


















































excess air, and gas temperature at 1650O F., C = 6.13, and pg =
0.019 lb/ft3. The flame dimensicns can be expressed in terms of

the rate of burning per unit area, G, by combining equaticns 1 and 2
L . 02G2
D b 2n (3)
g

From time-lapse motion pictures taken during the steady-state

burning period, measurements of flame length, L, and deplh of flaming
zone, D, were made of 66 crib fires. These cribs were of varying
widths and helighls and contained wood of varying densitles, fuel sizes,
and moisture contents; but, in this fleme dimension ceorrelation it is
agsumed that the fuel and fuel bed parameters are important only in
thelr effect on G, the rate of burning. The rate of burning per unit
area, G, of each crib was calculated by the equation

WR

C= (1bs /ot min) (L)

Since for mest of the fires burned, the ratios of the flaming zcone, D,

to the width of the crib, w,, were less than 1.0, i.e., D/w

Y L < 1.0

then the advancing flaming zone for these fires may be considered,
ideally, a semi-infinite strip or line fire. Dimensionless correlation
of flame dimensions with burning rate for crib fires is shown in

figure 7 and the equation for the line is

g

2.2y 0.43
= h.s( CEG ) (3)

pggD
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of initial thickness, do, when ignited, is at the front of the flaming
zone and 1s surrounded by a gas at temperature, tg' The gas is emitted
by the burning particles spaced at regular intervals from each other.
AT dgniticn, the center of the particle is at temperature, to, and 1ts
temperature increases with time until the particle reaches the rear of
the flaming zone. It is assumed that when the particle arrives at the
rear of the flaming zone all of its veolatiles are released and its
center reaches the same temperature as that of the surrounding gas.
Tt is slso assumed that at the burning surface the mass transfer of
the volatiles from the burning particle is proportional to the heat
transfer by conduction into the particle. This presupposes that the
mass diffusivity is proportional to the thermal diffusivity. The heat
flow to the burning particle from the neighboring burning particles is
proporticnal to hdo/kg' Since the temperature of the surrounding gas
is assumed to be constant, it follows then that the ratio h/kg is
effectively constant. The temperature, tg’ of the gas will depend on
its heat capacity and the amount of heat transferred to it by the burn-
ing particles of the combustion zone less the losses by convection to
the atmosphere. TFor stesdy-state conditions, it is assumed that the
gas temperature, tg’ end density, pg’ remain constant and have the
values of 16500 F. and 0.019 lb/ft3, respectively (Kawagoe, l958).
Consider a flaming zone moving through a fuel bed of height, hb’

width, w

b and composed of fuel particles with initisl thickness, do,

molsture content, Mf, and density, . At time, 6, after the particle

Pr
enters the flaming zone, the temperature, t, at the center of a

particle mgy be determined by an equation which expresses the fuel and
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fuel bed parameters and the mass and energy ftransfer rates in terms

of dimensionless groups. The equation is written as

:2=f9a L % pr _h‘iguhbl (8)
t -t 22D hd’ p T w V. Tda
d e} g b iy O o

The first two dimensionless groups on the right side of
equation 8 are, respectively, Fourier number and the length and
depth of Tlame ratio; the latter is a function of Froude number as
presented in the preceding section. TFourier number describes the
heat transfer by conduction into a solid hody from its surface and in
this analysis it is assumed to be proporticnal to mass transler
(Spalding, 1955}. Froude number, in this case, represents the natural
convective heat and mass transfer from a source to the atmosphere. The
third dimensionless group, kg/hdo’ is the reciprocal of Nusselt number,
which describes the heat transfer between the surface of the particle
and the surrounding gas. IT kg/h is assumed to remain constant during
the burning of a particle of initial size, do’ then the dimensionless
Sroup kgh/do may be considered as an independent parameter. The re-
maining six groups of equation 8 are ratios invelving fuel and fuel

bed parameters.

It follows that when & = &, then t - to = tg - to and equation 8

may be written as

Tl ==, A 2 2 2 T T a2 ) (9)
hdo Qg T mb Vf do o

QJIU

erCi ( kg Df h_b Vg h-h_b



In eguation 9, if ef is replaced by D/R from equation 7, then the
left side becomes Ty /Rdog. Similarly, replacing er with W/G in
equation 2, the left side becomes WL /GDdog. The product GD is the
rate of burning per unit width of a line fire.

