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SffilHARY

An approximate modeling technique for enclosure f~res is proposed and

partially tested. The technique is based on the hypothesis that the com-

bustion of a fuel pile in an enclosure, relative to the combustion of the

same pile .in open space (unco~fined). depends on associated differences in

the fluid-mechanical proper~ies and the chemical composition of the gas

supply to the fire.

Previous work on unconfined fires of wood cribs is reviewed and con-

solidated in a form which relates the burning rate per unit exposed surface

area to stick thickness and a function of a porosity factor. This factor

differs in a small but significant way from a porosity factor proposed

previously by Gross(lO). Application of the modeling hypothesis, under the

assumption of large Grashof numbers for the convective flow, then leads to

the following sufficiency conditions for predicting fire properties on one en­

closure scale from experiments on another scale: 1) the enclosures must be

geometrically similar; 2) unconfined burning rates of the fuel piles in the

two enclosures must be in th~ ratio of the linear-scale ratio to the

5/2 - power; 3) porosities of the fuel piles (defined under equation (10»

must be conserved from one scale to the other; and 4) the thermal properties

of the Halls must be mod.eled for proper thermal response (equations (17».

Experiments available for testing the modeling technique did not satisfy

the third and fourth conditions. Nevertheless, data on burning rates, selected

gas species (oxygen, carbon monoxide, carbon dioxide), and overall fire

behavior conformed well Hith the modeling hypothesis. Temperatures did not

conform, eVidently bec~use wall properties had not been modeled. No dis-

cernnblc effects of fuel porosity \.;-ere observe?, but the scope of the experi-

ments was too limited to allow a firm conclusion on porosity effects.



INTRODUCTION

It may eventually be possible to accurately model, on a small scale,

a complete fire history for an arbitrary set of governing variables. How-

ever. major advances in fundamental fire research are needed before this

possibility can be realized. While precise modeling techniques are not cur-

rently available, approximate methods do appear feasible and may satisfy

many modeling needs. This paper describes recent advances in the development
- .

and testing of an approximate modeling method.

Factory Hutual Research Corporation has conducted a large number of

enclosure fires to study the evolution of toxic products in ventilation-con-

trolled fires. ~10 enclosure sizes were used. one being twice the linear

size of the other. Various fuels were investigated, including wood cribs,

alcohol, paraffin oil. and plastics. Experimental data and general obser-

vations from the wood crib fires have already been reported and discussed

by Tewarson(l). The wood crib data will be analyzed in this paper for con-

sistencywith the proposed modeling method. The experimental program was not

designed to prove or disprove ideas expressed here; consequently, only part

of the data available is applicable to the current purpose.

Kawagoe(2) made one of the first important discoveries related to fire

modeling. He found that the burning of piles of wood pieces in inert. ven-

tilated enclosures was approximately proportional to the theoretical flow

rate of cold air through the vent. Except for light fire loads, the burning

rate was found largely independent of th~ fire load. The theoretical air

flow rate derived by Kawagoe is closely proportional to the ventilation

1/2'pnr:Jmeter i\h ,where A is th'2 vent area and h is the vent height. The

enclosure temperature has an effect, but only a minor one.
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Subsequent work by Thomas(3) and Simms et al~4) seemed to confirm

Kawagoe's findings on proportionality between burning rate and ventilation

parameter, butcaution~d that an effect of the fuel surface area may exist.

Later, Gross and Robertson(5) found marked deviations from proportionality

both at large and small ventilation parameters; beyond a limiting ventilation

parameter, the burning rate remained nearly constant and was governed by the

fuel bed, rather than the vent. Thomas and Heselden(6) have since discussed

in detail the upper bound on the ventilation parameter.

