 2.4 m (8 feet) open.

£a asawa alea addad
cans wele 3is8 agued

prospective soluttons by presceibing the
vofume flow rale ut the boundury below
the trainer platform, The velocity of fow
was set 50 thut the volume {low produced
by the fans was 15 m¥Ys (32,000 ¢fm) in
onec casé and 60 m¥s (130,000 cfm) in
the other.

The first unalysis  scenario  was
designed (o duplicate the buse cuse
without uny fence or fan. The CFD model
predicted the presence of flume blow-
down under windy conditions, The

second case added steel skifls around the

— -=n®
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perimeter of the deck o height thar was
c¢juast Ao the teck. This model showed that
the {lumes were driven helow the deck
even mose (orcalully thas In the base
model. Thix prediction matched  the
resulls of the experiments thar hud heen
performed carlier by the Nuvy. The
anglvsis showed that the steet skitin the
prekence of the wind Tormed @ low pees-
sure zone under the deck. The lact thut
these first 1wo analysis casés mutched
physical readity helped 1o build the confie
denee of NIST scientists und the Navy in
the aceuraey ol the CFX software.

Four different seenarios were ovisluted
inan anempt ke G g osolubion o the
problem. The fisst two cases imvahved the
peesence of a permaihle fence, Thisv was
designed (o simuliste @ wit fenee covered
with slais or some 1ype of mesh sereening.
The fence inthe first of these four seenarios
cxteaded all the way to the ground. while
the seeand fenee was apen at e hattom ap
o the level ol e deck. The thind and
lourth cunes provided 1 Gun in uddition w
the twa fenee cases mentioned earlier,

The analysis results showed  the
imporance of having u fenee that is open
neur the ground. The fence extending sl
the wiay 10 the grownd did nor prevent
flame hlow-dawa. The gmilysis shoned
that the salid blockuge near the ground
forces all the alr 1w go over the tap ol the
fence, resulting in a low pressure zone,
As 3 conseyuence, the flame is druwn
toward the fence.

The case where the fence ix apen acar
the ground. on the other hund. showed the

This $12,000 approach
totally eliminated
the flame
hlow-down problem.

absence of downward velocity in the area
where the propane bumers are located. This
case showed that flame blow-down was
nearly climinated. The addition of the fan
improved the situation, fn each case. the
tempeniture contouns were locuied further
above (he deck than in the case without the
fan present. The best casc of all was with
the fence open below the surface of the
deck und thc fan present. The analysis
resulls for this case predicted thut flame
blow-dawn would be totally eliminated.

; *Fire Suppression Substitutes and
Akemauves to Halon for U.S. Navy
A,pphcauons. ln,eady 1987 Ono of Its ;

& :_‘khi ﬂndinQS‘it‘ls “Onlikely that & drop-ln-?

% that will'exhiblt all of the beneficial - *
5 propentias of halon 1301 and not also
* ‘exhibit a signiticant environmantal
_ Impact.* Halon 1301 is a total ﬂooding
73 :agent, jt and halon 1211 (a streaming -
wagenf) are widely usad on Navy ships.”"
¥ alreratt, and shore facliities, as they are |
in civillan facilities, accordingtothe =
repon.
The Navy now has 1.4 million psunds
of halon 1301 Instalied on 228 ships,
-i-representing an investmant of $685
%% miliion. Another 441,170 pounds ars |
. scheduled to be Instalied onnew
vessels, atthough the Navy has chosen
non-halon systems-——heptafiuoropropana
(HFC-2279a) and a high-prassure water

3
>

Based on the results of the analysis, the
Nuvy buill a fence that was open in the
hotram and added the fan as described in
the ideal analysix case. The vast of this
salution, § LU0, wias minimal compared
1w the alternative of constructing a
building around the trainer. Yet. this
approach totally climinated the Mame
blow-down problem.

The Navy built as inany as five more 19F4
trniners. Each ol these trainers was built with
the post holes in place for the fence, but the
wind speeds never reached high encugh
vclucities to warrant the fence. . (OMS]

William D. Davix. Ph.D., is chairmun of
the Depariment of Physies. Engineering,

E’raplacement ageniwill be discovered: - '1;

'n ..

\'!"'4

;7 inha lon-based
SR frofghdng :ysterns slnce 1978 The -
- service's tolal-halon 1305 igseive In.
.' 1985 was approxlmalely 4 mmlon L

oA oundsin%meyéarzmo*andm ’
2= P\ * -’4.(
k2 ﬁl!on ds%'z e

.. The Navy has Invested .
.$1 billlon In halon- -
hased firefighting
systems since 1878.

"\ for the Navy: continue lts present course
of selacting alternatives for newly
designad ships; retrofit enginaering
plans so halon could quickly ba replaced
it the Navy's use of its regerve is
restrdcted; or seek a drop-in

* replacemant. The committea has
recommended the Tirst option, advising
that the Navy should not “underwrite a
major naw program o seek tha ultimate
halon 1301 replacement agent.”™  GLB

and Geosciences ar  Mourgomery
College in Rockville, Md. He jolned
NIST in 1986 as a parr-thne physicist
and cureently worky puare-iime In e
Fire Madeling Grengr of the Flre Sajerr |
Engineering Division. Robert S, Levine,
D.Sc.. Is a Seulor Cugineer cigreently
attached 1o the Flre Safery Engineering
Division of the Building and Fire
Rescarch Laborarary of NIST. tocated in
Galthershirg. M.
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