To determine the numerical value of the dimensionless group
e, a/doe, g is replaced by kﬁ)fCP and & is replaced by D/R
(egquation 7). For each fire, measurements of the width of flaming
zone, D, are taken from 3-second time-lepse motion pilctures. Thermsl
diffusivity, & , is determined by using an empirical equation for
thermal conductivity, k, expressed as a function of density, Pas of
bone-dry wood (MacLean 1941), and a value of 0.327 is used for the
specific heat, Cp, of bone-dry wood (Dunlap 1912). When pf is ex-
pressed as lbs/ftg, the equation for « in units of inches sguared
per minute becomes:

0.100
Op

o =

+ 0.0137 (10)

Data from 106 fires, including 22 staticnary flame model firves
by Gross (1962), were analyzed to establish exponents for the dimen-
sionleszs ratios on the right side of equation 9. For fires hy Gross,
D/do was held constant at a value of 10. For the propagating flame
model in which the depth of the flaming zone ig allowed to assume a
natural value, data showed that the ratio D/do for each fire was
approximately 10.5. Since D/do remained constant for the two types of
medels, this group was not considered In the anslysis. In the dimen-

slonless group kg/hdo’ a value of unity was chosen Tor the ratio kg/h.
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The fires by Gross were used to determine the exponent for Vg/Vf because
the ratios hb/wb and Hho/do Tor these cribs were constant and Vg/Vf was
varied independently of fuel size. The exponent for kg/hdo was deter-
mined from data taken on fires in which fuel size, do, was varied. For
these fires the product of Vf/Vg and th/do was held constant.

Equation 9 with the exponents for the dimensionless groups hecomes

0.1 0.65 1.5
2 PR p T W A ha
do e b 0
where h = ngo/hvf

Based on equation 11, a correlation of the data is shown In figure 9
by the curve which has a slope of unity.

Equation 11 gives the scale effects of the fuel and fuel bed
variables on burning time, propagating rate, and burning rate Tor crib
Tires. With the exception of the gas-to-fuel-volume ratio, the range
of Tuel and fuel bed variables covered by the ¢rib Tires is comparable
to those sometimes found in forest areas. For most forest fuel types,
such as grass, litter, and brush, the gas-to-fuel-volume ratio (Vg/Vf)
is greater than 4.0 (Fons, 1946). Equations € and 11 may be used +o
make quantitative estimates of flame length, L, rate of propagation, R,

and rate of burning per unit width, GD, for line fires in forests.
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Figure 9, --Dimensionless correlation of heat and mass transfer with fuel
and fuel bed parameters for crib fires.
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8. Convective Heat

The rate of convective heat, QC, Tfrom crib fires is determined
by the mass velocity of the gas through the exhaust stack, the specific
heat of the gas, and the terminal temperature difference between the
stack gas and the incoming air. The equaticn for caliculating the rate

of convective heat is

—_— t
6, = AT 00 At (12)

For each crib fire the maximum stack velocity, Umax’ 18 measured with
a. Pitot tube at a position six diameters above the entrance. A ratio
of ﬁ/Umax = 0.89 was established from results of a traverse made across
the gectlon of the stack Tor a Reynolds number of 0.25 x 106. Thus,

equation (12) becomes
t
q, =0.89U A P LAt (13)

Equation 13 neglects heat leost through the hood and the stack wall.

The temperature difference, At, between the stack gas and the incoming
air for each Tire is measured directly with a parallel-series arrange-
ment of thermocouples. Four thermccouples, wired in parallel and placed
six feet above the floor at the four corners of the combusticn table,
sense the temperature of the incoming air. In series with these 1s con-
nected a Tifth thermocouple which is peened at the center of z 1/h-inch
copper tube and placed across the stack 12.5 Teet above the entrance.