Gross and Robertson(5) attempted to correlate their data on burning

rate, temperature, and fire gas composition from differently sized enclosures

in terms of the ventilation parameter in ratio to the square of a linear-

scale ratio, but the outcome was inconclusive. Heselden(7) who later,

the ventilation parameter per unit fire load.

found effects of the fire load contrary to earlier indications, sought to

account for this effect by correlating burning rate per unit fire load with

Rasbash and Stark (8) measured

fire gas compositions in variously sized enclosures and also found effects

of the fire load; these investigators tried as well to correlate their data

in terms of the ventilation parameter per unit fire load. Robertson and

Gross(9), in a comprehensive review of related investigations, have pointed

out that the geometry and" arrangement of the fuel may exert a strong influ-

ence on fire behavior.

Success in accounting for effects of scale and fuel particulars would,

to£ether \olith Kawagoe's original findings(2), imply that the basic ingredients

of a modeling procedure were at hand .. However, the atte~pts made have been

sporadic, of only modest success, and of insufficient g~nerality. A rational

m2tiiod of approxi mo? te modeling still rema ins unavailable.

3
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EXPERIHENTS

Only a brief description of the apparatus and experimental method used

in the present study is given here; furth~r details are found elsewhere(l).

Two enclosures differing in linear size by a factor of two, and geo-

metrically similar in overall proportions, were employed. Figure 1 indicates

the geometric proportions. Width:length:height were in the .ratios 1:2:1.

The smaller enclQsure ,,,.as 48 em high and the larger enclosure was 98 cm high

(interior dimensions). Each enclos'.1re consisted of a sheet steel box of

0.19 crn ,.all thickness with an interior lining of insulating asbestos mill-

~oard. The thickness of the lining was 1.27 cm in the smaller enclosure and

0.95 em in the larger enclosure. Each enclosure was vented symmetrically

through hO,rizontal vents running the full wid th of the enclosure at both ends.

The fuel consisted of geometrically similar cribs of Northern Hhite Pine.

The number of (squar e) s ticks per layer in the cr ib \"as 7. the number of layers

was 9, and the length-to-width ratio of the sticks; was 13. Stick size was

varied to produce cribs with nominal weights of 0.4 kg, 0.7 kg, 1.1 kg,

2.7 kg, 4.7 kg, 9.8 kg, and 14.3 kg. Prior to each experiment, the crib was

conditioned overnight at about 100°C. Ignition was by acetone-soaked cotton

balls uniformly distributed' among crevices in the bott01:! layer cf the crib

....·hich were touched off by a match. The cribs were placed in a cradle suspended

from an overh~ad load cell which recorded the weight-loss history ..
Hany sampling locations for temperature and fire gas composition were

distributed throughout the enclosure. Results to be used here were obtained

at the sampling point ~nder the ceiling indicated in Fig. 1. 'Continuous

recorus of temperature and concentrations of selected gas components (carbon

monoxide, carbon dioxide, and o~ygen) were obtained in each fire. Instan-
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taneoussampling for other products was also made, but the results are not

suitable for inclusion here. Temperatures .Tere measured \oJith bare chrOlne1-

alume1 thermocouples. The sampling flow was through stainless steel tubing

to an infrared analyzer (CO and CO 2) and a paramagnetic analyzer (0 2) via

traps. filters and dryers.

The various burning modes observed may be described in conjunction with

a series of burns of 2.7 kg cribs for different degrees of ventilation in

the smaller enclosure. For a relative window height hlH = 0.32, 'There h is

the vent height and H is the enclosure height·, the burning rate increased to

a maximum and then decayed with time in a fashion similar to unconfined burning,

a decrease in crib weight to .55 percent of original weight being attained in

about 4 minutes. A reduction in vent height to hlH = 0.20 had no apparent

qualitative effect on the burn, but the 55 percent weight was now reached in

about 8 minutes from ignition. For the smaller vent height of h/H = 0.10.

however, the character of the fire changed. Subsequent to an orderly rise to

maximum burning rate, the flames moved to one of the vents, then returned

to the crib. and this was followed by several similar cycles. The 55 percent

~eight was reached in about 13 minutes. For a still smaller vent height.

hill = 0.06. the burning rate remai.ned practically constant after the initial

rise, accompanied by flames floating above the floor bet~Jeen the crib and one

of the vents which gave way to smolder~ng combustion after 27 minutes from

ignition. The 55 percent weight was not reached until about 46 minutes from

For the purpose of this paper. the burning rate is represented by the

tim~ average between SO percent and 55 percent of original crib weight. In

most cases, this interval bracketed the maximum burning rate.wherever a

5



clear maximum was indicated. Associated concentrations of CO, CO 2 and O2

have been averaged over the same time intervals.

