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COMPARISBONE WITH THE UL/SNL NATURAL VENTILATION ENCLOSURE TESTS

A series of 4 exper ments and 6 tests was conducted at UL to
evaluate the 20 foot separation rule of Appendix R. 'he four
experiments used heptane pools as the fire source; the 6 tests
ncluded heptane pools in conjunction with vertical electrical
ables. The 4 experiments are analyzed here. They have been
ompared previously with the COMPBURN III model.
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Fire Bource Characterigzation

ire source for the 4 experiments was 37.85
ptane in a 0.2 m (1 ft) by 1.5 m (5 ft) trouc
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©of the FIVE methodology documentation, the relevant ;ropw f
heptane are:

AHc = 44.6 MJ/kg
m" = 0,101 kg/s-m*
b = 92
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The total mass of heptane 1s 25.5 kg. The total energy con of
the heptane 1s 1140 MJ, with an effective energy content o MJ
(0.92 X 1140). The heat release rate 1s calculated to be KW,
based on large diameter pool fires. At this heat release rate, the
burning duration is calculated to be 545 s. These are the values
suggested for use by the FIVE basic screeniny methodology.

The actual burni dration measured during Experiments

g Expe 2 and 3 was

- - o - » - 1 - 5 . » - .y » 1 - A
approximately s, which is pproximately 2.4 time th

- . 2 Firsen 2 it Aiiea » . 1w -
stimated burning duration. g‘nse'urhtty, the actual average he

. ' v .
release rate during these experiments was ikely to be

roximately 800 kKW (1925/2.4). The difference between the heat
release rate suggested by the FIVE methodology and the measured
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heat release rate most likely can be attributed to the size and
shape of the fire source. The heat release rate suggested by FIVE
i8 a limit value based on large-diameter optically thick pool

fires. The fire source used in these experiments was too small to

achleve thils limit burning rate.

A heat release rate of 800 kW is used for the detailed compari
>

0 COmg 1sons
developed here. This should provide a reasonably accurate basis
for comparison of the FIVE calculation methods with the
experimental data. The 1925 kKW heat release rd*e that woul be
estimated by the FIVE method results in n;gher calcula.ed
temperatures and therefore yields more conservative estimates of
hazard. The primary goal here is to dewe.;y the most accurate
comparisons sO0 the 800 KW heat release rate is used for tb>
primary comparisons. Results of calculations a 1925 kW heat
release rate are als provided to demonstrate the basic Fl1VI
R o af =114 ‘v: » Lol - \/ ’ “__. » DY B ‘ tom orat ™ e » wmatn




Mass FPlov Estimates

A simple closed~form method for evaluating the mass flow balance in
naturally ventilated enclosure fires has been develcped recently
for the FIVE methodology. This method uses linearized forms of the
nass efflux and plume entrainment equations.

Bas n application of Bernoulli's Equation, the mass efflux rate
th

) |
vertical rectangular opening can be expressed as:

= Orifice f
= 0pening w
= gas densi

Cpenlnq h

The flow coefficient, = accounts for differences bet
theoretical and actual flows due to friction and flow ccxtra\»-vn
at an orifice. A value of 0.7 is representative for flows through

rectangular wall openings. Equation 42 appears to depend Qtrﬂngl}
on the smoke layer temperature, but in fact this dependence is weak

-~ 3

over the temperature range of interest because as the temperature

geces up, the density goes down. This causes a c*ca‘v' pressure

A1 € gas

ween

difference across the opening, which 1in turn
veloclty to 1ncrease. The decreased density
ic‘o:‘tg tend to balance each other, resulting

mass flux., Consequently, Equation 1 can be s

In compartments with single rectangular openiiags in one wall, the
single opening serves both for air inflow to and for smoke outflow
‘:nn the enclosure. The maximum rate of mass exgnJ“:o 18 limited
he opening size and shape and can be estimated :

u as:

»
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where A i8 the opening area (m’, and H 1s the opening hel

This 15 known ag the ventilation limit of ir flow,

Equations 2 and 3 can be equated to estimate the height
layer in the opening when the ventilation limit 1s reached:

when the hot gas layer descends 11l h per 564
opening. As a consequence, Equatior only applies over the

0.44 < H/H < 1. Over this range, Equa )n 2 can be linearized by
noting that:

This suggests that the ventilation limit of air flow is achieved
v

0f %
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s simpli
near tungtx
opening:

quasi-steady conditions, this mass efflux
nced with the plume entrainment rate to evaluate
hot gas layer interface and, consequently,
Heskestad suggests that the rate of entrainm
28 can be treated as a linear function of the h
n near the fire source:

where
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For most room fire scenarios, 1t
equaticn exprecsed by Equation )
hot gas layer is likely
region, particularly
significant hazard.

of Equation
the much
decay,

\

for

more rapid entrainment
expressed by Equation 12.