It is assumed that the copper tube attalns the average temperature of

the stack gases soon after a steady-state burning condition is establish-

ed for a crib fire.
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irradiance measured at the side or rear. The decrease in irradiance
at the front of the fire may be accounted for by the fact that the
burning zone within the crib is shielded from the radiometer by the
unburned portion of the crib, (see figure 11, radiometer position (A)).
This suggests that the burning zcne within the crib contributes about
L0 percent of the irradiance toward the unburned fuel.

b. Rate of Radiative Heat.--Measurements of the irradiance were
made at several points for determining the rate of radiative heat.
These measurements were made for fires in cribs of different species
of wood, {see table 5). For these fires the three radiometers at
positions (A), (B), and (C) in figure 11 were mounted on carriages
which could be moved along a curved standard to varicus elevaticn
angles, ranging from -15° to ~+500, (Fons et al., 1959). The radius
of curvature for the standard was 14 feet with the origin at = point
in The flame 2 feet above the base of The fuel bhed. The horizontal or
zero position of the radiometer angle, therefore, corresponds to the
base of a hemisphere with a radius of 14 feet, Readings for each radi-

@] Q &} o @] ;
, 207, 307, L0, and 50 during

ometer were taken at angles of OO, 10
the steady-state burning pericd of a fire. Irradiance data for each
of the three positions were plotted against elevation angles from 0°
to 500. The curves drawn through the points were extended to -lOO and
900 to approximate the irradiance helow 0° and above 500. This method
of approximating the irradiance above 50O should nct seriously affect
the final result because the surface area of the hemisphere from 500

to the zenith or 900 is only 15 percent of the surface area used Iin

calculating the total radiant energy. The cutoff angle imposed by
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the combustion table on the radiometers was about 8° pelow the hori-
zontal, sc radiant energy from -80 to -9OO was not included in the
integration procedure. Tt is assumed that the radiant energy inter-
cepted by the top of the cecmbustion table is transferred to the
entrained air as convective heat.

Irradiance measurements from the Tront and rear radiocmeters
were used to cglculate the radiative heat for 1/2 of the surface area
or 1/ each of the partial sphere -8° to +90° in the integrating pro-
cedure. The measurements from the side radicmeter were used in  com-
puting the radiative heat for the remaining half of the surfgce areca.
Estimates of rate of radiative heat, Qr, obtained by the integration
method are presented in table 2., The average rate of radiative heat,
Qr’ for the 15 fires is approximately 17 percent of the average rate

of combustion, §.

Table 2.--Rate of radiative heat from crib fires

Fire Q Fire Q
No. o No. v
Btu/eec ' Btu/sec

1M 7.66 38 5.55
3M 8.12 L3 5.27
Lt 7.58 1y 6.28
5M 8.28 2y 6.08
2B 5.88 3Y 6.14
3B 8.45 Ly 5.52
4B 8.24 5Y 5.41
5B 9.22
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10. Flame Emissivity

The emissive power, E., from a black body or an idezl radiator

b)
at temperature, T, may be expressed by the Stefan-Boltzmann equation
as

L

E =0T (15)

Thus, if Eb is the emissive power from a black bedy, the emissivity of

a non-plack body, with an emissive power, I, may be defined as

€ = %_ (16)

For a diffuse surface, eguation (16) may be considered to define the
total or mean effective emissivity with respect to radiation from a
surface at any angle. Combining equations (15) and (16) gives

E

€ =—71 (17)
aT

The equation for cazleculating the emissivity of a flame from
radiometer measurements must consider the radiant energy exchange
between the flame and the radiometer recelver strip. ¥For this purpose
the egquation must include the geometrical view factor between the re-
celver strip and the flame surface. The shape of the flaming zcne of
a crib fire is nearly rectangular when viewed from the side, front,
or rear (fig. 1). Tables of view factors for rectangular sources, to
a point in a plane parallel and to a poeint in a plane perpendicular

to the source, are presented in Appendix B, tables 10 and 11.
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The radiometer, at the position of zero degrees, sees a circular
area {Gier and Boelter, 1041, pp. 1284-1292) within which is a nearly
rectangular flaming surface in a plane parallel to the rediomeler re-
ceiver strip. The irradiation of the radiometer receiver strip, con-

gidered as an incremental areca, A A , 1s composed of several parts:

1

1. Energy emitted by flame surface of area, AE’ at temperature, T

2}
, b
is €, 21 A2 T2 .
2. Energy emitted by an area, A3, at temperature, TB’ within the
circular area viewed by the radiomster with AE excluded is
L

€E_F AT
3 3L 3 3
3. FEnergy emitted by the surroundings at temperature, Th’ and

. Iy
reflected from A, is (1 - ¢ ) €, Ty A, T .