HODELUfG HYPOTHESIS

Initial Approach

The view is first taken that the combustion of a given fuel configura-

tion in an enclosure relative to that in open space (unconfined) depends pri-

marily on associated differences in 1) the fluid-mechanical properties and

2) the chemical composition of the gas supplying the fire. For the burning

rate, this dependence can be expressed functionally as:

R/~ = f (G, IDa !R) (1)

where R is the (mass) burning rate in the enclosure, R is the unconf ined. r

buining rate, G is the relative geometry of the enclosure, and ~a is the

mass flow rate of air into the enclosure. It is here assumed that the Grashof

Number of the natural convection is so high that variations in its magnitude

are of no consequence (turbulent flow).

The relative geometry of the enclosure, G, refers to ratios such as

length:height, width:height, and vent-height:height. But it also includes

the relative dispostion of the fuel within the enclosure and the relative

gross dimensions of the ~uel pile.

The burning rate. R, appears on both sides of eg. (1). However, it is

readily sho\Vn that a more- suitable form can be written:

(2)

Similarly, "the functjona1 forms for gas - te::mcrature and composition are

der ived :

Temperature }= f (C, w-a/Rr, ~!H)
~ Concentration of gas specie

(3)
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where ~/H is the nondimensional ,vectorial location of the observation point J

H being a suitable reference length such as the enclosure height.

The functional forms, eqs. (2) and (3) J may seem quite reasonable J but

being based on phenomenological reasoning, an examination for consistency

with prior knowledge in related areas is in order. In fact, it will become

evident that the forms may be incomplete.

Burning Characteristics
of \{ood Piles

Consider the unconfined·com~ustionof wood cribs. For sufficiently large

stick spacing, the burning rate per unit surface 3rea, fu" , is independent of

stick spacing and the crib is said to be well ventilated. For sufficiently

small stick spacing, m" becomes dependent on the stick spacing and the crib

is said to be underventilated.

Experimentally it has been found that for \olell-ventilated cribs:

(4)

Ylhere b is tile s tick thickness and n is an exponent variously quoted as

0.6(10) and 0.5(11).

Gross(lO) measured the burning rates, R J of a large number of wood
r

cribs and concluded, in effect, that for underventilated cribs:

R
r

m
= f (ac ).

A b-n
s

(5)

where As is the exposed surface area of the crib and ~ac is the mass flow

ra te of air thr.ough the vertical shaf ts of the cr ib. Hence J the burning rate

relative to that for a well-ventilated crib (obtained by increasing stick

spacing) appeared to be a unique function of the m~ss flow of air relative

tu the well-ventilated burning rate. Cross demonstrated a fair correlation

by assuming that n = 0.6 (based on tlleo~etici11 at-;';L1lT1ents) and that the mean

1
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air velocity is proportional to the square root of the crib height, h , so
c

that m ~ h 1/2 A , where Av is the area of the vertical shafts in the crib.
ac c "'V

Block(ll) has since carefully restudied the crib problem, both theoret.ic-

ally and experimentally. By considerations of the detailed mass, momentum,

and energy transfers in the flow through the crib shafts, he was able to

predict burning rates in terms of basic geometries and physical properties

of the fuel. Correlation of his extensive burning rate data for cribs ap-

pears ~onsiderably better in variables that he derived than in Gross'

variables(lO). A major .reason appears to be an experimental finding which

directly implies in the context of equation (5) that the mass flow of air

through the crib shafts is proportional to Aysl/2, where s is the stick spacing, rather

k:
than Avhc

z as used by Gross.Block'scorrelation is quite general but awkward to interpret

in the current context. An attempt has, therefore, been made to use Block's experimental
1/2

finding implying m ~A s in the simple form of eq. 5. Using n = 0.5, suggested
ac v

by Block to give a better fit with experimental data, equation (5) becomes:

~
A ' -1/2

S° .

f ( Ay s1/2 b l/2)

As
( 6)

Figure 2 is the best fit (by eye) through Block's data on burning rate

when plotted in the.variables of eq. (6). The curve represents all data

points to within ±20 percent, as accurately as does Block's o~~ correlation.