Equations 6 and 11
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The basic screening methodology, which assumes an unventilated
enclosure, was used to evaluate this experiment. The results

of this analysis are not physically meaningful for two reasons:
they neglect the oxygen limitation on combustion in unventilated
room fires and they neglect the important role the natural
ventilation played in this experiment. The analysis appropriate
for an unventilated space 1is discussed 1in more detail for
Experiment 4, in which the ventilation opening was closed,

For this experiment, the ventilation factor is calculated as:

A 4 4 i

2.4 X 2.4%Y% -« 8,92 m¥/3 (16)

[he maximum mass flow rate is therefore calculated to be 4.5 kg/s.

For a heat release rate of 800 kW and a ventilation factor of 8.92
m

5/2 ¢y - 4 - 1
m“¢, with H. = 0 and H, = C.3 (1 ft), the height of the layer
interface 1. calculated, using Egquation 13, as:

(8.92)+(.026 80( !
- -1 L8 A8 4 B - C (17)
~ < s
FA <. 4 € 1 " 8 ¢ <
Using Fquation 15, the mass flow rate 1s calculated to be
h o= E x MIN(0.5,0.97-1.08(0.70)]= 2.0 kg/s (18)
The average gas temperature is calculatea as
oF 1=-0.7 800 kW, .
AT, = e = st @ ] 2 0 A {19)
' ne, 2.0kg/s) (1.0kJ/KkKg-K)
: s ¢

The plume temperature rise at the ceilin{ is calculated as:

25 0 /z2 « 25(B00)%3/2.7%3 = 412K (20)
pl




Temperatures beneath the ceiling were measured a distance r/H=2
from the plume centerline. The celling jet temperature rise
therefore is calculated as:

AT., = A

~s

L)

tﬂ-”%i' (21)

The total temperature rise is calculated to be:

ATrr = ATy * ATy, = 120 + 78 = 198 X (O) (22)

The measured temperature in this experiment was approximately 245C
at the target. Assuming an ambient temperature o 20C, the
calculated temperature at the target is 218C. This is d
of approximately 27C, or approximately 11%, with respect

measured <emperature, For the heat release rate of 1925 kW
suggested by the FIVE ucreening methodology, the calculated

arget would be 366C, which is 121C higher than

temperature at the ta
mperature at the target.

the measured te

UL/SNL Experiment #2 - 800 kW along wall = 2.4 m X 2.4 m opening

Experiment 2 was conducted with the same fire source as Experiment
1, but the compartment was reduced from 9.1 m (30 ft) to 7.6 m (25
ft) in length and the burner was placed against the wall opposite
the door opening, rather than in the middle of the room. The room

tion

opening size remained the same and consequently the ventila
factor and the maximum air flow rate remained unchanged.

For these conditions the normalized layer interface height 1is
calculated as:

rate



The average gas temperature is calculated, using a heat loss
fraction cf 70%, as:

AT, = Cn _ (1-0.7) (800kW) A (28)

me, (l.6kg/s) (1.0kJ/kg-K)

The plume temperature rise at the ceiling is calculated as:

ATy, = 25 (k0)3/3/2%% « 25(2x800)%/2/2,7%/ = 653K (26)

Temperatures beneath the ceiling were measured az distance r/H=2
from the plume centerline. The ceiling jet temperature rise
therefore is calculated as:

0.3 _.(0.3)(653)
ATg » BTy ¥ mtiio e SLEIEESL a123K (27)

The total temperature rise is calculated to be:

ATror = ATy + ATy, ~ 131+ 123 = 274 K (C) (28)

The measured temperature in this experiment was approximately 325C
at the target. Assuming an ambient temperature of 20C, the
calculated temperature at the target is 294C. This is a difference
of approximately 31C, or approximately 10%, with respect to *%he
measured temperature. Using the heat release rate of 192. kW
suggested by the basic FIVE methodology, the calculated temperature
at the target would be 489C, which is 164C higher than the measured
temperature,

UL/ENL Experiment #3 - €00 kW along wall - 2.4 m X 1.2 m opening

Experiment 3 was essentially the same as Experiment 2, except the
compartment opening was reduced from 2.4 m (8 ft) high X 2.4 m (8
ft) wide to 2.4 » (L ft) high x 1.2 m (4 ft) wide. This reduces
the ventilation fact~  to 4.46 m*? and the maximum air flow rate to
2.23 kg/s.