4. Energy emitted by the surroundings st temperature, Th’ and

reflected from A3 is (1 - 63) €, F31-A3 Tuu.

5. Energy emitted by the receiver strip to area, Ag’ is
Iy
- € F12 AAl Tl .

. Energy emitted by the receiver strip to area, A3, is
€ I AA Tu
S 1713 1
It is assumed that Tl = T3 = Th’ El - 63 = € = 1, and that by the
. - d_ A L
reciprocity theorem F12 A;Al 21 A2 and F 13 A 31 3 Adding

the energies emitted by the several parts gives an expression for
irradiation

K (mv) F (T =T

= e Iy (18)

where (mv) is the millivolt output of the radiometer and K is its

calivration factor in Btu/ftehr per millivelt.






Table 3.-~~Emissivities for flames of crib fires

Fire Rear view l/ Side view L/

No. N b

K(mv) Fo,x 14 €. K{mv} FlE x 10 €,

Btu - -- Btu - -

rt5hr ££%hr
31 15.0 22.8 0.213 1.5 11.8 0.L07 1. .
12 13.8 25.2 it 15.4 ihd .37 1. 1.
33 13.0 26.4 L1160 1k.0 15.0 .30k 1. 1.
ak 13.2 27.2 L157 1h.2 1.2 .3k 1. 2.
35 17.4 29.6 .151 20.1 33.8 .193 O. 1.
37 13.2 28,0 L1k 13.h 11.6 376 1. 1.
38 b L 2l b 191 ik b 7.4 270 1. 1.
39 13.0 23.6 179 13.6 12.2 362 1, 2.
Lo 13.6 253.6 L187 140 12.2 L373 1. 1.
u1 11.6 21.6 173 12.0 10.4 L3T7h 2. 2.
L2 12.8 23.4 AT 13.8 12,2 L3686 1. 2,
Ly 11.2 a.p L16h 12.6 19.6 .385 2. 2,
L5 12.2 23.4 L170 13.0 13.2 .320 1. 1.
46 9.5 18.8 164 8.2 9.0 297 2. 1.
L7 8.5 i8.0 153 7.8 8.6 2G5 2. 1.
48 8,5 17.6 157 8.0 8.4 L3009 1. 1.
50 8.5 17.6 .157 a.4 a.4 .325 2. 2.
51 8.0 8.2 L1h3 7.2 7.8 L300 2. 2.
52 10.1 16.k4 L1690 8.2 = 285 2. 1.
53 10.4 19.5 L17L 8.6 9. 297 2. 1.
oh 10.6 18.8 .18k 8.4 3.2 257 2. 1.
55 9.7 18.6 .169 8.2 3.0 297 2. 1.
56 8.8 17.6 162 6.6 7.6 .283 2. L.
57 2.7 124 162 7.6 8.4 L2596 2. 1.
59 15.5 20.4 252 13.6 12.0 . 368 1. 1.
60 15.1 23.0 .21k 2.4 15.2 265 1. 1.
62 1h.7 26.0 L165 1h.0 15.2 L300 1. 1.
63 15.5 26.4 .190 kb 13.8 .338 1. 1.
&l 15.5 284 .182 5.4 20.2 .2h7 1. 1.
65 16.7 25.0 216 19.2 17.8 L3450 1. .

1/ Radiometer position, see Tigure 11.
2/ w._, depth of flame side view; D, dcpth of flame rcar view.
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Figure 13, --Temperature distribution function for turbulent cenvection above crib fires,



CONCLUSIONS

Dimensionless relationship between the [leme dimensicons and
modified Froude number, found by others using stationary flame

models, is also applicable to a propagating flame model.

For line Tires the burning rate or the rate of fire spread of a

given fuel can be estimated from the Tlame length.

Relationships can be established between the bpurning character-
istics of wood crib fires and the Tuel and fuel bed paramecters,

expressed in dimensionless form, by the power law assumption.

The spetial distribution of temperature in the convection column
of a wood crib fire is similar to the distribution Tound for other

heat sources.