Thus, Gross' original hypothesis in the form of'eq. (5) seems to stand up as

well as any other correlation sugges ted, provided the mass f 10\.' of nir through

the crib is taken in accordance· wi th Block I s findings. HOIo/ever, if actual

theo,etical predic tions for burning rates arc neeJed. Block's '..:ark (11) re-

mains the only sour~e.
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Consequences for Modeling Hypothesis

Suppose the wood cribs of the preceding section were burned in an en-

closure. Obviously, the functional form of eq. (6) would now have to in-

clude dependence on variables which characterize the change in the crib en-

vironment, i.e •• the chemical composition and flow properties of the ambient

gas. Therefore, one would expect the appropriate form to be:

R (7)

This form is identically equal to:

[
RJ R [A 1/2 1/2 m R]r, = f v s b Gar
~ Asb 1/2 As ' • R.r "R-

(8)

The group R I(A b- l / 2)is itself relatable to ~ variable on the right-handr, s '

side according to eq. (6); so eq. (8) can in principle be solved for R/~ :

/ "(Av 1/2 lizRRr=f -s b •
, As

(9)

Equation (9) differs from the original form, eq. (2), by the appearance

of the additional variable (Ay/As )sl/2b l/2, which essentially rep~esents the

porosity of th~ fuel pile. If the pile is loosely packed, the porosity factor

probably has no effect. as suggested by Fig. 2.

For geometrically similar enclosures and similar temperature and gas con-

centra tion d istribu tions. the mass flO'..] of air through the yen ts is propor tional,

5/2 ',1/2
to H (or equally well in more familiar terms, to Ah ). The final form for

the burning rate can, therefore, be written:
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where

~''I'

R/R = f (P, G, HS/2/ R )
r r (10)

Similarly, the associated forms for temperature and gas composition become:

Temperature }= f(P G HS/ 2/R ~/H)
% Concentration 6f gas specie ' , r'

(II)

Equations (10) and (11) constitute the final modeling relations.

Equation (11) sta.tes that in order to reproduce temperatures and gas compo-

sitions in enclosures of different linear scales H, th~enclosures Qust he

geometrically similar (constant G), the unconfined burning rate of the fuel

must vary with uS
/

2
, and the porosity factor of the fuel, P, must be con-

served. Then, according to eq. (10), the ratio of burning rate to unconfined

burning rate remains constant {n the different scales.

Thermal Response of Enclosure Walls

It has been implicitly assumed so far that all heat lost from the gas

phase is by convection at the vents. But heat is also exchanged by radiation

and convection at the enclosure walls and lost .by radiation through the vents.

To conserve temperature from one scale to the next, and possibly in turn

other variables (R/R , gas composition), these exchanges have to scale as
r

e,/2
the convective heat flux at'th~ vents, i.e., as H-'

Since the enclosures are geometrically similar, the vents will transmit

a constant fraction of the net radiant flux i~ the enclosure. The net flux

depends on the radiation from the fire and re-radiation from the walls.

Since the direct radiation from the fire is expected to scale with the burn­

ing ratc, \·:hich scales with H
S/2 , the radiant loss throllgll the vents \.,111

scale properly if the re-radiation scales as H5/ 2.