For these conditions the normalized layer interface height is
calculated as:



the mass flow rate

m=4.46 »

The average gas temperature calculated, using
fraction of 70%, as:

The celling 7e tem ature r therefore 1s calculated
Experiment 2 t 23 K Che al temperature rise 1s calcnle
to be:

The measured temperature in this experiment was approximately 3§
at the target. Assuming an ambient temperature of
calculated temperature at the target is 326C This 18

of approximately 29C, or approximately 10%, with re
measured temperature, Using the heat release

suggested by the basic FIVE screening methodology,
tenperature at the target would be 566C, which 1is

the measured temperature.

Temperature measurements were also reported for a distance of
m (4 ft) radially from the plume centerline. This represen
value of r/H = 0.45. At this location, the ceiling jet temperatire
rise 1s calculated to be:




The total temperature rise therefore is calculated as:
Tror = 333 + 183 = 516K (34)

The measured temperature 0.3 m (1 ft) below the ceiling at this
radial distance was approximately 510C. Assuming an ambient
temperature of 20C, the calculated temperature at this location is
936C. Tals 1s a difference of approximately 26C, or about 5%.

UL/ENL Experiment #4 - 800 kW along wall - No opening

Experiment 4 was conducted in the same size compartment with the
same fire source size and location as Experiments 2 and 3, but for
this experiment the door opening was closed. In this experiment,
the fire burried out before all the fuel was consumed, apparently
due to oxygen depletion. A method has been developed to analyze
the average gas temperature rise in an unventilated enclosure fire
under conditions of oxygen depletion.

This method has not been described in the basic FIVE screening
methodology documentation because it is considered unlikely that
reliance could be placed on oxygen depletion as an effective means
of fire control. Even if the oxygen-lirited temperature 'emains

must be ventilated, for example to permit firefighting a.cess or
damage assessment. A description of this oxygen limitatio: on heat
release, and consequently on the average temperature rise, in an

below the critical damage temperature, eventually the comrartment

s AAd

-

unventilated enclosure fire follows.

Oxygen limitation on temperature rise in an unventilated e

The rate of change of the mass fraction of

unventilated enclosure fire is related directly
release as:




Equations 35 and 36 can be combined t- yield:

L) vr
-m,(AH,/:o,;/ d¥op= [eXP [ (1-x,) 0,/0,) a0, (37)
-t 0

Equation 37 can be integrated directly to yield:

-(—-1-%2—-)- (@O0 a1]) Y s (AH/ 20)) X 0g®y (AH./L0i0) % oa (38)
L

where
xOl.(Yw-YOl]/Y‘M (”’

and

t
On = (1-%,00, = (1-;,_)[ o, dt (40)
0

Equation 38 can be solve for the net energy that can be added to an
unventilated enclosure, normalized per unit volume of the space:

) P lAH /) X op(2-x,) ]
0./ Vv OO/Vxln{l 7Y Jl (41)
For typical ambient conditions Equation 41 reduces to:
3600103(1'11,) (42)

on/v-assxlr\{u &

[ juation 42 shows the functional dependence of the net heat release
rate on the heat loss fraction and on the frac.ion of oxygen that
can be consumed before the limiting oxygen index is reached.

Finally, this limit can be expressed in terms of the average
temperature rise in the space:

11



(43)

#..(Odo.’-l-l' po(AH‘./:)xm(l_xL).1

Te . 0,/ V J

Assuming a heat loss fraction of 708, an oxygen consumption
fraction of 50% and an ambient temperature of 293K (20C), Eguation
41 evaluates to AT = 448K, or T = 468C. Assuming a heat loss
fraction of 85% and an oxygen consumption fraction of 50 %, the
calculated temperature rise would be AT = 224K, or T = 244C. The
same results occur for a heat loss fraction of 70% and an oxygen
consumption fraction of 25%. The reported temperature for this
experiment was approximately 250C. Since the actual oxygen
Liisvrmption fraction was likely to be between 25% and 50% when the
fire uxtinguished jiteelf, this would suggest that the actual heat
loss fraction was probably between 70% and 85%, While it is
difficult to establish values of either of these parameters with
absolute precision, this analysis does help explain the reasons for
the observed temperatures in Experiment 4.