The rate of radiative heat from laboratory crib fires is approxi-

mately 17 percent of the total heat rate evolved.

In determining the total effective flame emissivity of crib fires,

the depth of flaming zone must be considered.

_37_




PLANS FOR CONTINUATTION

A proposal for the continuation of Project ¥Fire Model was sub-

mitted on November 17, 1961, tc the Bureau of Standards for consider-

ation. The proposal was approved on February 28, 1962, for a period

ending June 30, 1963.

A brief description of the research work proposed to be undertaken

follows:

1.

To learn the effect of fuel size upon certain dependent variables

associgted with free-burning fire. The effect of fuel size on rate

of spread through white fir wood cribs has been obtalned for g
range of stick sizes, from 1/Lk to 1-1/k inches square (see page 3k,
Summary Report, May 31, 1560). These tests were made with density
and moisture content of the wood constant, averaging 0.385 and 10.4
percent, respectively. It is proposed to conduct additional tests
tec include higher and lower densities and mecisture contents. Dats
from such tests should confirm whether or not residence time scales
tc the three-halves power of fuel size regardless of fuel moisture
or density.

To learn the effect of particle spacing in the fuel bed on fire

characteristics., Farlier work on fire spread with beds of natural

fuels indicated that rate of spread increased as the ratio of voids

to the fuel surface area in the fuel bed increased.

The spacing of sticks making up the cribs tested on the project
thus far has been kept at a constant value of 1-1/L inches on the

horizeontal plane; on the vertical plane the spacing has been equal






NOMENCTATURE

Symbol Description Units
AS Crosg-sectional area of exhaust stack ft2
C Mass cof ccmbusiticn gas produced per unit

mass of sclid fuel

C Specific heat of dry wood; alsc specific Btu/lbOF
b heat of ambient air
o Specific heat of stack gas at constant Btu/1b°F
P pressure
do Initial thickness of fuel inches
D Depth of flaming zone In the direction of inches
fire spread
E Emissive power of a non-black body Btu/ftehr
Eb Emissive power of a black body Btu/ftghr
FlQ View factor from area 1 to area 2 .
g Acceleration due to gravity ft/sec2
G Rete of fuel burning per unit ares lbs/ftgmin
. 2h <
h Heat transfer coefficient Btu/ft rf
hb Height of fuel bed inches
Jal Low heat wvalue of dry wood Btu/lb
I Irradiance, intensity of radiation Btu/ftghr
k Thermal conductivity of dry wood Btu/ft hrOF
k Thermal conductivity of gas surrcunding the Btu/ft hrOF
& fuel particle
K Radiometer calibraticn factor Btu/ftghr ver
millivolt
L Length of flame inches

Lb Length of fluel bed inches






At

AT

Thermal diffusivity

Terminal temperature difference between
stack gas and inccoming air; tS - to

Temperature rise above amblent air, T ,
« . i
in convection column

Emissivity of non-black body, E/Eb
Emisgsivity, rear view of fire
Fmisggivity, side view of fire

Time

Burning time of fuel particle

Volume of voids per unit of fuel surface
Apparent density of fuel bed

Density of gas at constant pressure
Fuel density, bone-dry

Mass density of ambient air

Stack gas density at constant pressure

Stefan-Boltzmann constant, C.1714 x 10"8

ing/min

Op

minutes
minutes
inches
1bs/ft3
1bs/ft3
1bs/ft3
1lbs secg/ftbr
lbs/ft3

Bou/Pt2nrCR
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Tahblzs S.--Experimental conditions for fires with cribs of four differcnt apecies of wond