\0
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The re~radiation and convective exchange at the walls have to be forced

to scale. In a first approximation, the problem reduces to adjusting the wall

properties sothat the inside surface temperature reached by the walls durin~

a time interval characteristic of the fire duration is reproduced from scale

to scale. It has been estimated that, in insulated enclosures, practically

all heat transferred to the walls is stored there. Radiant and convective

heat-loss rates from the exterior .surfaces of the enclosure are small in com-

parison with the heat storage rates in the walls. This circumstance simpli-

fies the problem.

Treating the wall as a homogeneous material, the thermal response is

approximated by the heat conduction equation:

Cl (T-To ) 02 (T-To )
pc = it ---:,--...--. ;h dZ 2

with the boundary conditions:

(12)

q = k o(T-To ) I ;0 =k dCT-To)I
OZ z=O dZ z=6 CD)

where P,c,k are density, specific heat, thermal conductivity of the wall,

T is temperature, To is initial temperature, t is time, z is normal dis-

tancefrom inner surface, q is the heat transfer rate per unit area to the

wall~ and 6 is the wall thickness. Time is normalized with a characteris- .

tic fire duration, t , and wall depths, z, are normalized with the wall. r .

thickness. 6. Then eqs. (12) and (13) can be represented:

:!
Cl CT-To)

0(z/0)2

q a: .
k o(T-T ) a(T-T )1

"0 a(z/o~ Iz/o "; 0° " a(z/o~ Iz/o

"

1

(15)
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It is concluded that the temperature rise, (T-T ), is a unique functiono

of t/t r and z/ 6 , provided:

kt r1. ~ == constant
o <:pc

k
2. c5q == constant (16)

Thus, if the two conditions in eqs. (16) are satisfied from one enc:losure

scale to thi next J the temperature re~ched by the inner wall surface of the

enclosure in the characteristic fire duration is reproduced.

For ·the various enclosure scales, q 0: HS/ 2/H2
== Hl / 2 • The charac-

teristic fire duration can be taken proportional to the ratio of initial

mass of the crib (W) and the mass burning rate (R):

trCl: ~llR == (~/ R) / (Rr/~V) Cl: (~/R) /(Rr/Asb) == [(Rr/R) I (~IAsb- l / 2) ]b 3/ 2

Since R/Rr and R /A b- l / 2 are conserved in the modeling procedure (the latter
1: s

factor because the fuel porosity is conserved, together with eq~ (6», the

characteristic fire duration is taken proportional to b3/ 2• Then the re-

constant2.== constant

eq .. (16) can be written:

k---
oHl/ 2

expressed in

kb 312

L 62pc

quirements

or, alternatively, by using the second condition in the first:

= constant 2.
k

cor-stant (17)

Since the stick thickness, b, is involved, any attempt to satisfy

these conditions must be cciordinated with a method of keeping the porosity

factor of the fuel (defined under eq. (10) constant from scale to scale.
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PARTIAL TEST OF MODELING HYPOTHESIS

Adaptation to Current Experiments

It is recalled that the experiments were performed in enclosures of

similar proportions. Conditions of geometric similarity (constant G) then

prevailed for the same relative vent height, h!H, in the two enciosures.

The woed cribs wei:<.: Scviu:tric£.lly s':"Li.l:.:li:; "..::h:h .:'i.-,p:'':''E:s. thD.t the

porosity factor P

or alternatively,

. 1/2 1/2 ,= (Av/As ) s b was proportional to b, the stlck width,

1-/3proportional to'~ • The actual weight variations used

placed the porosities within the interval "I" in Fig. 2.

No measurements were made of the unconfined burning rates,R. How-. r

ever, it was assumed that the correlation in Fig. 2 applied. It may be

verified that the interval "I" of the correlation, which represents all the

cribs used, is a section of a parabola, so that:

(A fA ) sl/2 bl / l
v s

(18)

which for the geometrically similar cribs can be written:

(19)

Thus, the· unconfined burning rate is deduced to have been proportional to

H2/ 3

Equations (10) and (11) may now be tailored to the current experiments.

Rr is first replaced by W2!3, keeping in mind that porosity factors only

in the range "I" of Fig. 2 are allO\~ed and that the wood identity is maintained.