Summary of UL/ENL Experiments

Measured and calculated temperatures have been comparr | for three
naturally ventilated enclosure fire experiments and one
unventilated experiment conducted at UL under the direction of SNL.
A method has been developed for inclusion in the FIVE methodology
to estimate in closed form the mass flow rate in naturally
ventilated enclosure tires with a single rectangular wall opening.
A method also has been developed to evaluate the oxygen limitation
on energy release and average temperature rise in an unventilated
enclosure fire. This method is not suggested for inclusion in the
screening methodology, but it is useful for evaluating an upper
physical bound on calculated temperature rises in unventilated
enclosure fires. Neglect of this coupling between heat release and
the consumption and availability of oxygen can yield nonphysical
results.

For the three ventilated experiments, the calculated temperatures
at the target located a radial distance r/H=2 from the fire source
were consistently about 10% lower than the maximum measured
temperatures when a reasonable estimate for the actual heat release
rate is used. The exact reasons for these systematic dif erences
nave not heen discerned. They may be attributable to relatively
small errrs in the assumed heat release rate, in the mass
entrainment rate, in the heat loss fraction, or in e model of
ceiling jet temperature decay. Errors in each of these parameters
may account for part of the difference, or they may tend to offset
each other,.

The fact that the calculated temperatures are within %0% of the

13



neasured temperatures for each of these naturally ventilated
experiments suggests the FIVE calculations are able to consider
wvith reasonable accuracy the influences of ventilation opening size
and shape, fire lccation, and target location on temperatures in
naturally ventilated fires. When the more conservative estimate of
heat release rate suggested by the basic FIVE screening methodology
is used, the calculated temperatures are consistently higher than
the maxinmum measured temperatures.

13



FIUVE FIRE HAZARD ANALYBIE METHODOLOCY
COMPARIBON WITH EXPERIMENTAL DATA

Temperatures calculated with the fire hazard analysis methodology
developed for the FIVE methodology are compared with measured
experimental temperatures from the FM/SNL test series. In this
test series, experiments were conducted in a 18.3 m by 12.2 m by
6.1 m high erclosure with forced ventilation. The FM/SNL test
series is described in NUREG/CR-4681.

Sandia has previously used some results of the FM/SNL test series
for preliminary comparisons with the FIVE methodology. Based on
this comparison, the Sandia review was critical of the results
demonstrated by the fire hazard analysis component of the FIVE
methodology. However, the Sandia comparison neglected the effects
of the hot gas layer on the overall temperature rise in the ceiling
jet. These effects are included in the present comparison.
Inclusion of the hot gas layer effects makes the calculated ceilang
jet temperatures much more consistent with the measured
temperatures.

The basic screening procedure of the FIVE methodology suggests that
analyses based on unventilated enclosures will yield the most
conservative results. Here, the term unventilated means that the
only ventilation is due to the :xpansion of gases from the enclo-
sure volume. The present comparisons confirm this premise, but
they can yield either overly conservative predictions or nonphys-
ical predictions if extended beyond the actual conditions being
represented. Overly conservative predictions arise when the actual
ventilation significantly exceeds the ventilation due to gas
expansion. Nonphysical predictions can occur when the oxygen limit
on combustion within an unventilated enclosure is neglected.

Methods to analyze ventilated enclosures have been developed as
part of the FIVE methodology. These methods are used as appro-
priate for the present comparisons. They are identif =d when they
are used.

COMPARIBONS WITH THE FM/SBNL FORCED VENTILATION ENCLOSURE TESTS

A total of 22 tests using a simple propylene-fired gas burner,
heptane pool, methanol pool and PMMA solid fires was conducted in
the 18.3 m (60 ft.) by 12.2 m (40 ft.) by 6.1 m (20 ft.) high
enclosure. Parameters varied among tests included the nominal
fire intensity, the nominal enclosure ventilation rate and the fire
location.

Nominal fire intensities included 500 kW, 1000 kW and 2000 kW. For
some experiments, transient fire growth histories were used. These
transient histories are described in NUREG/CR~-4681. For other
experiments, the nominal heat release rate was maintained steady
for a period of approximately 10 minutes. A duration of 10 minutes

1



was assumed for calculations involving steady fires.

Nominal ventilation rates varied from 1 air change per hour to 10
air changes per hour. The present analysis suggests that in some
cases the nominal ventilation rate in fact may have been inadequate
to exhaust the expanding gases from the enclosure. For these
situations, an unventilated enclosure analysis was used for the
present comparisons. Otherwise, a ventilated enclosure analysis
was used, in which case the nominal ventilation rate was taken as
the rate of air inflow to the enclosure (ie., a push- type
ventilation system was assumed).