Room

Fire temp. Fuel and fuel bed parameters
Ne. tO do Mf pf Py Wf Wo hb wb Lb
“r In  Percent Lus/ft’ Ibs/ft] Lbs  Los/ft In In In
L/m 65 sk 11.3 7.8 7.50  T.77 3.1 5.45 .25 15.5
oM 62 gl 1.k 29,4 7.95 g.24 3.61 5.45 9.25 35.5
M B Jesh 11.3 31.9 B.62 8.33 3.02 5.45 .25 35.5
LM 63 sl 11.4 3.2 G2k 9.57 4,20 5.45 .25 35.5
5M (&2 sk 10.9 28.3 T.64 7.91 3.47 5.45 .25 35.5
2/1p 6l b5k 8.3 22.5 6.03  6.25 2,74 5 45 9,25 35.5
2B 6o sk 10.6 25.4 6.81 7.06 3.10 5.45 9.25 35.9
3B = Lsh 10.6 28.3 7.59 7.85 3.40 5.45 9.25 35.5
4B 60 sy 10.6 31.0 8.31 8.61 3.78 5.45 9.25 35.5
5B 63 Lsk 1¢.0 25.4 6.8 7.07 3.10 5.45 9.25 35.5
i/ls 71 L4586 10.6 L2.9 11,63 12,10 5.31 5.7 9.25 35.5%
28 o7 56 10.L hs.2 ir.25  12.73 5.58 5.47 3.25 35.5
8 hal 456 10.5 Lg.1 13.05  13.57 5.95 5.L7 9.25 35.5
L8 [ 456 9.8 L5 .2 12.25  l2.7h 5.59 5.47 9.25 35.5
Los 69 Lsé 15.5 46,3 12,32 12.80 5.61 5.47 9.25 35.5
583 75 Lse 13.2 L6, 7 12.41  12.89 5.65 5.47 5.25 35.5
618 73 ) 4.6 L5, 4 12.06  12.55 5.50 5.47 9.25 35.5
E/uf 6l beo 10.7 32.1 8.67 9,11 L.co 5.52 9.25 35.5
2y 6l BT w07 35.9 g.61 10,07 L k2 5.52 9.25 35.5
¥ 68 RIS 10.3 39.2 10.59 11.12 4.88 5.52 9.85 35.5
by 66 HEG 10.8 b1,k 11.18  11.73 5.4 5.52 .25 15.5
5Y 68 LEo 10.4 46.9 12.67  13.29 5.83 5.52 9.25 35.5

;/ Magnolis, { Abies coneoier ), g/ basswood (Tilia americana), _3_/ sugar maple {Acer saccharum),

E/ longleaf pine (Pinus Ealustris).

Table 6.--Experimental results for fires in cribs of white fir wood

Pire Burning parameters diﬂi—i‘:ions Heat rates Stacky gas conditions
Ho. —
s, G R D L Q aQ, U At t g
Min Lbs fftemin In/min in In Btu/sec Btu/sec Ft/sec SI'_“_ EE Lbs 1‘f‘i’.3
1 2.8 1.17 1.51 b.2 33.0 42.9 - - - - -
2 2.4 1.17 1.91 k.5 35.3 k5.8 - - - - -
3 3.6 1.06 1.23 L. 33.6 Lo, - - - - -
L 1.8 1.25 2.138 b L 36.9 b7.8 - - - - -
5 2.8 1.07 1.7h L.8 35.h bk 7 - - - - -
[ 2.6 1.14 1.79 b7 4.8 L6.6 - - - - -
7 2.7 .56 1.41 3.8 17.2 11k - - - - -
8 3.7 1.92 1.68 6.2 L>.8 6.5 - - - - -
3 3.0 L6 1.38 b2 18.9 29.9 - - - - -
10 3.8 1.77 1.02 7.2 66,8 195.4 - - - - -
11 2.7 1.12 1.87 5.1 38.0 871.5 - - - - -
1= 3.2 1.66 1.75 5.6 52,8 1ke2.s - - - - -
13 3.2 2.19 1.87 5.9 56.5 112.5 - - - - -
1L 3.2 2,14 1.86 £.0 &1 156.0 - - - - -
15 2.6 - 1.37 3.6 33.8 - - - - - -
16 8.5 .83 1.15 9.8 39.5 77.0 - - - - -
17 3.2 1.62 1.78 5.8 53.0  143.8 - - - - -
18 3.0 .97 1.61 .8 38.3 TLl.h - - - - -
19 2.0 1.61 2.13 L.2 45,1 61.0 - - - - -
fele 5.4 1.10 1.24 6.7 39.4 58.6 - - - - -
21 11.c .68 1.25 13.8 23,2 78,2 - - - - -
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Table 7.--Experimental results Tor fires in cribs of four different species of wood