G is replaced by h/B, and 2::./ll is deleted since all measurements of temperature

and gas concentrations were made at the same relative location. To retain

faliliJiar quantities as far as possible, the quantity r;5/2 is replaced by the



ventilation parameter Ah l /
2 . Then egs. '(10) and (11) become:

R/W
2

/
3

}. = f
Temperature.
% Concentration of gas specie

(20)

The requirements for modeling the thermal response of the enclosure walls.

eqs. (17), involve both the stick thickness, b, and the enclosure scale, H.

Results from the two enclosures are to be compared at co~~on values of h/H and

Ahl/2/w2/3 ~ HS/ 2/b 2 . Hence. since b ~ HS/ 4 , eqs. (17) for the current choice

of cribs become:

1. cons tan t; 2. k
constant (21)

Denoting quantities in the smaller enclosure by subscript "s" and those in the

large enclosure by subscript "L", these conditions imply:

(22)

For enclosures of identical materials, as in the current experiments, these

requirements cannot be satisfied simultaneously; the first requires an increase

in wall thickness with enclosure scale. while the second requires a decrease.

As it turned out. the second requireIllent HClS approximately satisfied by the

enclosures. However, a far hetter compromise would have been to design ac-

cording to the first requirement 1..rhich, it ca~ be shO\~n, is the only imp'ortant

orle in the limit of very hip,h thermal conJuctivity \,here the wall is a heat

sink of unifor~ temperature. Since the wall thickness was decreased when the

larger ch<\Qher \-las put to use, rather than increase~l in conformity \-lith the

uetLer compromise, \-a11 temreratures 8nd gas temperatures may be expected,

t,) he higher in the l.::Irgcr enclosure than in the smaller one.

Resu lts

Figure 3 2/J ..is a plot o[ the burning rate factor, R/H , as functlCHl oE the
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1/2 2/3 - .
ventilation factor, Ah /W ,at thre~.1ifferent relat~ve vent openings,

h/H. Data from the smaller enclosure are represented by open symbols, while

data from the larger enclosure are represented by solid symbols. Good agree-

ment is obtained between measurements in the two enclosures. Unfortunately,

the number of experiments conducted at similar combinations of Ah I / 2/w 2/ 3

and h/H in the two enclosures is small.

It is clear from Fig. 3 that the effect of the relative vent opening

alone may be significant. At this stage, it is difficult to explain this

behavior.

The dashed curve in the figure represents the linear relation between

burning rate and ventilation parameter suggested by Gross and Robertson(5)

as the best linear fit to data obtained for ventilation-controlled fires in

enclosures being proportioned like the present enclosures

(R (g/sec) = 0.0015 Ah l / 2 _(cmS/ 2). _or R/H2/3

Houever, significant departures from this curve were obtained by the authors.

It is remarked that their burning rates were averaged over the time interval

from 80 to 30 percent of original crib weight, rather than the 80-55 percent

interval used here.

Figure t~ presents concentra tions of oxygen, carbon monoxide and carbon

dioxide. The correlation between the t ..iO enclosures again seems satisfactory.

t·ihile the data on burning rate in Fig. 3 did not seem. sensitive toh/H in

the range 0.04-0.06, a corresponding insensitivity was not so evident for

the gas compo:::ition. Therefore, data from h/H = 0.06 oaly were elected to

represent the smallest vent height.

paiats seems to scatter about a well-behaved imaginary curve, the scatter,
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in fact, represents effects of both the relative vent height and the en-

closure size. The latter effect is on the order of 100°C for the two rela-

tive vent heights, h/H = 0.10 and 0.20, where experiments were conducted at

comparable values of the ventilation fact~r in the two enclosures. Tempera-

tures are higher in the larger enclosure, a trend anticipated in the preced-

ing section Lt.'\;3US2'·of i".p:opcr sC~11ir:g of wall tl:ic:-:i1~ss.