The effects of fire location have not been analyzed for the present
comparison. The correction factors suggested for use by tne FIVE
methodology in situations where a fire is located along a wall or
in a corner apply when the fire is located tight aleong the wall or
corner. It is not clear how close to the walls the experimental
fires actually were in those tests where the fire was located along
a wall or in a corner.

EM/ENL Experiments 162 - $00 kW steady - 10 ch/hr = Center

A ventilated space analysis applies for these experiments because
the nominal ventilation rate of 10 changes per hour (3.8 m/s)
exceeds the ventilation rate due to expansion, which is calculated
as!

where Q. (1=X) Qf

Q, = Nominal fire heat release rate (kW)
Q/V = 253 kI/m’

X,

= 0,7 for these calculations
For these experiments, V o is calculated to be 0.4 m'/s.
The average gas temperature rise is calculated as:
O, 0,

AT\vp * =2 & v
me, (o] ch

This evaluates to 33K, assuming a constant specific heat capacity
of 1.0 KI/kg=K.



The plume temperature rise at the ceiling is calculated as:

2/ le e/
' N (£0C) N
AT, zs-g-s73 25 L5200 = BOK

The ceiling jet temperature rise is then calculated as:

0.3

AT‘.;,'AT‘,‘ x W

Results for calculations as a function of r/H are tabulated below:

r/H | 4T, (K) | a7, (K) | a7, (K)
0.0 33 80 113
0.5 33 38 71
1.0 33 24 57
1.5 33 28 51
2.0 33 15 48

The reported peak measured nonflame temperatures were 120C during
Experiment #1 and 123C during Experiment #2. Assuming an ambient
temperature of 20C, the peak calculated temperature would be 133C.
The measured values are within 13C of the calculated temperature.

The ventilation rate due to expansion for this experiment is
calculated to be:

v Gn  (1-0.7) 2000kW

= = «1.7m/s
o {0,/ 3S3kJ/m? /

This is less than the nominal ventilation rate of 3.8 n'/s, so a
ventilated enclosure analysis is appropriate. The average
temperature rise is calculated as:

O, (1-0.7) 2000kW e

ppr (1.2kg/m*) (3.78m*/8) (1.0kJI/kg=-X)

AT w*



The plume temperature rise at the ceiling is calculated as:

1e/3 273
2000
AT’J '25-5-'7;- ’ZSW.ZOOX

Consequently, the total temperature rise as a function of r/H can

be tabulated as:

r/H | AT, (K) | 4T, (K) | 4T, (K)

0.0 132 200 332
0.5 132 $5 227
1.0 132 60 192
1.5 132 46 178
2.0 132 38 170

The peak non-flame temperature measured during Experiment #3 was
368C, Assuming an ambient teweperature of 20C, peak calculated
temperature would be 352C. This value is within 16C of the peaX
measured value.

An unventilated space analysis was also performed for this
experiment. For this analysis, the average temperature rise is
calculated as:

AT, =T, lexp(Q, / O,) -1]

The total energy release for this experiment is 1200 MJ (2000 kW
for 10 minutes). For a heat loss fraction of 70%, the net
combustion energy added to the enclosure volume is 360 MJ. The
ambient energy in the enclosure volume is 480 MJ (353 KI/m® x 1362
m’). Therefore, the average gas temperature rise is calculated as:

AT, =293 [exp(360/481) -1] =327K

These are added to the plume/ceiling jet temperature rise to yield
the calculated total temperature rise:
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r/H | a7, (K) | 4T, (K) | 4T, (K)

=LAt
0.0 45 80 125
0.5 45 38 83
1.0 45 24 69
1.5 45 18 63
2.0 45 15 €0

The peak non-flame temperature measured during Experiment #4 was
133C. Assuming an ambient temperature of 20C, the peak calculated
temperature would be 145C. This value is within 12C of the
measured value.

- - - .:

This experiment is the same as Experiments 1 and 2, except that a
transient fire growth history was used for this experiment. This
does not alter the analysis, however, because a ventilated space
analysis applies for the 10 change per hour ventilation rate.
Cons. quently, the analysis used for Experiments 1 and 2 also
applies for Experiment 5.

The peak non-flame temperature measured during Experiment 5 was
115C. Assuming an ambient temperature of 20C, the pcek t:nperature
calculated for this experiment is 133C, a difference of 18C.