T pe Burning parameters diiﬁions Heat rates Stacky gas conditions
No. s G R D L q e u At tg Py
Min Lbe/ft°min In/min  In  In  Btu/sec Btu/sec Fijsec  OF % Lbs/ftd
M 2.7 1.85 1.53 b1 31.9 LL.3 25.5 31.9 17.2 81 0.0734
M 3.2 1.13 1.hg 4.7 30.3 45,7 26.0 33.5 16.6 79 L0737
™ 3.2 1.21 1.35 L.3 29.1 Lh.g 244 31.9 16.4 80 L0735
LM 3.3 1.25 1.15 3.8 30.7 L1.0 23.4 31.8 15.7 7 Nerife
SM 3.1 1.1l 1.56 4.8 33.4 L6.0 28.3 30,6 19.9 86 L0735
1B - - 2.6h - - 59.6 - - - - -
2B 2.1 1.L5 2.02 4.2 33.2 51.3 29.0 31.9 19.5 79 L0737
3B 2.5 1.32 1.85 L.7 33.2 52.0 23.0 1.9 19.6 8a L0732
LB 2.3 1.2k 1.63 L.8 32.7 50.% 27.6 - - - -
5B 2.3 1.29 2.05 4.8 35.1 52.1 31.8 30.5 22.5 82 L0732
15 L.g 1.21 .88 3.7 26.1 38.5 18.0 32.3 2.2 g1 L0721
25 3.9 1.36 .82 3.2 26.6 7.4 20.2 31.4 13.8 79 LOT37
35 .7 1.15 LTh 3.5 25.2 .7 16.3 31.5 11.2 85 n.0728
L8 3.8 1.39 .86 3.3 26.1 39.5 18.9 30.5 13.1 T2 LOThT
Lgs 5.9 .68 .66 3.9 20.8 29.7 11.6 25.3 8.2 T7 L0740
583 5.9 .89 LTk L.y 23.8 33.6 10.5 20.5 9.3 82 L0732
613 4.3 1.26 1.2k 5.3 30.6 57.8 17.5 oh,1 13.2 8l L0730
1Y 4.2 .91 1.08 4.6 26.3 37.2 18.8 30.0 13.3 75 .oTh2
2y 3.5 1.29 .03 3.3 26.8 35.5 18.4 30.8 12.6 71 LOThE
¥ 3.9 1.21 .87 3.4 26.7 36.4 18.8 30.2 13.Lk 82 L0732
Ly .5 1.12 .76 3.4 25.6 33.6 17.2 29.6 12.5 80 L0735
5Y b.g 1.1k 67 3.3 26.2 33.4 15.8 29.7 11.h 79 L0737

1/ Stack area was 2.64 fte for all fires except 498, 583, z2nd 618, where the area was 3.14 2.







Table 9.——Irradiancel/for fires in cribs of magnolis, basswood,

sugar maple, and southern yellow pine

Fire Irradiance (I)
No. Front Rear Side
2 2 2
Btu/ft hr Btu/ft hr Btu/ft hr
™ 6.2 13.5 11.0
oM - 1h b 12.6
3M 7.2 ce 12.3
UM 7.2 13.5 - 10.7
5M 7. 4 13.2
1B .. e e
2B 8.2 14.8 13.2
3B 7.7 13.7 13.2
4B 7.2 14.3 12.6
5B 8.3 4.0 14.8
18 . . e
23 .. . ..
35 L.1 3.5 7.7
Lg 6.0 12.5 7.7
hos 3.3 7.3 8.0
583 5.0 9.4 7.8
613 3.0 13.2 11.5
1y 5.6 12.5 7.5
oy 5.6 12.5 8.1
3y 5.9 12.3 8.1
y 5.3 11.3 7.0
5Y L.8 10.G 6.8

i/ For radiometer positions see figure 11.
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Consider a point, P, that lies on a perpendicular srected at one
corner of & rectangular source with constant emissive power (fig. 1h).
If the point lles in a plane parallel to the source, the equation for

the view factor of the rectangular source (Moon, 1936) is

1 z .-l y
T

z ol Vi@ 1 22

i z
sin = = (21)

1
where r = (x2 + y2 + 22)2.