The final plot, Fig. 6, provides a comparison of fire behavioral modes

in the two enclosures, as observed by eye. Data from all fires where

visual observations were recorded have been used, including a few isolated

fires at vent heights other than represented in previous figures. Each fire

is represented by a symbol plotted on the coordinates of ventilation factor

and relative vent height used for that fire. The appearanc.e of a symbol is

keyed to a fire behavior explained in the caption. The letter accompany-

lng each symbol indicates the enclosure where the observation "Tas made,

"s" for the smaller enclosure and "L" for the larger enclosure.

For all fires with a ventilation factor exceeding about 10, flames

emitted from the top of the. crib- and impinged on the ceiling (open symbols).

For smaller ventilation factors, the flame would generally leave the crib

proper to burn just above the floor of the enclosure in the space between the

crib and one of the vents (half-solid symbols). Sometimes during these

fires, the flffine would burn for intermittent intervals at the vent itself

_(three-quarter solid symbols). Finally, for ~cntilation factors below

approximately 3, flaming would usually give way to snoldering combustion

soon after the initial fire-growth stage (solid symbols)~ In one isolated

Clse, combustl:Jn ::ease:ll1together- (<-t2.r)~ after t:-E. :=n::los'He h;:':! cO..Jled

c!O\-m, the crib '·Ias found to-have a burned-out cavity surrou~ded by virgin

'.-.'ood.
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The fire behavioral modes in the two enclosures are seen to be identical

at the few. approximately common, combinations of ventilation factor and

relative vent height covered in the experiments. Admittedly, no common com­

binations were tried for small ventilation factors, where the fir~ behavior

is most sensitive to enclosure and fuel variables. However, if no distinction

is made among behavioral modes involving flaming m.,Tay from the crib and,

additionally, effects of relative vent height are ignored, a successful

gross correlation can at least be claimed.

It is recalled that the fuel porosities, P, were not conserved from

the smaller to the larger enclosure. On the basis of Fig. 2, one \.,Tould not

expect an important effect for fuel piles of large porosity. But in the

porosity interval "I", which contains the cribs used in these e>;periments,

an effect of porosity could have been anticipated. The limited data pre­

sented here are not sufficiently conclusive to rule on the importance of

fuel porosity; future work will include a study of this aspect.

,.
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A total vent area

As exposed surface area of crib

Ay vent Area of crib 8h~fts

b stick thickness in crib

c sp-ecific heat of wall

G relative geometry (length:heignc, etc)

H enclosure height

h vent height

he crib height

k conductivity of wall

mil mass burning rate per unit surface area of fuel

rna mass flow rate of air through enclosure vents

~ac mass flow rate of air through crib

n exponent (0.5 to 0.6)

P fuel porosity factor (defined under eq. 10)

q heat transfer rate to enclosure ~all per unit area

R mass burnin~ rate of fuel within enclosure

Rr unconfined mass burning rate of fuel

s ~tick spacing in crib

T temperature

To initial temperature

t time

t r charactaristic fire duration



W initial mass of crib

~ vectorial location of observation point

z distance from inner surface of enclosure wall

o thickness of enclosure wall

P density of wall

Subscripts

S smaller enclosure

L larger enclosure

\<:1
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. S

Fig. 6

CAPTIONS FOR FIGURES

Schematic of enclosures. Two enclosure heights Were used,
48 and 98 em.

Simplified correlation for Bl~ck's data(ll) on unconfined
burning rates of wood cribs (Ponderosa Pine).

Co~relatiuns or burning rates in the two enclosures at various
relative vent openings. Linear relation between Rand Ah l / 2

suggested by Gross and Robertson(S) included for reference.

Major gas components at sampling point.

Temperatures; average of readings at sampling point and
image near opposite vent.

Fire behavior for various combinations of relative vent
opening and ventilation factor in smaller enclosure (S) or
larger enclosure {L). Open circles: Flaming on crib.
Half-solid circles: Flame floating above floor.
Three-quarter solid circles: Flame floating abovefloor,
sometimes burns at ,.,indow. Solid circles: No sustained
flaming. Star: No sustained flaming and only about
50 percent of wood consumed.
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