EM/ENL Experiment 7 = 500 KW _steady - 1 ch/hr - Center

This experiment is the same as Experiment 4, except the fire was
steady rather than transient. The only difference this makes in
the analysis is that the total heat release in this experiment was
approximately 300 MJ (500 kW for 10 minutes), compared to 23C MJ
for Expevinent 4. Using an unventilated space analysis, this
results in an average temperature rise calculated as:

AT, =293 [exp(90/481) -1] =60K

This is 15 K higher than the Experiment 4 analysis. The
plume/ceilin~ jet temperature rises remain the same, so0 the
temperature rise as a function of r/H can be tabulated as:



r/H | 4T, (K) | aT  (K) | T, (K)
0.0 60 80 140
0.5 60 18 98
1.0 60 24 84
1.5 60 18 78
2.0 60 15 78

The peak reported temperature for Experiment 7 was 146C. Assuming
an ambient temperature of 20C, the peak calculated temperature
would be 160C, a difference of 14C.

EM/ENL Experiment & = 1000 XKW transient = 1 ch/hr - Center

The ventilation due to expansion for this experiment is calculated
as:

; A (1-0.7)1000kW
v - .0-85’"1/8
o JRE ¥ - PRV 7 1s53kJ/m?

This ir approximately twice the nominal forced ventilation rate of
0.38 m*/s, so this experiment is treated with an unventilated space

analysis.

The total heat release during the experiment was 460 MJ. For a
heat loss fraction of 70%, this yields a net energy addition to the
space of 138 MJ. The average temperature rise is calculated as:

AT,»*293 [exp(138/481) ~1) =97K

The plume temperature rise at the ceiling for this heat release
rate is calculated to be:

§3/3 10003/

Ar,,azs-g-s-,-,-zs L m126K

The total temperature rise calculated as a function of r/H is
tabulated as:



The peak nor-flame temperature measured for this experiment was
290C. Assuming an ambient temperature of 20C, the peak calculated
temperature would be 243C. Thus, the measured temperature is 47C
higher than the calculated temperature. The reason for this
difference has not been determined. The calculated temperatures do
fall within the range of measured temperatures, however.

This experiment was the same as experiment 8, except the
ventilation rate was changed from 1 to 8 air changes per hour. The
forced ventilatior for this experiment was nominallx 3.0 m'/s,
while the ventilation due to expansion was 0.85 m/s. As a
consequence, a ventilated space analysis is appropriate for
Experiment 9.

The average temperature rise 1s calculated as:

Cn (1-0.7)1000kW

: ®. '83K
pVe, (1.2kg/m’) (3.0m*/s) (1.0kJ/kg=-K)

This i3 14K less than calculated for Experiment 8 for the
unventilated case. The plume/ceiling jet temperature calculations
remain the same as for Experiment 8, so the total temperature rise
can be tabulated as:

r/H | 4T, (K) | 4T (K) | dT,;, (K)

0.0 83 126 209

0.5 83 60 143 l

1.0 83 38 121

1+ 9 83 29 112

2.0 83 24 107
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All these values are within the range of experimental data reported
by Sandia. The peak non~flame temperature reported for this
experiment was 229C, Assuming an ambient temperature of 20C, this
is the same as the calculated value.

Experiment 21 was the same as Experiment 4, except the fire source
was placed within a benchboard cabinet (Model A). The peak
measured temperature for this experiment was 146C, while the peak
calculated temperature is 145C (See Experiment 4 analysis),
assuming an ambient temperature of 20C. For comparison, the peak
temperature measured in Experiment 4 was 133C,

The peak temperature may have been higher in Experiment 21 than in
Experiment 4 due to confinement of the fire source in the cabinet
enclosure. This likely reduced the ventilation to the plume,
resulting in a higher plume temperature. The effects do not appear
to be too significant, however, and the calculation results seem
reasonably valid for both experiments.

gummary of FM/ENL Experiments

Measured and calculated temperatures are illustrated graphically as
functions of r/H in Figures 1 to 3 for the three nominal heat
release rates of 500, 1000 and 2000 kW, respectively. Peak
measured and calculated temperatures are illustrated in Figure 4
for the experiments analyzed.

The calculated temperatures demonstrate reasonable agreement with
the measured temperatures when an appropriate analysis is
performed. The previous comparisons by Sandia, which have been
used as a basis for criticism of the FIVE methodology, neglected to
consider the average hot gas layer temperature effects and
consequently yielded predicted temperatures significantly lower
than the measured values. As illustrated in Figures 1 to 4, these
comparisons become much better when the average temperature rise is
considered.
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