The corresponding equation for the view factor referring to a
point in a plane perpendicular to the rectangular source {Moon, 1936)

is
F o= 2 Jtant L. T===§==== sint ¥ (22)
Yoem £ x2 z2 T

View factors, T, and Fy’ calculated by equations (21) and (22)
for a range of values z/x and y/x, are presented in tables 10 and 11,
respectively. These tebles cover the range of view factors spplicable
to laboratory crib fires. Tables of view factcrs Tor larger rectan-

gular sources, with v and z extending to infinity, are given by Moon

(1936).
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N
Table 10,--View factors, FZ x 10, with reference to a parallel plene

{calculated by equation {21})

/% yix
.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
0.05 1.5k 3.10 horo &.20 772 2.38 10,9 12.5 1.0 15.6
.06 1.84 3.72 5.6l 7.hk 2.26 11.3 13.1 15.0 16.9 18.7
Nerd 2.15 b3k 6.58 3.68 10.8 13.1 15.3 17.5 19.7 21.8
.08 2.46 496 7.52 9.92 12.5 15.0 7.0 20.0 22.5 24,9
.05 .76 5.55 8.46 11.2 13.9 16.9 19.6 £22.5 25.3 28.0
.10 3.07 6.20 9.h0 12.4 15.4 18.8 21.8 25.0 28.1 21.L
J11 3.38 6.8z 10.3 13.6 17.0 20.6 a0 27.5 20.9 b2
.12 3.68 7. bk 11.3 14.9 18.5 22.5 26.2 30.0 3.7 37.3
.13 2.99 8.06 12.2 16.1 20.1 2h 4 28.3 32.5 36.5 ho 4
Lk L.z 8.68 13.2 17.h 21.6 26,3 30.5 35.0 39.3 3.5
.15 L.60 9.30 1,1 18.6 23.1 28,2 32.7 37.5 La,2 he.6
.16 b9l 3.92 15.0 19.8 2h .7 30.0 3%.9 ho.o 45,0 Lkg.8
T 5.22 10.5 16.0 21,1 26.2 31.9 37.1 ho.5 L7.8 52.9
.18 5.53 1.2 16.9 22.3 27.8 33.8 39.2 k5.0 50.6 56.0
.19 5.583 11.8 17.9 23.6 29.3 35.7 1.k 7.5 53.L 59,1
.20 £.14 12.4 18.8 24 .8 30.9 37.5 3.6 50.0 56.2 62.2

5

Table 1l1.--View fTactors, Fy x 107, with reference to a perpendicular plane

{calculated by equation {22))

z/x Y/Z
0,01 0.02 0.03 0.0k C.05 0.06 0.07 0.08 0.09 .10
0.05 0.400 0.80 1.20 1.60 2.00 2.40 2.80 3.20 3.60 4,00
.06 582 1.16 1.75 2.33 2.91 3.49 L, o7 L.66 5.24 5.82
.07 T 1.55 2.32 3.10 3.87 L,eh 5.hp 6.19 €.97 T.74
.08 1.00 2.03 3.04 4,05 5.06 6.08 7.09 8,10 9.12 10.1
.09 1.26 2.52 3.78 5.0k 6.30 7.57 8.83 10.1 1.4 12.6
.10 1.56 3.12 .68 6.24 7.80 3.36 10.9 12.5 k.0 15.6
11 1.88 3.75 5.63 T7.50 5.38 11.3 13,1 15.0 16.9 18.8
12 2.22 Bohy 6.66 8.88 11.1 13.3 15.5 17.8 20.0 02,2
.13 2.63 5.26 7.88 10.5 13.1 15.8 8.4 21.0 23.6 26.3
L1k 3.07 6.13 §.20 12.3 15.3 18.4 21.5 24,5 27.6 30.7
.15 3.51 7.03 10.5 14.1 17.6 21.1 24,6 o8.1 31.6 35.1
.16 4,00 8.00 12.0 16.0 20.0 2h.0 28,0 32,0 36.0 4o.0
17 L, L6 8.93 13.k 17.9 22.3 26.8 3l.2 35.7 ho.e b, 6
.18 L.g7 3.93 1h.g 19.9 24.8 29.8 3L.8 39,7 b7 Lo.7
.19 5.52 11.0 16.6 22,1 27.6 33.1 38.6 Ly 2 g7 55.2
.20 6.08 12.2 18.3 24,3 30.4 36.5 42,6 48,7 54,8 60.9
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